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Objectives: To explore the impact upon estimation of drug effect as a result of applying exclusion criteria in ran-
domized-controlled trials (RCT) measuring the efficacy of antipsychotics (AP) in schizophrenia.
Methods: Three characteristics which may act as effect-modifiers of AP, while also common exclusion criteria in
RCTs, were identified through literature review: schizophrenia duration, substance use disorder and poor adher-
ence. The SOHO cohort was used to estimate the effect of initiating antipsychotic drugs “A”, “B” or “C” (pooled)
upon symptom evolution at 3 months from baseline (CGI-S scale). “Estimated effectiveness” and “estimated ef-
ficacy” were drawn from the “SOHO” and “RCT-like” (patients with none of the above-listed exclusion criteria)
samples, respectively. Effect-modification and impact of each exclusion criterion on AP effect estimates were ex-
plored using non-adjusted statistics.
Results: The “SOHO sample” included 8250 patients initiating drug A, B or C at baseline, whose AP “estimated ef-
fectiveness”wasΔCGI-S=−0.78 (95%CI=−0.80,−0.76). The “RCT-like” sub-sample included 5348 (65%) pa-
tients whose AP “estimated efficacy”was ΔCGI-S=−0.73 (95% CI=−0.75,−0.70). Patients with short illness
duration (≤3 years since first AP; n=2436) experienced significant symptom improvement (ΔCGI-S=−0.89;
95%CI =−0.93,−0.85) compared to patients with duration N3 years (meanΔCGI-S=−0.73; 95%CI =−0.76,
−0.71). Excluding patients with short illness duration led to a change in AP effect estimates but this was not the
case for substance use disorder or poor adherence.
Conclusion: Using certain exclusion criteria in RCTs may impact the drug's effect estimate, particularly when ex-
clusion criteria are AP effect-modifiers representing frequent characteristics among patients with schizophrenia.
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1. Introduction

Randomized controlled trials (RCTs) are designed to measure the
pharmacological effect of drugs in humans (“efficacy”)while attributing
the observed effect to the drug itself, and not to confounders (“internal
validity”). Wherefore, RCT design requires specific features to replicate
an experimental setting (Schwartz and Lellouch, 2009), including, but
not restricted to, randomization, blinding, or medication adherence
monitoring during the trial. Moreover, RCTs are usually performed in
highly-selected patient populations (Stroup et al., 2006; Van Spall et

al., 2007), recruited in public hospitals – rarely in private practices –
and screened using many inclusion and exclusion criteria. In conse-
quence of the selection and homogeneity of clinical settings, physicians
and participants, the RCT population often represents a subset of the
overall population administered the drug in routine clinical practice
and results may not be reproducible across patients managed outside
clinical trials (Rothwell, 2005). It is increasingly recognized that con-
trolled experimental settings may jeopardize the generalizability of
RCT results, which may not reflect the effect of drugs as prescribed in
routine clinical practice, known as “effectiveness” (Eichler et al.,
2011). Discrepancy in evidence between RCTs and real-life studies is re-
ferred to as the “efficacy-effectiveness gap” (Lehman et al., 1995;
Nordon et al., 2016).
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RCTs however donot systematically provide poorly generalizable re-
sults and the efficacy-effectiveness gap is not paramount. Actually, effi-
cacy-effectiveness gaps may occur under specific circumstances,
previously investigated and explored in detail. For instance, Naudet et
al. (2011) have explored the association between RCT design features
and the effect size of selective serotonin reuptake inhibitors (SSRIs) an-
tidepressants, in patients with major depressive disorders. Results sug-
gest that the effect size of SSRIs is likely greater in non-blinded
compared to double-blinded studies, independent of other design fea-
tures and patients or illness characteristics. The impact of blinding
upon the SSRIs effect size was confirmed by Chassang et al. (2015)
who showed that, in double-blinded RCTs, the response to SSRIs tends
to be smaller than in open-label studies because blinding prevents the
effect of “patients' beliefs” from underpinning the positive expectations
of the active treatment, inducing a change in patient behavior or the
way these perceive their condition, which can result in symptom im-
provement. More importantly, the authors evoke a possible difference
in treatment effect size because of an interaction between “patients' be-
liefs” and the drug effect. In other words, it is because “patients' beliefs”
is an effect-modifier of antidepressants that blinding or not, will impact
antidepressants effect estimates. The influence of key characteristics
(“drivers of effectiveness”) modifying the effect of drugs upon the risk
for efficacy-effectiveness gap was also evoked by other authors
(Longford, 1999; Weiss et al., 2012; Huybrechts et al., 2010).

In schizophrenia research, most RCTs performed on antipsychotic
drugs include highly-selected patients (Robinson et al., 1996; Hulihan
et al., 2013), particularly pre-authorization RCTs, which stresses the im-
portance of evaluating the AP effectiveness, otherwise unknown at
launch (Stroup et al., 2006). Hulihan et al. (2013) provided the example
for long-acting injectable antipsychotics, for which any advantage over
oral short-acting antipsychotics is expected to be related to better med-
ication adherence. Double-blinded RCTs cannot unfold this effect of im-
proved adherence unlike effectiveness studies, where patients while
possibly less adherent are also less frequently monitored and overall
less inclined to adhere to therapy (Grimaldi-Bensouda et al., 2012). Bet-
ter quantification of antipsychotics effectiveness using pre-authoriza-
tion RCTs is an issue of upmost importance considering the dramatic
increase in antipsychotics use in recent years (Verdoux et al., 2010).

The present case study was conducted within the realm of the Euro-
pean GetReal Consortium (Innovative Medicines Initiative, 2013), a
non-competitive, public-private funded research project aiming to pro-
vide new and robust methods for real-world evidence to be generated
earlier during drug development. One important objective is to develop
guidance on improving the design of RCTs. In this case study, we aimed
to: (1) identify effect-modifiers for antipsychotics among patient-relat-
ed or illness-related characteristics frequently used as exclusion criteria
in RCTs; and (2) quantify the impact of applying these exclusion criteria
on the estimation of antipsychotics effect. In other words, our work in-
tends to support clinical trials design by providing evidence that exclu-
sion criteria – notmandated by safety– need to be carefully chosen so as
to minimize the risk of an efficacy-effectiveness gap.

2. Methods

The study was performed in sequential steps: (1) identification of
potential drivers of effectiveness through literature review and struc-
tured expert interviews; followedby (2) data analyses of these potential
drivers of effectiveness and their impact on drug effect estimation,
when used as exclusion criteria.

2.1. Preliminary selection of potential drivers of effectiveness

Potential drivers of antipsychotics effectiveness were selected using
two distinct focused structured literature reviews in PubMed. The
search strategies and results are detailed in the Appendix.

The first literature review aimed at identifying patient-related and
illness-related characteristics, whichmay act as effect-modifiers of anti-
psychotics in schizophrenia. The search strategy followed the PICOS
framework: Population: adults with schizophrenia; Intervention: anti-
psychotics; Comparator: any; Outcome: relapse/hospitalization; and
Study type: observational research (Richardson et al., 1995). Further,
search terms related to “effect-modification”were used to identify arti-
cles explicitly exploring effect-modification. A total of 279 publications
were subsequently retrieved, a process that included screening title
and abstracts, and reading 36 articles in full; 8 publications reporting
drug-drug interactions or genetic polymorphisms were excluded, leav-
ing 28 publications from which 18 patient- or illness-related character-
istics were identified as potential effect-modifiers of antipsychotics
effect (Table 1). Then, these 18 characteristics were reviewed indepen-
dently by three psychiatrists specializing in schizophrenia instructed to
select the most relevant characteristics from a clinical standpoint.
Psychiatrists were also requested to identify any important charac-
teristic missing. Overall, the following characteristics were considered
by the experts as clinically relevant possible effect-modifiers of
antipsychotics: illness severity at onset, disease stage/chronicity, sever-
ity of current negative symptoms, use/abuse of nicotine, cannabis or
psychostimulants, and adherence to antipsychotics (Table 1).

The second literature review listed the exclusion criteria used in pre-
authorization phase-3 RCTs with a focus on second-generation antipsy-
chotics (SGA) authorized for adults with schizophrenia in the US and
Europe (olanzapine, risperidone, aripiprazole, asenaptine,
brexipiprazole, lurasidone, paliperidone, and quetiapine) (Leucht et
al., 2013), following the PICOS framework (Population: adults with

Table 1
Potential effect-modifiers of antipsychotics effectiveness in schizophrenia based on fo-
cused and structured Literature Review (LR) and expert reviews.

Potential effect-modifiers of
antipsychotics identified through
focused LR

Potential effect-modifiers of
antipsychotics reviewed by experts

Socio-demographics:
Gender (Lipkovich et al., 2007; Opler et
al., 2001)
Ethnicity (Chen et al., 1991;
Horvitz-Lennon et al., 2013; Ciliberto et
al., 2005)
Disease characteristics
Age at onset (Millier et al., 2011),
chronicity of disease (Addington et al.,
1993), SCZ sub-type (Joffe et al., 1996)
Negative symptoms (Tollefson and
Sanger, 1997), hostility (de Haan et al.,
2007), global functioning (Gaebel and
Pietzcker, 1985)

The severity of negative symptoms was
considered as a potential effect modifier
by 2 experts
Severity at onset was considered as a
potential effect modifier by 1 expert
Disease chronicity (b3–5 years or more)
was considered as a potential effect
modifier by 1 expert

Psychiatric and comorbidities
Tobacco use (Aguilar et al., 2005; Goff et
al., 1992), substance use disorder
(cannabis, alcohol) (Novak Grubic et al.,
2009; Haro et al., 2006; Swofford et al.,
2000)
Depression (Addington et al., 2011)

Cannabis use was considered as a
potential effect modifier by 3 experts
Psychostimulant use was considered as
a potential effect modifier by 2 experts
Nicotine use was considered as a
potential effect modifier by 1 expert

Other comorbidities
Diabetes (Takayanagi et al., 2012)

Not relevant

Care setting:
Healthcare resources, medical habits
(Papageorgiou et al., 2011)
Number of different prescribers (Farley
et al., 2011)
Complementary care:
Psycho-social care (Tarrier et al., 2004)

Not relevant

Dosage (Joyce et al., 2006)
Dose frequency (Diaz et al., 2004)
Polypharmacy (antipsychotic) (Millier
et al., 2011)

Adherence to antipsychotics was
considered as a potential effect modifier
by 2 experts
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