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It is common experience for practising psychiatrists that individuals with schizophrenia vary
markedly in their symptomatic response to antipsychotic medication. What is not clear,
however, is whether this variation reflects variability of medication-specific effects (also called
“treatment effect heterogeneity”), as opposed to variability of non-specific effects such as
natural symptom fluctuation or placebo response. Previous meta-analyses found no evidence
of treatment effect heterogeneity, suggesting that a “one size fits all” approach may be
appropriate and that efforts at developing personalized treatment strategies for schizophrenia
are unlikely to succeed. Recent advances indicate, however, that earlier approaches may
have been unable to accurately quantify treatment effect heterogeneity due to their neglect of
a key parameter, the correlation between placebo response and medication-specific effects.
In the present paper, we address this shortcoming by using individual patient data and study-
level data to estimate that correlation and quantitatively characterize antipsychotic treatment
effect heterogeneity in schizophrenia. Individual patient data (on 88 individuals who received
placebo and 384 who were administered antipsychotic treatment) were obtained from the Yale
University Open Data Access (YODA) database. Study-level data were obtained from a meta-
analysis of 66 clinical trials including 17,202 patients. Both individual patient and study-level
analyses yielded a negative correlation between placebo response and treatment effect for
the total score on the Positive and Negative Syndrome Scale (PANSS) (p=-0.32, p=0.002 and
p=—0.39, p<0.001, respectively). Using the most conservative of these estimates, a meta-
analysis of treatment effect heterogeneity provided evidence of a marked variability in
antipsychotic-specific effects between individuals with schizophrenia, with the top quartile of
patients experiencing beneficial treatment effects of 17.7 points or more on the PANSS total
score, while the bottom quartile presented a detrimental effect of treatment relative to placebo.
This evidence of clinically meaningful treatment effect heterogeneity suggests that efforts to

personalize antipsychotic treatment of schizophrenia have potential for success.

Key words: Antipsychotic medication, schizophrenia, variability of effects, medication-specific
effects, non-specific effects, placebo response, treatment effect heterogeneity,

personalization of treatment, precision medicine



When using antipsychotic medication in routine care, it is apparent to the practising
psychiatrist that symptoms improve considerably in some patients, while in others there is less
improvement, and in some cases there is even a worsening of symptoms. A patient’s overall
observed response to a medication is made up of two components. The first component
includes medication-specific effects, which are also called “treatment effects”. The second
component consists of factors not directly related to medication, such as natural fluctuation in
symptoms, external life events and expectation effects, which in clinical trials are subsumed
by the term “placebo response”. In the clinical setting, we cannot determine whether the
observed variability of symptomatic change between patients reflects variation of medication-
specific effects, termed “treatment effect heterogeneity”, as opposed to variation of placebo
response.

Quantifying treatment effect heterogeneity is important for research and clinical practice.
If considerable heterogeneity exists, this means that medication has markedly different effects
in different individuals. This in turn suggests scope for personalized treatment, and justifies
efforts to identify patient factors associated with good and poor response to treatment'. In
contrast, if heterogeneity does not exist, this suggests that the variation seen clinically is due
almost entirely to factors unrelated to medication, and that all patients will experience a similar
magnitude of medication-specific benefit. In this latter case, the implication is that a “one size
fits all” approach is appropriate for the prescribing of antipsychotic medication, and that
attempts at developing predictive models to allow treatment personalization are doomed to
failure.

There have been several recent meta-analytic attempts to investigate whether treatment
effect heterogeneity exists, focusing on antipsychotics, antidepressants, and non-
pharmacological interventions®!!. These analyses assumed that the presence of treatment
effect heterogeneity would result in increased variability of symptomatic response in active
treatment arms, as compared to placebo arms, of randomized controlled trials (RCTs)>"8.
These meta-analyses, based on study-level data, found no evidence of greater variability in
the active treatment arm for a range of treatments, including antipsychotic treatment of
schizophrenia. They concluded that treatment effects are likely to be relatively constant,
suggesting limited scope for personalization of treatment®1,

These findings were surprising, given the widespread clinical belief that patients differ
substantially in their response to medication. They are also in contrast to previous research
using individual patient data, which suggested that treatment effects vary between patients,
with those who are most severely ill at baseline benefitting the most from active treatment!*
15_

An explanation for these discrepant findings is that the conclusions drawn from the

variability meta-analyses rest on invalid assumptions regarding the correlation between the
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treatment effect and placebo response®!®. Specifically, the conclusion that the absence of
increased variability in active arms suggests an absence of treatment effect heterogeneity is
valid only when the above correlation is zero or positive. It is, however, possible that
individuals with a greater placebo response have a smaller medication-specific benefit, i.e.,
that a negative correlation exists between placebo response and treatment effect. In this case,
treatment effect heterogeneity will exist even when variability of overall symptomatic change
in placebo and active treatment groups is the same, or even if the active treatment group
displays lower variability of overall symptomatic change®916,

Previous meta-analyses have implicitly assumed a positive correlation between placebo
response and treatment effect, even though a priori a negative correlation might be considered
more likely, since a large placebo response effectively precludes a large treatment effect, due
to the fact that all rating scales possess a lower limit. However, this correlation between
treatment effect and placebo response has not been previously estimated. As a result, formal
estimation of the heterogeneity of treatment effects using aggregate data from RCTs has
previously not been possible.

Itis of major importance to quantify treatment effect heterogeneity in schizophrenia, given
its implications for attempts to personalize treatment. In order to do this, we must first estimate
the correlation between treatment effect and placebo response. A growing body of literature
exists that cannot be accurately interpreted in the absence of this parameter. In the present
paper, we estimate this value via complementary approaches, using both individual patient
data and study-level treatment effects from clinical trials. We then apply this value to the
results of a variability meta-analysis, in order to formally estimate the heterogeneity of
antipsychotic treatment effects, rather than relying on the primarily intuitive interpretations of

previous meta-analyses®’.

METHODS

Individual patient data

We used the Yale University Open Data Access (YODA) database!’ to identify acute
treatment clinical trials of antipsychotic medication in schizophrenia including adults aged 18-
65 who had a period of placebo treatment prior to a period of active treatment, with Positive
and Negative Syndrome Scale (PANSS)*® scores recorded in both periods.

One trial (Sch-703) met these criteria, using the following design: individuals with
schizophrenia who were receiving antipsychotic treatment and were symptomatically stable

were withdrawn from current medication and then randomized to placebo or active treatment
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for the duration of a 6-week double-blind period. Those who completed the double-blind
period, or completed at least 21 days of double-blind treatment followed by discontinuation
due to lack of efficacy, then entered an open-label extension in which they received active

treatment.

Study-level data

We used all studies from a recent meta-analysis®, which included randomized double-
blind placebo-controlled trials of antipsychotic monotherapy in the treatment of adults aged
18-65 with schizophrenia.

We extracted the mean and variance (standard deviation, standard error, or confidence
intervals) of symptom change for total, positive and negative symptom ratings from each study
for the active treatment and placebo groups. In studies where there were multiple active arms,
the number of patients in the placebo group was divided by the number of arms.

Brief Psychiatric Rating Scale (BPRS)*® scores were converted to PANSS scores using
the method described by Leucht et al?°, to maximize the number of studies that could be
included.

Estimating correlation of treatment effect and placebo response from individual
patient data

In order to calculate a correlation coefficient (p) between treatment effect and placebo
response, we first estimated treatment effects at the individual level. In order to ensure
robustness of findings, we did this using two separate methods, which rest upon different
assumptions.

In the first method, termed subsequently the “open-label method”, the placebo response
for individuals randomized to the placebo arm during the double-blind period was quantified
as the change in PANSS score between the start of the double-blind period and the point at
which that individual left the double-blind portion of the trial. The estimated treatment effect
was then calculated as the change in symptom severity from the end of the double-blind period
(at which point the subject switched from placebo to active treatment) to the end of the open-
label period (i.e., the period during which the individual was receiving active treatment). This
method relies on the assumption that, if the participant had been initially randomized to the
other arm (i.e., active treatment), the score observed at the end of the double-blind period
should equal the score we actually observe at the end of an open-label period of equal

duration.



The second method, termed subsequently the “linear model method”, was based on a
simple linear regression model. More specifically, we fit a linear model with symptom severity
at the end of the double-blind period as the outcome variable. Treatment, age, gender, and
baseline severity were covariates, and the interactions of all covariates with treatment were
also included. Following model fitting, we were able to then estimate treatment effects at the
individual level using that individual’s baseline covariates. This method makes the usual
assumption of linearity and additivity of the effects of the covariates and treatment on the
outcome.

Then, for both methods, we estimated the Spearman correlation coefficient (p) between
placebo response and treatment effect, for positive and negative PANSS subscales as well
as for the PANSS total score. Further details regarding both approaches and their

assumptions are provided in the supplementary information.
Estimating correlation of treatment effect and placebo response from study-level data

As a third method, we used data on study-level placebo response and treatment effect
from RCTs included in the above-mentioned meta-analysis® to calculate a Spearman
correlation coefficient (p) between the two. After weighting by number of patients in each arm,
we pooled study-level estimates for positive and negative symptom PANSS subscales, in
addition to total PANSS scores. Analyses were carried out using the package wCorr (Version
1.9.1) in R. This method makes the assumption that the correlation between treatment effect

and placebo response at the individual level equals that at the study level.
Estimating treatment effect heterogeneity

The variability ratio (VR) is defined as follows, with o, denoting the standard deviation

of symptomatic change in the active treatment arm, and op, representing the standard

deviation of the placebo treatment arm: VR= zﬂ
PL

VR is therefore easily calculated from study-level data. The variable of clinical interest,
however, is the standard deviation of the treatment effect (org). This can be estimated if VR

and the correlation (p) between placebo response and treatment effect are known®1®: g =

oo (VRE =15 p — p).

We calculated VR for each study using the published study-level data from RCTs of
antipsychotic treatment of schizophrenia®. We then calculated o for each study through the
formula above, using the most conservative estimate of p derived from our three methods (i.e.,

the value corresponding to the correlation of lowest absolute magnitude). Finally, we
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combined the values of o from all studies via a random effects meta-analysis. To put the
estimate of variability into perspective and to help assess its clinical importance, we also
estimated the average treatment effect in the same RCTSs, by performing a random effects
meta-analysis using the observed mean difference between drug and placebo arms.

In addition to a single summary estimate across all trials, meta-analyses were also
performed with studies grouped according to antipsychotics used. Meta-analyses were also
conducted for positive and negative PANSS subscales where their scores were reported,
using the relevant value of p calculated above. In a sensitivity analysis, we repeated the
calculations using instead the most liberal value for p (i.e., the value corresponding to the
correlation of highest absolute magnitude) among the three methods.

RESULTS

Individual patient data correlations

The eligible trial identified from the YODA database (see Table 1) included 88 individuals
who received placebo and 384 individuals who were administered antipsychotic treatment
during the double-blind period.

The open-label method yielded a strong negative correlation between the estimated
treatment effect and placebo response for PANSS total (p=—0.62, p<0.001), positive (p=—0.61,
p<0.001), and negative (p=—0.35, p<0.001) symptom scores (Figure 1).

The linear model method also yielded a negative correlation between the estimated
treatment effect and placebo response, as observed for PANSS total (p=—0.32, p=0.002),

positive (p=—0.29, p=0.006), and negative (p=—0.26, p<0.013) symptom scores (Figure 2).

Study-level data correlations

Data were analyzed from 66 clinical trials including 17,202 patients (see supplementary
information)®. Consistent with correlations estimated from the individual patient data, across
studies, we found a moderate negative correlation between placebo response and treatment
effect for total (p=—0.39, p<0.001), as well as positive (p=—0.25, p=0.01) and negative (p =—
0.38, p<0.001) symptom scores (Figure 3).

Thus, we concluded that all three methods (which employ different assumptions) gave

consistent evidence of a negative correlation between placebo response and treatment effect.



Treatment effect heterogeneity

Using the linear model method values of p, as these were the most conservative, a meta-
analysis of treatment effect heterogeneity estimated the standard deviation for total symptoms
to be 13.47 PANSS points (95% ClI: 12.69-14.29, p<0.001, 1>=45%) (Figure 4). For positive
symptoms, the estimate was 3.97 (95% CI: 3.66-4.30, p<0.001, 1>=53%) (Figure 5). For
negative symptoms, it was 2.80 (95% CI: 2.54-3.08, p<0.001, 1>=57%) (Figure 6). When we
used the least conservative estimates for p (those derived from the open-label method), the
distribution of treatment effects was wider, pointing to even larger variability of treatment, with
standard deviations for total, positive and negative symptoms of 23.3, 7.4 and 3.7 points,
respectively.

The mean treatment effect was estimated as 8.6 points (95% Cl: 7.8-9.4, 1°=38%,
p<0.001) for total symptoms, 2.7 (95% CI: 2.3-3.1, 1>=35%, p<0.001) for positive symptoms,
and 1.8 (95% ClI: 1.5-2.0, 1>=27%, p<0.001) for negative symptoms.

The expected distribution of treatment effects based on these values is illustrated in
Figure 7. The figure is a density plot, effectively a smoothed histogram, which shows the
distribution of expected treatment effects for a population of individuals with schizophrenia
treated with antipsychotics. For total symptoms, the vertical lines denote the 25th and 75th
percentile, located at —0.5 and 17.7 respectively. This means that 25% of the patients are
expected to receive a benefit of at least 17.7 points on the PANSS, while another 25% are
expected to experience a worsening of at least 0.5 points as compared to placebo. The
remaining 50% are expected to receive a benefit between —0.5 and 17.7 on the PANSS. For
positive symptoms, the 75th centile equates to an improvement of 5.4 points, and the 25th
centile to a worsening of 0.05 points. For negative symptoms, the 75th centile equates to an
improvement of 3.7 points, while the 25th centile equates to a deterioration of 0.1 points. The
distribution suggests that 74%, 75% and 74% of patients will show a non-zero benefit in terms

of total, positive and negative symptoms, respectively.

DISCUSSION

This study has found evidence of a marked variability in antipsychotic-specific effects
between individuals with schizophrenia. According to our most conservative estimates, a
qguarter of individuals experience a substantial benefit of over 17 points on the PANSS total
score, and a quarter present a detrimental effect relative to placebo. Clinically important
treatment effect heterogeneity was also estimated for positive and negative symptom

domains. These results suggest that the “one size fits all” approach to treating patients with a
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diagnosis of schizophrenia may be suboptimal, and provide support to efforts for developing
personalized approaches to treatment!?23, The need for personalized approaches is
apparent, since we have demonstrated that not only is treatment effect heterogeneity likely to
exist, but that it may also be of a large and clinically meaningful magnitude.

Since individual patients differ from one another in terms of their overall response to
antipsychotic treatment, it has long been assumed that they also differ in terms of the
medication-specific benefit they get from the drug. This has been supported by findings from
individual patient data meta-analyses'?!4, This interpretation was recently challenged by
meta-analyses which suggested that antipsychotics may in fact deliver relatively constant
medication-specific effects, and that clinically observed variability was therefore secondary to
variability of factors not directly related to medications, such as treatment-unrelated fluctuation
in symptom severity or expectation effects, and measurement error®’.

In the present paper, we bridge the gap between the conclusions of variability meta-
analyses and those of individual patient data analyses and clinical experience. We show that
the evidence is consistent, with the discrepancy in conclusions resulting from a previously
imprecise interpretation of the VR. Specifically, previous meta-analyses of variability did not
formally tie the VR to the outcome of interest: the heterogeneity of treatment effects. To
undertake this vital step, we estimated the correlation coefficient between placebo response
and treatment effects with three different methods. We found this correlation to be consistently
negative and, as a result, our findings reconciled inconsistencies in findings of variability meta-
analyses, previous individual patient data meta-analyses, and clinical experience, suggesting
that meaningful heterogeneity of antipsychotic treatment effects exists in adult patients with
schizophrenia.

Our open-label method for estimating individual treatment effects involved calculating
placebo responses in individuals who had previously received antipsychotic treatment. This is
unavoidable, due to a lack of available trials of suitable design in antipsychotic-naive
individuals, but it has potential disadvantages. In addition to possible carry-over effects,
withdrawal effects and placebo responses are enmeshed and, as a result, our estimates of
variability may partly reflect the variability of withdrawal effects. To disentangle withdrawal and
placebo responses in cross-over designs is complex but not impossible, and could be
considered in studies aiming to further unpack individual variability of response?*. The open-
label method also assumes that the change in symptom severity with an active compound
following a period of placebo treatment is a fair estimate of the treatment effect; whether this
is fully justified is not known, although our group-level findings suggest that this may be a
reasonable assumption.

The linear method for estimating treatment effects did not employ data from the open-

label phase and so does not rely on the same assumptions. It does, however, estimate
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treatment effects and placebo response after assuming linear, non-interacting relations
between symptom scores and the baseline covariates of age, gender, and symptom severity.
Moreover, given that other covariates are likely to play a significant role in determining both
placebo response and treatment effects, the estimates produced may not be entirely accurate.

The study-level calculation of the placebo-treatment effect correlation circumvents
shortcomings of the individual-level analyses. This analysis, however, runs the risk of
aggregation bias (“ecological fallacy”), i.e. a correlation observed across studies at the study
level may not reflect correlation at the individual level.

Nevertheless, concerns about the three approaches are mitigated by the consistency of
findings between them. In addition, a negative correlation was a priori expected, as greater
placebo response in an individual leaves less room for an additional treatment effect, and
there are not reasons to believe that any of the methods would produce a bias towards a
negative correlation. In addition, we believe that our estimate of the correlation coefficient is
the best one currently available and, as such, its use is indicated, since the adoption of some
form of coefficient is required to make any valid inference from VRs.

Other psychiatric treatments, including antidepressants®!! and brain stimulation'?, have
also recently been examined in meta-analyses of VRs. As with the initial variability analyses
of antipsychotic trials, the conclusion of these studies has been that minimal heterogeneity of
treatment effects exists. However, this conclusion depends on the assumption of a positive
correlation between placebo and treatment effects, which, as the results above demonstrate,
may well not be the case.

Future work should seek to identify the correlation between treatment effects and placebo
response in other disorders and with other treatments. The estimation of this correlation will
then allow for determination as to whether interindividual heterogeneity of treatment effects
also exists in these disorders. It would also be of interest to see if outcome measures other
than symptom rating scales, such as functioning, adverse effects, and cognitive measures,

show similar heterogeneity of treatment effects?.

CONCLUSIONS

The current findings support the hypothesis that substantial interindividual heterogeneity
exists in terms of symptomatic response to antipsychotic treatment in schizophrenia. In turn,
these findings support efforts to provide treatment personalization®. Future work should aim
to identify which medications and symptom domains are most likely to benefit from

personalized precision approaches.
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Figure 3 Relationship between study-level estimates of treatment effect and placebo response. Each point represents a clinical trial, with the size of the point proportional to

the number of subjects in the trial.
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Drug

Estimate (95% CI)

Aripiprazole
Asenapine
Blonanserin
Brexpiprazole
Cariprazine
Chlorpromazine
Haloperidol
lloperidone
Lurasidone
Olanzapine
Paliperidone
Quetiapine
Risperidone
Sertindole
Ziprasidone
Zotepine

Summary

I I I I
10 18 20 25

Treatment effect SD (95% CI)

30

12.18 (8.01-18.52)
11.26 (9.26-13.68)
15.29 (11.63-20.09)
11.39 (9.54-13.60)
11.92 (10.31-13.78)
16.00 (8.78-29.17)
16.12 (13.27-19.58)
10.88 (7.34-16.12)
10.63 (9.12-12.38)
13.43 (11.91-15.14)
14.82 (12.54-17.50)
15.83 (13.50-18.55)
14.01 (10.71-18.32)
16.24 (12.43-21.23)
15.01 (10.51-21.42)
156.81 (9.78, 25.54)

13.47 (12.69-14.29)

Figure 4 Total symptoms: meta-analysis of within-study estimates of the standard deviation (SD) of patient-level
treatment effects of antipsychotics vs. placebo
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Drug

Estimate (95% CI)

Aripiprazole t

Asenapine —a—
Blonanserin —.—
Brexpiprazole —a—
Cariprazine HilH
Haloperidol ——
lloperidone —
Lurasidone il
Olanzapine —l—
Paliperidone i
Quetiapine —a—
Risperidone —a—
Sertindole [ = {
Ziprasidone L E———
Summary -

5.20 (2.20-2.31)
3.80 (2.73-5.28)
4.32 (3.23-5.78)
3.57 (2.73-4.67)
3.09 (2.62-3.65)
4.81(3.75-6.17)
3.07 (2.01-4.70)
3.25 (2.71-3.90)
3.85 (3.25-4.55)
4.47 (3.88-5.15)
2.97 (2.26-3.91)
4.19 (3.19-5.51)

)

)

)

—_—

6.61 (6.07-8.63
3.23 (2.05-5.08

D — —

3.97 (3.66-4.30

_—

I I I I I
2 4 6 8 10

Treatment effect SD (95% CI)

12

|
14

Figure 5 Positive symptoms: meta-analysis of within-study estimates of the standard deviation (SD) of patient-

level treatment effects of antipsychotics vs. placebo
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Drug Estimate (95% CI)
Aripiprazole 2.93 (1.82-4.74)
Asenapine : ——y 2.94 (2.07-4.20)
Blonanserin : —— 2.93 (2.16-3.98)
Brexpiprazole —— 2.61 (1.96-3.47)
Cariprazine : —— 2.16 (1.81-2.58)
Haloperidol : ' = 4.70 (2.98-7.40)
lloperidone : A — 2.08 (1.31-3.31)
Lurasidone : —— 2.46 (2.04-2.97)
Olanzapine : —— 2.97 (2.43-3.63)
Paliperidone : —— 3.01 (2.49-3.63)
Quetiapine : —— 2.13 (1.49-3.04)
Risperidone : —— 3.04 (2.16-4.28)
Ziprasidone —_— 2.17 (1.34-3.52)
Zotepine 4.28 (2.48-7.40)
Summary : - 2.80 (2.54-3.08)

Treatment effect SD (95% ClI)

Figure 6 Negative symptoms: meta-analysis of within-study estimates of the standard deviation (SD) of patient-

level treatment effects of antipsychotics vs. placebo
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Figure 7 Distribution of treatment effects in the antipsychotic treatment of schizophrenia. The area under each
curve equals 1, i.e. 100% of the patient population. In the case of total symptoms, solid vertical lines represent
upper and lower quartiles. For total symptoms, 25% of individuals experience a treatment effect of at least 17.7
PANSS points, while 25% experience a negative effect of treatment of at least 0.5 points. PANSS — Positive and

Negative Syndrome Scale.
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