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Lessons learned by giving amphetamine to antipsychotic-
medicated schizophrenia patients

Neal R. Swerdlow’, Savita G. Bhakta

', Jo Talledo', Lindsay Benster', Juliana Kotz', Maria Lavadia' and Gregory A. Light'~

Experimental Medicine studies in psychiatric populations test specific, mechanistic hypotheses related to the biology of mental
illness, by combining well-characterized neurobiological probes and laboratory-based measures of behavioral performance and
neurobiology. However, scientific inquiry through the acute administration of psychoactive drugs to patients with serious mental
illness raises important ethical issues. These issues arise in studies in which the psychostimulant, amphetamine, is used as an
Experimental Medicine probe in patients with schizophrenia. In this study, we summarize relevant aspects of our experience with
acute, laboratory-based challenges of amphetamine in schizophrenia patients. Schizophrenia patients participated in one or more
Experimental Medicine studies involving limited doses of amphetamine with clinical monitoring, over a 4-year period. Acute (within
hours of ingestion; collective n = 53), subacute (three active doses over 4 weeks; n = 28), and long-term (mean = 17 months after
ingestion; n = 19) effects of amphetamine ingestion were assessed. In antipsychotic (AP)-medicated schizophrenia patients,
amphetamine was associated with no detrimental subjective, autonomic, or functional changes. Symptoms assessed acutely,
subacutely, or long term were either unchanged or diminished. No adverse acute, subacute, or long-term consequences from the
Experimental Medicine use of amphetamine in antipsychotic-medicated schizophrenia patients were detected. These findings do
not address the safety or effectiveness of the use of amphetamine in unmedicated patients, or as an adjunctive treatment for
schizophrenia. Indeed, it is important to distinguish evidence-based risks of symptom exacerbation in an Experimental Medicine

setting vs. risks associated with long-term, daily clinical use or even misuse of amphetamine.

Neuropsychopharmacology (2019) 44:2277-2284; https://doi.org/10.1038/s41386-019-0495-4

INTRODUCTION

Etiological models and therapeutic approaches for schizophrenia
have traditionally focused on brain dopamine systems [1-4].
Twenty-first century versions of the “dopamine hypothesis” of
schizophrenia posit that schizophrenia reflects abnormalities in
the levels of dopamine neurotransmission or sensitivity to
dopamine receptor stimulation, in subcortical (primarily D2-
family receptors) and cortical (primarily D1-family receptors)
forebrain dopamine fields [5]. The basis for such forebrain
dopamine system abnormalities has been attributed to in-utero
perturbations in neurodevelopment, risk genes, inflammatory
cascades, placental deficiency, or other epigenetic factors,
perhaps combined with precipitating processes during childhood
and adolescence, including recreational drug exposure and
addiction [5-7]; presumably, heterogeneity in the clinical schizo-
phrenia phenotype reflects the differential contributions of these
factors in different individuals. Pharmacotherapies for schizo-
phrenia have historically targeted dopaminergic transmission,
primarily designed to block D2-family (among other) receptors
[8], and more recent strategies have explored the use of D1-family
agonists as pro-cognitive agents for schizophrenia [9]. Other
models of schizophrenia pathophysiology focus on deficient
neurotransmission of N-methyl-p-aspartate (NMDA) but have not
yet yielded effective therapeutics.

For all of the elegant science conducted in order to explicate
the biology and therapeutics of schizophrenia, we are still a long
way from this goal. As we await further advances in psychiatric
genomics, which to date have yielded over 100 genes that
collectively account for about 7% of the genetic variance
associated with the schizophrenia diagnosis [10], our field will
continue to rely on experimental approaches that probe brain
function and dysfunction in schizophrenia. Experimental Medicine
—one potentially informative scientific approach to understand-
ing the biology of schizophrenia—combines well-characterized
pharmacological probes with laboratory-based measures of
behavioral performance and neurobiology, to determine how
specific chemical changes alter brain function in schizophrenia
patients vs. healthy subjects.

A major challenge with the Experimental Medicine approach to
studying schizophrenia is that probing patients with drugs
designed to explicate dysfunction in specific neurochemical
substrates—e.g., dopamine or NMDA neurotransmission—might
destabilize or otherwise adversely impact those substrates, and
thereby have deleterious clinical consequences. This concern has
been raised with d-amphetamine—a well-understood and thus
experimentally valuable pharmacologic probe for brain dopami-
nergic activity. Amphetamine has been used extensively in
preclinical and clinical studies to understand the normal function
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of brain dopamine systems; it is a very powerful experimental
“known” with which to probe the still largely “unknown”
dopaminergic pathology in schizophrenia patients. However,
much of the early foundation of the “dopamine hypothesis” of
schizophrenia was based on the observation that some features of
schizophrenia can be reproduced in healthy subjects after
sustained, escalating, and high doses of amphetamine [11]. Even
a single dose or limited dosing of psychoactive drugs, as typically
used in an Experimental Medicine design, can theoretically
produce long-term changes in brain function [12]. Thus, a rational
concern is created by studies that administer a drug known—
under specific conditions—to evoke [13] or increase the risk for
the development of psychosis [14], to patients who already have a
severe psychotic disorder, even within the highly controlled
context of an Experimental Medicine study. Both ethically and
scientifically, we must consider whether such exposure to
amphetamine might adversely impact schizophrenia patients,
either by triggering a psychotic exacerbation, creating other
concerns via interactions with known health vulnerabilities of
schizophrenia patients (e.g., stigmata of chronic antipsychotic
exposure, including metabolic syndrome, and associated hyper-
tension and risk of cardiovascular disease), or otherwise worsening
the longitudinal course of their illness.

Our research program routinely uses Experimental Medicine to
study effects of amphetamine and other drugs on neurophysio-
logical and neurocognitive measures in schizophrenia patients. In
the process, we have accumulated “naturalistic” data related to
symptoms and function in schizophrenia patients as they enroll in
these studies and, in some cases, over a long period after they
have completed these studies. Importantly, these data were not
collected for the purpose of assessing long-term safety and
tolerability of the Experimental Medicine use of amphetamine in
schizophrenia patients; nonetheless, they provide an opportunity
to review this issue and thus potentially inform the field, albeit in a
post-hoc fashion. The primary goal of this report is to describe
subjective and psychotic symptoms that follow amphetamine
administration to medicated schizophrenia patients in a placebo
(PBO)-controlled, double-blind Experimental Medicine design.

METHODS

Studies were approved by the University of California, San Diego
Institutional Review Board and posted on clinicaltrials.gov. Paid
participants took part in one or more of three studies (Fig. 1), over
an ~4-year period. Detailed methods for Study | are reported [15],
whereas Study Il and Il remain in progress. All participants
maintained stable AP doses for >1 month at the time of study
enrollment. After it was determined that they met study inclusion
criteria (based on current and past medical and psychiatric history,
medication and recreational drug use, and family history of
psychosis), subjects came to the laboratory for a screening visit.
During that visit, subjects were informed of the potential risks and
benefits of the study, read and signed a consent form for study

participation, underwent a medical interview and structured
diagnostic assessment (Mini International Neuropsychiatric Inter-
view (M.LN.I plus 6) for patients), symptom rating scales (PANSS
[16]; Study 1) or SANS and SAPS ([17, 18]; Study Il and lll), Brief
Psychiatric Rating Scale (BPRS) psychosis subscales ([19]; “suspi-
ciousness, hallucinations, unusual thoughts, conceptual disorga-
nization”: Study Il and lll), Scale of Functioning (SOF [20]; Studies |,
II, and Ill) and Global Assessment of Functioning (GAF [21]; Studies
I, 1l, and lIl)), physical examination and electrocardiogram, and
completed urine toxicology with exclusion for any recreational
drug. Women underwent a urine-based pregnancy test. Neuro-
cognition was assessed (MATRICS Comprehensive Cognitive
Battery [22]), and subjects completed study-specific “baseline”
behavioral and neurophysiological measures (reported previously
[15, 23]). Participant information is found in Table 1.

Studies | and Ill involved two test days, ~7d apart, starting 7d
after screening; Study Il included four test days, ~7d apart, starting
7d after screening (Fig. 1). Testing was double-blind (pills were
repackaged and coded by the hospital study pharmacist) and
drug order was randomized. In Study |, pills were either PBO or
10 mg amphetamine; in Study II, pills were either PBO or 2.5, 5, or
10 mg amphetamine. Study lll did not use amphetamine; data
were used only to assess symptoms and function on the screen
day—to gauge any potential long-term effects of Study | and/or |l
amphetamine exposure.

On test days, subjects were transported by hired drivers to
arrive at the laboratory at 0830 h, ate a standardized breakfast,
provided urine for toxicology (and pregnancy testing in women),
and heart rate (HR) and blood pressure (BP) were determined
(sitting position, brachial cuff). Subjects completed symptom
rating visual analog scales (VAS) at designated intervals, starting
before pill ingestion (baseline); in Study Il, a pre-pill BPRS was
completed, followed 300 min post-pill by a second BPRS. VAS
scores assessed general somatic and psychological symptoms, and
level of consciousness [24, 25]. Ratings assessed several states, but
analyses were limited to three: “happy,” “drowsy,” and “anxious.”
Details of these rating scales are found in Swerdlow et al. [26].
The study pill was administered at 0900 h. A licensed physician
was present throughout the test day and subjects were carefully
monitored; autonomic and subjective VAS ratings were continued
until 430 min post-pill. Over the course of each test day,
participants completed study-specific neurophysiological mea-
sures (reported in refs. [15, 23] or to be reported elsewhere).
Subjects were paid on completion of each visit and then returned
to their living setting by hired drivers.

Study participants are eligible for a subsequent study after a
3-6-month testing hiatus (specific interval constraints vary slightly
across protocols). Beginning 3-6 months after completion of
Study | or Study I, subjects who either recontacted the laboratory
on their own initiative, or were recontacted by our staff, were
invited to participate in a new study. In each subsequent study,
participants completed screening assessments that included
measures of symptoms and function. These screening

Study | (n=25 SZ patients)

Study 22 (n=28 SZ patients)

Study 32 (n=17 SZ patients)

Screen Day + 2 Test days
1 week between visits
0vs. 10 mg AMPH, po
PANSS, SOF, GAF
Autonomic measures
Subjective measures

Ave. 25.56 mo.
n=10

Screen Day + 4 Test days

1 week between visits
0,2.5,5 & 10 mg AMPH, po
SANS, SAPS, BPRS, SOF, GAF
Autonomic measures
Subjective measures

Screen Day + 2 Test days

1 week between visits

0 vs. active drug®, po

SANS, SAPS, BPRS, SOF, GAF
Autonomic measures
Subjective measures

Ave. 8.78 mo.
n=9

Fig. 1

Schedule of Study |, Il, and lll. To date, 28 subjects have completed Study II; 10 of these patients had previously completed Study | and 9

patients subsequently completed Study lll. The potential adverse effects of amphetamine on both subjective experience, clinical symptoms,
and autonomic function were assessed across the 4 weeks of testing within Study Il (N=28) and across the months-to-years separating
the completion of two studies by a total of 19 patients. a Study 2 and 3 are in progress. b Study 3 ac ve drug = memantine [41] or tolcapone
(n = 1; [42]); for the present report, only screening data from Study 3 are used, i.e. prior to any drug administration
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assessments were then compared with measures obtained prior to
their last study amphetamine exposure. Validated conversion
functions were applied to SANS, SAPS, and PANSS scores [27] to
permit comparisons across studies.

Analyses of amphetamine effects at acute (same day), subacute
(across 4 weeks with three active dose exposures), and long-term
(after many months of exposure) intervals are seen in Table 2.
Sample sizes provided appropriate power (8=0.8-0.9) to
detect small-to-medium effect size metrics of clinical deterioration
(d =0.3-0.4) with a =0.05.

In total, these studies in chronic, AP-medicated schizophrenia
patients yielded information related to their subjective and
autonomic response to acute amphetamine challenge (Study |
and ll, collective n = 53); their subjective, autonomic, and clinical
changes in response to subacute administration of three
active doses of amphetamine over 4 weeks (Study Il, n =28);

Table 1. Subject characteristics®

N =28 (all subjects) N=19 (22 tests)

Age in years (mean (SD)) 42.61 (9.24) 39.90 (9.27)
Weight in kg (mean (SD)) 98.69 (21.17) 104.33 (20.59)
Sex (M:F) 16:12 9:10
Smoker:non-smoker 12:16 5:14

Race (% White) 32.1% 31.6%

WRAT® 90.46 (72-110) 90.00 (72-110)
Education (y; SD) 12.00 (1.85) 11.90 (1.45)
Duration illness (y) 24.14 (7-42) 22.53 (7-39)
Age of onset (y) 18.46 (7-32) 17.37 (7-29)
GAF (mean (SD) 57.57 (10.82) 58.42 (10.49)
SANS Global (mean (SD)) 7.64 (4.82) 7.68 (5.01)
SAPS Global (mean (SD)) 6.71 (3.45) 6.37 (3.96)

CPZ° equivalents (mg;
mean (SD))

Antipsychotic classes (# subjects):

2nd Generation 17 14
(monotherapy)

666.31 (711.20) 595.30 (742.09)

2nd Generation (>1 type) 5

2nd Generation + 1st
Generation

1st Generation (monotherapy) 1 0

#Characteristics listed at time of Study II, unless indicated otherwise; mean
(SD) or mean (range)

PWide Range Achievement Test

“Chlorpromazine
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and their clinical changes =17 months after laboratory exposure
to amphetamine (n=19). Data presented herein have never
previously been published.

RESULTS

Participants (Table 1) were very impaired AP-medicated indivi-
duals with longstanding psychotic disorders. All subjects took part
in one or more studies that involved ingestion of amphetamine
and a subsequent physiological and clinical (symptom) assess-
ment, although this exposure history took several different
“pathways” (Fig. 1). In total, 28 subjects completed Study II; 10
of these subjects had previously completed Study I, 8 of these
subjects subsequently completed Study Ill, 1 completed Study |
followed by Study Il (no amphetamine ingestion in Study Ill) prior
to completing Study I, and 4 subjects completed all 3 studies in
sequence (I-II-Ill).

Acute (same day) and subacute (over 4 weeks) effects of
amphetamine (2.5, 5, and 10 mg) on subjective experience,
autonomic function, and symptom ratings
We previously reported [15] that Study | participants detected no
significant effects of 10 mg amphetamine on ratings of “drowsy,”
“happy,” “anxious,” or “concentration,” whereas modest ampheta-
mine effects were noted in healthy subjects (reduced “drowsy” and
increased “happy”). Patients reported no amphetamine-related
adverse experiences and correctly identified their pill only at
chance levels [15]. This relative absence of acute subjective effects
of amphetamine in schizophrenia patients was replicated in Study I
(Fig. 2). Using an anchored 100 mm VAS (“Not At All” to “Extremely”),
subjects rated themselves as “Happy” in the range of 40-50 mm,
whereas ratings for both “Drowsy” and “Anxious” were in the range
of 15-20 mm. Analysis of variance (ANOVAs) revealed a significant
main effect of amphetamine dose only for “Happy” (F=3.73, df
3,60, p < 0.016) reflecting a modest reduction in this self-rating for
the 2.5 mg dose vs. PBO (p <0.025) and vs. 10 mg amphetamine
(p < 0.003). There were no significant main effects of amphetamine
on “Drowsy” (F< 1) or “Anxious” (F=1.87, df 3,66, NS). All metrics
declined over the course of the test day, but there were no
significant interactions of amphetamine dosextime of day.
Conceivably, adverse effects of repeated amphetamine administra-
tion on these three metrics might emerge with repeated dosing
over the 4 weeks of Study IIl; however, ANOVAs of each of these
three VAS ratings using test week as a within-subject factor revealed
no significant effects of test day (all F's < 1; data not shown).
Study | [15] also reported that compared with healthy subjects,
antipsychotic-medicated schizophrenia patients exhibited blunted
effects of amphetamine on HR and BP, although some modest
increases in diastolic blood pressure were noted, compared with
PBO. The effects of amphetamine on autonomic function across the
four testing weeks in Study Il are seen in Fig. 3. Consistent with

Table 2. Analyses of acute, sub-acute, and long-term effects of amphetamine challenge

Acute

amphetamine exposure in Study II)
Subacute

amphetamine exposure in Study II)
Long-term

amphetamine exposure in Studies | and II)

Study I: Pre- vs. post-pill changes in autonomic measures, subjective ratings, and BPRS on each of the 4 test days (based on 2.5, 5, or 10 mg

Study Il: Pre- vs. post-pill changes in autonomic measures, subjective ratings, and BPRS across the 4 weeks of testing (based on 17.5 mg total

Study | vs. ll: Change in baseline (screening) SANS, SAPS, SOF, and GAF (based on 10 mg amphetamine exposure in Study I)

Study | vs. lll: Change in baseline (screening) SANS, SAPS, SOF, and GAF (based on either 10 mg exposure in Study 1, or cumulative 27.5 mg

Study Il vs. lll: Change in baseline (screening) SANS, SAPS, BPRS, SOF, and GAF (based on 17.5 mg amphetamine exposure in Study II)

Neuropsychopharmacology (2019) 44:2277 - 2284
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100
=1 Happy
£ 60 %
@ 40- Drowsy Anxious
=
20

0 25 5 10 0 25 5 10

Dose AMPH (mg)

Fig. 2 Study Il subjective ratings using a 100 mm visual analog scale
(VAS). Amphetamine effects on self-rated levels of “Happy,” “Drowsy,”
and “Anxious” are shown as a function of amphetamine dose,
collapsed over the seven ratings that span one test day. See text for
explanation (*2.5 mg < 0 mg (p < 0.025) and 2.5 mg < 10 mg (p < 0.003)

0 25 5 10

Study | [15] and others [28], amphetamine had only modest effects
on autonomic measures in AP-medicated schizophrenia patients:
although 10mg of amphetamine produced the arithmetically
highest autonomic responses, these differences did not achieve
statistical significance. ANOVAs of HR and diastolic BP revealed no
significant main effect of amphetamine dose (Fs=1.96 and 1.87,
respectively; both not significant (NS)) or time x dose interactions
(Fs=1.52 and <1, respectively; both NS); ANOVA of systolic BP
revealed a significant effect of dose (F=3.02, df 3,72, p<0.04),
reflecting a modest reduction in systolic BP for 5mg vs. PBO (p <
0.08) and a significant increase for 10 mg vs. 5 mg (p < 0.005).

Symptoms of psychosis were either unchanged or reduced 5 h
after pill administration and across the 4 weeks of Study Il (which
included three active doses of amphetamine). BPRS psychosis
subscale scores were generally higher prior to pill administration
compared with ~5 h post pill, for both PBO and all active doses.
ANOVA with amphetamine dose, time (pre- vs. post-pill), and BPRS
subscale as within-subject factors revealed no significant effect of
amphetamine dose (F< 1), a significant effect of time (pre- vs.
post-pill; F=24.76, df 1,72, p <0.0001) and subscale (F=8.39, df
3,72, p < 0.0001), and a significant time x subscale interaction (F =
7.47,df 3,72, p < 0.0005) (Fig. 4a). The magnitude of BPRS response
to amphetamine did not differ between groups who did vs. did
not “self-select” to participate in more than one study: comparison
of subjects who participated only in Study Il (n = 9) vs. those who
had also previously participated in Study |, or who subsequently
completed Study Il (n=19), revealed very similar patterns (no
significant effect of Group, amphetamine dose or Group X
amphetamine dose interaction (F's < 1, NS), a significant effect of
time (p < 0.0001) but no significant Group X time interaction (F <
1); data not shown). Repeated amphetamine exposure was not
associated with increased BPRS scores: collapsed across amphe-
tamine dose, over the 4 consecutive weeks, subscale scores either
remained relatively stable or declined slightly. ANOVA revealed no
significant effect of test week (F = 1.01, df 3,72, NS), no interaction
of test week x time (pre- vs. post pill) (F< 1), and no interaction of
test week X time X subscale (F=1.34, df 9,216, NS) (Fig. 4b). In
other words, over the 4 weeks of testing, despite the fact that
subjects had received cumulatively more amphetamine, psychotic
symptoms did not become worse in these AP-medicated
schizophrenia patients.

Long-term effects of amphetamine administration on symptom
ratings and function =17 months later

Nineteen subjects participated in two studies: either Studies |
and Il or Studies Il and lll; four of these individuals participated
sequentially in Studies |, Il, and I, and thus had a cumulative
amphetamine exposure of 27.5mg (10mg in Study | and
17.5mg in Study Il). The mean interval between amphetamine

SPRINGERNATURE
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Fig. 3 Study Il autonomic measures (a heart rate, b systolic
blood pressure, and ¢ diastolic blood pressure). No statistically
significant effects of amphetamine dose were detected on any
measure, despite modest trends for increases at the highest
(10 mg) dose

exposure and subsequent study screening was 17.2 months
(range 3.9-66.1). We designated the screening prior to the first

Neuropsychopharmacology (2019) 44:2277 - 2284
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Fig. 4 a Study Il BPRS subscale scores prior to pill administration and 300 min later, by dose of amphetamine. Independent of dose (including
placebo), ratings were significantly lower 300 min after pill administration (*p <0.0001). b Study Il BPRS subscale scores prior to pill
administration and 300 min later, shown for the four consecutive test weeks of Study Il, collapsed across dose. BPRS scores did not increase
across the 4 weeks of testing, despite repeated dosing of amphetamine on 3 out of those 4 weeks. ¢ Positive and negative symptoms (Global
SAPS and SANS scores) measured during screening for two consecutive studies: either Study | followed by Study Il or Study Il followed by
Study llIl. (*p < 0.009, reduced SAPS Global score ~17 months (on average) after exposure to either 10 or 17.5 mg of amphetamine. See text
for Cohen’s d values for subjects tested three times [40]. d BPRS subscale scores prior to Study Il and Study lll, showing no increased (and, in
some cases, a trend towards reduced) symptoms ~9 months (on average) after exposure to 17.5 mg amphetamine (“Halluc” = hallucinations;

“Susp” = suspiciousness)

exposure to amphetamine as “Screen 1,” the screening prior to
the subsequent study as “Screen 2,” and for four subjects the
screening prior to the last study as “Screen 3.” Thus, Screen 2
ratings reflect the impact of exposure to 10 mg amphetamine
during Study | (n=10) or of exposure to 17.5mg (2.5, 5, and
10 mg) amphetamine in Study Il (n=9). For the four subjects
who participated sequentially in all three studies, Screen 3
ratings reflect exposure to both 10 mg (Study I) and 17.5mg
(Study 2) of amphetamine (total of 27.5 mg).

For the 19 subjects tested two or more times over the course of
Studies |, II, and lll, positive and negative symptoms were either
unchanged or reduced on their follow-up visit (months after
receiving amphetamine) compared with their initial visit (prior to
first receiving amphetamine) (Fig. 4c). Global SAPS scores declined
from Screen 1 to Screen 2 (F=28.82, df 1,18, p <0.009); for the
four subjects who participated in all three studies (cumulative
amphetamine exposure of 27.5 mg), Global SAPS scores declined
40%, from 10.5 to 6.25 (d = 0.93) from Screen 1 to Screen 3. Global
SANS scores were relatively unchanged across testing, from
Screen 1 to Screen 2 (means 8.84 vs. 7.68, respectively; F < 1); for
the four subjects who completed all three studies in sequence,
Global SANS scores declined 41%, from 12.25 to 7.75 (d=1.11)
from Screen 1 to Screen 3. Similarly, measures of function were
either unchanged or reduced on follow-up visits: GAF scores did

Neuropsychopharmacology (2019) 44:2277 - 2284

not differ significantly between Screen 1 and Screen 2 (F = 3.64, df
1,18, NS), but SOF total scores increased significantly (from 45.77
to 48.88, d = 2.55; F=7.87, df 1,16, p < 0.015). This overall pattern
of symptom stability or reduction over time was not a
consequence of increased antipsychotic medication: Screen 1 vs.
Screen 2 daily chlorpromazine (CPZ) equivalents were 646.12 mg
vs. 531.64 mg (F = 2.25, df 1,18, NS); CPZ equivalents declined for
6 subjects by an average of 411 mg/d, increased in 2 subjects by
an average of 146 mg/d, and were unchanged in 11 subjects.
Among the subjects who received 3 doses of amphetamine
(17.5 mg total) over 4 weeks (12 subjects who completed Study I
and then were subsequently screened for Study Ill), BPRS subscale
scores did not change significantly, 9.2 months later (on average)
(Fig. 4d). ANOVA revealed no significant effect of Screen order (F
< 1) or Screen order x subscale interaction (F = 1.44, df 3,33, NS).

Factors associated with amphetamine response

Exploratory analyses failed to detect any consistent relationships
between patient factors (sex, age, age of onset, smoking status,
CPZ equivalents, body weight, baseline symptom or function
ratings) or experimental factors (number of active drug
exposures (1 vs. 3), dose order, and number of studies
completed) and acute, subacute, or long-term changes in
symptom or function scores.

SPRINGER NATURE
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DISCUSSION

In this study, AP-medicated schizophrenia patients did not exhibit
any evidence of acute (hours), subacute (weeks) or long-term
(=1.5 years) adverse effects of exposure to 10 mg p.o. on 1 day
and/or a total of 17.5 mg amphetamine p.o. divided over 3 weekly
sessions. Metrics of amphetamine effects included acute and
subacute subjective, symptomatic, and autonomic changes, as
well as long-term symptomatic and functional changes. Both
acutely and over 4 weekly tests (three of which involved active
doses of amphetamine), doses of amphetamine up to 10 mg did
not elevate symptoms of psychosis. Changes in HR and BP after an
acute dose of amphetamine were modest, consistent with a
longstanding literature of AP-induced blockade of amphetamine’s
autonomic effects in these patients [28]. Among a smaller sample
of individuals (n = 19) who were available for long-term follow-up,
there was either no significant change or an actual reduction in
psychotic symptoms and antipsychotic medication requirements,
and either no change (GAF) or an increase (SOF) in function about
17.2 months (on average) after exposure to 10-17.5mg of
amphetamine. Thus, the aggregate findings of this review support
the general safety of this use of amphetamine in AP-medicated
schizophrenia patients within an Experimental Medicine design.

The lack of deleterious changes after acute amphetamine
challenge is consistent with three published reports showing no
symptom deterioration in antipsychotic-medicated schizophrenia
patients in the hours after a single pill of amphetamine [29-31]
(n = 32)). Of these studies, only Barch and Carter [29]) conducted
clear pre- vs. post-pill structured clinical ratings (n = 10). To our
knowledge, there are no other reports in antipsychotic-medicated
schizophrenia patients that quantify clinical symptoms acutely,
pre- and post-amphetamine, in a within-subject multi-dose
design. As reviewed by Lindenmayer et al. [32], studies of
psychostimulant effects in schizophrenia have focused on
unmedicated patients, primarily using methylphenidate as a
provocative agent. Although we are also unaware of any studies
assessing subacute and long-term effects of single or repeated
doses of amphetamine in schizophrenia patients, the observed
lack of clinical deterioration is consistent with the positive clinical
impact in schizophrenia patients of open-label daily amphetamine
dosing for 10 weeks [33].

There are clear limitations to the “naturalistic” collection and
post-hoc analysis of these data. Studies I-Ill were not conceived
prospectively as interconnected parts of a longitudinal design to
facilitate the type of exploration described in this report and
several design issues complicate interpretation of the results—
particularly as they relate to the long-term effects of amphetamine
exposure in these patients. First, as there was no a priori goal to
recruit subjects for longitudinal measures, the sample size for
participants with long-term follow-up is modest. Nineteen
subjects in a within-subject comparison provides power of 0.80
to detect a small-to-medium effect size (d=0.35) long-term
deterioration of symptoms. As the only evidence of symptom
change was actually one of improvement (SAPS, SOF), it does
not seem parsimonious to suggest that a larger sample would
have revealed statistically significant changes in the “opposite
direction.”

Second, although the acute and subacute effects of active doses
of amphetamine in Study Il could be compared with a within-
subject PBO control response, no such parallel “placebo” group of
schizophrenia patients (i.e.,, who received PBO on all test days)
could be used to interpret the long-term changes, or lack thereof,
in the amphetamine-exposed patients. Although study partici-
pants exhibited no evidence of clinical deterioration—and indeed,
exhibited some evidence of clinical improvement—in the many
months after amphetamine exposure, it is possible that these
same subjects might have experienced even more improvement,
had they received one to three pills of PBO (instead of
amphetamine) as a study intervention. However, the likelihood

SPRINGERNATURE

that a cohort of schizophrenia patients would have exhibited
greater spontaneous clinical improvement (compared with the
stable SANS scores and significant reductions in SAPS scores (p <
0.009) and gains in SOF scores (p<0.015)) over the course of
~17 months after one to three pills of PBO is not easily reconciled
with the known natural history of this illness.

Third, many uncontrolled factors other than amphetamine
ingestion might have contributed to changes in symptoms or
function in the intervals between Study | and I, or Study Il and IIl,
which were not monitored or detected by our review. Thus,
although we found no significant changes in antipsychotic doses
(chlorpromazine equivalents) between studies that might have
reflected or caused a change in symptoms, other events—such as
hospitalizations, recreational drug use, or changes in relationships
or living settings—might certainly have gone unreported. We can
say with some confidence that the reduction in psychotic
symptoms during the months after amphetamine exposure did
not reflect an increase in antipsychotic medication dose, as
these doses generally remained unchanged or declined during
that period.

Fourth, returning participants (i.e., Study | participants who
returned for Studies Il and lll, and those from Study Il who
returned for Study Ill) were self-selected and might have
represented a particularly resilient group, compared with those
who did not participate in subsequent studies. This fact could not
have impacted the findings from acute single-dose (Study 1) or
acute and subacute multi-dose (Study 2) studies, but conceivably
might have impacted the findings of long-term clinical changes
(or lack thereof) among “returning” participants. Notably, very
comparable acute and subacute responses to amphetamine were
detected among Study Il participants who did vs. did not return
for a second study (see Results), suggesting that “self-selection
bias” did not impact these long-term results.

Fifth, acute effects of amphetamine based on pre- vs. post-pill
assessments are systematically confounded by time-of-day and
measurement order, as all pills were administered at 0900 h; thus,
the reduction in BPRS scores post- vs. pre-pill (including PBO)
might reflect circadian differences, or simply the order effects
related to habituation to the laboratory settings over the 5 h from
pre- to -post-pill measurements. Similarly, reduced symptoms
across multiple test visits might certainly reflect increased
familiarity and comfort with the study procedures. Lastly, all
negative findings—particularly the failure to detect an adverse
effect—must be interpreted with caution.

The primary goal of the present analyses was to assess the
effects of amphetamine, as administered within an Experimental
Medicine design, on symptoms and function in antipsychotic-
medicated schizophrenia patients. The specialized conditions of
these Experimental Medicine studies prevent generalized conclu-
sions regarding the use of amphetamine in clinical trials or other
study designs with schizophrenia patients. It is possible that
amphetamine exposure might have deleterious effects on patients
with schizophrenia if it is administered earlier in the illness course,
over sustained periods, with higher doses, in sensitive populations
(e.g., based on sex, genotype, or substance use history), or in
tandem with particular antipsychotic regimens (e.g., partial
agonists). Several levels of safety precautions were utilized in
the present studies; e.g., participants were transported to and
from the laboratory each day by hired drivers, and were medically
monitored throughout the test day. On each screen day and test
day, study participants were confirmed to have negative urine
toxicology results; this distinguishes our Experimental Medicine
cohort from a general population of schizophrenia patients who
might be actively using recreational drugs including methamphe-
tamine. Conversely, much of the concern regarding the use of
amphetamine in Experimental Medicine designs with schizophre-
nia patients might be based on adverse effects associated with
amphetamine use that is quite distinct from the Experimental
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Medicine designs in our studies, e.g., with higher [34, 35],
escalating [36], or sustained daily doses [33], without antipsycho-
tics [34, 37], in first-episode or high-risk populations [14], or via
intravenous routes of administration [35].

Amphetamine is known to stimulate presynaptic release of not
only dopamine but also both serotonin and norepinephrine, in
some cases at both central and peripheral sites. Most antipsycho-
tics block neurotransmission at not only dopamine receptors
(primarily D2-family receptors) but also at receptors for both
serotonin and norepinephrine [38]. Thus, it would be parsimo-
nious to suggest that, to the degree that antipsychotics “protect”
patients from adverse effects of acute amphetamine, they might
do so via actions that prevent increased activity of norepinephrine
or serotonin at the central or peripheral end organs. As study
subjects were treated with a variety of antipsychotics in
combination, it was impossible to distinguish specific antipsycho-
tics as being either more or less “protective” against potentially
deleterious effects of amphetamine administration.

It is worth noting that the doses used in the present studies
(2.5-10 mg po) are relatively low compared with other studies of
amphetamine effects in healthy adults, but are consistent with
doses used in Experimental Medicine studies in schizophrenia
patients and thus are appropriate for the primary goal of this
study. It is also important to note that these doses are adequate to
produce gains in both learning (5 and 10 mg) and sensorimotor
gating (10 mg) in schizophrenia patients in the present Experi-
mental Medicine studies [15, 23, 39]. Thus, even these lower doses
can provide valuable neurophysiological and behavioral informa-
tion, to advance our understanding of brain function in
schizophrenia; the present study supports the contention that
such doses are not only informative but also safe when used in an
Experimental Medicine design in these patients.

It is essential that scientists use an abundance of caution when
engaging vulnerable human subjects in experimentation, even
when pursuing knowledge that will ultimately benefit those
subjects, their families, or the larger population of individuals with
mental illness. This caution should reflect the best available
objective data that confirm a true risk of a specific experimental
intervention, rather than an extrapolation based on the effects of
different interventions, in different populations, or based on
hypothesized models. Our present findings identify no acute,
subacute, or long-term deleterious effects of the use of limited,
low doses of amphetamine in an Experimental Medicine design in
AP-medicated schizophrenia patients. Given the potential value of
using well-characterized pharmacological probes and neurobiolo-
gical measures as tools for understanding the biology of mental
iliness, and the relative paucity of alternative experimental
avenues, it is important to maintain an objective view of the risks
and benefits of the Experimental Medicine approach, and to reach
conclusions based on empirical data.
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