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A
fter a prolonged political and social morato-
rium on the study of psychedelic drugs, we are
currently witnessing a renaissance in psyche-
delic research. Recent work in psychiatry—

though admittedly involving mostly small studies
and limited control groups—has shown remarkably
promising, large-magnitude therapeutic effects,
even after single drug administrations. Targets with
such evidence include: existential distress or anxi-
ety in cancer patients (1, 2), smoking cessation
(3, 4), treatment-resistant major depressive disorder
(MDD) (5, 6), alcohol use disorder (AUD) (7), and
obsessive-compulsive disorder (OCD) (8). As of
this writing, there are currently 61 psilocybin clini-
cal trials in various stages registered with the
Federal Drug Administration (FDA) addressing a
range of psychiatric diagnoses including MDD,
OCD, anorexia nervosa, AUD, and migraine head-
aches (9). The FDA has granted ‘Breakthrough
Therapy’ designation for both 3,4-methyl-ene-
dioxy-methamphetamine (MDMA, also known as
“ecstasy” or “molly”) and psilocybin (the active in-
gredient in so-called “magic mushrooms”), in con-
junction with psychotherapy, for treatment of post-
traumatic stress disorder (PTSD) and treatment-re-
sistant depression, respectively, signaling that they
may be available for clinical use within the next
few years.

Background
The term ‘psychedelic’—coined by Humphrey

Osmond in 1956—translates from the Greek psyche
and delos to ‘mind-manifesting,’ which denotes the
particular alterations in conscious experience occa-
sioned by these compounds. The study of psyche-
delics can be divided into three relatively distinct
historical waves. The first wave refers to the study
and use of classic psychedelics, primarily in spirit-
ual practices, by indigenous cultures dating back
millennia (and ongoing today). The second wave

can be traced back to the 1938 synthesis of lysergic
acid diethylamide (LSD) by Albert Hoffman, and
involved a burst of research in the 1950s and 1960s.
This research was halted by a cultural, political, and
legal backlash against recreational use of psyche-
delics (particularly LSD). The resulting research
hiatus lasted until the third wave of psychedelic
research, which began with a trickle of research in
the mid-1990s, and has crescendoed into the explo-
sion of research ongoing today.

The psychedelic landscape is now growing and
changing rapidly. Psilocybin- and MDMA-assisted
psychotherapy appears poised for FDA approval.
There are a growing number of dedicated research
institutions investigating psychedelic science,
including the Johns Hopkins Center for Psychedelic
and Consciousness Research, the Imperial College
Centre for Psychedelic Research, and the
University of California Berkeley Center for the
Science of Psychedelics. Recent years have seen
decriminalization measures for plant- and fungi-
based psychedelic compounds in Denver, Oakland,
Ann Arbor, and Santa Cruz, and most recently
Washington D.C. This past November, Oregon
passed Measure 109 to legalize psilocybin-assisted
psychotherapy. There are now several pharmaceuti-
cal companies, including Usona and Compass
Pathways, pursuing large-scale production of psilo-
cybin for clinical research. Now there are several
companies dedicated to psychedelics that have gone
public with associated financial speculation esti-
mating that the industry is currently worth up to
$100 billion (10).
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This review will focus on the so-called ‘classic’
psychedelics, compounds understood to have pharma-
cological action via agonism or partial agonism at the
serotonin-2A (5-HT2A) receptor. Many compounds
with this pharmacological property have not been stud-
ied in any depth, however the informal term ‘classic
psychedelic’ typically refers to the most common and
well-known of this class, including: plant-derived
indolamines [N,N-dimethyltryptamine (DMT), 5-
methyoxy-N,N-dimethyltryptamine (5-MeO-DMT),
and psilocybin], phenylalkylamines [mescaline and
synthetic amphetamines such as 2,5-dimethoxy-4-
bromophenethylamine (2C-B)], and semi-synthetic
ergolines such as lysergic acid diethylamide (LSD).
MDMA, or 3,4-methylenedioxymethamphetamine, is
a phenethylamine analogue which acts as a general se-
rotonin releasing agent rather than a serotonin-2A ago-
nist, and therefore is considered by many to belong in
a distinct category from classic psychedelics. This
schema leaves out a range of other compounds that are
understood as ‘psychedelics’ or having overlapping
effects in subjective alterations in consciousness, such
as ketamine, cannabinoids, entactogens (such as
MDMA), salvinorin A (the latter being the active in-
gredient in the ceremonial psychedelic plant Salvia
Divinorum). MDMA is currently being explored in
phase III trials for PTSD with anticipated FDA ap-
proval by 2022. It will not be discussed in depth here.

This review will highlight the most significant
recent clinical trials and discuss several interesting
aspects of this emerging field. Discussion of these
compounds requires some space devoted to a
review of risks.

Risks/Safety
Psychedelic drugs have a long history of por-

trayal in the media as extremely dangerous drugs.
This is reflected in (and possibly partially responsi-
ble for) the classification of these agents as
Schedule 1 controlled substances (as defined by the
United States Controlled Substances Act), which
are defined as drugs with no currently accepted
medical use and high potential for abuse. While
there are certainly psychological risks associated
with psychedelic use, particularly in uncontrolled
settings, the classic psychedelics are physiologi-
cally very safe compared to other medications (11).
Classic psychedelics (whose pharmacological
action is via agonism or partial agonism at the 5HT-
2A receptor) are unlikely to lead to addiction or de-
pendence and are not considered to be reinforcing
due to the absence of direct engagement of the
brain’s dopaminergic system (12). There have been

no reported overdose deaths after ingestion of typi-
cal doses of LSD, psilocybin, or mescaline.
Similarly, there are several case reports of individu-
als who have inadvertently consumed massive
doses of LSD and survived without long-term medi-
cal sequelae (13). Krebs and Johnansen published a
population-based study using data drawn from the
National Survey on Drug Use and Health (NSDUH)
from 2001–2004 examining possible associations
between lifetime use of psychedelics and mental
health outcomes in the U.S. population. There were
no significant associations identified between life-
time use of any psychedelic, past year use of a psy-
chedelic, and an increased rate of any mental health
outcome. Rather, lifetime psychedelic use was asso-
ciated with a lower rate of (self-identified) mental
health problems (14).

Because psychedelics can cause such profound
alterations in conscious experience there are associ-
ated psychological and behavioral risks which have
led to suggested clinical practice procedures
designed to maximize safety and potential benefit.
Johnson et al. emphasize the need for structured use
within a safe and comfortable physical environ-
ment, the presence of 2 trained guides throughout
the duration of the session (8 h for psilocybin), care-
ful subject preparation prior to the drug session
with robust education and discussion as to the range
of possible experiences, and the availability of an li-
censed medical doctor in the unlikely event of a
medical complication (15). There is also an empha-
sis in these guidelines on subsequent integration of
the experience in sessions following the active drug
session, as well as robust screening of study
participants.

Modern Trials
With the exception of a series of experiments

with intravenous DMT on normal adult volunteers
at the University of New Mexico by Rick
Strassman, MD in the mid-1990s, the third wave of
psychedelic research started in 2006 at Johns
Hopkins. A team there performed a double-blind
study which demonstrated that psilocybin, when
administered under supportive conditions, can
occasion experiences similar to other spontaneously
occurring mystical experiences with enduring per-
sonal meaning and significance (16). This trial, and
subsequent analyses, compared psilocybin to an
active comparison compound (methylphenidate) in
36 hallucinogen-naive adults and demonstrated that
the degree of achieved mystical experience during
the psilocybin sessions (2–3 sessions per partici-
pant) predicted downstream increased life satisfac-
tion and well-being (assessed at 14 months). Of the
study participants administered psilocybin at a dose
of 30 mg/70 kg 58% met the criteria for having had
a “complete” mystical experience, and 67% rated
the psilocybin-occasioned experience as being
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among the five most personally meaningful and the
five most spiritually significant experiences of their
lives (17). This study was a direct extension of the
‘Good Friday’ experiment carried out at Boston
University’s Marsh Chapel in 1962 by Walter
Pahnke, which administered either 30 mg psilocy-
bin or 200 mg of nicotinic acid as an active placebo
in a double blind fashion to divinity students with a
goal of comparing experiences induced by psilocy-
bin to naturally occurring mystical or spiritual expe-
riences. A subsequent study by the Johns Hopkins
group used a similar protocol with 18 volunteers to
examine dose effects for psilocybin ranging from
0–30 mg/70 kg to show that there is a dose-
response effect to the ability of psilocybin to occa-
sion mystical experiences. Similarly, long-term
effects on positive mood ratings and prosocial
effects also increased directly as a function of dose
and were sustained at 14 months (18).

Of note, the majority of modern clinical trials
utilize psilocybin, the active ingredient in “magic
mushrooms.”While there are some practical rea-
sons for focusing on psilocybin (drug effect dura-
tion is approximately 8 h vs 12–18 h for LSD),
another primary explanation for this is that psilo-
cybin does not carry the same cultural baggage as
LSD, which has been associated with the counter-
cultural transgressions of the 1960s and media-
amplified perceptions surrounding risks. In the
1950s and 1960s, prior to rescheduling of all clas-
sic psychedelics under the Nixon administration,
there were thousands of human subjects adminis-
tered LSD (as well as mescaline) in various stud-
ies across a range of diagnoses and hundreds of
papers published (19). DMT has recently been
studied in human subjects in relation to electroen-
cephalographic (EEG) and magnetoencephalo-
graphic (MEG) changes (20). Its very short
duration of action (15–30 min) suggests possible
pragmatic utility in clinical settings; however, to
date there are no clinical trials completed investi-
gating it as a single therapeutic agent (outside of
studies of ayahuasca, the traditional South
American DMT-containing beverage briefly dis-
cussed below).

Depression and Anxiety Associated with
Terminal Illness

Roland Griffiths’ group at Johns Hopkins has
gone on to examine the effects of a single high dose
of psilocybin on depressive and anxiety symptoms
for patients with a life-threatening cancer diagnosis
(21). This 2015 study included 51 patients with life-
threatening cancer diagnoses who met Diagnostic
and Statistical Manual of Mental Disorders, 4th

Edition (DSM-IV) criteria for a mood or anxiety
disorder related to their cancer diagnosis. The study
utilized a double-blind cross-over design comparing
high dose psilocybin (22 or 30 mg/kg) to very low

dose (1 or 3 mg/70 kg) and demonstrated significant
improvement at 5 weeks (roughly 60–70% remis-
sion of symptoms) which appeared to be maintained
at 6 month follow-up. This is a remarkable result
for a population that has demonstrated limited
response to standard antidepressant treatments.
Similar results for this population have been dem-
onstrated by Grob et al. and Ross et al., with a con-
vergent finding among these studies that magnitude
of therapeutic response is predicted by the degree of
complete mystical experience reported in the psilo-
cybin sessions (1, 2, 18). None of these 3 trials
showed any serious adverse effects. Limitations of
these studies include small sample sizes, selection
bias (approximately half of the study subjects had
prior exposure to psychedelics, suggesting the pos-
sibility of expectancy effects), and difficulties with
blinding of placebo control (a significant challenge
in studying psychedelics given associated profound
alterations in consciousness that are difficult to oth-
erwise replicate with active placebos such as niacin,
which is used in some studies). Despite these limita-
tions these studies have been remarkably promising
in identifying therapeutic options for a common and
largely treatment-refractory set of conditions asso-
ciated with terminal cancer.

Treatment-Resistant Depression/Major
Depressive Disorder

The Imperial College group led by Robin
Carhart-Harris, PhD has completed an open-label,
non-controlled trial investigating the benefits of
psilocybin for 12 patients with treatment-resistant
depression. Study subjects were in an active depres-
sive phase and met criteria for treatment resistance
in virtue of no improvement in symptoms following
2 adequate trials (in terms of dose and duration) of
2 antidepressants from separate classes. Following
2 psilocybin sessions, 67% of patients met the crite-
ria for full remission and 58% continued to meet the
criteria for treatment response at 3 month follow-
up. There were no serious adverse events reported
(22). The Imperial College group is finishing up a
double-blind placebo-controlled trial comparing
psilocybin to 6-weeks of escitalopram for major
depressive disorder with anticipated publication
early in 2021.

The group at Johns Hopkins recently published
a randomized, waiting list-controlled clinical trial
investigating 2 psilocybin sessions (session 1: 20
mg/70 kg, and session 2: 30 mg/70 kg) for adults
(N = 27) with a diagnosis of major depressive disor-
der. At the 4 week follow-up, 71% of participants
had a clinically significant response (≥50% reduc-
tion in GRID Hamilton Rating Scale for Depression
(GRID-HAMD score) and 54% were in full remis-
sion (>7 GRID-HAMD score) (23).

There has been one NIH-registered clinical
trial on ayahuasca for patients with treatment-
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resistant depression. Ayahuasca is a traditional bev-
erage used in spiritual ceremonies by indigenous
groups in the Amazon Basin. It is prepared using (at
least) 2 plants, one of which contains the classic
psychedelic substance DMT and another which con-
tains reversible monoamine oxidase inhibitors that
prevent gut metabolism of DMT and facilitate oral
bioavailability. A group from Brazil published a
double-blind, randomized placebo-controlled trial
on 29 patients with treatment resistant depression
that was designed to assess the possible ‘rapid-act-
ing’ antidepressant properties of ayahuasca (24).
Participants received a single dose of ayahuasca or
placebo with tracking of depression severity using
the Montgomery-Asberg Depression Rating Scale
(MADRS) and Hamilton Depression Rating Scale
(HAM-D) on days 1, 2, and 7. At day 7, 64% of sub-
jects in the experimental group vs 27% in the pla-
cebo group demonstrated a reduction of ≥50% from
baseline. Limitations in this study included a signif-
icant placebo effect (46% response in placebo group
on day 1). It was also notable that there was a high
rate of personality disorder diagnoses (cluster B) in
the study group (76%).

There are currently multi-site trials underway
investigating psilocybin for major depressive
disorder and anticipated possible FDA approval
for treatment-resistant depression within the next
5 years.

Smoking Cessation
Matthew Johnson’s group at Johns Hopkins

group published an open-label pilot study looking
at psilocybin-assisted therapy for patients (N = 15)
with tobacco-use disorder. This study involved 3
psilocybin sessions within a 15-week cognitive-be-
havioral therapy smoking cessation program for
patients with an average of 30-pack year smoking
history. At 6-month follow-up 80% of participants
demonstrated biologically-confirmed abstinence
and 67% continued to demonstrate biologically-
confirmed abstinence at 12 months (3, 4). This
represents a massive improvement over standard
evidence-based therapies which demonstrate an ap-
proximate 30% success rate. As with other trials,
there were no reported significant adverse events.

Discussion
There are several things worth noting about

this emerging field. First, recent clinical trials are
designed as a form of assisted or catalyzed psycho-
therapeutic process: drug administration is incorpo-
rated within a robust framework of preparatory
meetings and subsequent integration sessions.
The psychotherapeutic work during the session
itself (an 8 h session with 2 therapists present for
the duration) is supportive and non-directive: par-
ticipants utilize eye-shades during the session and
listen to a selected music track and are instructed

generally to ‘go inward’ rather than direct attention
externally.

Secondly, it is of interest that psychedelic-
assisted psychotherapy appears to be potentially
effective across a wide range of psychopathology,
from substance use disorders to mood disorders, to
existential distress associated with terminal illness.
This is perhaps less surprising than it might initially
appear given limitations in current psychiatric clas-
sification in terms of biological causation and the
fact that many forms of mental illness seem to have
underlying common neurobiological features.
While beyond the scope of this article, there is
emerging work by Robin Carhart-Harris and others
that characterizes psychedelic therapeutic effect in
terms of alterations in default mode network
(DMN) functional connectivity. The DMN involves
a set of higher-level association cortices and has
been implicated in a wide range of psychiatric
conditions.

Thirdly, a current principle of psychedelic-
assisted psychotherapy is that the occurrence of a
profound transformative experience is essential for
the treatment’s efficacy (25). Of course, this
remains an empirical question that bears future
study (there are currently efforts underway to de-
velop psychedelic analogues that do not produce
alterations in consciousness). And yet a recurring
feature of these described studies is the fact that cer-
tain experiential qualities of psychedelic states are
the most reliable marker, as well as predictor for the
magnitude of therapeutic change: that is, specific
aspects to the altered state of consciousness induced
by psychedelics that can be reliably tracked (via a
range of rating scales and self-reports) appear criti-
cal to what is often termed a ‘quantum change,’ or a
dramatic shift in perspective that leads to behavioral
and emotional change. This stands in marked con-
trast to standard psychotropic interventions where
the attributed causal levers for therapeutic change
are typically understood at sub-personal levels and
do not necessarily rely directly on specific altera-
tions in consciousness: “the idea that a single dis-
crete experience can result in lasting beneficial
effects in an individual’s attitudes of behavior is
highly unusual, if not unprecedented within the
modern biomedical paradigm” (27). This is a signif-
icant shift from prescription of, say, selective sero-
tonin reuptake inhibitors (SSRIs) for major
depressive disorder. These powerful psychological
experiences can be phenomenologically indistin-
guishable from spontaneously arising ‘mystical’ or
‘spiritual’ experiences (17, 26). This proposed
mechanism—i.e., the altered state of consciousness
(ASC) being the primary mechanism for therapeutic
effect—raises a host of questions regarding the rela-
tionship between mental and physical phenomena
that have a long history in both philosophy of mind
and in philosophy of psychiatry.
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The emerging science of psychedelic medicine
will have major implications for fields including
psychiatry, psychology, neuroscience, and philoso-
phy. While these medicines hold promise for diffi-
cult to treat mental health conditions there is still
much we do not know about these compounds, how
they work, and the optimal ways to maximize their
therapeutic impact.

Learning Objectives
After reading this article, the reader will be

able to summarize important current research
with classic psychedelics for psychiatric condi-
tions. The reader will be able to describe chal-
lenges that this emerging field faces.
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Increasing Trends of Drug Abuse
and Overdose Deaths Driven by a
Global Pandemic
By Bridgit O. Crews, PhD, DABCC

Since the global novel coronavirus (COVID-
19) pandemic began there has been massive disrup-
tion to health care services and social support sys-
tems. Reports of increased rates of positive urine
drug testing results and emergency department vis-
its for nonfatal opioid overdoses (1, 2)
provide a glimpse into the increasing toll that the
COVID-19 pandemic is having on the prevalence of
substance use, the resulting overdose deaths, and
health disparities (3, 4).

In December, the Centers for Disease Control
and Prevention (CDC) distributed a Health Alert
Network (HAN) advisory regarding the observed
increases in overdose deaths nationwide.
Provisional data from the CDC National Center for
Health Statistics (NCHS) showed that the largest
1-month increase in opioid overdose deaths ever
recorded occurred between March 2020 and May
2020, coinciding with widespread mitigation meas-
ures related to the COVID-19 pandemic (5). While
this is primarily driven by synthetic opioids such as
illicitly manufactured fentanyl and fentanyl ana-
logues (FFA), overdose deaths associated with psy-
chostimulants such as methamphetamine and
cocaine are also accelerating.

Prior to the COVID-19 pandemic, overall rates
of drug overdose deaths increased between 2018
and 2019; however, the 2019 numbers were similar
to those observed in 2017 (6, 7). Although deaths
attributed to synthetic opioids increased nearly 10-
fold between 2013 and 2019, much of the increase
occurred prior to 2017. Deaths due to synthetic
opioids such as fentanyl and fentanyl analogues
increased on average by 75% per year from 2013 to
2017, but only by 9% per year from 2017 to 2019.
Overdose death rates attributed to heroin actually
decreased between 2016 and 2019, as did deaths
attributed to semi-synthetic opioids such as oxyco-
done and hydrocodone. On the other hand, psychos-
timulant drug overdose deaths increased
consistently. Deaths more than tripled for cocaine,
and deaths due to methamphetamine increased on
average by 29% per year between 2012 and 2019.
In the 12-month period ending May 2020, metham-
phetamine deaths had increased by 34.8% compared
to the prior 12-month period (5).

The concurrent use of opioids and stimulants
elevates overdose risk, and more commonly, co-use
of synthetic opioids may be a contributing factor for
some psychostimulant deaths, particularly for

cocaine related deaths. A recent analysis utilizing
data from the National Forensic Laboratory
Information System (NFLIS) also reported a small,
but steady and significant, increase in seized illicit
drug products containing mixtures of fentanyl and
cocaine, or fentanyl and methamphetamine in
selected jurisdictions (8). This also highlights a
worrisome trend in increasingly risky illicit drug
supplies.

The geographical distribution of synthetic
opioids and overdose deaths due to synthetic
opioids is also changing. Previous data from the
NFLIS showed Northeastern and Midwestern states
being most affected. This is attributed to different
sources of heroin in different regions, with white
powder heroin previously being more prevalent in
the Northeastern and Midwestern regions and also
being more likely to be mixed or substituted with
illicit fentanyl (9).

However, recent numbers show synthetic
opioid deaths increasing nationwide. The majority
of reporting jurisdictions observed increases of
25% or more in deaths due synthetic opioids. The
largest increases were observed in Western states,
which saw deaths due to synthetic opioids increase
by 98% in the 12-month period ending May 2020,
compared to the previous year. These geographical
changes are likely due to changing illicit drug sup-
plies and a market that is being dominated by white
powder “heroin” (5).

Approximately 81 230 overdose deaths were
reported in the 12 months prior to May 2020, mark-
ing the largest ever single year increase (5). In
response, the CDC advisory includes recommended
actions aimed to counteract the current crises. This
includes raising awareness and expanding the pro-
vision and use of naloxone and overdose prevention
education for patients, expanding access to treat-
ment for substance use disorders, increasing early
intervention for at-risk individuals, and improving
detection of overdose outbreaks due to fentanyl,
novel psychoactive substances, and other drugs.

Recommendations for laboratories include
implementing opioid biosurveillance programs
in line with the Association of Public Health
Laboratories (APHL) guidance. The APHL guid-
ance discusses the role that laboratories play in
understanding the opioid epidemic and building a
framework for reliable evidence to include data
gathered from hospital, commercial, forensic, and
public health laboratories together (10). Additional
recommendations from the CDC include screening
specimens for more synthetic opioid compounds
both by using immunoassays with cross-reactivity
to fentanyl and fentanyl analogues, and by using the
CDC’s Traceable Opioid Material Kits (TOM
KITS®). TOM KITS include reference materials
for more than 210 synthetic opioid compounds.
Both an opioid certified reference material kit and a
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fentanyl analog screening kit are available. The kits
are designed to assist and enable laboratories in
developing mass spectrometry analyses for syn-
thetic opioids, and are designed to address the ma-
jority of fentanyl, fentanyl-related, and other new
opioid cases based in part on the DEA Emerging
Threats Reports and NFLIS (11, 12). For the most
novel psychoactive substances non-targeted high
resolution mass spectrometry (HRMS) testing is
required. HRMS is currently available primarily in
more advanced specialized laboratories, and even in
the most advanced laboratories, identifying previ-
ously uncharacterized novel psychoactive substan-
ces is extremely challenging.

Immunoassays offer rapid turnaround time
using instrumentation that is generally more readily
available to a wider spectrum of laboratories.
Several immunoassays for fentanyl screening are
FDA-approved for use on automated analyzers.
These may show significant cross-reactivity with
some fentanyl analogues; however, many synthetic
opioids will likely remain undetected with immuno-
assay-based approaches. Some prescription drugs
or their metabolites are also known to cross-react
and produce false-positive results on fentanyl
immunoassays (13-16). This complicates the inter-
pretation of immunoassay results; therefore, when
laboratories lack the in-house ability to offer more
comprehensive testing services by mass spectrome-
try, it is important they clearly communicate any
testing limitations, as well as identify suitable refer-
ral laboratories that can provide a more comprehen-
sive analysis when indicated.

For every overdose death there are numerous
more nonfatal overdoses that go unaccounted.
These individuals are at increased risk for future over-
dose, and improved drug screening has the potential to
identify those individuals that may benefit from earlier
intervention. Clinical and forensic toxicology laborato-
ries also have the vantage to contribute substantial real-
time information on local drug trends and have a major
role to play in helping to counteract the current over-
dose epidemic.

Learning Objectives
After reading this article, the reader will be

able to list the current types of illicit drugs that
are driving increasing numbers of overdose
deaths in the US. The reader will be able to dis-
cuss the current recommendations described by
the most recent CDC health alert network advi-
sory intended to combat rising numbers of over-
dose deaths observed nationally.
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2020 AACC Annual Scientific
Meeting: Virtual Scientific Events
Showcase Toxicology through a
Multi-Disciplinary Lens
By Yifei K. Yang, PhD

The American Association for Clinical
Chemistry (AACC) annual meeting went virtual from
December 13-17, 2020. During the 5-day conference,
a variety of scientific topics covering numerous areas
of interest among the in vitro diagnostics community
were presented and discussed in both live and on-
demand formats. Toxicology and therapeutic drug
monitoring as a topic track was extensively repre-
sented by 11 scientific sessions and 40 poster pre-
sentations. Using a blend of on-demand sessions and
live Q&A interactions, the AACC toxicology com-
munity drew special attention to the opioid epidemic
and the growing use of other substances in 8 scien-
tific sessions. The topics and speakers of these sci-
entific sessions reflected the multi-disciplinary
approaches employed to address the medical, legal,
and social-economic impact of substance use disor-
ders. In the session titled “Opioid-Use Disorders,
from Brain to Clinical Treatment and Laboratory
Testing,” speaker Dr. Elizabeth Howell, a psychia-
trist who specializes in substance use disorder treat-
ment, comprehensively described the profound
neurological impacts of substance use and depend-
ence. She further explained key aspects of treatment
for opioid use disorders (OUDs). Specifically, the
under-utilization of pharmacotherapies involving
buprenorphine and methadone for OUDs (1) and
their efficacies in reducing overdose-related deaths
were discussed in detail. The session demonstrated
how to utilize toxicology testing as an interventional
tool to support pharmacotherapies for OUDs. In the
session “Controlled Substance Monitoring: Guiding
Practice Change through Strategic Collaborations,”
speaker Dr. Sean Hoynes, a primary care physician,
provided perspectives from a primary care setting
on the requirements of prescribing controlled sub-
stances and the institutional monitoring guidelines.
The session also offered additional views from the
clinical laboratory on assay design strategies
depending on clinical needs, and discussed consulta-
tive and educational opportunities to help bridge the
knowledge gap between clinical providers and the

laboratory. In the session titled “The Role of the
Clinical Laboratory in Substance Treatment and
Research,” speaker Dr. Ju Park presented epidemio-
logic data on various harm reduction approaches to
deescalate overdose risks. The application of test
strips to check drugs and identify the presence of
highly potent fentanyl and fentanyl analogues has
been shown to raise awareness among substance
users and potentially lead to a decrease in overdose
risks (2, 3). In the
session “Diagnostic Tools for the Detection of
Fentanyl, Fentanyl Analogs, and Other Synthetic
Opioids,” Dr. Sarah Riley and Dr. Kara Lynch dis-
cussed recent progress in using both immunoassays
and mass spectrometry approaches to detect and
identify a growing number of synthetic opioids.
Through high resolution mass spectrometry and
an expanded synthetic opioids library, the session
demonstrated improved regional surveillance
capacities in both clinical and forensic toxicology
laboratories.

On the traditional application of monitoring
transplant patients on immunosuppressant (IS)
medications, two scientific sessions offered new
approaches from the molecular and cellular per-
spective. In the session titled “New Strategies in
Transplant Patient Monitoring,” speaker Dr.
Michael Oellerich introduced the recent develop-
ments in measuring donor-derived cell free DNA
to predict acute rejections. In the session titled
“Is Therapeutic Drug Monitoring for Organ
Transplantation on the Bleeding Edge?,” Drs.
Kamisha Johnson-Davis, Gwen McMillin, and
Tiffany Roberts discussed how the analytical mon-
itoring of IS and the metabolites can be interpreted
in conjunction with pharmacogenomics and phar-
macodynamics to offer individualized therapy. In
addition, the plenary session, “Between Scylla and
Charybdis: Navigating the Complex Waters of
Machine Learning in Laboratory Medicine,” pre-
sented by Dr. Ulysses Balis, further demonstrated
how cellular and immunological responses from
hematological assessment can be a potential
better predictor for treatment responses of
6-mercaptopurine in the setting of Crohn’s disease
and ulcerative colitis.

Mirroring the diverse topics in the scientific
sessions, the 2020 AACC meeting posters
presented methods development and assay valida-
tion studies based on immunoassays and automated
analyzers, point of care devices, and mass spec-
trometry platforms. Using retrospective data analy-
sis, several poster presentations examined changing
trends of opioids and other controlled substances
in their local patient populations (poster B-267,
B-294, B-300, and B-307). By leveraging
additional clinical information, the poster
presentations evaluated the utility of ceruloplasmin
as an indirect indicator for serum copper (B-290),
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and described identification of possible
interfering substances in routine urine drug
screens (B-291).

Overall, the scientific meeting of 2020 demon-
strated the analytical advancements in clinical
chemistry, but also the important values that
laboratory data can bring to the wider medical
and research community through multi-faceted
approaches. Connected through the virtual platform
of AACC, meeting attendees will continue to foster
collaborations and bring the advancements to
practice.

Learning Objectives
After reading this article, the reader will be able

to discuss highlighted toxicology contents presented
at the 2020 AACC Annual Scientific Meeting.
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