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For years, it has been known that the “onset” of the antipsychotic response is “delayed,” and this notion is expressed in many major text-
books, informs clinical decisions and has even led to the search for biological markers responsible for this delayed onset. But is the on-
set of antipsychotic action really delayed? In this review, we bring together data from several recent studies of antipsychotic drugs that
show that the onset of the antipsychotic effect is within the first day; the effect is distinguishable from behavioural sedation; is specific
to antipsychotic drugs; is seen with oral and parenteral preparations; and is seen with typical and atypical antipsychotics. More anti-
“psychotic” improvement is seen within the first 2 weeks than in any other 2-week period thereafter, and more improvement is seen in
the first month than in the rest of the year of follow-up. This body of data convincingly refutes the notion of “delay” in the onset of antipsy-
chotic action and suggests an “early” onset instead. The implications of this finding for clinical decision-making, mechanisms of antipsy-
chotic action and drug discovery are discussed.

On sait depuis des années que « I'apparition » de la réponse aux antipsychotiques est « tardive » et ce concept exprimé dans nombre
de manuels réputés éclaire des décisions cliniques et est méme a l'origine de la recherche de marqueurs biologiques responsables de
cette apparition tardive. L'apparition de I'effet des antipsychotiques est-elle toutefois véritablement tardive? Dans cette critique, nous
réunissons des données provenant de plusieurs études récentes sur des antipsychotiques qui montrent que leur effet se fait sentir au
cours de la premiére journée, gu'il est possible de distinguer I'effet de la sédation comportementale, que l'effet est spécifique aux an-
tipsychotiques, qu’on le constate avec des préparations orales et parentérales et qu'il se fait sentir avec des antipsychotiques typiques et
atypiques. On constate davantage d’améliorations anti « psychotiques » au cours des deux premieres semaines qu’au cours de toute
autre période de deux semaines par la suite et une amélioration plus marquée au cours du premier mois que pendant le reste de I'année
de suivi. Cette masse de données réfute de fagon convaincante le concept d’apparition « tardive » de I'effet antipsychotique et indique
plutdt une apparition « précoce ». Les répercussions de cette constatation sur la prise de décisions cliniques, les mécanismes de I'effet
antipsychotique et la découverte des médicaments font I'objet de discussions.

Introduction

Psychopharmacological treatment of schizophrenia that tar-
gets the elimination of psychotic symptoms started only in
the second half of the 20th century.’ Until that time, phar-
macotherapeutic interventions in schizophrenia focused on

alterations of psychophysiological functioning: fever, sleep,
coma and convulsions.” Chlorpromazine, the first antipsy-
chotic medication, was given to a psychiatric patient on Jan.
19, 1952, marking the beginning of the modern era of psychi-
atric pharmacotherapy.® Because chlorpromazine acted on a
large variety of molecular targets, it was difficult to decode
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which was relevant to its therapeutic effect. Stabilization of
the cell membrane, inhibition of the N-methyl-transferase en-
zyme system and a decrease in adenosine triphosphate uti-
lization were some of the suggested mechanisms of action for
this antipsychotic medication.*

The search for an antipsychotic target was narrowed
down by Carlsson and Lindqvist® who reported that chlor-
promazine and haloperidol increased the production of
normetanephrine and methoxytyramine, metabolites of epi-
nephrine and dopamine, respectively. To explain the in-
creased production of these metabolites, these authors sug-
gested that “the most likely [mechanism] appears to be that
chlorpromazine and haloperidol block monoaminergic
receptors in [the] brain; as is well known, they block the ef-
fects of accumulated 5-hydroxytryptamine.” The link to
dopamine and dopamine receptors was unambiguously out-
lined by Van Rossum® (see also Baumeister and Francis’),
who stated that:

The hypothesis that neuroleptic drugs may act by blocking
dopamine receptors in the brain has been substantiated by prelimi-
nary experiments with a few selective and potent neuroleptic drugs.
There is an urgent need for a simple isolated tissue that selectively
responds to dopamine so that less specific neuroleptic drugs can also
be studied and the hypothesis further tested ... When the hypothesis
of dopamine blockade by neuroleptic agents can be further substanti-
ated it may have forgoing consequences for the pathophysiology of
schizophrenia. Overstimulation of dopamine receptors could then be
part of the etiology.

Thus, while these developments hinted at what the target
might be, it was Seeman et al*” who used in-vitro radiorecep-
tor assays to detect the dopamine receptor directly and to
demonstrate antipsychotic selectivity for the dopamine re-
ceptor.

Although on the one hand, the search for an antipsychotic
mechanism was focusing on molecular targets, at a clinical
level the effort was focused on examining the rate and deter-
minants of behavioural response. The earliest reports of
chlorpromazine treatment in the 19505 described re-
sponses within days. Some of these 1950s studies report an
early anti-“psychotic” response that is over and above
changes in sedation or level of agitation. These reports de-
scribed changes in the thought content of the psychotic pa-
tient within days after administration of the medications:
“Robert S., 21 years old: ... treatment with 4560 RP permitted
in the first days (“premiers jours”) a return of calm, inter-
rupted by a few logorrheic episodes.” In fact, the 1952 report
by Delay et al’ showed that within 3 days chlorpromazine al-
leviated hallucinations and stopped internal “voices” in 8 pa-
tients, a dramatic finding. Over subsequent years, several
other authors have also raised the issue of an early onset
of antipsychotic response in different settings (e.g., Stern
et al,®" McDermott et al,”® Garver et al'*” and Keck et al'®).

Thus, while one can find a sprinkling of findings support-
ing an early onset of action all through the literature, during
the 1970s the notion started arising that the onset of antipsy-
chotic action is delayed and that it takes 2-3 weeks before the
onset of therapeutic benefits is produced.”” It is hard to pin-
point where this notion actually arose, but it clearly gained

credence within the field because leading basic researchers
started looking for an explanation for the delayed antipsy-
chotic response.”” The suggested explanation for this de-
layed onset of action was the “depolarization block” theory.
This hypothesis, which was based on preclinical studies that
involved recordings of dopamine neuron firing in paralyzed
anesthetized rats, suggested that the effect of repeated
antidopaminergic (i.e., antipsychotic) administration on
dopaminergic neurons in the brain is inactivation of firing
and that this inactivation takes place only after 3 weeks (21 d)
of continuous treatment. This delay in the onset of the biolog-
ical marker for 3 weeks was thought to coincide with, and ex-
plain, the delay in onset of both the therapeutic effect and the
neurological side effects of these drugs on patients with
schizophrenia.”*

This idea of a clinical “delayed onset” of antipsychotic ac-
tion and the depolarization block that explains the delay is
now firmly embedded in standard psychiatric textbooks.
Over the last 3 decades, more than 1050% articles have cited
the main research papers that describe the depolarization
block hypothesis.***%= But is the onset really delayed?

An important distinction must be made between a delayed
“onset” and a delayed realization of full improvement.
Whereas there can be no debate that the complete therapeutic
benefits of antipsychotic medications take several weeks to
be realized, this does not imply a delay in the “onset” of ac-
tion. That treatments take time to reach their full therapeutic
benefit is true in almost every area of medicine. For example,
a cast put on a broken leg is removed in 6 weeks, a time
when the healing has reached a certain level of structural suf-
ficiency. However, no one would claim a delay in the “onset”
of fracture healing, which starts at a histopathological level
within days of the fracture. The above considerations lead to
2 competing hypotheses: an early onset with progressive ac-
cumulation or a true delay in onset (depicted in Fig. 1). Both
of these hypotheses can account for the observation that suf-
ficient clinical improvement takes weeks to achieve, but they
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Fig. 1: Delayed-onset hypothesis versus early onset hypothesis.
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differ substantially regarding what happens in the first few
weeks (Fig. 1).

Questioning the idea of delayed onset

One of the major issues raised by the idea of the delayed on-
set was the disconnection between the onset of treatment and
the onset of therapeutic effect. The question is thrust into an
even sharper contrast by the data available from brain imag-
ing studies. Brain imaging has provided a direct window
onto the dopamine blockade system in humans. Nordstrom
et al* observed the speed of onset of dopamine blockade in
response to receiving haloperidol, and Tauscher et al” have
reported the effects of the atypical antipsychotic medications
risperidone and olanzapine. These studies show a robust
blockade of the dopamine system within hours after drug ad-
ministration, and this blockade of the dopamine system is
sustained through the next day. Subjects reach significant
(~60%) and sustained levels of dopamine-2 (D,) occupancy
within the first day or two. Given that the blockade of the
dopamine system is essentially immediate, the idea of a de-
layed onset provides an obstacle for the theory of a direct re-
lation between dopamine, dopamine blockade, psychosis and
antipsychotics. A number of recent findings strongly ques-
tion this delayed-onset notion.

Agid et al® reviewed the data published in English from
controlled, double-blind studies of antipsychotic treatment in
patients with schizophrenia spectrum disorders during the
first 4 weeks of antipsychotic treatment. Articles for the
review were obtained from a search of several databases:
MEDLINE, CINAHL, EMBASE, EBMZ (Evidence Based
Medicine Reviews), ACP Journal Club, the Cochrane Data-
base of Systematic Reviews and the Database of Abstracts of
Reviews of Effectiveness (DARE). Studies were included in

the meta-analysis if they included data regarding the efficacy
of medication during the first 4 weeks of treatment and de-
scribed the assessment of efficacy of the drug treatment using
the Brief Psychiatric Rating Scale® (BPRS) or the Positive and
Negative Syndrome Scale® (PANSS) rating scales. Forty-two
double-blind controlled studies including 7450 patients were
identified. Meta-analysis of the data shows that overall clini-
cal improvement within the first week of antipsychotic treat-
ment was significantly greater than that which was observed
in later weeks. Most notably, the decrease in scores over the
first week was almost 3 times as great as the observed effect
in weeks 3 and 4.

In order to investigate whether the onset of action of the
antipsychotics was early versus delayed, tests of overall clini-
cal improvement were undertaken to determine whether
greater improvement is seen in the first 2 weeks (as per the
early onset hypothesis) or the next 2 weeks (as per the
delayed-onset hypothesis). These tests found a significant dif-
ference (p < 0.0001), indicating that the decline in scores
within the first 2 weeks of treatment (21.9%) was significantly
greater than the decline observed in the third and fourth
weeks (9.8%) (Fig. 2A).

Change in core psychotic symptoms over time was mea-
sured by change in the BPRS thought subscale and the PANSS
positive subscale. The decline in these scores was consider-
ably greater over the first week than in later weeks (p < 0.01).
As predicted by the early onset hypothesis, the decline in
scores within the first 2 weeks (24.4%) of the initial treatment
was almost 3 times as much as the decline observed in the
third and fourth weeks (7.7%) (p < 0.01) (Fig. 2B).

To account for the placebo effect, the mean weekly im-
provement obtained in the placebo-treated group was re-
moved from that observed in the drug-treated group. After
subtracting the placebo group response, the improvement in
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Fig. 2: Response to antipsychotic treatment over time. (A) Mean (and standard error [SE]) overall clinical improvement over time (total score)
(p < 0.001). (B) Mean (and SE) change in core psychotic symptoms over time (p < 0.01). The p values are for the main effect of time. The er-
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scores on active antipsychotic treatment remained signifi-
cantly greater in the first week than in the third week (p <
0.001). The improvement in the second week was signifi-
cantly larger than the effect in the third week (p < 0.001) and
the fourth week (p < 0.01). Improvement in the first 2 weeks
(17.2% after subtracting the placebo effect) was significantly
higher than in the subsequent 2 weeks (6.7%, difference p <
0.001) (Fig. 3A). The rate of decline in the core psychotic
symptoms after removal of the placebo effect was also
greater within the first 2 weeks of treatment. A contrast of the
average effect observed during the first 2 weeks of treatment
versus the following 2 weeks confirms that the psychotic
items also show a decidedly early onset of improvement (p =
0.019) (Fig. 3B).

The delayed-onset hypothesis — tested and
rejected

Leucht et al* replicated the study by Agid et al® using a dif-
ferent approach. Original patient data from 7 randomized,
double-blind studies of the efficacy of amisulpride in acutely
ill patients with schizophrenia spectrum disorders were
pooled for a post hoc analysis. Data for 1708 patients with
psychotic symptoms were examined for the incremental re-
duction in percentage of the BPRS scores over time.

Whereas the study by Agid et al* used meta-analysis tech-
niques, Leucht et al* overcame some of the methodological
limitations of the meta-analytic approach by analyzing a
large homogeneous database of individual patient data using
only 1 rating scale. This individual patients” database enabled
the researchers to analyze data in a more homogeneous
way, eliminating the need to rely on mean values and often-
incomplete presentation of the data in published reports and

also addressed the calculations concerning those patients
who dropped out of the study more efficiently.*

An additional difference was that Leucht and colleagues
chose to investigate amisulpride, an antipsychotic medication
with a unique receptor-binding profile of pure D, blockade
with negligible action on other receptors.” Amisulpride is
clearly associated with lower use of antiparkinsonian med-
ication and fewer dropouts due to adverse events than con-
ventional antipsychotic drugs.** Because it is often sug-
gested that improvement in patients with psychosis in the
early weeks of treatment results from nonspecific treatment
effects (e.g., sedation), the low side-effect profile of amisul-
pride facilitates investigation of the early effects of the med-
ication on the psychotic symptoms. A final advantage of the
study by Leucht et al included the extension of the analysis to
1 year of treatment.

The results of this meta-analysis* show that the weekly im-
provement in the total BPRS score and its psychotic subscales
in the entire study sample (n = 1708) was significant over
time. The mean percentage change in the BPRS total score
and the psychotic subscales score up to week 2 of treatment
was greater (32.1%) than the additional change up to week 4
of treatment (12.5%). The 1-year subset analysis also revealed
that the reduction in the BPRS score acquired during the first
4 weeks of treatment was significantly higher than the addi-
tional change in the BPRS during the rest of the year. Accord-
ingly, 68% of the total BPRS effect and 70% of the positive
symptoms effect were already achieved after only 4 weeks of
treatment (Fig. 4).

Thus, amisulpride, a selective dopamine antagonist med-
ication with negligible action on other receptors, which was
not included in the meta-analysis by Agid et al, showed
the same early onset of response pattern as the atypical and
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Fig. 3: Response to antipsychotic treatment over time after removal of the placebo effect. (A) Mean (and standard error [SE]) weekly overall
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typical antipsychotic medications that were investigated in
that meta-analysis.®

If it’s not delayed, how early is it?

The studies described above reviewed research papers that
rated the patients every week or every couple of weeks dur-
ing the first period of treatment. However, in order to find out
how quickly antipsychotic medications work, one should in-
vestigate what happened to the patients during the first few
days and even during the first few hours of treatment. Kapur
et al® investigated the effect of intramuscular antipsychotics
on response in an Eli Lilly multicentre study. In this study, pa-
tients were rated twice during the first 24 hours after starting
treatment. Three-hundred and eleven patients with a diagno-
sis of schizophrenia spectrum disorder and an acute exacerba-
tion of symptoms were randomly assigned to receive olan-
zapine, 10 mg intramuscularly (IM) (n = 131), haloperidol,
7.5 mg IM (n = 126), or placebo IM (n = 54). Patients were
rated using the PANSS and Clinical Global Impression (CGI)
rating scales* at baseline, 2 hours and 24 hours.

Analysis of the data demonstrates that after 24 hours of
treatment, olanzapine and haloperidol show a significant ef-
fect on 3 psychotic symptoms (conceptual disorganization,
hallucinatory behaviour and unusual thought content) com-
pared with placebo. One might argue that this very early im-
provement in the BPRS scores is secondary to improvement
in the nonspecific behavioural items of the BPRS rating scale.
Kapur and colleagues addressed this question by using an
analysis of covariance to adjust for the effects of improve-
ment in the nonspecific behavioural factors. There was a sta-
tistically significant effect of the antipsychotic medications on
the BPRS thought subscale score after correction for the BPRS
component dealing with agitation, excitement and hostility.

In addition, the 2-hour change in the BPRS items describing

agitation and excitement did not predict the 24-hour change
in items describing psychosis (t,,, = 1.60, p = 0.11). On the
other hand, change in the BPRS psychotic items after 2 hours
predicted change in psychosis after 24 hours of treatment,
suggesting that the early response in psychosis is distinct
from changes in BPRS items describing the agitation and ex-
citement component.

Generalizability to other drugs and settings

Recently, studies exploring second-generation antipsychotic
medications indicated an early onset of action for these med-
ications as well.

Quetiapine

The efficacy of the atypical antipsychotic drug quetiapine in
treating schizophrenia has been established in 3 double-
blind, placebo-controlled randomized trials.”* A combined
analysis of data from these 3 trials shows that within 1 week
after initiating treatment, the overall improvement in symp-
toms with quetiapine was significantly greater than achieved
via placebo, as measured by the total BPRS score. The BPRS
positive subscale score during the first week of antipsychotic
treatment showed a significantly higher proportion of re-
sponders (“response” is defined as a 15%-30% reduction in
the BPRS positive symptom score) among quetiapine-treated
patients versus placebo-treated patients.”

Aripiprazole

In one of the largest 4-week double-blind, placebo-controlled
studies testing the efficacy of aripiprazole,” 404 patients were
randomly allocated to receive aripiprazole, 20 mg/d (n = 101)
or 30 mg/d (n = 101), risperidone, 6 mg/d (n = 99), or
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Fig. 4: Response to antipsychotic treatment over time (n = 748). (A) Mean overall clinical improvement over time (total Brief Psychiatric Rating
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placebo (n = 103). Aripiprazole at both doses was signifi-
cantly better than placebo on PANSS and CGI scores. Separa-
tion from placebo occurred already at the first week of treat-
ment according to PANSS total and positive scores. (Mean
change in total PANSS score from baseline after 1 week of
treatment with aripiprazole, 20 mg/d or 30 mg/d: -9.0 v.
-2.0 for placebo, p < 0.001. Mean change in positive PANSS
score from baseline after 1 week of treatment with aripipra-
zole, 20 mg/d or 30 mg/d: -2.5 v. -0.5 for placebo, p < 0.001.)

Ziprasidone

In a 6-week double-blind, placebo-controlled study,” 302 pa-
tients with an acute exacerbation of schizophrenia or
schizoaffective disorder were randomly allocated to receive
ziprasidone, 80 mg/d (n = 106) or 160 mg/d (n = 104), or
placebo (1 = 92). Both doses of ziprasidone were shown to be
significantly more effective than placebo in treating psychosis
after 1 week of treatment. Reduction was measured in all as-
sessments of global (BPRS total score) and positive (BPRS
core psychotic items) scores. (Mean change from baseline in
BPRS total score: —4.0 for ziprasidone, 80 mg/d, -6.0 for
ziprasidone, 160 mg/d, v. placebo -0.5; p < 0.05 and p < 0.001,
respectively. Mean change from baseline in BPRS core psy-
chotic score: -1.8 for ziprasidone, 80 mg/d, —2.5 for ziprasi-
done, 160 mg/d, v. placebo —0.8, p < 0.05 and p < 0.001, re-
spectively.)

Dopamine depletion

Although all the efficacy studies described above provide ev-
idence for early change in psychotic symptomatology after
administration of an antipsychotic that blocks the D, recep-
tors, a study using a dopamine depletion agent also demon-
strates an early onset of change in psychotic symptoms. Abi-
Dargham et al® examined the effects of AMPT
(a-methyl-para-tyrosine), a tyrosine hydroxylase inhibitor
known to cause depletion of dopamine levels.” The subjects
were administered AMPT for 2 days, and its effect on
dopamine depletion was confirmed with the use of '*'I-IBZM
single-photon-emission computed tomography imaging. This
confirmed that depletion by AMPT induced a significant re-
duction in the severity of positive psychotic symptoms as
early as 72 hours after dopamine depletion. The core psy-
chotic symptoms score as measured by the PANSS positive
subscale at baseline was 18.6 (standard deviation [SD] 5.8),
and after AMPT 15.0 (SD 6.4) (p = 0.001). Therefore, not only
do dopamine blocker agents show an early onset of response,
but dopamine depletors do as well.

Relevance and implications

The “delayed onset” idea has greatly influenced psychophar-
macological and clinical research. More than 1000 articles,
from the 1970s till today, have quoted this hypothesis.** The
new data and analyses lead one to reject the delayed-onset
hypothesis and provide a revised impetus for basic and clini-
cal research.

Given this evidence for improvement in psychotic symp-
toms in the first week or two of treatment, why has the con-
cept of delayed onset been so widely accepted? The answer
may depend on issues surrounding the power of clinical trials
and the issue of clinical relevance of percent changes in
PANSS or BPRS scores. From a clinical trial perspective, the
erroneous perception of delay may have resulted from confu-
sion between the concept of “onset” of action versus the time
required to achieve a given level of improvement or statistical
significance. In almost all of the studies that were included in
the meta-analysis by Agid et al,* the antipsychotic group nu-
merically separates from the placebo group in the very first
measure (usually in the first week of treatment). The degree of
improvement in the first week (13.8% on average) is smaller
than the size of total cumulative improvement at the end of
the third or fourth week (26.1% and 30.8%, respectively). Be-
cause most studies are powered to detect an effect in the
range of 25%-30%, they may have inadequate power to de-
clare the early change as significant — even though this was
evident in the data from almost each of the trials.

From a clinical perspective, clinicians may not “see” the
early response to treatment, because it has not as yet crossed
their threshold of clinical noticeable improvement, even
though the very same clinicians are rating that improvement
on a scale. According to some recent studies,* clinicians de-
clare having observed a “minimal improvement” (using the
Cdl rating scale) corresponding to a percentage PANSS and
BPRS reduction of 19% and 23%, respectively. On the CGI
scale, “minimal improvement” is the smallest clinically ob-
servable change from baseline. To reach criteria of “much” or
“very much” improved, patients have to show 45% or 70%
improvement.”*® Considering the recent data regarding the
degree of improvement during the first week of treatment
(13.8% on average on a combined BPRS and PANSS scale or
17.7% reduction on the BPRS scale®") and second week of
treatment (21.8% on average on a combined BPRS and PANSS
scale or 30.7% reduction on the BPRS scale®*), it is possible
that the changes during this first week, although highly statis-
tically significant and documented using objective scales, fall
below the threshold that clinicians find clinically notable.

At a basic level, apart from the fact that all antipsychotic
drugs block the D, receptor,” there is little agreement about
the molecular and systemic mechanisms mediating the an-
tipsychotic effect. To identify these mechanisms, different au-
thors have sought drug-induced gene-induction, electrophys-
iological and synaptic alterations. Given that antipsychotic
drugs induce hundreds of such changes, the delayed-onset
theory has been one way to guide this search. Thus, attention
has often focused on biological markers that were absent im-
mediately after the first few doses of a drug, but emerged
only after 2-3 weeks of treatment.”®¢" The current findings
call for revision of this strategy. They suggest that if there are
simple molecular markers that track antipsychotic response,
their course is likely to be as depicted in Figure 1, with fea-
tures of an early onset, progressive accumulation over re-
peated dosing and final plateau of an effect.

At a clinical level, focusing on a drug’s activity in the first
few weeks after administration has the potential to provide

98 Rev Psychiatr Neurosci 2006;31(2)



Onset of antipsychotic effect

information regarding predictors of response to antipsychotic
treatment. It is a common clinical practice to treat patients for
4-6 weeks with one medication before deciding whether the
patient is responding to that drug.” Although it may well
take 4-6 weeks to get a certain degree of response, it is an
open question whether one has to wait that long to predict
whether a patient will respond to a drug. If the greatest rate
of improvement is in the first week or two of treatment, it
raises the possibility that early response to treatment may
predict the effectiveness of a drug for a given individual. A
recent study by Correll et al® shows this to be the case: 131
acutely ill patients with schizophrenia received 4 weeks of
fluphenazine treatment. BPRS scores were obtained at base-
line and on a weekly basis thereafter. All the patients who
showed 20% (or less) improvement after 1 week of treatment
were classified as nonresponders after 4 weeks of treatment.
Thus, patients with minimal improvement in the BPRS total
score or the BPRS positive symptoms after 1 week of treat-
ment are unlikely to respond to a 4-week treatment trial.*

In summary, several converging lines of evidence have led
us to seriously question the conventionally held notion about
the delayed onset of antipsychotic action. It is time to give up
on that idea. Our work, and that of others, as summarized in
this article, proposes an early onset and progressive accumu-
lation hypothesis instead. It should be pointed out that while
the new findings may change our understanding about how
fast drugs act, this does not by itself change how fast drugs
act. The drugs did not act any more slowly when the field be-
lieved in the delayed-onset hypothesis, nor will the drugs act
any faster just because we have a different way of under-
standing them. However, the hypothesis generated here
opens the door for new basic science findings and new clinical
approaches. We hope that some of them will come to fruition.
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