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Dose Response and Dose Equivalence of Antipsychotics

John M. Davis, MD,*{ and Nancy Chen, MS*t

Abstract: We review evidence from randomized, placebo-controlled
studies of patients with schizophrenia or schizoaffective disorder,
which compared 2 or more doses of an antipsychotic to calculate the
dose-response curve for each first-generation (typical) antipsychotic
(FGA) or second-generation (atypical) antipsychotic (SGA) and as a
group (based on dose equivalence). We identified the near-maximal
effective dose (ED; ie, the threshold dose necessary to produce all or
almost all the clinical responses for each drug).

In randomized, fixed-dose studies of SGAs, the near-maximal
efficacy dose for olanzapine may be greater than 16 mg; for ris-
peridone, it is 4 mg; and for ziprasidone, it is 120 mg. Risperidone at
2 mg daily is 50% less efficacious than higher doses. Olanzapine at
about 6 mg is approximately 33% less effective than higher doses.
Aripiprazole at 10 mg daily was fully efficacious. Doses of clozapine
well above 400 mg are necessary for optimal treatment of many
schizophrenia patients. We found 3.3 to 10 mg haloperidol to be the
near-maximal ED range. We find no evidence that doses higher than
these are more effective. We failed to find that high doses of
haloperidol (or all other first-generation comparison drugs converted
to equivalent doses) were less effective than medium doses (3.3 to
10 mg). While high-dose FGAs are not less effective, we feel it is
important not to avoid using high dose to avoid excessive toxicity.

(J Clin Psychopharmacol 2004;24:192-208)

Ithough chlorpromazine antipsychotic properties were

discovered 50 years ago, the dose-response curve for
most antipsychotics has yet to be determined. Because most
antipsychotics cause serious and uncomfortable side effects,
produce only partial remission in most patients, and have a
somewhat unclear end point, determining the dose range to
produce a near-maximal response with minimal side effects
is clinically important. Previously, Davis' constructed an em-
pirically-based antipsychotic drug equivalency report based
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on double-blind, random-assignment studies which found the
dose of 2 drugs equally efficacious. This was replicated by
Wyatt and Torgow.” However, these studies used flexible
doses and overestimated the near-maximal effective doses
(EDs) to varying degrees. Most dose guidelines have been
compiled using clinical impression and have differed from
each other and over time.>~'4 These differences are large
enough to be clinically significant (often 2-fold to 3-fold and
sometimes more). At one time, very high-loading ‘‘industrial
strength’” doses were widely promoted in the United States to
treat exacerbated schizophrenia.'>™'® The dosage question
has rarely been addressed, although there was a seminal re-
view in 1988 by Baldessarini et al*’ and one meta-analysis
conducted 9 years ago by Bollini et al,?' restricted to main-
tenance medication. In this article, (a) we challenge the
concept of dose equivalence as inaccurate, as it ignores the
dose-response curves, but is accepted in current practice and
guidelines; (b) we devise a new method to estimate dose-
response curves for first-generation antipsychotics (FGAs)
and use this to recalculate dose equivalency; (c) using results
from our meta-analysis, we calculate dose-response curves
based on randomized, double-blind studies of different doses
of both FGAs and second-generation antipsychotics (SGAs);
and (d) we test the hypothesis that exceedingly high doses of
FGAs are less efficacious than medium doses (the concept of
the therapeutic window). We critique the concept of dose
equivalency and also include additional methodology, tables,
a substantial amount of statistical as well as graphical data
(such as many Forrest plots, discussions, and sensitivity anal-
yses) in greater detail on our website (herein referred to as
Web):  http://www.psych.uic.edu/faculty/davis/dose_response.
pdf. One of our goals is to amass the dose-response data in
one location, so as to provide easy availability.

The Concept of the Dose-Response Curve

The dose-response curve is a plot of the response on
the y-axis versus the log dose on the x-axis (see Fig. 1A or
Fig. 1B chlorpromazine). The sigmoidal curve shows a min-
imal response at low doses, followed by a log-linear region
with the steepest slope where an increase of log dose pro-
duces a proportionally linear increase in response, with the
curve approaching an asymptote in a plateau at the upper
flatter portion. On the plateau portion of the curve, with each
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FIGURE 1. A, A schematic dose-response curve showing response versus log of the dose administered. On the log-linear portion,
a log unit increase in dose corresponds with a linear unit increase in clinical response. As the curve approaches maximum efficacy,
the curve asymptotes, approaching a plateau, and flattens out. Here, an incremental increase in log dose corresponds to a
progressively small increase in clinical response until it essentially merges with the plateau. We label this region “plateau.”” The
near-maximal dose range is roughly the EDgs—EDgs, where the curve is beginning to flatten out. B, Dose-response curves of
chlorpromazine and a hypothetical drug X. We plot the log-linear dose-effect studies of chlorpromazine from the multiple fixed-
dose studies. The curve to the left represents a dose-response curve of a hypothetical drug X. Note that both 4 and 40 mg drug X
are on the flat part of the dose-response curve, and 4 mg is in the near-maximal effect dose range. If the 40-mg dose was
interpreted as the near-maximal ED and the clinical trials were carried out at this dose, this would be used in calculation of the
dose equivalence, which would be a 1 to 10 conversion (40 mg drug X to approximately 400 mg of chlorpromazine). Actually,
the equivalent conversion based on EDsg is about 1 to 100. C, Haloperidol dose-response curve. We use the method of successive
approximations to calculate this figure. We averaged all studies within a given dose range with each study’s effect size entered.
We compared these as a deviation from reference point as described in “METHODS.” We calculate the dose-response curve for
the various doses (1-3.2, 3.3-4.0, 4.1-8.0, 8.1-12.0, >12 mg/d) using the high dose in each study as a reference point. The
slight increase in response at 3.3 to 4 is likely due to a first-episode study. (These patients respond to slightly lower doses.) But
note that the other studies in the range were on typical multiple-episode patients. We also performed a meta-analysis with log-
dose as a continuous variable for all studies with doses above the near-maximal effective range of 3.3 to 10 mg. The slope of the
log-dose versus response relationship is equal to zero and is not significantly different from zero (P = not significant). D, Dose-
response curve of all drugs using haloperidol equivalent doses. Patients were randomized to 2 doses—one higher than the other.
We initially used the high dose as a standard, based on a preliminary examination of the data. We grouped similar doses together
and compared the lower dose of the pair with this benchmark. We then conducted a meta-analysis on this group to calculated
mean and 95% confidence intervals (solid diamonds) of the different dose groups compared with our benchmark. Here, all
studies were included, and we find the log-linear portion of the dose-response curve at haloperidol equivalent doses of about 1 to
3 mg/d. The focus of this was to find just how low a dose was less effective than the maximal effective plateau dose. The raw data
for each individual study are presented in Web Table 3. Next, we focused on the opposite question: could a very high dose differ
(better, equal, or worse) from a medium dose? If this were so, how high a dose would be needed to produce a different response?
Here, we used dose grouping of the higher dose of the pair (open circles), using as a reference point only those studies whose
lower dose was on or higher than the near-maximal dose. Alternate groupings for sensitivity analysis are presented on our
supplement (Web Figs. 12 and 13, and Web Table 3). As a further test, we did a meta-regression. We also calculated the slope of
near-maximal and plateau dose range as continuous data with the low dose of each individual study being entered (rather than
dose grouping). The slope of the log-dose versus response relationship is equal to zero and is not significantly different from zero.
When the doses are under 3.3 mg/d, the differences from maximal dose are massive and highly significant. Above this, all studies
show all doses to have about equal efficacy. We examined this by several different methods, and all methods agree. We feel that
the burden of proof for those who argue that high doses are less effective is to produce evidence that this is the case. We could not
find such evidence.
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increase in dose, the increase in response becomes less
and less. Basic science experiments can be conducted at the
median effective dose (EDs), where most psychotropic drugs
only partially alleviate the disease and where psychiatrists
should titrate the dose toward the greatest effect possi-
ble without producing unnecessary side effects. There is an
uncertainty principle inherent in clinical dose-response
curves, due to this diminishing increment of response, and
a consequent lack of statistical power to detect small dif-
ferences in efficacy and to measure them accurately.

Part A: The Concept of Dose Equivalence:
Discussion and Critique

Problem of Slow Onset of Action and of Indistinct
End Point

An antipsychotic medication rarely restores patients
to complete normality but rather reduces schizophrenic or
psychotic symptoms. The residual symptoms vary from pa-
tient to patient. There is no firm benchmark that signals when
a patient has reached maximal improvement. Patients show
gradual improvement over several weeks of treatment.?**
Often, the clinician increases the dose and/or adds other
augmenting drugs, although there has not been time for that
dose to produce its maximum efficacy. Because most pa-
tients do not recover completely, clinicians tend to increase
the dose in the hope of achieving a better response. Both
factors result in a net effect of overshooting and therefore
cause an overestimate of the near-maximal ED. Consequent-
ly, flexible-dose studies have provided inaccurate evidence
for establishing optimal dosages (see Web: Further discus-
sion of indistinct end point and assumption that all anti-
psychotics are equally efficacious).

Critique of Dose Equivalence

Most antipsychotic drugs have been studied at high
doses, far along the plateau portion (such as point E on
Fig. 1A) of the dose-response curve, but some drugs have
been studied near the log-linear portion. As an illustration,
assume that 400 mg of chlorpromazine is the near-maximal
ED and suppose the manufacturer of high-potency drug X
promoted high doses [perhaps 40 mg/d (EDgg 999; Fig. 1B)].
If both drugs showed similar clinical outcome or efficacy,
one could falsely conclude that the 40-mg dose of the high-
potency drug X is the equivalent of 400 mg of chlorprom-
azine (a dose equivalence of 1:10). If, in fact, 4 mg is the
near-maximal ED of drug X (ie, the EDys), such a dose
would also be equivalent to chlorpromazine (a dose ratio of
1:100). The dose ratio of the 2 drugs (ie, how many mil-
ligrams of one are equivalent to the milligrams of the other)
would be grossly inaccurate. The Schizophrenia Patient Out-
comes Research Team guidelines provide an example in
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its dose equivalency table for fluphenazine decanoate and
haloperidol decanoate.'® This table assumes that the dose-
response relationship is strictly linear-linear with no plateau.
The implicit concept of this and all guidelines is to make a
linear interpolation (a simple proportion), which ignores the
fact that the dose-response curve plateaus.

Insofar as an SGA may be more efficacious than an
FGA, the term equivalent dose is ambiguous, because it
has 2 contradictory definitions. Specifically, first, the fully
ED of chlorpromazine is about 400 mg and of haloperidol
is about 5 to 10 mg. If the SGA was more effective than
FGA, then which dose is the equivalent dose to this? Is it
that SGA dose which is equal in efficacy to the FGA dose,
which is 2 mg risperidone? Second, the equivalent dose can
be taken to mean the near-maximal ED range of both SGA
and FGA (ie, the EDys of risperidone is 4 mg/d and the
EDys of chlorpromazine is 400 mg/d). Here, these doses are
not equally efficacious, but they are at the drugs’ EDys. In
other words, when drugs have unequal efficacy, then the
equivalent dose could be the EDgs of both or the low dose
of the more effective drugs, which matches the fully ED
of the other.

Part B: Dose-Response Meta-analysis

We have defined the region where the log-linear
dose-response transitions to a diminishing region, the ‘‘near-
maximal ED range’’ or the ‘‘EDgs to EDys,’” a shorthand for
the lowest dose range that is sufficient to produce an almost
full clinical response. Because exceedingly high doses will
cause unnecessary side effects, it is important to use the
lowest fully ED to minimize side effects. This transition
region is not a distinct inflection point (see Web: Concept of
near-maximal effective dose). As the dose-response curve
approaches a plateau asymptotically, the efficacy difference
between this dose and a much higher dose decreases, and
hence, a very large sample size would be needed to measure

a significant difference.

The aims of the study are as follows:

1. We identified all randomized, double-blind studies of
FGA and SGA drugs, plotted their dose-response curves,
and estimated the EDs, and the near-maximal ED range
(EDgs to EDgs) for each drug.

2. We next estimated the dose equivalencies based on EDs,
calculated in (1).

3. We performed a meta-analysis to evaluate whether me-
dium and high doses differ in efficacy. Many clinicians
use high doses (or combine similar antipsychotics which
functionally produce a high dose). Others postulate a
therapeutic window where a high dose may produce a
worse response. Geddes et al® stated that doses above
12 mg/d of haloperidol equivalent produce less efficacy
than 6- to 12-mg/d doses. Geddes et al use this to argue
that the observed benefit of clozapine and other SGA
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drugs is really an artifact of overly high doses of FGA
used as comparison drugs in trials.

4. One purpose of this review is to present a quantitative
summary of the principal studies so that the reader can
visually inspect the data and make informed decisions.
The raw data are visually depicted in graphs, which can
be atheoretically inspected.

METHODS

Selection and Study Characteristics

We used all random-assignment (to at least 2 different
doses), double-blind, controlled, clinical trials of schizo-
phrenia or schizoaffective patients of FGAs and of 9 SGAs
(amisulpride, aripiprazole, clozapine, olanzapine, quetiapine,
remoxipride, risperidone, sertindole, and ziprasidone) with no
restriction on publication date, language (we translated to
English), or sample size (N). This approach has the protection of
randomization, in contrast to meta-regression, which is a
correlational technique. We performed sensitivity analyses to
explore the possibility of other biases (see Web: Studies not
included).

Search Strategy

The following databases were searched for relevant
articles: Medline (January 1966 to December 2002), Inter-
national Pharmaceutical Abstracts (1970 to December 2002),
CINAHL (1982 to December 2002), PsychINFO (1887 to
December 2002), and the Cochrane Database of Systematic
Reviews (issue 3, 2002). We also searched reference lists in
relevant journal articles. Both the Quality of Reporting of
Meta-Analyses (QUOROM) statement®* and the empirical
study by McAuley et al*® indicate that exclusion of unpub-
lished studies produces a systematic positive bias, so we
included Food and Drug Administration website data ob-
tained through the Freedom of Information Act, poster pre-
sentations, unpublished data from Cochrane reviews, such as
those from Waraich et al*® and Kennedy et al,?” conference
abstracts, and manuscripts submitted for publication.

Principal Outcome

As our principal outcome variable, we used the Pos-
itive and Negative Syndrome Scale (PANSS).”® When the
PANSS was not available, the Brief Psychiatric Rating
Scale® was used, or, when neither was available, the Clin-
ical Global Rating was used. Change scores that were ad-
justed for baseline (analysis of covariance) were preferred;
when not available, the raw change scores (baseline minus
end-point score) were used; when both were unavailable, the
unadjusted end-point score was used. Time to relapse and
number of relapses were used for maintenance studies. Effect
sizes were computed from the outcome variable by divid-
ing the improvement score of the high dose minus that of

© 2004 Lippincott Williams & Wilkins

the lower dose by their pooled standard deviation. There
are basically 2 types of treatment trials for antipsychotics:
(1) treatment to improve symptoms of patients in an acute
episode or (2) treatment to elicit a better response in non-
responder maintenance or prophylactic treatment of at least
partially recovered patients to prevent a relapse.

Data Extraction

Data extraction of the means, Ns, and SD data of all
studies were independently carried out by 2 reviewers. The
last-observation-carried-forward method and intent-to-treat
sample were used for the meta-analysis.

Validity Assessment

We performed sensitivity analyses and explored the
effects of different dosages, different grouping by dose,
study quality, design, completeness, outcome variable type,
and publication type.

Quantitative Data Synthesis

Meta-analyses were executed using Comprehensive
Meta-Analysis (1.0.25)*® and MetaWin.>' We used fixed-
effects models, except when significant heterogeneity dic-
tated the use of random-effects models, to evaluate hypotheses
such as the therapeutic window hypothesis and to calculate
error bars around points on dose-response curves. (Signifi-
cant heterogeneity implies that effect sizes between studies
differ more than expected by chance.) (See Web for results
on both models.)

Construction of Dose-Response Curve

We constructed dose-response curves from fixed-dose,
double-blind studies with random assignment to different
doses. Placebo-controlled studies were useful, because if a
given dose is not better than placebo, it is likely that this dose
is near-placebo efficacy. Most dose-response data for FGAs
include only 2 doses and no placebo. We initially determined
that when the dose-response curve begins to plateau, this rel-
atively flat portion provides a benchmark on which to com-
pare other doses. Knowing this, we determined the location
of specific doses on the dose-response curve as follows. If
dose C is better than dose B (Fig. 1A), it is on the linear
portion. If dose C is equal to dose D in efficacy, it is on the
plateau. For the analysis of FGAs, we use an iterative suc-
cessive approximation method. We began by comparing a
very, very low dose range with a high-dose benchmark and
then successively compared a very low dose, a low dose, and
a medium dose, respectively, with this high-dose benchmark
(see chlorpromazine Fig. 1B, results for a working example).
We can plot the dose-response curve as a decrease (ie, a
negative number) in effect size units under the efficacy pro-
duced by maximal EDs (see Web: Concept of near-maximal
effective dose). Because intramuscular (IM) haloperidol is
approximately twice as bioavailable as oral administration,
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we multiplied IM doses by 2 in our dose-equivalence
meta-analysis.>*

Construction of Haloperidol Dose Equivalent
and Test of Therapeutic Window Hypothesis
Based on our dose-response analysis, we have cal-
culated new dose-equivalence tables at EDsy, or EDgs to
EDys. Using these newly constructed EDs,, we constructed
pooled dose-response curves for FGAs using haloperidol
equivalent doses. We also tested whether very high doses
are more, equally, or less effective than medium doses (the
latter is the therapeutic window or Geddes et al hypothesis).

RESULTS
Dose-Response of FGAs

Chlorpromazine

The plot of controlled studies of 75, 150, or 300 mg/d
chlorpromazine suggests that these doses are on the log-
linear portion of the dose-response curve, and estimates that
the EDsq for chlorpromazine is approximately 150 mg/d
(Fig. 1B).>*"* There were 4 studies with medium doses be-
tween 300 and 388 mg/d, which were compared with a
higher benchmark (500 mg/d or greater). We found the
pooled difference of these 4 studies (300* 3¢ to 388 mg37)
to be —0.27 [(—0.45, —0.09), P = 0.004] effect size units
lower than the plateau portion. The negative effect sign
indicates that the dose of interest is less efficacious than
plateau. Controlled dose-response studies in the range of 450
to 600 mg/d showed that these doses were equivalent to the
plateau dose range [effect size = 0.00 (—0.29, 0.29)], that is,
the near-maximal ED range (Table 2).** *° The randomized,
double-blind, fixed-dose studies of chlorpromazine versus
placebo support these findings. Specifically, we found that
chlorpromazine failed to be more effective than placebo at
300 mg/d or less (Table 1). At 300 to 400 mg/d chlor-

promazine, equivocal evidence for efficacy was found,?
but chlorpromazine doses of 500 mg or greater were con-
sistently found to be more effective than placebo.*

High-Potency FGA Dose-Response Curve

Haloperidol

We established that the haloperidol dose range of
1 to 3.2 mg/d was clearly less effective than the plateau doses
[effect size, —0.57 (—0.95, —0.20,)] (the *“—"’ sign indicates
that dose of interest is less effective than plateau doses)
on the log-linear portion of the dose-response curve
(Fig. 1C).*'"* We next examined the dose range of 3.3 to
4.0 mg/d and found no difference between this dose range
and the plateau doses [effect size, —0.14 (—0.35, 0.07)],***’
thus establishing that 3.3 to 4.0 mg/d haloperidol is in the
near-maximal ED range and near the plateau portion of the
haloperidol dose-response curve. Haloperidol dose ranges
of >4.0 to 8.0 mg/d showed similar results [effect size,
—0.27 (—0.57, 0.03)].****! Note that this nonsignificant
effect size is larger (more negative) than the effect size ob-
served in the 3.3- to 4.0-mg/d range (Fig. 1C), possibly
because 1 of the 4 studies*’ in the 3.3 to 4.0 group included
many first-admission patients who responded to a lower
dose. The other 3 studies are typical multiepisode patients.
The dose-response curve plateaus at >8.0 to 12 mg/d [effect
size, 0.05 (—0.21, 0.31), or over 12 mg/d is essentially
zero].*##6-32735 A the linear portion transitions to the pla-
teau portion, we expect the transition to be gradual. (Note the
statistical uncertainty inherent in measuring small differ-
ences) (see Web: Power considerations in the construction of
dose-response curves and Adjustment of near-maximal ED
for dose-response curve of haloperidol). Due to this uncer-
tainty, we do not feel that any dose should be considered as
the threshold dose for full response, but rather that the region
of the dose-response curve that is near the near-maximal
efficacy is roughly 3.3 to 10 mg/d. As there are very few

TABLE 1. Clinical Effectiveness of Chlorpromazine Compared With Placebo in Controlled Studies by Dose of Chlorpromazine*

Chlorpromazine No. Studies

Dose Range Chlorpromazine More Effective Chlorpromazine Slightly More Chlorpromazine
(mg/d) Than Placebo Effective Than Placebo Equal to Placebo
<300 10 6 9
>300-400 4 3 1
>400-500 4 0 1
>500-800 14 0 0

>800 9 0 0

Total 41 9 11

Adapted from Table 2 of Ref. 22.

*Global judgment of authors based on review of individual studies (‘‘more effective,”” clearly, significantly better; ‘“slightly more effective,”” equivocal,

nonsignificant trends; and ‘‘equal,”’ clearly nonsignificant).
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TABLE 2. The ED;5g and Near-maximal Effective Dose for FGAs
and SGAs

Near-maximal

Drug EDsg Effective Dose

FGAs
Chlorpromazine 150 mg/d 400-450 mg/d
Haloperidol 0.5-2 mg/d 3.5-10 mg/d
Haloperidol decanoate 25 mg/mo 100—-200 mg/mo
Trifluoperazine — 10-15 mg/d
Thiothixene — <10 mg/d
Fluphenazine — <6.9 mg/d
Fluphenazine — 25 mg/2 wk

decanoate/enanthate

SGAs
Olanzapine 9 mg/d >16 mg/d
Olanzapine IM >6 mg/d >10 mg/injection
Risperidone 2 mg/d 4 mg/d
Risperidone depot 15 mg/mo 50 mg/mo
Amisulpride 50 mg/d 200 mg/d
Aripiprazole <1.5 mg/d 10 mg/d
Quetiapine 80—-215 mg/d 150—-600 mg/d
Remoxipride 60 mg/d 120-240 mg/d
Sertindole 10 mg/d 12-20 mg/d
Clozapine — >400 mg/d
Ziprasidone, acute 63 mg/d 120-160 mg/d
Ziprasidone, maintenance 40 mg/d 80—-160 mg/d

small sample studies in the 0.5- to 3-mg/d dose range, we
can only approximate the EDs, dose range of 0.5-2 mg/d
haloperidol (Table 2).

Other High-Potency Typicals

1. Trifluoperazine: A large sample, well-controlled study
of trifluoperazine found that 15 mg/d was as effective as a
high dose (a small 10-mg/d study yielded similar results),
suggesting that this dose range is on the plateau portion
of the dose-response curve [effect size, 0.01 (—0.23,
0.26)].%%%7

2. Thiothixene: One small study of thiothixene suggests
that 10 mg of thiothixene is on (or near) the plateau
portion of the dose-response curve.’®

3. Fluphenazine: Four small studies probed the near-
maximal ED range of acute oral fluphenazine with a
dose range of 5.0 to 7.5 mg/d,** % with one study ad-
ministering 10 mg/d.** Many flexible-dose studies found
6- to 10-mg/d range to be equal to medium and to high
dose of other FGAs.®>""° (For further discussion, see
Web: Adjustment of near-maximal effective dose for dose-
response curve of haloperidol, fluphenazine, thiothixene,
and trifluoperazine).

© 2004 Lippincott Williams & Wilkins

Haloperidol and Fluphenazine Decanoate
Maintenance Dose-Response Curves

In a single study using haloperidol decanoate, monthly
doses of 25, 50, 100, and 200 mg were observed to be on
the log-linear portion of the dose-response curve (Fig. 2J).*%
A number of low-dose fluphenazine decanoate studies’' "’
found more relapses in those low-dosage groups in which
doses substantially less than half of the usual dose of 25 mg/
2 weeks were used.

Pooled Dose-Response Curve

We calculated a pooled dose-response curve using our
new method based on double-blind randomized studies,
which is almost completely free of the flexible-dose bias. We
present in Figure 1D the dose-response curve for pooled
FGAs in haloperidol equivalents. Haloperidol equivalent
doses of 0.1 to approximately 2.8 mg/d are on the linear
portion of the dose-response curve, and plateau occurs at the
near-maximal ED range of about 3.3 to 8.0 mg/d or 8.0 to
12.0 mg/d. High doses (>12.0 mg/d) are clearly on the
plateau portion of the dose-response curve. We estimate the
near-maximal ED range to be 3.3 to 10 mg haloperidol
equivalents. Sensitivity analyses based on several alternate
assumptions found identical results (see Web: Sensitivity
analysis).

Are High Doses More Effective, Equally Effective,
or Less Effective (Therapeutic Window)
Than the Medium Dose?

Many clinicians use high doses. The therapeutic
window hypothesis suggests that an exceedingly high dose
of an FGA produces a less efficacious response point. In-
deed, Geddes et al® suggest that the most effective halo-
peridol dose is 6 to 12 mg/d, and higher doses are substantially
less effective. A straightforward test of this hypothesis is to
examine all randomized, blinded dose comparisons of this
dose range [>6 mg/d (median, 10.7 mg/d) or 6 to 12 mg/d]
against all higher doses [>12 mg/d (median dose 64 mg/d)]
(see Tables 3 and 4 which give the limits and median dose
in both dose groups). Forty-two such studies (N = 1821
patients)*>46-48:51756.58-62.78-101 ¢y swed no significant dif-
ference between medium-dose (median, 10.7 mg/d) versus
high-dose (median, 40 mg/d) groups [effect size = —0.06
(—0.15, 0.04); Table 3]. The ““—"’ sign indicates that the
medium dose is less effective (nonsignificantly) than the high
dose, the opposite of the Geddes et al’s or therapeutic window
hypothesis. Doses are under experimental control in that
patients were randomized to medium versus high doses.
Because it is clearly possible that this definition of high dose
may be slightly off (ie, the Geddes et al cutoff point may
not have been the optimal dose), we examined a variety of
different definitions of medium and/or high dose in our
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FIGURE 2. A, Risperidone dose-response curve. The dose-response curve is based on the combined US and Canadian reg-
istrational study of risperidone where patients were randomly assigned to placebo, 2, 6, 10, and 16 mg/d risperidone. The 2-mg
dose produced half the improvement as the average improvement of the plateau phase, as measured by the average im-
provement of 6, 10, and 16 mg combined. In this and all graphs, the symbols indicate raw data points and the reader should
focus on this. B, Risperidone microspheres. We present the dose-response curve from the large registrational study of depot
risperidone microspheres. C, Olanzapine dose-response curve. A roughly log-linear dose-response relationship is observed. Note
the similarity of the dose-response curve in the 6-week oral study studies to the 1-day study. An additional study compared
placebo, 1-mg, and 10-mg doses; and the efficacy of the 1-mg dose is very close to that of placebo and does not show efficacy.
D, IM olanzapine dose-response curve. Note that the dose-response curve for IM olanzapine at a few hours after injection is similar
to the dose-response curve after 6 weeks of oral treatment. The outcome variable is on the impulsivity-hostility factor. This consists
of the following PANSS items: poor impulse control, hostility, uncooperativeness, excitement, and tension; all symptoms that are
observable are not dependent on a lucid patient’s ability to provide a coherent description of hallucinations or delusions. IM
olanzapine peaks in plasma at around 30 minutes, but the clinical effect increases over time, until about 90 minutes when it
begins to plateau. The 90-minute observation period probably represents the peak therapeutic effect of the injection and
therefore the most valid end point in our opinion. A roughly linear dose-response relationship is observed, although differences
between doses close to each other are not statistically significant. [(C()); Web: Acute 2- to 24-hour dose-response curve for olanzapine
and ziprasidone—single dose intramuscular emergency treatment].'®>''° E, Aripiprazole dose-response curve. Most doses of
aripiprazole seem to be on the plateau portion of the dose-response curve, and 2 mg/d was close to the plateau. If the 2-mg dose
was actually on the plateau, then the linear portion of aripiprazole may be undefined, and it is possible that all the investigational
studies missed the log-linear portion. F, Amisulpride dose-response curve. Although the efficacy of 100 mg/d of amisulpride is
slightly less than the higher doses, it still produces a substantial rate of improvement in response. Because amisulpride causes
dose-related extrapyramidal symptoms, although considerably less than typicals, it is clinically important to appreciate its dose-
response curve. G, Dose-response curve of quetiapine. There are 2 controlled clinical trials of different doses of quetiapine, a fixed-
dose study'*? of 75, 150, 300, 600, and 750 mg/d and a flexible-dose—ranging study,'** where the mean dose of the low-dose
group was 209 mg and that of the high-dose group was 360 mg. Note that the most ED of quetiapine in the fixed-dose study was
150 mg/d, which was very similar to the 360-mg dose. At higher doses, the drug was slightly less efficacious particularly at a dose
of 750 mg/d. H, Ziprasidone dose-response curve. Several studies of ziprasidone were conducted versus placebo for acute
treatment trials. In addition, one large maintenance study was conducted. The dose-response curves are similar but not identical
and roughly parallel. These data suggest that a slightly (about 25 mg/d) lower dose may be needed as maintenance medication. |,
Sertindole dose-response curve. Note that 8 mg of sertindole was slightly less efficacious than placebo as shown by the point
plotted below the zero improvement score. The 12-mg dose was almost as effective as the 20- and 24-mg dose. ], Haloperidol
decanoate dose-response curve. The dose-response curve for haloperidol decanoate nicely follows the dose-response curve and
appears to begin to flatten out at 200-mg dose.
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sensitivity analysis. We tested several other cutoff points
(>3.3, >6, 6 to 12, etc.) summarized in Table 3. Using our
definition of near-maximal ED, we found similar results,
small nonsignificant differences, which were opposite in
direction from that postulated by Geddes et al.” In high doses
(>12 mg/d) versus much higher doses (median, 64 mg/d), the
dose-response curve was essentially flat [effect size, 0.00
(—0.14, 0.15)].

The Threshold Dose or Therapeutic Window in
Treatment-Resistant Patients or Other
Populations

Treatment-resistant patients may be resistant for
pharmacokinetic or for pharmacodynamic reasons and might
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possibly respond to a higher dose of FGA. It is possible that
patients in a severe acute exacerbation may require a higher
dose. Since we have data from various populations of pa-
tients including over 2500 patients (in 55 studies that com-
pared a medium vs. high dose), we can test whether certain
subpopulations such as treatment-resistant patients may
respond to a higher dose. It is possible that the upper end
of the therapeutic window (decreases response with too
overly doses) occurs only with very high doses such as over
30 or 50 mg/d haloperidol or moderately high doses over 20
or 25 mg/d. (There may be a wide therapeutic window or a
narrow therapeutic window.) (Fig. 1D; Web Table 3 and
Web Figs. 12 and 13). We examined studies on treatment-
resistant patients. We also explored the effects of whether the
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TABLE 3. Sensitivity Analysis: Are High Doses More Effective Than the Near-maximal Effective Dose?

Medium Dose (mg/d) High-dose (mg/d)

Dose Limits* Median Median No. Studies Effect Size 95% CI P

>33 11.1 35.7 53 -0.07 (=0.15, 0.01) 0.092
>6.0 10.7 40.0 42 —0.06 (—0.15, 0.04) 0.224
6.0-12.0f 8.4 53.5 22 —0.10 (—0.23, 0.02) 0.104
>8.0 15.0 48.0 31 —0.06 (—0.18, 0.05) 0.297
>8.0-12.0 10.0 40.0 11 —0.17 (—0.36, 0.02) 0.081
>12.0 20.0 63.7 20 0.00 (—0.14, 0.15) 0.974

All comparisons used fixed-effect models, since tests for heterogeneity showed no significant heterogeneity.

*These values represent the dose limits of the medium-dose group.
"Based on Geddes et al’s definition of optimal dose.

study was designed as a high-dose or as a dose-response
study. High dose produced virtually the exact same efficacy
as medium dose no matter what definition of high dose was
used (ie, >20, >25, >30, or >50 mg/haloperidol equivalents)
(see Fig. 1D; Web Figs. 12 and 13, Web Table 3). The dose
response appears to be the same for the first few days as for
later points in time for the acute psychotic patients (Table 4).
In short, we tested whether a variety of population or design
variables affected the results, for both single drugs (halo-
peridol), or by using our original (or other) dose equivalen-

cies. The finding was unchanged (see Table 4 and also Web
Table 4: Sensitivity analysis: are higher doses more, equally,
or less efficacious than medium doses?). The results were
virtually identical in all groups, with no significant differ-
ences. Although the studies were conducted in a variety
of patient populations, the findings on dose were very
homogenous (see Table 3). We tested the hypothesis that
patients may require a higher dose on the first day of
treatment, as well as the alternate hypothesis that patients
would become tolerant to antipsychotics and require a higher

TABLE 4. Does High-dose Treatment Produce Better Results in Selected Populations?

Test for Heterogeneity

Effect Size* 95% CI t test P Q Value' df P
Designed as high-dose treatment —0.05 (—0.19, 0.10) 1.56 0.12 23.82 16 0.09
Other —0.01 (=0.10, 0.09) 1.49 0.14 38.09 37 0.42
Overall’ — — — — 0.22 1 0.64
Treatment of resistant patients —0.03 (—0.18, 0.13) 1.17 0.24 20.51 15 0.15
Other —0.01 (—0.10, 0.08) 1.58 0.11 32.68 38 0.71
Overall! — — — — 0.04 1 0.84
Dose-response studies 0.04 (—0.13, 0.20) 0.35 0.72 11.53 11 0.40
Other —0.03 (—0.12, 0.06) 2.04 0.04 41.25 42 0.50
Overall’ — — — — 0.45 1 0.50
Treatment of symptomatic episode —0.02 (—0.18, 0.14) 1.04 0.30 11.75 15 0.70
Other —0.01 (—0.10, 0.08) 1.66 0.10 41.47 38 0.32
Overall’ — — — — 0.01 1 0.93
Treatment of chronic patients —0.04 (—0.18, 0.10) 1.48 0.14 25.06 19 0.16
Other 0.00 (—0.10, 0.09) 1.41 0.16 32.29 34 0.55
Overall® — — — — 0.13 1 0.71
Plasma level studies —0.01 (—0.18, 0.16) 0.88 0.38 9.54 9 0.39
Other —0.01 (—=0.10, 0.08) 1.74 0.08 43.70 44 0.48
Overall! — — — — 0.00 1 0.98

*Effect size measures improvement over plateau. The 7 statistic evaluates whether the subgroup is different from all other groups.
"The Q statistics evaluates whether all studies show that same effect within each population.
Overall Q statistics evaluates whether the 2 subgroups agree with each other (within-groups test).
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dose in subsequent weeks by comparing dose-response
studies of 1 to 2 days with dose response of the typical 3-
to 8-week study. We found no difference. If tolerance
occurred, a high EDs, would have been observed in the 3- to
8-week study (Web: Tables 3 and 4, Figs. 12 and 13).

Dose-Response of SGAs

Figure 2 presents dose-response curves for all SGAs.

Risperidone

The best dose-response data for risperidone are found
in the North American clinical trial,'**~'** because this study
has a placebo group for comparison. Here, dose of 2 mg/d
risperidone is 50% less efficacious than the average of all
higher doses (6, 10, and 16 mg/d) and 60% less efficacious
than the 6-mg/d dose, the most ED (Fig. 2A). The higher
doses (10 and 16 mg/d) are not statistically different from the
6-mg/d dose, and, in the 2 other randomized dose-response
trials, there is little difference in efficacy between 4, §, 12,
and 16 mg/d'® or between 4 and 8 mg/d.'*® In the former
study, 4 mg/d is slightly better than 8 mg/d, and, in the latter,
8 mg/d is slightly better than 4 mg/d, suggesting to us that
the dose-response curve is plateauing at about 4 mg/d
(Web: Figs. 9 and 10). In the first quarter of 1997, the mean
dose used in the New York state system for inpatients was
7.1 mg/d."®” This decreased to 4.9 mg/d in the third quarter
of 2001. The efforts made to market risperidone at a lower
dose range of 4 to 6 mg/d by risperidone’s sponsor may have
contributed in part to this change in dosing pattern. A mean
dose also would include doses of elderly patients or others
for whom a lower dose is clearly indicated, and a mean dose
of all patients would be less than that of adult schizophrenic
patients. The optimal dose of 4 to 6 mg/d risperidone was
known, since approximately 1992 to 1993 when the first
initial presentations of the North American, the Canadian
Clinical Trial and the International Clinical Trial began to be
presented followed by their publication in 1993 to 1995. It is
apparent that in New York State Hospitals, physicians were
prescribing higher doses than what should be prescribed,
based on these clinical data, with a mean dose of 7 mg/d.
There must have been a fair number of patients with
risperidone doses above 8 mg/d, suggesting that some state
hospital clinicians might have had the clinical intuition that
a high dose was useful.

Because risperidone causes dose-related extrapyrami-
dal symptoms, it is important to use the minimal dose that
would produce full efficacy and minimize extrapyramidal
symptoms. We estimate that the near-maximal ED of
risperidone is 4 mg/d, and the EDs, is 2 mg/d (see Web:
Agreement of dose-response curves for SGAs). The ran-
domized study of depot risperidone microspheres found the
near-maximal ED to be approximately 50 mg/mo [with both
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the lower dose (25 mg/mo) and the higher dose (75 mg/mo),
producing less improvement] (Fig. 2B).'%®

Olanzapine

The best data on the olanzapine dose-response come
from the United States double-blind, randomized reg-
istrational trial, because there is a placebo group for
perspective.'”” Patients were randomized to the dose range
of 5 mg/d £ 2.5 mg, 10 mg/d = 2.5 mg, and 15 mg/d +
2.5 mg olanzapine.'®!"° The response of all 3 doses is on
the log-linear portion (Fig. 2C). Low olanzapine doses
(mean, 6 mg/d) constituted about 33% of the approximately
16-mg/d (or more) dose. The curve did not reach the
beginning of the plateau phase. When we pooled the raw
data from this and other dose-ranging studies which did not
have a placebo group,''® the dose-response curve appeared
exactly linear over these dose ranges (plots shown else-
where).'"! In a randomized double-blind study,''? treat-
ment of acute agitation in 148 patients (three-fourths
schizophrenics and the remainder manic) for 4 days with
olanzapine up to 40 mg/d, average doses between 25 and
29 mg, compared with 10 mg olanzapine, showed that
the higher dose of olanzapine produced a more rapid and
better reduction in the PANSS impulsive/hostility factor
(P = 0.006), despite the fact that the 10-mg group received
almost 20 times higher doses of supplemental lorazepam
on a PRN basis.

We suggest that the near-maximal ED for olanzapine
may be more than 16 mg/d (uncertainty represented by
curves with a question mark in Fig. 2C). Citrome and
Volavka'®” conducted an important study comparing olanza-
pine, clozapine, risperidone, and haloperidol. During the first
period, patients received fixed doses, but, during the second
6-week period, they received variable doses. The maximal
ED of olanzapine was 40 mg/d. Olanzapine produced im-
provement in phase 2 trials but was not observed with the
other drugs.’®™'%” Citrome and Volavka'" reviewed the
clinical nonblinded trials of olanzapine at doses higher than
20 mg/d, providing suggestive evidence that these doses
are useful.

Single-dose IM Olanzapine

In one study, patients with schizophrenia were ran-
domly assigned to receive blinded IM doses of olanzapine
as follows: placebo, 2.5, 5.0, 7.5, and 10.0 mg/d olanzapine;
or 7.5 mg/d haloperidol, with approximately 45 patients in
each group.''*!'* (This is comparable to 5 to 20 mg/d total
daily dose of oral olanzapine.) This dose-response curve
provides a guide for the emergency treatment of patients with
IM olanzapine (Fig. 2D). It is also interesting to compare the
dose-response curve in the acutely exacerbated patients in the
emergency 1-day, or 4-hour treatment with the dose response
of typical schizophrenic patients in a 6- to 8-week study. The
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dose-response curves appear roughly similar. The outcome
variable used is the Excited Component of the PANSS,'"”
which we call the impulsivity-hostility factor.'**!!!

Aripiprazole

The dose-response curve of aripiprazole indicates that
the dose producing full efficacy plateaus below 10 mg/d
(Fig. 2E). However, the 2-mg/d dose is almost as effective as
the 10- to 30-mg/d dose range. We speculate that the EDs
for aripiprazole would be approximately 1 mg/d, based on
the observation that 2 mg/d is well above the half-maximal
improvement score.' 67122

Amisulpride, Remoxipride, and Sertindole

A fixed-dose, blinded amisulpride trial found that the
100-mg/d dose was slightly less efficacious than higher
doses.'”* The favorable result found with 400 mg/d ami-
sulpride suggests that the near-maximal ED is below this
dose. We interpolated an EDs, of approximately 50 mg/d
amisulpride (Fig. 2F). The dose-response curve for remox-
ipride shows that the near-maximal ED range is 120 to
240 mg/d (Web: Fig. 11; Table 2)."**'** The 8-mg/d dose
of sertindole is clearly suboptimal, as it is less effective than
the 12- or 20-mg dose (Fig. 21).*”'**!%” The 12-mg/d dose
of sertindole is slightly less efficacious than the higher dose
but not significantly so.

Clozapine

With toxic drugs such as clozapine, clinicians con-
cerned about side effects can sometimes undershoot the dose
and accept a less than optimal improvement. The only
clozapine dose-response study was a small study that found
that 600 mg daily was somewhat superior to 300 mg/d,
which in turn was superior to 100 mg/d, and that some
patients clinically needed 900 mg/d.'*® VanderZwaag
et al'?® randomly assigned patients to 3 targeted plasma-
level ranges, mean clozapine plasma level 91, 251, and
396 mg/d, or mean average dose of 165, 373, and 511 mg/d.
The medium and high plasma-level group showed greater
improvement (and about equal improvement) than the low
plasma-level group. Four controlled plasma-level studies,'** %
3 with 400 mg/d clozapine and 1 with 600 mg (therapeutic
monitors) found favorable responses more often in patients
with high plasma levels, and poor response in those with
lower plasma levels, suggesting that many patients require
doses above 400 mg/d (see Web: Clozapine). When the dose
was increased in a randomized, double-blind subgroup, most
of the poor responders responded.'*'"'** Plasma-level studies
(where dose is uncontrolled) are difficult to interpret, as the
clinician will adjust the dose upward in nonresponders. This
is likely to result in nonresponders having high plasma
levels. This said, if nonresponders havelow plasma levels, it
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is likely these patients were underdosed, and these studies do
find patients with low plasma levels in nonresponders.'**~'%’
Evidence from these studies strongly suggest that the near-
maximal ED of clozapine is substantially above approxi-
mately 400 mg/d for some patients.

Ziprasidone

The dose-response relationship of ziprasidone is note-
worthy because dose-response curve data are available for
treating exacerbating patients and for maintenance purposes.
The best data on ziprasidone efficacy for acutely ill exac-
erbated patients are unpublished data found on the Food and
Drug Administration website.'*® Initially, ziprasidone was
used at an overly low dose. Multiple registrational studies
helped to elucidate the therapeutic dose. We calculated the
dose-response curve against placebo using these data. No
data exist showing that ziprasidone has full efficacy above
placebo until a dose of 120 to 160 mg/d is achieved. The
80 mg/d dose groups in the two studies'*® have somewhat
disparate findings, and pooled data do not show full efficacy
(Fig. 2H). The large long-term maintenance study'*® found
that the dose-response curve for maintenance treatment
(Fig. 2H, open triangles, dashed line) was shifted to the left
of the dose-response curve of the acute study (Figure 2H,
solid circles, solid line), an effect more prominent with re-
lapse rate as end point but also present with respect to PANSS
change score outcome. The near-maximal ED range is
estimated to be approximately 120 to 160 mg/d for treating
acute schizophrenia and 80 to 120 mg/d for maintenance
treatment.

Single-dose Studies of Ziprasidone

Two randomized double-blinded, 24-hour studies of
exacerbated patients receiving IM ziprasidone were con-
ducted in which 2 mg/d versus 10 mg/d in 117 patients
and 2 mg/d versus 20 mg/d in 79 patients were evaluat-
ed. 14138140141 Agsessment was performed a few hours after
initial injection. Although the 20-mg/d dose of ziprasidone
exhibited a trend toward a greater reduction on the PANSS
than the 2-mg/d dose, the difference was not statistically
significant (P = 0.12),"*" and the 10-mg/d dose was similar
to the 2-mg/d dose.'*® Some authors incorrectly give the
impression that the ziprasidone IM at the 20-mg/d dose
confers an antipsychotic effect. It does have a sedative effect.
In neither study was a significant effect demonstrated on
the PANSS at 24 hours (the flexible dose portion of the
study; see Web: Acute 2- to 24-hour dose-response curve
for olanzapine and ziprasidone—single dose intramuscular
emergency treatment). These studies appeared to have
missed the linear or plateau portion of the dose-response
curve completely (see Web: Missing the near-maximal
effective dose).
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Quetiapine

A fixed-dose, randomized blinded trial'** found that
75-mg/d dose of quetiapine produced an improvement of
2.24 PANSS points (Fig. 2G, solid diamond). The next
highest dose, 150 mg/d, produced a decrease of 8.67 PANSS
points, which is the greatest improvement observed of all
doses in this study (ie, 75, 150, 300, 450, and 750 mg/d).
Higher doses, particularly 750 mg/d, were slightly less ef-
fective (6.33 PANSS points). In another double-blind
study,'*® patients were assigned to 2 flexible-dose range
doses of quetiapine (and placebo) with an overlap between
the 2 dosage groups; that is, the LOCF average dose of
360 mg (range, 50 to 566 mg; average dose of completers,
488 mg) was compared with the average dose of 209 mg
(range, 50 to 267 mg; average dose of completers, 248 mg).
The high-dose group produced an improvement of 8.7 Brief
Psychiatric Rating Scale points, the low dose produced
improvement of 4.2 points, and placebo produced a 1-point
improvement (Fig. 2G, open square; Table 2). Dropout for
treatment failures were 25/96 for high dose, 34/96 for low
dose, and 42/96 for placebo. The results are modestly dif-
ferent (see Web: Agreement of dose-response curves for
SGAs). Some have speculated that higher doses of quetia-
pine produce better outcome. The Arvanitis et al'** data at
750 mg/d contradicts this; however, it is possible that the
initial studies completely missed the full dose-response
curve. The fact that individuals do clinically improve at
higher doses in open studies does not prove that the higher
dose was responsible, as such improvement might reflect the
passage of time, augmenting drugs, or other confounding
factors. The sponsor for quetiapine has 2 studies of dose
response, one nearing completion and the other just be-
ginning, so more information will be available in the future.
Clinicians need to watch for this because this new infor-
mation may alter the estimate of near-maximal ED.

DISCUSSION

Incorrect doses will lead to either insufficient im-
provement or excessive side effects. We constructed dose-
response curves for FGAs and SGAs based on groups
randomized to different doses, a method which places the
dose under experimental control with the protection of
blinding and random-assignment against both known and
unknown biases. Our data suggest that current guidelines to
FGA and SGA uses are, in part, incorrect. As guidelines
contradict each other, they all cannot be correct. Although
we present dose-response curves for FGAs and SGAs, we
feel the reader should focus on the empirical data points. In
practice, clinicians tend to use higher doses of FGAs than are
really needed. Baldessarini et al'** did a survey in the Boston
area and found that approximately 50% of patients were
prescribed a haloperidol dose above 28 mg/d, which greatly
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exceeds our near-maximal effective haloperidol dose range
of 3.5 to 10.0 mg/d. Even today, high doses of FGAs are
used in the United States'*>'*® and in the United Kingdom,
where 50% of inpatients are on more than one antipsychotic
and 40% of those receiving haloperidol are on doses over
15 mg/d."*” Because patients recover gradually from the
schizophrenic episode over the course of 4 to 6 weeks, dose
escalation may estimate a falsely high dose, due to the effect
of passage of time. We find no evidence that supports the
use of high doses of FGAs. The opposite may be true for
clozapine. We review 4 different methodologies of con-
trolled studies and also studies where dose was uncontrolled.
We interpret dose in targeted, fixed plasma-level studies
differently than fixed-dose studies, because, in the former, no
patient would receive plasma levels lower than the target,
whereas, with fixed-dose studies, many patients have low
plasma levels with 400 mg/d and some have low levels even
with 600 mg/d.'** While the medium clozapine dose was
slightly lower, but not that much lower, than the studies by
Potkin et al,'* Perry et al,'>2 or Fabrazzo et al,'** the fact
that random reassignment to a higher dose in several of these
studies produced more responders than a control group who
continued on the same dose indicates that at least some
patients require doses roughly above the initial dose of 384
to 484 mg, depending on the study. Some European cli-
nicians conduct frequent plasma level monitoring and
achieve good response with mean doses of 300 mg; how-
ever, as a consequence, this monitoring targets high dose
to those who need them. Plasma level is influenced (about
25% variation) by dose schedule (thrice a day, twice a day,
or every day) and time of blood draw. VanderZwaag et al'*’
provide a helpful discussion. Although there is a need for
more dose, targeted plasma levels, and random reassignment
studies, we suggest dose of clozapine used may be too low
throughout the world for some patients but too high for
others. There are wide differences in clozapine metabolism,
so we recommend monitoring serum levels to ensure
adequate plasma levels and to guard against excessive
plasma levels.

Real progress has been made regarding available
knowledge of the dose-response curves of SGAs, since the
Food and Drug Administration now requires at least one
dose-ranging study on reasonable sample sizes. We think
dose-ranging studies often have the doses too close to each
other, particularly at the high doses where they should be
spaced progressively further apart. Citrome and Volavka’s'®’
excellent narrative review of SGAs discusses individual
studies included in our dose-response plots. Unfortunately,
these findings are often not translated into guidelines or
practice. Citrome and Volavka'®’ provide interesting data
that the mean risperidone dose in 1997 in the New York
State system was 7.1 mg/d. It was known that the best dose
of risperidone was about 4 to 6 mg/d in the early 1990s. The
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dose of olanzapine in New York State is increasing, and
Citrome and Volavka find that 26% of patients received
greater than 20 mg/d by 2001'°7 in clinical practice, which
reflects the dose-response curve suggested in this paper.
Studies that compare an SGA with another SGA should use
EDs. This is not always done [eg, several studies compared
low-dose clozapine (eg, 200 mg) with adequate dose of the
sponsor’s SGAs].

Does a High-dose Help or Hurt Some Patients?
(The Therapeutic Window Hypothesis)

We found no evidence that high doses produced a
better (or worse) response than medium doses, a consistent
finding maintained over many definitions of ‘‘medium or
high.”” Geddes et al® assume that exceedingly high doses
(above 12 mg/d haloperidol equivalent) of FGAs produce a
worse response than moderate doses (6 to 12 mg/d). Geddes
et al’s data® find that clozapine and some other SGAs are
more effective than FGAs, but they dismissed this as an
artifact based on this assumption. Using their definitions, we
find trends, although not statistically significant, which are in
direct opposition, falsifying Geddes et al’s explanation. We
also performed sensitivity analysis with slight modification
of dose cutoff points, which did not change the conclusions
at all (see Web: Sensitivity analysis: are higher doses more,
equally, or less efficacious than medium doses?). Given that
we had 55 studies and over 2500 patients, if were high dose
been more or less effective than medium dose, we would
have expected to find more studies reporting significant
results. Only 2 studies™’® showed a significant difference
favoring a high dose, and this is counterbalanced by sev-
eral studies clearly favoring a lower dose, although not
significantly.

Treatment-Resistant Patients

Is there a subpopulation where high doses may be
helpful? We found no evidence for this. There was no pattern
for high dose to be more effective in any of the subgroups
examined. It is also possible that massive doses may be
required. Our examination of various definitions of high dose
failed to find any dose that altered response.

Acute Emergency Treatment

The dose range at 3.3- to 4-mg/d seemed to be closer
to plateau than the 4- to 8-mg/d and the 8- to 12-mg/d dose
equivalencies. There is only one dose-response study of
first-episode patients,*> which did find evidence that first-
episode patients may respond to a lower dose and this
might explain this blip. Note that there were 2 other studies,
both of which used typical exacerbated patients in an
episode: one, a typical drug company registrational study,*’
and the other, a study sponsored by the National Institute
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of Mental Health on severely ill state hospital patients.**
We found roughly the same dose-response curve for FGAs
in acute trials lasting a few days or in 2 trials of olanzapine
(a 2-day trial and a 4-day trial), as was also found in
the longer 4- to 8-week trial. This suggests that tolerance
does not occur (ie, the dose-response curve for partial
response in the first few days is similar to that for the full
4- to 8-week trials).

Maintenance Medications

While many guidelines state that much lower doses are
required for maintenance treatment to prevent relapses, we
found almost no evidence relevant to this. One large
maintenance study of oral antipsychotic drugs found that a
60% dose reduction from acute dose range (around 400 mg
of chlorpromazine units) produces a substantially greater
relapse rate.'* One ziprasidone study hints that maintained
patients may require a slightly lower dose.'>® These studies
are not necessarily contradictory, because one is a 60%
reduction and the other is a more modest 25% reduction.
The comparisons of depot dose to oral dose are complicated
due to the lack of a precise method of equating IM versus
oral drug formulations. While the possibility remains that
there may be a difference in the acute and maintenance
doses, there is no body of evidence supporting progressive
maintenance-dose reductions. The studies have not been
conducted. Meta-analysis is the messenger indicating this
gap in our knowledge. If these dose reduction recommen-
dations were wrong, the consequence of following them
would be unnecessary relapse (see Web: Sensitivity analy-
sis—can a lower dose be used in maintenance treatment?).

Problems with Dose Equivalence

One problem with conversion from dose equivalencies
is that an error in either the source or targeted drug
equivalent dose (eg, 4 mg/d drug X is equivalent to 100 mg/d
drug Y) would translate to an error in the result. Moreover,
errors in one could be amplified by an error in the other. It
is better to have the estimated near-maximal EDs listed in a
reference table. With knowledge of the dose the patient is
on and the near-maximal ED of both, the clinician can
make a common-sense adjustment (see Web: Assumption
that all psychotics are equally efficacious).

Individual Difference and Limitation
of Our Data

The range for individual patients may be wider than
our estimated dose range for pharmacokinetic or pharmaco-
dynamic reasons. Perhaps, a haloperidol daily dose of 2 mg
may be fully effective for one patient but 12 or 20 mg/d for
another patient. If we know the amount of variability, we
could adjust the dose within this range. Dose-response
studies only indicate the mean dose response and do not
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identify a subgroup that may respond to a higher dose or to a
lower dose. Unfortunately, we have no data to know how
wide this is. The studies use the random and reassignment
strategies pioneered by Volavka et al****7%>1% to address
this question. The results from these studies do not depart in
any significant way from all other designs (see Table 4).
These studies focus on patients who do not respond to the
first dose (here targeted to a plasma level). It would be
important to know if nonresponders would respond to a
higher or, for that matter, a lower dose, but these data are
unfortunately absent and continue to be absent for SGA
drugs, an important gap in our knowledge.

A plot of response versus plasma level in many of
these studies**?***13%13! found that those patients with the
lowest plasma level tended to have poor response, and the
breakpoint from the log-linear to plateau seems to be similar
to the dose-response curve reported in this paper.

It is also possible that patients in an acute exacerbated
episode may require higher doses than patients in a mild
exacerbation. One limitation of the controlled trials is that
these are only conducted with patients able to give informed
consent. We have little information on patients who are too
psychotic to give informed consent. We were able to ap-
proximate the dose-response curve for several FGAs. We
cannot state with precision what the near-maximal ED is for
most typical antipsychotics. We do not know the individual
variability between patients. This and the inherent uncer-
tainty due to the loss of power in measuring efficacy near the
plateau portion indicate that our approximations are just that.
We feel that clinicians need to consider clinical experience
with their patients, as well as this evidence from controlled
trials viewed in the perspective of common sense. We are in
favor of empirically varying dose by trial and error in an
individual patient (and are opposed to rigidly defined dosage
guidelines). We do not list the recommended doses from
guidelines we consider incorrect, as this would be unneces-
sarily argumentative. While more studies are needed, the
clinician needs to choose doses for their contemporaneous
patients. Most of the dose-response studies that will be done
have been conducted. Our best conclusion is the graphic
display of the raw data in the figures, but our interpretation
is listed in Table 2.

ACKNOWLEDGMENTS

The authors thank Michael E. Bennett for his as-
sistance in references and manuscript preparation. The
authors also thank William T. Carpenter Jr. and David
Janowsky for helpful discussion of the manuscript and
acknowledge support from the National Institute of Men-
tal Health Intervention Research Center Grant (MH40279)
and Stanley Medical Research Institute, Stanley Scholars
Program.

© 2004 Lippincott Williams & Wilkins

Funding/support: This study received no direct or
indirect support from the pharmaceutical industry. Neither
Davis nor Chen has received any support (ie, honorarium,
direct financial supports, grant support, gifts to favorite
charity, etc) from the pharmaceutical industry.

REFERENCES

1. Davis JM. Comparative doses and costs of antipsychotic medication.
Arch Gen Psychiatry. 1976;33(7):858—861.

2. Wyatt RJ, Torgow JS. A comparison of equivalent clinical potencies
of neuroleptics as used to treat schizophrenia and affective disorders.
J Psychiatr Res. 1976;13(2):91-98.

3. ATC Index with DDDs and the Guidelines for ATC classification and
DDD assignment. WHO Collaborating Centre for Drug Statistics Meth-
odology. January 2003. Available at: http://www.whocc.no/atcddd/.
Accessed April 8, 2003.

4. Bezchlibnyk-Butler KZ, Jeffries 1. Clinical Handbook of Psychotropic
Drugs. 12th rev. ed. Seattle: Hogrefe & Huber Publishers; 2002.

5. Geddes J, Freemantle N, Harrison P, et al. The National Schizophrenia
Guideline Development Group. Atypical antipsychotics in the treatment
of schizophrenia systematic overview and meta-regression analysis.
BMJ. 2000;321:1371-1376.

6. Agence National Pour le Development de L Evaluation Medicale.
Stategies therapeutiques a long terme dans les psychoses schizophre-
niques. Text du consensus. Paris: Agence Nationale pour le Devel-
opment de L Evaluation Medicale; 1994.

7. Practice guideline for the treatment of patients with schizophrenia.
American Psychiatric Association. Am J Psychiatry. 1997;154(4 suppl):
1-63.

8. Canadian clinical practice guidelines for the treatment of schizophrenia.
The Canadian Psychiatric Association [see comments]. Can J Psychi-
atry. 1998;43(suppl 2):25S5-40S.

9. Treatment of schizophrenia 1999. The expert consensus guideline series.
J Clin Psychiatry. 1999;60(suppl 11):3—80.

10. Lehman AF, Steinwachs DM. At issue: translating research into
practice: the Schizophrenia Patient Outcomes Research Team (PORT)
treatment recommendations. Schizophr Bull. 1998;24(1):1-10.

11. Miller AL, Chiles JA, Chiles JK, et al. The Texas Medication
Algorithms Project (TMAP) schizophrenia algorithms. J Clin Psychi-
atry. 1999;60(10):649—657.

12. Osser DN, Zarate CA Jr. Consultant for the pharmacotherapy of
schizophrenia. Psychiatr Ann. 1999;29(5):252-267.

13. Pearsall R, Glick ID, Pickar D, et al. A new algorithm for treating
schizophrenia. Psychopharmacol Bull. 1998;34:349-353.

14. Kane JM, Leucht S, Carpenter D, et al. The Expert Consensus
Guidelines series: optimizing pharmacologic treatment of psychotic
disorders. J Clin Psychiatry. 2003;64(suppl 12):5-100.

15. Dubin WR, Weiss KJ. Rapid tranquilization: a comparison of
thiothixene with loxapine. J Clin Psychiatry. 1986;47(6):294—-297.

16. Dubin WR, Waxman HM, Weiss KJ, et al. Rapid tranquilization: the
efficacy of oral concentrate. J Clin Psychiatry. 1985;46(11):475-478.

17. Dudley DL, Rowlett DB, Loebel PJ. Emergency use of intravenous
haloperidol. Gen Hosp Psych. 1979;1(3):240-246.

18. Goldney RD, Spence ND, Bowes JA. The safe use of high dose
neuroleptics in a psychiatric intensive care unit. Aust NZ J Psychiatry.
1986;20(3):370-375.

19. Dencker SJ. High-dose treatment with neuroleptics in the acute phase of
mental disease. Proc R Soc Med. 1976;69(suppl 1):32—34.

20. Baldessarini RJ, Cohen BM, Teicher MH. Significance of neuroleptic
dose and plasma level in the pharmacological treatment of psychoses.
Arch Gen Psychiatry. 1988;45(1):79-91.

21. Bollini P, Pampallona S, Orza MJ, et al. Antipsychotic drugs: is more
worse? A meta-analysis of the published randomized control trials.
Psychol Med. 1994;24(2):307-316.

22. Cole JO, Davis JM. Antidepressant drugs. In: Bellak L, ed. The
Schizophrenic Syndrome. New York: Grune & Stratton; 1969:478—-568.

23. Klein DF, Davis JM. Diagnosis and Drug Treatment of Psychiatric
Disorders. Baltimore: Williams & Wilkins; 1969.

205

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Davis and Chen

Journal of Clinical Psychopharmacology ¢ Volume 24, Number 2, April 2004

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Moher D, Cook DJ, Eastwood S, et al. Improving the quality of reports
of meta-analyses of randomised controlled trials: the QUOROM
statement. Quality of Reporting of Meta-analyses [see comments].
Lancet. 1999;354(9193):1896—-1900.

McAuley L, Pham B, Tugwell P, et al. Does the inclusion of grey
literature influence estimates of intervention effectiveness reported in
meta-analyses? Lancet. 2000;356(9237):1228—1231.

Waraich PS, Adams CE, Roque M, et al. Haloperidol dose for the acute
phase of schizophrenia. Cochrane Database Syst Rev. 2002;Issue 4.
Kennedy E, Song F, Hunter R, et al. Risperidone versus typical
antipsychotic medication for schizophrenia (Cochrane review). The
Cochrane Library. Oxford: Update Software; 2002.

Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome
scale (PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261-276.
Overall J, Gorham D. The Brief Psychiatric Rating Scale. Psychol Rep.
1962;10:799-812.

Comprehensive meta-analysis: a computer program for research synthesis
[computer program]. Version 1.0.25. Englewood, NJ: Biostat; 1999.
MetaWin: statistical software for meta-analysis [computer program].
Version 2.0. Sunderland, MA: Sinauer Associates; 2000.

Schaffer CB, Shahid A, Javaid JI, et al. Bioavailability of intramuscular
versus oral haloperidol in schizophrenic patients. J Clin Psychophar-
macol. 1982;2:274-277.

Nishikawa T, Tsuda A, Tanaka M, et al. Prophylactic effect of neu-
roleptics in symptom-free schizophrenics. Psychopharmacology. 1982;
77(4):301-304.

Clark ML, Ramsey HR, Ragland RE, et al. Chlorpromazine in chronic
schizophrenia: behavioral dose-response relationships. Psychopharma-
cologia. 1970;18(3):260—270.

Prien RF, Cole JO. High dose chlorpromazine therapy in chronic
schizophrenia. Report of National Institute of Mental Health—
Psychopharmacology Research Branch Collaborative Study Group.
Arch Gen Psychiatry. 1968;18(4):482—495.

Chouinard G, Annable L. Alpha-methyldopa-chlorpromazine com-
bination in schizophrenic patients. Neuropsychobiology. 1976;2(2-3):
118-126.

Chien CP, Cole JO. Depot phenothiazine treatment in acute psychosis: a
sequential comparative clinical study. Am J Psychiatry. 1973;130(1):
13-18.

Man PL, Chen CH. Rapid tranquilization of acutely psychotic patients
with intramuscular haloperidol and chlorpromazine. Psychosomatics.
1973;14(1):59—-63.

McCreadie RG, MacDonald IM. High dosage haloperidol in chronic
schizophrenia. Br J Psychiatry. 1977;131:310-316.

Slotnick VB. Management of the acutely agitated psychiatric patient
with parenteral neuroleptics: a comparative symptom effectiveness
profile of haloperidol and chlorpromazine. Paper presented at: Fifth
World Congress of Psychiatry; 1971; Mexico City.

Nishikawa T, Tsuda A, Tanaka M, et al. Prophylactic effect of
neuroleptics in symptom-free schizophrenics: a comparative dose-
response study of haloperidol and propericiazine. Psychopharmacology.
1984;82(3):153-156.

Hirschowitz J, Hitzemann R, Piscani K, et al. The dose reduction in
schizophrenia (DORIS) study: a final report. Schizophr Res. 1997,
23(1):31-43.

Kapur S, Zipursky R, Jones C, et al. Relationship between dopamine
D(2) occupancy, clinical response, and side effects: a double-blind PET
study of first-episode schizophrenia. Am J Psychiatry. 2000;157(4):
514-520.

Janicak PG, Javaid JI, Sharma RP, et al. A two-phase, double-blind
randomized study of three haloperidol plasma levels for acute psychosis
with reassignment of initial non-responders. Acta Psychiatr Scand.
1997;95(4):343-350.

McEvoy JP, Hogarty GE, Steingard S. Optimal dose of neuroleptic
in acute schizophrenia. A controlled study of the neuroleptic thresh-
old and higher haloperidol dose. Arch Gen Psychiatry. 1991;48(8):
739-745.

Stone CK, Garve DL, Griffith J, et al. Further evidence of a dose-
response threshold for haloperidol in psychosis [see comments]. Am
J Psychiatry. 1995;152(8):1210—-1212.

206

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Zimbroff DL, Kane JM, Tamminga CA, et al. Controlled, dose-response
study of sertindole and haloperidol in the treatment of schizophrenia.
Sertindole Study Group. Am J Psychiatry. 1997;154(6):782—791.
Kane JM, Davis JM, Schooler N, et al. A multidose study of haloperidol
decanoate in the maintenance treatment of schizophrenia. Am J Psy-
chiatry. 2002;159(4):554-560.

Simpson GM, Angus JW, Edwards JG. A controlled study of
haloperidol in chronic schizophrenia. Curr Ther Res, Clin Exp. 1967,
9(8):407-412.

Volavka J, Czobor P, Sheitman B, et al. Clozapine, olanzapine,
risperidone, and haloperidol in the treatment of patients with chronic
schizophrenia and schizoaffective disorder. Am J Psychiatry. 2002;
159(2):255-262.

Reschke RW. Parenteral haloperidol for rapid control of severe,
disruptive symptoms of acute schizophrenia. Dis Nerv Syst. 1974;35:
112-115.

Donlon PT, Hopkin JT, Tupin JP, et al. Haloperidol for acute
schizophrenic patients. An evaluation of three oral regimens. Arch
Gen Psychiatry. 1980;37(6):691-695.

Louza Neto MR, Muller-Spahn F, Ruther E, et al. Haloperidol plas-
ma level after a test dose as predictor for the clinical response to treat-
ment in acute schizophrenic patients. Pharmacopsychiatry. 1988;21(5):
226-231.

Rifkin A, Doddi S, Karajgi B, et al. Dosage of haloperidol for
schizophrenia. Arch Gen Psychiatry. 1991;48(2):166—170.

Liang S. Comparison of therapeutic effects between haloperidol and
insulin coma for schizophrenia and the optimal blood level of
haloperidol. Chin J Neurol Psychiatry. 1987.

Prien RF, Levine J, Cole JO. High dose trifluoperazine therapy in
chronic schizophrenia. Am J Psychiatry. 1969;126(3):305-313.
Carscallen HB, Rochman H, Lovegrove TD. High dosage trifluopera-
zine in schizophrenia. Comparison of the efficacy of high and usual
doses of trifluoperazine in the treatment of chronic schizophrenics.
Can Psychiatr Assoc J. 1968;13(5):459-461.

Gardos G, Orzack MH, Finn G, et al. High and low dose thiothixene
treatment in chronic schizophrenia. Dis Nerv Syst. 1974;35(2):53—-58.
Coffman JA, Nasrallah HA, Lyskowski J, et al. Clinical effectiveness of
oral and parenteral rapid neuroleptization. J Clin Psychiatry. 1987;48
(1):20-24.

Escobar JI, Barron A, Kiriakos R. A controlled study of neuroleptization
with fluphenazine hydrochloride injections. J Clin Psychopharmacol.
1983;3(6):359-362.

Itil TM, Saletu B, Hsu W, et al. Clinical and quantitative EEG changes
at different dosage levels of fluphenazine treatment. Acta Psychiatr
Scand. 1971;47(4):440-451.

Polvan N, Yagcioglu V, Itil T, et al. High and very high dose
fluphenazine in the treatment of chronic psychosis. Paper presented at:
Proceedings of the VI International Congress of the CINP; Tarragona,
Spain. Excerpta Medica International Congress Series, No. 180,
1968;495-497.

Williams JR, Solecki RT, Puttkammer S. Effects of single, combined,
and non-drug treatments on chronic mental patients. (A preliminary
study). Dis Nerv Syst. 1969;30(10):696—701.

Levinson DF, Simpson GM, Singh H, et al. Fluphenazine dose, clinical
response, and extrapyramidal symptoms during acute treatment
[comment]. Arch Gen Psychiatry. 1990;47(8):761-768.

Howell RJ, Brown HM Jr, Beaghler HE. A comparison of fluphenazine,
trifluoperazine and a placebo in the context of an active treatment unit.
J Nerv Ment Dis. 1961;132:522-530.

Lasky 1], Klett CJ, Caffey EM, et al. Drug treatment of schizophrenic
patients. Dis Nerv Syst. 1962;23:698—706.

Hanlon TE, Michaux MH, Ota KY, et al. The comparative effectiveness
of eight phenothiazines. Psychopharmacologia. 1965;7:89—106.
National Institute of Mental Health Psychopharmacology Service Center
Collaborative Study Group. Phenothiazine treatment in acute schizo-
phrenia. Arch Gen Psychiatry. 1964;10:246-261.

National Institute of Mental Health Psychopharmacology Research
Branch Collaborative Study Group. Differences in clinical effects of
three phenothiazines in ‘acute’ schizophrenia. Dis Nerv Syst. 1967;28:
369-383.

© 2004 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Journal of Clinical Psychopharmacology ¢ Volume 24, Number 2, April 2004

Dose Response of Antipsychotics

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Clark ML, Huber WK, Charalampous KD, et al. Drug treatment in
newly admitted schizophrenic patients. Arch Gen Psychiatry. 197125
(5):404-409.

Goldstein MJ, Rodnick EH, Evans JR, et al. Drug and family therapy in
the aftercare of acute schizophrenics. Arch Gen Psychiatry. 1978,
35(10):1169-1177.

Hogarty GE, McEvoy JP, Munetz M, et al. Dose of fluphenazine,
familial expressed emotion, and outcome in schizophrenia. Results
of a two-year controlled study. Arch Gen Psychiatry. 1988;45(9):
797-805.

Kane JM, Rifkin A, Woerner M, et al. Low-dose neuroleptic treatment
of outpatient schizophrenics: 1. Preliminary results for relapse rates.
Arch Gen Psychiatry. 1983;40(8):893—896.

Schooler NR, Keith SJ, Severe JB, et al. Relapse and rehospitalization
during maintenance treatment of schizophrenia. The effects of dose
reduction and family treatment [comment]. Arch Gen Psychiatry.
1997;54(5):453-463.

Marder SR, Aravagiri M, Wirshing WC, et al. Fluphenazine plasma
level monitoring for patients receiving fluphenazine decanoate. Schiz-
ophr Res. 2002;53(1-2):25-30.

Marder SR, Van Putten T, Mintz J, et al. Low- and conventional-dose
maintenance therapy with fluphenazine decanoate. Two-year outcome.
Arch Gen Psychiatry. 1987;44(6):518-521.

Carpenter WT Jr, Buchanan RW, Kirkpatrick B, et al. Comparative
effectiveness of fluphenazine decanoate injections every 2 weeks versus
every 6 weeks. Am J Psychiatry. 1999;156(3):412—418.

Bjorndal N, Bjerre M, Gerlach J, et al. High dosage haloperidol therapy
in chronic schizophrenic patients: a double-blind study of clinical
response, side effects, serum haloperidol, and serum prolactin. Psycho-
pharmacology (Berl). 1980;67(1):17-23.

Dencker SJ, Johansson R, Lundin L, et al. High doses of fluphenazine
enanthate in schizophrenia. A controlled study. Acta Psychiatr Scand.
1978;57(5):405-414.

Ericksen SE, Hurt SW, Chang S. Haloperidol dose, plasma levels, and
clinical response: a double-blind study [proceedings]. Psychopharmacol
Bull. 1978;14(2):15-16.

McClelland HA, Farquharson RG, Leyburn P, et al. Very high dose
fluphenazine decanoate: a controlled trial in chronic schizophrenia. Arch
Gen Psychiatry. 1976;33(12):1435-14309.

Neborsky R, Janowsky D, Munson E, et al. Rapid treatment of acute
psychotic symptoms with high- and low-dose haloperidol. Behavioral
considerations. Arch Gen Psychiatry. 1981;38(2):195-199.
Wijsenbeek H, Steiner M, Goldberg SC. Trifluoperazine: a comparison
between regular and high doses. Psychopharmacologia. 1974;36(2):
147-150.

Donlon PT, Meadow A, Tupin JP, et al. High vs standard dosage
fluphenazine HCL in acute schizophrenia. J Clin Psychiatry. 1978;
39(11):800—804.

Denber HCB. High-dose neuroleptic therapy. Paper presented at:
American Psychiatric Association 31st Institute on Hospital and
Community Psychiatry; September 3—5, 1979; New Orleans, LA.
Quitkin F, Rifkin A, Klein DF. Very high dosage vs standard dos-
age fluphenazine in schizophrenia. A double-blind study of nonchro-
nic treatment-refractory patients. Arch Gen Psychiatry. 1975;32(10):
1276-1281.

Anderson WH, Kuehnle JC, Catanzano DM. Rapid treatment of acute
psychosis. Am J Psychiatry. 1976;133(9):1076—1078.

Itil T, Keskiner A, Heinemann L, et al. Treatment of resistant
schizophrenics with extreme high dosage fluphenazine hydrochloride.
Psychosomatics. 1970;11(5):456—463.

DeBuck RP. Relative safety and efficacy of high and low dose
administration of fluphenazine-HCL to psychotic patients. Paper
presented at: Proceedings of the CINP Congress; 1972; Copenhagen.
Simpson GM, Amin M, Kunz-Bartholini E, et al. Problems in the
evaluation of the optimal dose of a phenothiazine (butaperazine). Dis
Nerv Syst. 1968;29(7):478—484.

Huang CC, Gerhardstein RP, Kim DY, et al. Treatment-resistant
schizophrenia: controlled study of moderate- and high-dose thiothixene.
Int Clin Psychopharmacol. 1987;2(1):69-75.

Levinson DF, Simpson GM, Lo ES, et al. Fluphenazine plasma levels,

© 2004 Lippincott Williams & Wilkins

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

dosage, efficacy, and side effects. A4m J Psychiatry. 1995; 152(5):
765-771.

Volavka J, Cooper T, Czobor P, et al. Haloperidol blood levels and
clinical effects. Arch Gen Psychiatry. 1992;49(5):354-361.

Volavka J, Cooper TB, Czobor P, et al. Plasma haloperidol levels and
clinical effects in schizophrenia and schizoaffective disorder [com-
ment]. Arch Gen Psychiatry. 1995;52(10):837—845.

Volavka J, Cooper TB, Czobor P, et al. High-dose treatment with
haloperidol: the effect of dose reduction. J Clin Psychopharmacol.
2000;20(2):252-256.

Lehmann E, Quadbeck H, Tegeler J, et al. Wirkungsdifferenzen bei
Hoch- und Standarddosierung von Fluphenazin-Decanoat in Abhan-
gigkeit von Patienten-Merkmalen. Pharmakopsychiatr Neuro-Psycho-
pharmakol. 1980;13(3):117-129.

Lehmann E, Lienert GA. Differential improvements from haloperidol
in two types of schizophrenics. Psychopharmacologia. 1984;84(1):
96-97.

Modestin J, Toffler G, Pia M, et al. Haloperidol in acute schizophrenic
inpatients. A double-blind comparison of two dosage regimens. Phar-
macopsychiatria. 1983;16(4):121-126.

Kinon BJ, Kane JM, Johns C, et al. Treatment of neuroleptic-resistant
schizophrenic relapse. Psychopharmacol Bull. 1993;29(2):309-314.
Coryell W, Miller DD, Perry PJ. Haloperidol plasma levels and dose
optimization. Am J Psychiatry. 1998;155(1):48-53.

Stotsky BA. Relative efficacy of parenteral haloperidol and thiothixene
for the emergency treatment of acutely excited and agitated patients.
Dis Nerv Syst. 1977;38(12):967-973.

Marder SR, Davis JM, Chouinard G. The effects of risperidone on the
five dimensions of schizophrenia derived by factor analysis: com-
bined results of the North American trial. J Clin Psychiatry. 1997;58:
538-546.

Chouinard G, Jones B, Remington G, et al. A Canadian multicenter
placebo-controlled study of fixed doses of risperidone and haloperidol
in the treatment of chronic schizophrenic patients [see comments]
[published erratum appears in J Clin Psychopharmacol. Apr 1993;
13(2):149]. J Clin Psychopharmacol. 1993;13(1):25-40.

Davis JM, Chen N. Clinical profile of an atypical antipsychotic:
risperidone. Schizophr Bull. 2002;28(1):43—61.

Peuskens J. Risperidone in the treatment of patients with chronic
schizophrenia: a multinational, multicentre, double-blind, parallel-
group study versus haloperidol. The Risperidone Study Group. Br
J Psychiatry. 1995;166(6):712—726, discussion 727-733.

Potkin SG, Gutierrez R. Safety and efficacy of once-daily risperidone
in the treatment of schizophrenia. Paper presented at: American Col-
lege of Neuropsychiatry; December 9—13, 1996; San Juan, Puerto Rico.
Citrome L, Volavka J. Optimal dosing of atypical antipsychotics in
adults: a review of the current evidence. Harv Rev Psychiatr. 2002,
10(5):280-291.

Kane JM. Risperidone microspheres (Consta) for the treatment of
schizophrenia. Abstracts of the XIth Biennial Winter Workshop on
Schizophrenia; February 24-March 1; Davos, Switzerland. Taken
from: Schizophr Res. 2002;53(3 suppl):174.

Beasley CM, Tollefson G, Tran P, et al. Olanzapine versus placebo and
haloperidol: acute phase results of the North American double-blind
olanzapine trial. Neuropsychopharmacology. 1996;14:111-123.
Beasley CM, Hamilton SH, Crawford AM, et al. Olanzapine versus
haloperidol: acute phase results of the international double-blind
olanzapine trial. Eur Neuropsychopharmacol. 1997;7:125-137.

Davis JM, Chen N. The effects of Olanzapine on the 5 dimensions of
schizophrenia derived by factor analysis: combined results of the
North American and international trials. J Clin Psychiatry. 2001;
62(10):757-771.

Baker RW, Kinon BJ, Maguire GA, et al. Effectiveness of rapid initial
dose escalation of up to forty milligrams per day of oral olanzapine in
acute agitation. J Clin Psychopharmacol. 2003;23(4):342—348.
Breier A, Meehan K, Birkett M, et al. A double-blind, placebo-controlled
dose-response comparison of intramuscular olanzapine and haloper-
idol in the treatment of acute agitation in schizophrenia. Arch Gen
Psychiatry. 2002;59(5):441-448.

FDA Psychophramacological Drugs Advisory Committee Briefing

207

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Davis and Chen

Journal of Clinical Psychopharmacology ¢ Volume 24, Number 2, April 2004

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Document for Zyprexa. Olanzapine for Injection Briefing Document
11 January 2001. Eli Lilly. Available at: http://www.fda.gov/ohrms/
dockets/ac/01/briefing/3685b1_01_lilly.pdf. Accessed May 2002.

Kay SR, Sevy S. Pyramidical model of schizophrenia. Schizophr Bull.
1990;16(3):537-545.

Saha AR, Petrie JL, Ali MW. Safety and efficacy profile of
aripiprazole, a novel antipsychotic. Abstracts of The VIIth Interna-
tional Congress on Schizophrenia Research, April 17-21, 1999, Santa
Fe, New Mexico. Schizophr Res. April 17-21 1999;36(1-3):295.
Petrie JL, Saha AR, McEvoy JP. Aripiprazole, a new atypical anti-
psychotic: phase II clinical trial result. Abstracts of the Xth European
College of Neuropsychopharmacology Congress, September 13—17,
Vienna, Austria. Eur Neuropsychopharm. 1997;7(suppl 2): S227.
Kane JM, Carson WH, Saha AR, et al. Efficacy and safety of aripiprazole
and haloperidol versus placebo in patients with schizophrenia and
schizoaffective disorder. J Clin Psychiatry. 2002;63(9): 763—771.
Carson WH, Ali M, Dunbar G, et al. A double-blind, placebo-
controlled trial of aripiprazole and haloperidol. Paper presented at:
VIIIth International Congress on Schizophrenia Research; April 28—
May 2, 2001; Whistler, British Columbia.

Carson WH, Saha A, Ali M, et al. Aripiprazole and risperidone vs
placebo in schizophrenia and schizoaffective disorder. Paper presented
at: American Psychiatric Association 2001 Annual Meeting; May
5-10, 2001; New Orleans, LA.

Carson WH, Stock E, Saha AR, et al. Meta-analysis of efficacy of
aripiprazole in the treatment of schizophrenia. Paper presented at: 40th
American College of Neuropsychopharmacology Annual Meeting;
December 12, 2001; Hilton Waikoloa Village, HI.

Daniel DG, Saha AR, Ingenito G, et al. Aripiprazole, a novel
antipsychotic: overview of a phase II study result. Abstracts Of The
XXIInd CINP Congress; July 9—-13, 2000; Brussels, Belgium. /nt J
Neuropsychopharmacol. 2000;3(suppl 1):S157.

Puech A, Fleurot O, Rein W. Amisulpride, an atypical antipsychotic, in
the treatment of acute episodes of schizophrenia: a dose-ranging study
vs haloperidol. The Amisulpride Study Group. Acta Psychiatr Scand.
1998;98(1):65-72.

Patris M, Agussol P, Alby JM, et al. A double-blind multicentre
comparison of remoxipride, at two dose levels, and haloperidol. Acta
Psychiatr Scand Suppl. 1990;358:78—82.

Lapierre YD, Ancill R, Awad G, et al. A dose-finding study
with remoxipride in the acute treatment of schizophrenic patients.
J Psychiatry Neurosci. 1992;17(4):134—145.

van Kammen DP, McEvoy JP, Targum SD, et al. A randomized,
controlled, dose-ranging trial of sertindole in patients with schizo-
phrenia. Psychopharmacology. 1996;124:168—175.

Potkin S, Schulz SC, Mack R, et al. Efficacy and safety of sertindole in
two double-blind, placebo-controlled trials of schizophrenic patients.
Paper presented at: Biological Psychiatry: Society of Biological
Psychiatry Annual Meeting; May 17-21, 1995; Miami, Florida.
Simpson GM, Josiassen RC, Stanilla JK, et al. Double-blind study of
clozapine dose response in chronic schizophrenia. Am J Psychiatry.
1999;156(11):1744—1750.

VanderZwaag C, McGee M, McEvoy JP, et al. Response of patients
with treatment-refractory schizophrenia to clozapine within three
serum level ranges. Am J Psychiatry. 1996;153(12):1579—-1584.

Liu HC, Chang WH, Wei FC, et al. Monitoring of plasma clozapine
levels and its metabolites in refractory schizophrenic patients. Ther
Drug Monit. 1996;18(2):200-207.

Miller DD, Fleming F, Holman TL, et al. Plasma clozapine con-
centrations as a predictor of clinical response: a follow-up study. J Clin
Psychiatry. 1994;55(suppl B):117-121.

Perry PJ, Miller DD, Arndt SV, et al. Clozapine and norclozapine
plasma concentrations and clinical response of treatment-refractory
schizophrenic patients [comments] [published erratum appears in
Am J Psychiatry. October 1991;148(10):1427]. Am J Psychiatry. 1991,
148(2):231-235.

208

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Potkin SG, Bera R, Gulasekaram B, et al. Plasma clozapine con-
centrations predict clinical response in treatment-resistant schizophre-
nia. J Clin Psychiatry. 1994;55(suppl B):133—136.

Kronig MH, Munne RA, Szymanski S, et al. Plasma clozapine level
and clinical response for treatment-refractory schizophrenic patients.
Am J Psychiatry. 1995;152(2):179—182.

Hasegawa M, Gutierrez-Esteinou R, Way L, et al. Relationship be-
tween clinical efficacy and clozapine concentrations in plasma in schiz-
ophrenia: effect of smoking. J Clin Psychopharmacol. 1993;13(6):
383-390.

Pickar D, Owen RR, Litman RE, et al. Clinical and biologic response
to clozapine in patients with schizophrenia: crossover comparison with
fluphenazine. Arch Gen Psychiatry. 1992;49:345-353.

Spina E, Avenoso A, Facciola G, et al. Relationship between plasma
concentrations of clozapine and norclozapine and therapeutic response
in patients with schizophrenia resistant to conventional neuroleptics.
Psychopharmacology. 2000;148(1):83—89.

FDA Psychopharmacological Drugs Advisory Committee Briefing
Dcoument for ziprasidone mesylate. Pfizer Global Research &
Development. Available at: http://www.fda.gov/ohrms/dockets/ac/01/
briefing/3685b2_01_pfizer.pdf. Accessed May 2002.

Arato M, O’Connor R, Meltzer HY, et al. A 1-year, double-blind,
placebo-controlled trial of ziprasidone 40, 80 and 160 mg/day in
chronic schizophrenia: the Ziprasidone Extended Use in Schizo-
phrenia (ZEUS) study. Int Clin Psychopharmacol. 2002;17(5):
207-215.

Lesem MD, Zajecka JM, Swift RH, et al. Intramuscular ziprasidone,
2 mg versus 10 mg, in the short-term management of agitated
psychotic patients [published erratum appears in J Clin Psychiatry.
March 2001;62(3):209]. J Clin Psychiatry. 2001;62(1):12—18.

Daniel DG, Potkin SG, Reeves KR, et al. Intramuscular (IM)
ziprasidone 20 mg is effective in reducing acute agitation associated
with psychosis: a double-blind, randomized trial. Psychopharmaco-
logy. 2001;155(2):128—-134.

Arvanitis LA, Miller BG. Multiple fixed doses of ‘‘Seroquel’’
(quetiapine) in patients with acute exacerbation of schizophrenia: a
comparison with haloperidol and placebo. The Seroquel Trial 13 Study
Group. Biol Psychiatry. 1997;42:233-246.

Small JG, Hirsch SR, Arvanitis LA, et al. Quetiapine in patients with
schizophrenia. A high- and low-dose double-blind comparison with
placebo. Seroquel Study Group. Arch Gen Psychiatry. 1997;54(6):
549-557.

Baldessarini RJ, Katz B, Cotton P. Dissimilar dosing with high-
potency and low-potency neuroleptics. Am J Psychiatry. 1984;141(6):
748-752.

dosReis S, Magno Zito J, Buchanan RW, et al. Antipsychotic dosing
and concurrent psychotropic treatments for medicaid-insured individ-
uals with schizophrenia. Schizophr Bull. 2002;28(4):607—-617.

Sohler NL, Walkup J, McAlpine D, et al. Antipsychotic dosage at
hospital discharge and outcomes among persons with schizophrenia.
Psychiatr Serv. 2003;54:1258—1263.

Paton C, Lelliott P, Harrington M, et al. Patterns of antipsychotic and
anticholinergic prescribing for hospital inpatients. J Psychopharmacol.
2003;17(2):223-239.

Fabrazzo M, La Pia S, Monteleone P, et al. Is the time course of
clozapine response correlated to the time course of clozapine plasma
levels? A one-year prospective study in drug-resistant patients with
schizophrenia. Neuropsychopharmacology. 2002;27(6):1050—1055.
Caffey JEM, Diamond BL, Frank TV, et al. Discontinuation or
reduction of chemotherapy in chronic schizophrenics. J Chronic Dis.
1964;17:347-358.

Palao DJ, Arauxo A, Brunet M, et al. Haloperidol: therapeutic window
in schizophrenia. J Clin Psychopharmacol. 1994;14(5):303-310.
Mavroidis ML, Kanter DR, Hirschowitz J, et al. Clinical response and
plasma haloperidol levels in schizophrenia. Psychopharmacology.
1983;81(4):354-356.

© 2004 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



