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interferon-y response, and myeloid inflammatory
gene-expression signatures may help to predict
response to inhibitors of VEGF, PD-1, and PD-L1.
Previously, it had been suggested that PD-L1 posi-
tivity might also predict the increased efficacy of
immune checkpoint inhibitors.® Although the
tests used to assess positivity (and thus the num-
ber of positive tumors) were very different in each
of the three trials, the rate of efficacy of nivol-
umab plus ipilimumab in PD-L1-positive meta-
static renal-cell carcinoma was very high and
will have to be confirmed prospectively. In con-
trast, the efficacy rate of this same combination
among favorable-risk patients was disappointing.
These observations were not reported in the two
trials now reported in the Journal.

Disclosure forms provided by the author are available with the
full text of this editorial at NEJM.org.

From the Gustave Roussy Cancer Campus, Villejuif, France.

This editorial was published on February 16, 2019, at NEJM.org.
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Psychosis during Attention Deficit—Hyperactivity Disorder
Treatment with Stimulants

Samuele Cortese, M.D., Ph.D.

Attention deficit—hyperactivity disorder (ADHD)
is one of the most commonly diagnosed condi-
tions in child and adolescent mental health ser-
vices. Stimulants, including methylphenidate and
amphetamines, are recommended for ADHD treat-
ment.! Methylphenidate is the most frequently
prescribed stimulant in many countries; however,
data from private insurance claims show that am-
phetamines are more commonly prescribed in the
United States.? Despite meta-analyses that show
the efficacy of stimulants in reducing ADHD
symptoms,’ at least in the short term, the quality
of evidence and the safety of these medications
continue to be debated. In particular, psychosis
can occur during stimulant treatment and can
be traumatic for patients and their families.
Until now, there have been very few data on
the comparative risk of psychosis during treat-
ment with methylphenidate and amphetamines.
The study by Moran et al.* in this issue of the
Journal is a contribution to this literature. The au-

thors analyzed data from two national U.S. insur-
ance claims databases that included 337,919 ado-
lescents and young adults, 13 to 25 years of age,
who received a prescription for a stimulant for
ADHD from January 2004 through September
2015. Patients who received methylphenidate were
compared with those who received amphetamine
with the use of propensity-score matching, which
took into account broad sociodemographic and
psychiatric characteristics, and the incidence of
psychotic episodes that occurred during follow-up
were compared between the two stimulant groups.
During a median follow-up period of 4 to 5 months,
new-onset psychotic episodes for which antipsy-
chotic medications were prescribed were uncom-
mon but nevertheless occurred in approximately
1 in 660 patients. The percentage of patients who
had an episode of psychosis (defined as a new
diagnosis code for psychosis and a prescription
for an antipsychotic medication) was significantly
higher in the amphetamine group than in the
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methylphenidate group (0.21% vs. 0.10%), and
psychotic episodes occurred a median of 128 days
after exposure to the medication. These findings
are consistent with a meta-analysis of random-
ized trials® in that they suggest a more favorable
safety profile for methylphenidate than for am-
phetamine in young patients, at least at the
group level.?

The findings of the current study should not
be considered definitive. Observational studies
such as this one can provide information on un-
common adverse events in real-world clinical prac-
tice that are challenging to assess in randomized
trials performed over brief periods. However, even
sophisticated approaches, such as the ones used
in this study to address possible biases, do not
have the advantages of randomized trials in ex-
cluding confounding factors.’

Furthermore, the study cannot establish cau-
sality. A previous report involving 20,568 patients
did not support a causal role of methylphenidate
in psychosis.® That analysis used a self-controlled
case-series design, whereby the risk of psychosis
when participants were taking medication was
compared with the risk when they were not tak-
ing medication, in order to reduce confounding
by indication. It has been proposed that there
are persons who have “low vulnerability” (in whom
psychosis will rarely develop even after exposure
to stimulants) and persons who have “high vul-
nerability” (who are likely to present with psy-
chosis after taking low doses of a stimulant or
even after no exposure to stimulants).” There-
fore, whether psychosis is due to stimulant use,
to inherent vulnerability to psychosis, or to the
interaction of those two factors remains unclear.
In this regard, an intriguing finding from post
hoc analyses of the current study was that the
difference in the risk of psychosis between drugs
was not present when medications were pre-
scribed by psychiatrists as compared with other
physicians. A possible interpretation is that psy-
chiatrists more readily detected prodromal psy-
chotic features that increase the risk of treatment-
related psychosis, and they avoided the prescription
of amphetamine in such cases.

Despite uncertainties regarding causal mech-
anisms, the study by Moran and colleagues pro-
vides important data on the incidence of psycho-
sis observed in routine practice among patients
with ADHD. These figures could inform decision

making among patients, families, and physicians
when stimulants are prescribed for ADHD, and
a balance is desirable between the safety and the
effectiveness of a drug for ADHD core symptoms.
The ostensible benefits of stimulants with respect
to problems related to ADHD (such as a reduction
in criminality, as suggested in a previous study®)
should also be considered before treatment is
initiated.

It was beyond the scope of the current study
to comment on the management of psychotic
events during stimulant treatment. Analyses of
Food and Drug Administration data and case re-
ports’ have shown that psychotic symptoms are
short-lived and resolve after discontinuation of
the stimulant in 92% of patients, even without
treatment with antipsychotic medications. Guide-
lines for the subsequent treatment of ADHD in-
clude the option of a cautious rechallenge with
stimulants after an episode of stimulant-associ-
ated psychosis.! Although rechallenge was not
assessed in the study by Moran and colleagues,
their findings could suggest that methylpheni-
date is a safer option than amphetamine for a
rechallenge, at least in patients in the age groups
studied. This possibility, and the effects of re-
challenge with stimulants in patients whose psy-
chotic episodes have stabilized with antipsychotic
medications, deserve additional investigation.

Currently, it is not possible to predict which
patients will have psychotic episodes after stim-
ulant treatment. Perhaps techniques such as
machine learning applied to large data sets from
randomized trials, combined with observational
data,’® will provide predictors at the individual
patient level.

Disclosure forms provided by the author are available with the
full text of this editorial at NEJM.org.
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