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ORIGINAL ARTICLE
The GRM?7 gene, early response to risperidone, and

schizophrenia: a genome-wide association study and a
confirmatory pharmacogenetic analysis

E Sacchetti'*3*8, C Magri>®, A Minelli®, P Valsecchi'*** M Traversa®, S Calza®, A Vita"**% and M Gennarelli>’

The search for biomarkers of response to antipsychotic medications is hindered by difficulties inherent in the topic or related to
persistent methodological difficulties, such as high rates of anticipated discontinuation and consequent distortions in the
imputation of missing data. Because early response to antipsychotics represents a sufficiently reliable index of the subsequent
treatment response in patients with schizophrenia, we undertook a real-world, genome-wide association study (GWAS) with the
aim of identifying genetic predictors of response to risperidone after 2 weeks in 86 patients with schizophrenia. Limited to the
associations reaching significance in the GWAS, confirmatory analysis relative to risperidone response over 9 months was also
designed involving 97 patients (European only) enroled in the CATIE (Clinical Antipsychotic Trials of Intervention Effectiveness)
genetic substudy. The GWAS revealed a significant association (false discovery rate 0.02) of the single-nucleotide polymorphism
rs2133450 inside the GRM7 gene with Emsley’s positive domain derived from the positive and negative syndrome scale (PANSS).
Patients with the rs2133450 CC genotype presented poorer improvement in the positive domain over 2 weeks, with odds ratios of
12.68 (95% Cl, 3.51-45.76) and 6.95 (95% confidence interval (Cl), 2.37-20.37) compared with patients with the AA and AC
genotypes, respectively. Compared with A homozygotes, rs2133450 C homozygotes enroled in the CATIE-derived confirmatory
analysis showed less improvement in Emsley’s positive, excited and depression domains, positive and general PANSS subtypes, and
total PANSS after 9 months of treatment with risperidone. The original GWAS and the CATIE-derived confirmatory analysis support

the proposal that the rs2133450 may have translational relevance as a predictor of response to risperidone.
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INTRODUCTION

A tailored approach to the treatment of schizophrenia relies on
solid foundations. Since Bleuler,' a great deal of evidence has
underlined that schizophrenia label applies to a heterogeneous
group of disorders characterized by differences in the clinical
picture and pathophysiologic correlates. Furthermore, individual
first- and second-generation antipsychotics present small but
robust distinctive patterns of efficacy®™ as a result of appreciable
class- and drug-specific pharmacokinetic and pharmacodynamic
differences.>” These independent studies provide evidence that
the response to antipsychotic medications is moderated in the
real world by significant interindividual variability.

Despite a sound premise, the goal of individualized interven-
tions for people with schizophrenia remains at the pioneering
stage because reliable predictors of treatment response are rare.?
Early response to antipsychotics represents a reasonable excep-
tion to this general picture because sufficient evidence®*° 22
indicates that clinical response after 2 weeks of treatment is an
acceptable indicator of subsequent pharmacological outcome. In
the clinical realm, the early response paradigm represents an
appreciable although partial progress; it restricts but does not

eliminate the risk of adverse events as a consequence of
treatments that will be ineffective.

Nevertheless, the early response end point has been poorly
utilized in the search for biomarkers of response to antipsychotics,
probably because international guidelines*®*™?* support a delayed
therapeutic effect of these drugs despite experimental evidence
to the contrary.*?® The case of genetic markers of response to
antipsychotics is paradigmatic in this regard; the abundant
literature on predictors of response at 4, 6 or more weeks of
treatment?*>* is in sharp contrast to the lack of genome-wide
association studies (GWAS) and the negligible number of
reports®> 8 challenging associations between early response to
antipsychotics and single-nucleotide polymorphisms (SNPs).

Genes and early antipsychotic response (GEAR) is a multistep
project designed to fill this gap. This study refers to the first
completed section, the Risperidone Genome-Wide trial (GEAR-
RisGW), a hypothesis-free study to search for associations between
SNPs and response to risperidone after 2 weeks in patients with
acute schizophrenia, and considering the dimensional perspective.
The validity of the option for a dimensional approach seems a
posteriori weighted by the demonstration that both schizophrenia
diagnosis®® and response to antipsychotics*® are well accounted
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for by hierarchical models involving multiple symptom domains.
The original experimental design also implied that, in the presence
of significant GWAS associations, the SNPs of interest were
challenged in an independent confirmatory analysis derived from
the database of the optional Clinical Antipsychotic Trials of
Intervention Effectiveness (CATIE) genetic substudy®'

MATERIALS AND METHODS

The GEAR-RisGW pharmacogenomic trial

Study design. The GEAR-RisGW trial had an open label, flexible dose,
quasi-naturalistic design based on procedures typical of the clinical routine
adopted at the Brescia University and Spedali Civili Psychiatric Unit. The
unique differences included the involvement of two investigators for the
clinical assessments, independence between the treating physician
and the investigator, preclusion of combining different antipsychotics,
and genetic tests.

Given the strict overlap with daily practice, informed consent was
restricted to acceptance of genotyping and the use of individual data for
research purposes. In agreement with the indications posited by the Ethic
Committee of the Brescia Fatebenefratelli Hospital ‘San Giovanni di Dio’
(act no. 3/2004 of 01/22/2004), before genotyping, the patients were
requested to sign a consent form after the aims of the study were
explained and assurances on anonymity were given.*?

Subjects.  Eligibility for the study was restricted to consenting men and
women aged between 18 and 65 years who were hospitalized for
exacerbation of psychotic symptoms, judged suitable for treatment with
risperidone, and satisfied a set of predefined criteria as follows: Caucasians
of Italian descent for at least two generations; unrelated to other
prospective participants; and, in the opinion of the treating physician,
have a level of understanding and enough attention to give valid consent,
and score at least 3 in the Clinical Global Impression-Severity scale.”®
Prospective participants also had to satisfy the DSM-IV-TR criteria** for
schizophrenia or a schizophreniform disorder at study entry. For patients
with an initial diagnosis of schizophreniform disorder, definitive inclusion
was restricted post hoc to patients with an unequivocal transition to
schizophrenia at the 6-month re-evaluation.

Exclusion criteria were as follows: the presence of other DSM-IV-TR Axis 1
comorbid disorders; a history of intolerance to risperidone or paliperidone,
that is, the emergence of adverse reactions severe enough in previous
episodes to preclude treatment continuation or require a dose reduction;
concomitant use of antidepressants or mood stabilizers; diagnosis of
severe, unstable medical conditions; and in the opinion of the treating
physician, it would be inappropriate to abruptly discontinue non-allowed
therapies.

Treatments.  Similar to the clinical routine, an independent physician was
responsible for the medical decisions on the basis of personal judgment
acting in the best interest of the patient.

During the 2-week study period, the dose of risperidone was adjusted
within the range of 3-13 mg/day, with a possible 2 mg titration in the first
2 days of treatment. Benzodiazepines for insomnia or anxiety and
anticholinergic medications for parkinsonian symptoms were allowed.

Assessments. As described elsewhere,* the diagnostic procedures and
acquisition of the key demographic and clinical data were based on
detailed interviews with the patient and revision of all medical records.
When required, supplementary interviews with close relatives and a DSM-
IV-TR adjusted version of the Standardized Clinical Interview for DSM-IV
Axis 1 Disorders, Clinician Version,*® were also carried out.

Changes in symptom severity were monitored by administering the
positive and negative syndrome scale (PANSS)* at baseline and after
2 weeks of treatment. Patients were also grouped into positive, negative,
or mixed schizophrenia subtypes according to their PANSS profile, 4

Adherence to medication was certified by trained nurses by direct and
protracted observation that the patients did not hide pills in their mouth.
This method, recommended as one of the most accurate,’ is inconvenient
in the clinics but, because of the short duration of the trial, was judged to
be acceptable.

A unique team of experienced psychiatrists was in charge of data
collection, after dedicated training and demonstration of valid inter-rater
reliability. The diagnosis was posited by two physicians in the team who
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independently evaluated potential participants in rotation. In presence of
discordance, a joint revision of all the information was carried out with an
independent referee (ES) who made the final decision, after discussion.

The same two physicians who administered the PANSS at baseline were
involved the interviews. For each interview, divergence in PANSS total
score of <3% was allowed between the evaluators. With greater
deviations, the raters re-analysed the scores item by item until consensus
was reached. No time window was set for administration of the post-
baseline PANSS and the scores represented the mean of two independent
evaluations.

The patients enroled in the study were re-analysed a posteriori in order
to check the compatibility of the original DSM-IV-TR diagnosis with the
DSM-5 criteria for schizophrenia.”

The clinical investigators made their assessments in reciprocal blind
fashion with the laboratory team.

Efficacy measures. Efficacy was evaluated using a PANSS-derived battery,
which comprised the total scale, the positive, negative, and general
subscales, and the seven dimensions of psychopathology from a factor
analysis>®> Changes from baseline score after 2 weeks in individual
components of the PANSS-derived battery represented the primary
efficacy measures. The proportion of patients who improved by 20% or
more in the different components of the PANSS-derived battery at the 2-
week end point was the secondary efficacy measure.

In order to facilitate comparability with the current literature on the
efficacy of antipsychotic medications, PANSS items were scaled according
to the conventional 1-7 rating whenever absolute changes from the
baseline score were considered. A 0-6 rating system was preferred for
grouping patients according to the good/poor responder dichotomy
because the literature’®>3~* indicates that this is the standard for correct
estimates of percentage changes in PANSS.

SNP array genotyping. Genomic DNAs were purified from peripheral
blood using a standard salting out method and genotyped by Affymetrix
Human Mapping GeneChip 6.0 arrays (Affymetrix, Santa Clara, CA, USA),
incorporating 2 million probes, half of which are polymorphic. DNA was
processed according to the instructions provided in the Affymetrix
Genome-wide Human SNP Nsp/Sty 6.0 Assay Manual.

Intensity data were acquired by an initial array analysis using the
Affymetrix GeneChip Command Console Software (AGCC). The genotypes
were established by analysing the AGCC probe cell intensity data with the
GenotypeConsole 3.01 (GTC3.01). The risk for genotype errors was reduced
using quality thresholds. Twenty patients with a quality control value < 0.4
were discarded from the SNP array analysis in agreement with the
Affymetrix specifications but their data were retained for the study on the
top hit SNPs, using a real-time method.

Quality controls of the structure of the population. The chp.files generated
by the Birdseed v2 algorithm implemented in GTC 3.01 were imported into
the SNP & Variation Suite (SVS) 7 software for statistical analyses (Golden
Helix SVS, Bozeman, MT, USA). Data cleaning was performed as follows:
SNPs on sex chromosomes, those with a call rate < 95%, a minor allele
frequency <0.1, and a Hardy-Weinberg P-value <1x107 (cutoff
obtained by correcting the nominal P-value of 0.05 for the number of
SNPs analysed) were excluded from the initial set of 906 599 SNPs. Also
SNPs with a frequency of 0-5 for the rare homozygous genotype were
discarded to reduce the effects of false positives related to outliers. After
the cleaning process, 350 796 SNPs were retained.

The risk for spurious associations due to population stratification was
controlled using an enhanced version of EIGENSTRAT contained in SVS 7
(Bozeman, MT, USA). The first 20 principal components had eigenvalues
ranging from 1.14 to 1.06 and the scatterplot of the subjects showed that
they were clustered together; therefore, the sample population was
considered homogeneous.

Genotype imputation and bioinformatics analyses. Data from the 1000
Genomes Project acted as reference samples for imputing SNPs potentially
providing regulatory function and mapped close to those that provided
the best P-value in the experimental cohort. BEAGLE software®® was used
for imputation. A low imputation quality (* < 0.3), a minor allele frequency
< 0.1, a Hardy-Weinberg P-value < 1x 1077, and/or an absolute frequency
of 0-5 for the rare homozygous genotype implied removal of the SNP from
subsequent linear regression analyses and linkage disequilibrium (LD)
estimates.
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In order to assess their potential functionality, the SNPs included in the
same LD block as the SNPs with the best P-value were uploaded in the
Regulome database (http://regulomedb.org/).>”

Real-time analysis. An Applied Biosystems TagMan SNP Genotyping Assay
(C__16103928_10; Carlsbad, CA, USA) was used to validate genotype calls
for the SNPs with the best P-value. The same assay was used to genotype
the 20 patients for whom it was not possible to perform SNP array analysis.

CATIE-derived confirmatory analysis

The CATIE-derived confirmatory analysis was designed with the purpose of
confirming in an independent sample population the GEAR-RisGW results
that eventually reached the significance but over a longer time period
(9 months).

The most salient characteristics that distinguished the CATIE-derived
confirmatory analysis from the GEAR-RisGW trial were as follows: a
multicentre, randomized double-blind design; lower risperidone dose
range (1.5-6 mg day"); outpatient status of the participants; inclusion
independent of symptom severity. Furthermore, therapy was started
irrespective of exacerbation of psychotic symptoms and a large time
window on either side of the scheduled PANSS interview was allowed.

The genotypes relative to the patients included in the CATIE-derived
confirmatory analysis were extrapolated with permission from the CATIE
genetic substudy database.*' In analogy with the GEAR-RisGW trial, the
evaluation was exclusive to participants classified as European only.
Furthermore, the analyses were restricted to the first 9 months of therapy
because this time interval was judged to offer better linearity of symptom
improvement. Changes in PANSS scores from baseline were extrapolated
applying linear mixed models for repeated measures to the 1-7 ratings
reported in the original database.

Statistical plan

GWAS. In the GEAR-RisGW trial, the influence of SNPs on changes after
2 weeks for each component of the PANSS-derived battery was explored
by challenging the dependent variable, symptom improvement, with
the basic allele test implemented in SVS 7 software. The basic allele
test assumes that alleles rather than genotypes represent the statistical
units of reference. Consequently, the genotypes AA, Aa, and aa are
resolved into pairs of alleles (A and A, A and g, or a and g, respectively) and
the same value of the dependent variable is attributed to both alleles of
the pair.

The advantage of the model is that the number of observations is
doubled and the power of the analysis is increased; the disadvantage is
that genotype-specific information is ignored. The level of significance was
set for a nominal P-value <5x 1078 and false discovery rate < 0.05.

According to the G*Power Calculator software,’® in our cohort of 106
patients, the power was >90% (for a=1x 10~7) for detecting R? >034
(large effect).

In the presence of significant results, supplementary analyses of variance
were carried out in order to establish the moderating effect played by the
genotype. The baseline score of the component of the PANSS battery and
belonging to the positive, negative or mixed subtype of schizophrenia
were included in the analyses in order to correct for eventual additive or
interactive effects on the drug response phenotype. SPSS software (SPSS,
Chicago, IL, USA) was used for the analyses of variance.

Whenever a significant association between a gene variant and an early
response in a component of the PANSS battery occurred, the sensitivity,
the specificity, the number needed to treat and the odds ratio (OR) were
calculated.

All statistical tests used met relative assumptions (for example,
distribution, sample size).

CATIE-derived extrapolation analyses. The score components of the
PANSS-derived battery, coded as variations from the baseline value, were
modelled using linear mixed models. These models included as covariates
the genotype (with the AA genotype as the reference value), the
occurrence of a visit (labelled as ‘time’) coded as time elapsed from the
first visit, an interaction term for genotype and time, and the baseline score
of components of the PANSS-derived battery investigated time by time.
Whenever a switch from risperidone to another antipsychotic medication
occurred, the patient was considered a dropout and the reason for the
dropout was inserted in the model, coding the occurrence of adverse
events as yes (any unacceptable event) or no. The genotype effects were
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estimated at 270 days after the first visit. All the models included both a
random intercept and a random time effect (slope).

All the analyses were performed using R-version 3.1.0,°° Ime4
packages,®® and the ImerTest.®’

RESULTS
GEAR-RisGW pharmacogenomic study

One hundred and six patients were involved in the GEAR-RisGW
trial. Middle-aged, male, chronic patients with severe psychotic
exacerbation characterized by mixed symptoms prevailed in the
sample (Table 1). When re-evaluated a posteriori, the entire
study cohort fulfilled the DSM-5 criteria for schizophrenia.
Seventy-four per cent of the patients were supplemented,
generally for a few days, with benzodiazepines and 3% received
adjunctive anticholinergic medications during the study period.
After a 2-day titration, the mean daily dose of risperidone was
6.8+1.9mg.

Eighty-six patients were included in the analysis that explored
the association between gene polymorphisms and early response
to risperidone. Only one SNP inside the metabotropic glutamate
receptor 7 (GRM?) gene, the rs2133450, reached the threshold for
a significant genome-wide association with a component of the
PANSS-derived battery, the Emsley’s positive dimension; four
supplementary SNPs inside the same gene exceeded the 0.05 false
discovery rate threshold (Figure 1, Supplementary Figure 1,
Table 2).

The TagMan SNP Genotyping Assay confirmed the results of the
chip analysis and allowed the addition of 20 patients for whom
it was impossible to perform SNP array analysis. In the
regression analyses applied to the total sample (n=106),
rs2133450 C homozygous patients showed less improvement
than individuals presenting the most frequent AA genotype and
had a trend for poorer response in the other components of the
PANSS battery, in particular total PANSS and PANSS-positive
subtype (Table 3).

Application of Emsley’s positive dimension to the good/poor 2-
week responder dichotomy led to a 71.7% responder rate, with
shifts to 88.6, 81.0 and 37.9% when rs2133450 AA, AC or CC
genotypes were considered. In particular, compared with AA
patients, the OR for CC patients was 12.68 (95% confidence
interval (Cl), 3.51-45.76) for poor early response, with an number
needed to treat of 2, and a specificity and sensitivity of 81.8 and
73.8%, respectively. Furthermore, C homozygous patients had a
lower chance of a good response than AC patients (OR, 6.95 (95%
Cl 2.37-20.37); number needed to treat, 2; specificity, 69.2%; and
sensitivity, 75.6%).

The imputation of other 1828 SNPs covering the entire GRM7
gene showed that rs2133450 maps in an LD block that spans over
155 kb (February 2009, GrCh_37, chr3, 7262 169-7372399),
overlaps exons 3 and 4, and includes 176 SNPs after imputation
(Supplementary Figure 2). None of the imputed SNPs inside the LD
block was a coding variant. Therefore, the Regulome database was
checked to investigate whether some of the imputed GRM7 SNPs
affect the binding site of regulatory elements (Supplementary
Table 1): three SNPs had a Regulome score of 3, a value indicating
indirect evidence of some regulatory effect; another SNP scored 6,
a value that suggests minimal evidence of an effect on binding;
both rs2133450 and the remaining 4 SNPs in complete LD with it
had no score due to the absence of data.

CATIE-derived confirmatory analysis

Ninety-seven DSM-IV, European only patients with schizophrenia
who were randomized to risperidone and participated in the
optional genetic CATIE substudy were included in the confirma-
tory ad hoc analysis to challenge whether rs2133450 exerts some
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Table 1. Key demographic and clinical features of patients enroled in GEAR-RisGW trial and CATIE-derived confirmatory analysis

Baseline characteristics GEAR-RisGW trial CATIE-derived confirmatory analysis

Total sample, N 106 97
Diagnostic criteria DSM-IV-TR, DSM-5 DSM-IV
Diagnoses Schizophrenia Schizophrenia and schizoaffective disorder
Age (years), mean (s.d.) 40.2 (12.7) 42.8 (12.7)
Gender (M), n (%) 68 (64.2) 76 (78.3)
Age at disease onset (years), mean (s.d.) 25.4 (8.1) ND
Subtype® %

Negative 9.4 2.7

Mixed 67.0 59.8

Positive 23.6 17.5
PANSS total score,® mean (s.d.) 106.9 (16.1) 76.7 (16.7)
PANSS-positive subscale score,” mean (s.d.) 28.4 (6.2) 18.3 (5.9)
PANSS negative subscale score,” mean (s.d.) 27.1 (6.6) 20.0 (6.3)
PANSS general subscale score,® mean (s.d.) 51.4 (9.2) 38.4 (8.2)
Emsley’s negative factor score,® mean (s.d.) 26.8 (7.1) 19.7 (6.5)
Emsley’s positive factor score,” mean (s.d.) 334 (6.2) 19.6 (6.2)
Emsley’s disorganized factor score,” mean (s.d.) 16.3 (4.3) 12.5 (3.9)
Emsley’s excited factor score,® mean (s.d.) 13.5 (4.6) 7.1 (2.9)
Emsley’s motor factor score,® mean (s.d.) 49 (1.9) 3.8 (1.7)
Emsley’s depressive factor score,”> mean (s.d.) 2.9 (1.6) 5.8 (2.2)
Emsley’s anxiety factor score,® mean (s.d.) 9.2 (3.1) 8.2 (2.5)

Abbreviations: CATIE, clinical antipsychotic trials of intervention effectiveness; GEAR, genes and early antipsychotic response; ND, not defined; PANSS, positive

and negative syndrome scale. ®According to Lindermayer et al. PPANSS items scored according to the 1-7 rating.

moderating role on the response to risperidone 9-months after
the start of the therapy.

The sample mainly consisted of middle-aged, male, moderately
ill outpatients with mixed symptoms (Table 1).

The rs2133450 SNP was directly genotyped in the CATIE
cohort, with a call rate >95%. The application of linear mixed
models to data recorded in the original database showed that
rs2133450 A homozygotes responded better than C homozygotes
in Emsley’s positive, excited, and depression domains, positive
and general PANSS subtypes, and total PANSS. Homozygotes
for the A allele improved also more than heterozygotes in
Emsley’s excited domain, total PANSS and general PANSS subtype
(Tables 4 and 5).

DISCUSSION

To summarize, the exploratory GEAR-RisGW trial and the
confirmatory CATIE-derived analysis conjunctly indicate that the
CC genotype of a SNP inside the GRM7 gene, the rs2133450,
hinders improvement in Emsley’s positive dimension by the
second week of treatment with risperidone and that this
unfavourable moderation not only persists over time but even
extends, at the 9-month end point, to other psychopathological
domains and, more importantly, to total PANSS.

The experimental design included several novel features. No
GWAS has challenged early response to antipsychotics and then
immediately partnered by a confirmatory analysis. Similarly, no
study on a candidate biomarker of response to risperidone has
involved patients with DSM-IV-TR schizophrenia who were a
posteriori certified to also fulfil the DSM-5 criteria for the disorder.
Furthermore, unlike most studies on predictors of treatment
response, the GEAR-RisGW trial ensured strict monitoring of
medication taking behaviour, thus plausibly avoiding the risks of
interference from unrecognized poor treatment adherence on
correct assessment of poor and good responders.®? Strong control
of medication seems especially crucial in the initial stages of the
therapy, given the report that, compared with early responders,
early non-responders perceive antipsychotics as less beneficial
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and consequently are at increased risk for poor medication
adherence.’

The study also provides some general added value. For
example, in the GEAR-RisGW trial, the contemporaneous use of
DSM-IV-TR and DSM-5 criteria should facilitate comparisons with
future studies and eventual translation of current results to a
DSM-5-oriented psychiatric practice. Facilitated transfer of the
results into the clinical routine is also supported by the
demonstration that the real-world prerequisite was satisfied: at
the 2-week end point, the risperidone dose and the rate of
patients with an improvement of 20% or more in total PANSS
found in the experimental sample population were close to the
values (7.2mgday™' and 68%) for patients of the Brescia
Psychiatric Department who, due to an exacerbation of psychosis,
were hospitalized in the 3 previous years and routinely treated
with the same antipsychotic medication. The real-world
nature of the trial is further supported by the close overlap
between almost three-quarters of the GWAS-RisGW patients, who
received supplementation with benzodiazepines for a few days
and the 71% observed routinely in the department during the first
2 weeks of hospitalization. A high prevalence of acute, severely
ill patients with schizophrenia treated also with benzodiazepines
during the early phase of their hospitalization seems to
be a common phenomenon.®*®* In contrast, the addition of
benzodiazepines to therapy is decidedly rarer in moderately ill
patients as was the case in the CATIE®® population. The
demonstration that the association between the CC genotype of
the rs2133450 gene and poor response to risperidone was
present in sample populations with remarkable differences in
the prescription of benzodiazepines strongly supports the
inference that the use of these medications had no relevant
impact on the association itself. The fact that the prescription of
benzodiazepines was unrelated to the rs2133450 genotype
also applies.

With regard to the core results, the demonstration of an
appreciable involvement of rs2133450 in moderating response to
risperidone, although new, was not completely unexpected. A
discrete body of evidence accumulated over the years has
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Figure 1. Manhattan plots of linear logistic -log10 P-values for the
seven factors of the Emsley factorial model. Chromosomes are
shown alternatively shaded for clarity. P-value thresholds of 5x 108
and 6.09x 10~ ¢ are highlighted by solid horizontal lines.
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associated schizophrenia risk not only with different metabotropic
genes in general®® but also with GRM7 gene in particular.”~%°
Furthermore, increased expression of the mGlur7 protein in the
dorsolateral prefrontal cortex of patients with schizophrenia has
been reported’® and a CATIE substudy’’' has shown that the
greatest hits for 3-month PANSS improvement involved another
GRM7 SNP, rs7627369. This result, however, has appreciable
limitations because the association did not survive after correction
for multiple comparisons and another CATIE substudy failed to
replicate the observation.”?

In general, good concordance between the GWAS results and
those of the confirmatory analysis makes it plausible that the
action of rs2133450 is in large measure unaffected by symptom
severity because patients enroled in the GEAR-RisGW trial had
higher baseline PANSS scores than individuals entered in the
CATIE substudy.

The effect of rs2133450 on symptom improvement seems
subject to a risperidone dose-related ascending gradient of the
SNP effect: the moderation exerted by the SNP was decidedly
more pronounced in the GWAS population, which received a
higher mean dose of risperidone than the maximum allowed for
patients in the CATIE study.®®

It is also likely that rs2133450 affects the response to
risperidone according to a dimension-specific timing because
the shift in the end point between the 2 weeks of the GWAS to the
9 months of the confirmatory analysis extended the influence of
the SNP on symptom improvement from the initial Emsley’s
positive domain to other PANSS-derived dimensions and total
PANSS. This proposal seems in agreement with the indication’®
that the antipsychotic medication for patients with predominantly
negative symptoms should only be switched after an extended
period of use.

The magnitude of the negative influence played by the CC
genotype on the possibility of early improvement in Emsley’s
positive dimension may seem surprising. The observed OR and the
number needed to treat exceeded the corresponding values
relative to the superiority of antipsychotics over placebo in
short-term trials.”* Furthermore, very high levels of variance in
treatment response explained by a single gene must always be
regarded with caution because response to antipsychotics
represents the phenotypic expression of a complex trait sustained
by multiple determinants and moderators of genetic and
non-genetic origin. From a critical perspective, the large Cls of
the ORs are compatible with the hypothesis that the real impact of
the SNP on early response differs discretely from the actual value
observed. It is also true that the small sample size of the GWAS
could have increased the risk for false positive results.
However, the longer time results of the CATIE-derived confirma-
tory analysis suggest, although with a lower level of significance,
that GRM7 really does play a role in risperidone response. Some
other considerations contribute to make the relevant power of the
association between rs2133450 genotype and early improvement
in Emsley’s positive domain less surprising. For example,
the dimensional approach clusters relatively homogeneous
domains of psychopathology and thus should offer improved
protection against confounding effects of symptom-specific
differences in response to antipsychotics. Also the reduction of
the follow-up to 2 weeks and rigorous control of medication
adherence should have contributed to zero occurrence of early
withdrawals and thus prevented distortions related to imputation
of missing data, bypassing the limits of representativeness typical
of special populations generated by early exclusion of the less
improved and/or the more intolerant patients. Being primarily
based on the results of previous cycles of therapies with
antipsychotics, the treating physician’s decision to initiate
risperidone might also have led to the selection of a special
GWAS population. However, the major influence on the
magnitude of the association between rs2133450 and early

© 2017 Macmillan Publishers Limited, part of Springer Nature.
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Table 2. GEAR-RisGW: GRM7 SNPs associated (FDR < 0.05 ) with 2-week change in Emsley’s positive dimension

SNP Position dd Dd DD Regression P FDR?
Average N Average N Average N

rs2133450 Chr3: 7,336,452 -3.68 25 -7.52 33 —-9.89 28 433x1078 0.02

rs12637466 Chr3: 7,321,909 -3.24 21 —-7.40 35 -9.76 29 1.25%x1077 0.02

rs6766479 Chr3: 7,324,186 —-3.58 24 -7.79 33 -9.77 26 263%1077 0.03

rs41412146 Chr3: 7,341,024 -3.80 25 —-7.66 32 —-9.64 28 3.13x1077 0.03

rs1400165 Chr3: 7,268,362 -3.26 19 -735 34 —-9.58 31 536x10°7 0.04

Abbreviations: FDR, false discovery rate; GEAR, genes and early antipsychotic response; N, number of subjects; SNP, single-nucleotide polymorphism. Average
symptom improvement measured as differences between scores after 2 weeks of treatment and the baseline values: dd, rare homozygous genotype; Dd,
heterozygous genotype; and DD, most frequent homozygous genotype. “Higlighted in bold is SNP with a significant association.

Table 3. GEAR-RisGW: P-values from univariate analysis of variance for rs2133450 SNP (genotype model)®

rs2133450 genotypes Mean symptom improvement (s.d.)° Genotype P-value
AA (N=35) AC (N=42) CC (N=29)

PANSS total —31.74 (13.44) —24.33 (11.44) —18.17 (10.25) 1.84%x107°
PANSS-positive subscale —10.60 (5.15) —9.24 (4.03) —5.90 (4.54) 1.70x107°
PANSS negative subscale -5.31 (3.71) -3.17 (3.39) —3.10 (2.09) 0.0111
PANSS general subscale —15.83 (7.80) —-11.93 (6.62) —9.17 (6.00) 0.0002
Emsley’s positive factor —9.80 (5.30) —8.07 (4.39) -4.14 (3.79) 1.13%107°
Emsley’s negative factor —6.80 (4.25) —3.93 (3.86) —-4.17 (2.75) 0.0049
Emsley’s disorganized factor —3.49 (2.66) —2.69 (2.18) —-2.62 (2.30) 0.1147
Emsley’s excited factor —6.40 (3.85) —5.12 (2.98) —4.14 (3.56) 0.0036
Emsley’s motor factor —1.00 (1.35) -045 (1.17) -0.45 (0.87) 0.1517
Emsley’s depression factor —0.49 (1.07) —0.55 (1.15) —0.24 (0.97) 0.8899
Emsley’s anxiety factor —-3.77 (2.21) —3.52 (2.54) -241 (2.41) 0.0134

Abbreviations: GEAR, genes and early antipsychotic response; PANSS, positive and negative syndrome scale; SNP, single-nucleotide polymorphism. *Covariates
appearing in the model are Subtype and TO outcome . "Mean symptom improvement measured as differences between scores after 2 weeks of treatment and
the baseline values.

Table 4. Effect of rs2133450 SNP genotype on 9-month symptom improvement in ‘European only’ CATIE patients randomized to risperidone: linear
mixed model results relative to Emsley’s domains of psychopathology

Emsley’s PANSS-derived dimensions

Positive Negative Disorganized Excited Motor Depressive Anxiety

Estimate  P-value  Estimate P-value Estimate P-value Estimate  P-value  Estimate P-value Estimate P-value Estimate  P-value

Intercept 3922 0.008 5017  0.001 3623 229 x107% 2133 0.000 0.944  0.007 1513 0.007 2457 313 %1074
AC genotype® 1668  0.098 2064 0071 -0.115  0.860 1.087  0.032 0517  0.104 0529 0214 0472 0284
CC genotype® 2346  0.044 1218 0.349 0.608 0416 1.609  0.006 0345  0.340 0971  0.047 0336  0.503
Time® -0574  0.038 0032 0928 -0.107 0463 -0227  0.055 0.019 0819 -0255 0003 -0.148 0212
Side effects® 0.921 0.429 0201  0.863 0.165  0.828 0726  0.195 0.062  0.857 0481  0.405 0.871  0.145
Baseline —0.420 2.57x107 ' -0.368 2.88x107° —0.404 3.83x107° —0.540 5.06x 10" "> —0.376 3.97x107° —-0484 2.04x10"% —0.465 6.87x10~°
AC * time® 0512  0.158 -0.140 0763  —-0205  0.295 0260  0.099 0.014  0.897 0.063 0575 0.066  0.676
CC * time® 0.581 0.164 -0.117 0827 0.109  0.627 0412 0.025 -0.034 0787 0.097 0453 0.136 0453

Abbreviations: CATIE, clinical antipsychotic trials of intervention effectiveness; PANSS, positive and negative syndrome scale; SNP, single-nucleotide
polymorphism. 2Vs AA genotype. PVisit occurrence coded as time elapsed (days) from the baseline visit. “Side effects coded as yes (any unacceptable effect
present) or no. “Interaction term for genotype and time.

improvement in Emsley’s positive domain plausibly resides in Whether rs2133450 is a response marker with drug or class
placing the study end point at 2 weeks; studies on the specificity is an unanswered question because the GWAS and the
trajectories of response to antipsychotic medications are in confirmatory analysis only challenged risperidone. Therefore,
agreement that rapid responders may represent a specific generalization of the current results to patients with schizophrenia
endophenotype.'*2%7>78 treated with other antipsychotics is not possible.
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Table 5. Effect of rs2133450 genotype on 9-month symptom improvement in ‘European only’ CATIE patients randomized to risperidone: linear
mixed model results relative to total PANSS, and positive, negative and general PANSS subscales
PANSS
Total scale Positive subscale Negative subscale General subscale
Estimate P-value Estimate P-value Estimate P-value Estimate P-value

(Intercept) 10.458 0.055 2.965 0.046 6.203 0.000 0.813 0.087

AC Genotype® 6.451 0.046 2.032 0.058 1.330 0.222 2.984 0.050

CC Genotype?® 7.816 0.035 2.550 0.037 0.682 0.582 4471 0.011
Time —-1.083 0.201 —-0.537 0.050 —-0.007 0.980 -0.679 0.088
Side Effects® 2.573 0.433 0.387 0.739 —0.069 0.952 2.380 0.174
Baseline -0.300 5.16x107° -0.381 527x1078 -0.391 9.33x107'° -0.310 825x107°
AC * time® 0.568 0.612 0.490 0.174 —-0.209 0.594 0.275 0.600

CC * time 1.231 0.342 0.683 0.102 —0.089 0.844 0.664 0.273
Abbreviations: CATIE, clinical antipsychotic trials of intervention effectiveness; PANSS, positive and negative syndrome scale. Vs AA genotype. PVisit occurence
coded as time elapsed (days) from the baseline visit. “Side effects coded as yes (any unacceptable effect present) or no. “Interaction term for genotype
and time.

The pathways underlying the association between the
rs2133450 CC genotype and poor response to risperidone remain
substantially undefined. Metabotropic receptors are peripheral to
the direct targets of risperidone action and none of the imputed
SNPs inside the LD block mapping rs2133450 is an encoding

McEvoy, MD. The CATIE trial was funded by a grant from the NIMH (NO1 MH900001)
along with MH074027 (principal investigator PF Sullivan). Genotyping was funded by
Eli Lilly and Company.

variant. However, the Regulome database supported some  REFERENCES
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some clues for generating hypotheses (Supplementary Table 2).

The current results indicate that the moderating effect of
rs2133450 on the response to risperidone is consistent and
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untouched issues are required before conclusions can be drawn
on the translational relevance of the SNP as a predictor of the
short- to medium-term efficacy of risperidone and a biomarker of
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size of the association between the CC genotype and a poor early
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to a quantitative hierarchical level of evidence schema, the sum
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biomarkers.2

CONFLICT OF INTEREST

In the past 3 years, ES has received funding for research, advisory board membership
and sponsored lectures from the following private companies: Angelini, Chiesi,
Content Rd Net srl, EDRA LSWR, Eli Lilly, Health and Publishing Services srl, Janssen-
Cilag, Lundbeck, McCann, Otsuka, Pfizer, Roche, Servier, Stroder, Sunovion, Takeda
and Valeas. He is not a shareholder in any of these corporations. In the past 3 years,
AV has received funding for research, advisory board membership and sponsored
lectures from Astra Zeneca Pharmaceuticals, Eli Lilly, Janssen-Cilag, Lundbeck, Pfizer,
Otsuka, Sanofi and Stroder. He is not a shareholder in any of these corporations. PV
has received funding for research and sponsored lectures from Abbott, AstraZeneca,
Boehringer Ingelheim, Bristol-Myers Squibb, Eli Lilly, Innova Pharma, Janssen-Cilag,
Lundbeck, Otsuka, Pfizer and Wyeth Lederle. He is not a shareholder in any of these
corporations. The authors declare no conflicts of interest.

ACKNOWLEDGMENTS

Funding for this study was partially provided by Project No. 153 of the Health
Authority of Regione Lombardia. The CATIE-derived confirmatory analysis was
possible thanks to the National Institute of Mental Health (NIMH), which provided
access to the clinical and genetic data of the CATIE (Clinical Antipsychotic Trials of
Intervention Effectiveness) study to Massimo Gennarelli. The principal investigators of
the CATIE trial were Jeffrey A Lieberman, MD, T Scott Stroup, MD, MPH and Joseph P

The Pharmacogenomics Journal (2017), 146-154

A meta-analysis of head-to-head comparisons of second-generation anti-
psychotics in the treatment of schizophrenia. Am J Psychiatry 2009A; 166:
152-163.

Leucht S, Davis JM. Are all antipsychotic drugs the same? Br J Psychiatry 2011; 199:

269-271.

4 Leucht S, Cipriani A, Spineli L, Mavridis D, Orey D, Richter F et al. Comparative

efficacy and tolerability of 15 antipsychotic drugs in schizophrenia: a multiple-

treatments meta-analysis. Lancet 2013; 382: 951-962.

Kirchheiner J, Nickchen K, Bauer M, Wong ML, Licinio J, Roots | et al. Pharmaco-

genetics of antidepressants and antipsychotics: the contribution of allelic varia-

tions to the phenotype of drug response. Mol Psychiatry 2004; 9: 442-473.

6 Kirchheiner J, Fuhr U, Brockmdller J. Pharmacogenetics-based therapeutic

recommendations--ready for clinical practice? Nat Rev Drug Discov 2005; 4:

639-647.

Stingl JC, Brockmoller J, Viviani R. Genetic variability of drug-metabolizing

enzymes: the dual impact on psychiatric therapy and regulation of brain function.

Mol Psychiatry 2013; 18: 273-287.

8 Prata D, Mechelli A, Kapur S. Clinically meaningful biomarkers for psychosis: a
systematic and quantitative review. Neurosci Biobehav Rev 2014; 45C: 134-141.

9 Ascher-Svanum H, Nyhuis AW, Faries DE, Kinon BJ, Baker RW, Shekhar A. Clinical,
functional, and economic ramifications of early nonresponse to antipsychotics in
the naturalistic treatment of schizophrenia. Schizophr Bull 2008; 34: 1163-1171.

10 Correll CU, Malhotra AK, Kaushik S, McMeniman M, Kane JM. Early prediction of
antipsychotic response in schizophrenia. Am J Psychiatry 2003; 160: 2063-2065.

11 Kinon BJ, Chen L, Ascher-Svanum H, Stauffer VL, Kollack-Walker S, Sniadecki JL
et al. Predicting response to atypical antipsychotics based on early response in
the treatment of schizophrenia. Schizophr Res 2008; 102: 230-240.

12 Kinon BJ, Chen L, Ascher-Svanum H, Stauffer VL, Kollack-Walker S, Zhou W et al.
Early response to antipsychotic drug therapy as a clinical marker of subsequent
response in the treatment of schizophrenia. Neuropsychopharmacology 2010; 35:
581-590.

13 Kinon BJ, Chen L, Stauffer VL, Sniadecki J, Ascher-Svanum H, Kollack-Walker S
et al. Early onset of antipsychotic action in schizophrenia: evaluating the possi-
bility of shorter acute efficacy trials. J Clin Psychopharmacol 2010; 30: 286-289.

14 Levine SZ, Leucht S. Elaboration on the early-onset hypothesis of antipsychotic
drug action: treatment response trajectories. Biol Psychiatry 2010; 68: 86-92.

15 Leucht S, Busch R, Kissling W, Kane JM. Early prediction of antipsychotic non-
response among patients with schizophrenia. J Clin Psychiatry 2007; 68: 352-360.

16 Leucht S, Kissling W, Davis JM. How to read and understand and use systematic
reviews and meta-analyses. Acta Psychiatr Scand 2009; 119: 443-450.

w

v

~

© 2017 Macmillan Publishers Limited, part of Springer Nature.



2

o

2

2

N

2

w

2

i

25

26

27

28

2

O

3

o

3

=

32

33

34

3

(%}

3

(o))

37

38

39

Leucht S, Zhao J. Early improvement as a predictor of treatment response and
remission in patients with schizophrenia: a pooled, post-hoc analysis from the
asenapine development program. J Psychopharmacol 2014; 28: 387-394.
O'Gorman C, Kapur S, Kolluri S, Kane J. Early improvement on antipsychotic
treatment as a predictor of subsequent response in schizophrenia: analyses from
ziprasidone clinical studies. Hum Psychopharmacol Clin Exp 2011; 26: 282-290.
Rabinowitz J, Werbeloff N, Caers |, Mandel FS, Stauffer V, Ménard F et al. Deter-
minants of antipsychotic response in schizophrenia: implications for practice and
future clinical trials. J Clin Psychiatry 2014; 75: e308-e316.

Ruberg SJ, Chen L, Stauffer V, Ascher-Svanum H, Kollack-Walker S, Conley RR et al.
Identification of early changes in specific symptoms that predict longer-term
response to atypical antipsychotics in the treatment of patients with schizo-
phrenia. BMC Psychiatry 2011; 11: 23.

Schennach-Wolff R, Meyer S, Seemdiller F, Jiger M, Schmauss M, Laux G et al.
Influencing factors and predictors of early improvement in the acute treatment of
schizophrenia and schizophrenia spectrum disorder. J Psychiatr Res 2011; 45:
1639-1647.

Stauffer VL, Case M, Kinon BJ, Conley R, Ascher-Svanum H, Kollack-Walker S et al.
Early response to antipsychotic therapy as a clinical marker of subsequent
response in the treatment of patients with first-episode psychosis. Psychiatry Res
2011; 187: 42-48.

Barnes TR. Schizophrenia Consensus Group of British Association for Psycho-
pharmacology. Evidence-based guidelines for the pharmacological treatment of
schizophrenia: recommendations from the British Association for Psycho-
pharmacology. J Psychopharmacol 2011; 25: 567-620.

Falkai P, Wobrock T, Lieberman J, Glenthoj B, Gattaz WF, Méller HJ. WFSBP Task
Force on Treatment Guidelines for Schizophrenia. World Federation of Societies of
Biological Psychiatry (WFSBP) guidelines for biological treatment of schizo-
phrenia, Part 1: acute treatment of schizophrenia. World J Biol Psychiatry 2005; 6:
132-191.

Lehman AF, Lieberman JA, Dixon LB, McGlashan TH, Miller AL, Perkins DO et al.
American Psychiatric AssociationSteering Committee on Practice Guidelines.
Practice guideline for the treatment of patients with schizophrenia, second edi-
tion. Am J Psychiatry 2004; 161: 1-56.

Agid O, Kapur S, Arenovich T, Zipursky RB. Delayed-onset hypothesis of anti-
psychotic action: a hypothesis tested and rejected. Arch Gen Psychiatry 2003; 60:
1228-1235.

Kapur S, Arenovich T, Agid O, Zipursky R, Lindborg S, Jones B. Evidence for onset
of antipsychotic effects within the first 24 hours of treatment. Am J Psychiatry
2005; 162: 939-946.

Leucht S, Busch R, Hamann J, Kissling W, Kane JM. Early-onset hypothesis of
antipsychotic drug action: a hypothesis tested, confirmed and extended. Biol
Psychiatry 2005; 57: 1543-1549.

Arranz MJ, de Leon J. Pharmacogenetics and pharmacogenomics of schizo-
phrenia: a review of last decade of research. Mol Psychiatry 2007; 12: 707-747.
Arranz MJ, Rivera M, Munro JC. Pharmacogenetics of response to antipsychotics in
patients with schizophrenia. CNS Drugs 2011; 25: 933-969.

Llerena A, Berecz R, Pefas-Lledd E, Sliveges A, Farifas H. Pharmacogenetics of
clinical response to risperidone. Pharmacogenomics 2013; 14: 177-194.

Xu Q, Wu X, Xiong Y, Xing Q, He L, Qin S. Pharmacogenomics can improve
antipsychotic treatment in schizophrenia. Front Med 2013; 7: 180-190.

Zhang JP, Malhotra AK. Pharmacogenetics and antipsychotics: therapeutic effi-
cacy and side effects prediction. Expert Opin Drug Metab Toxicol 2011; 7: 9-37.
Miyamoto S, Duncan GE, Marx CE, Lieberman JA. Treatments for schizophrenia: a
critical review of pharmacology and mechanisms of action of antipsychotic drugs.
Mol Psychiatry 2005; 10: 79-104.

Kakihara S, Yoshimura R, Shinkai K, Matsumoto C, Goto M, Kaji K et al. Prediction
of response to risperidone treatment with respect to plasma concentrations of
risperidone, catecholamine metabolites, and polymorphism of cytochrome
P450 2D6. Int Clin Psychopharmacol 2005; 20: 71-78.

Kastelic M, Koprivsek J, Plesnicar BK, Serretti A, Mandelli L, Locatelli | et al. MDR1
gene polymorphisms and response to acute risperidone treatment. Prog
Neuropsychopharmacol Biol Psychiatry 2010; 34: 387-392.

Suzuki A, Mihara K, Kondo T, Tanaka O, Nagashima U, Otani K et al. The rela-
tionship between dopamine D2 receptor polymorphism at the Taq1 A locus and
therapeutic response tonemonapride, a selective dopamine antagonist, in schi-
zophrenic patients. Pharmacogenetics 2000; 10: 335-341.

Suzuki A, Kondo T, Mihara K, Yasui-Furukori N, Otani K, Furukori H et al. Asso-
ciation between Taql A dopamine D2 receptor polymorphism and therapeutic
response to bromperidol: a preliminary report. Eur Arch Psychiatry Clin Neurosci
2001; 251: 57-59.

Russo M, Levine SZ, Demjaha A, Di Forti M, Bonaccorso S, Fearon P et al. Asso-
ciation between symptom dimensions and categorical diagnoses of psychosis: a
cross-sectional and longitudinal investigation. Schizophr Bull 2014; 40: 111-119.

© 2017 Macmillan Publishers Limited, part of Springer Nature.

The GRM7 gene and early response to risperidone
E Sacchetti et al

40

4

42

43

a4

45

46

47

48

49

50

5

52

53

54

55

56

57

58

59

60

6

6.

N

6.

w

64

6

v

66

Marques TR, Levine SZ, Reichenberg A, Kahn R, Derks EM, Fleischhacker WW et al.
How antipsychotics impact the different dimensions of Schizophrenia: a test of
competing hypotheses. Eur Neuropsychopharmacol 2014; 24: 1279-1288.
Sullivan PF, Lin D, Tzeng JY, van den Oord E, Perkins D, Stroup TS et al. Geno-
mewide association for schizophrenia in the CATIE study: results of stage 1. Mol
Psychiatry 2008; 13: 570-584.

Magri C, Sacchetti E, Traversa M, Valsecchi P, Gardella R, Bonvicini C et al. New
copy number variations in schizophrenia. PLoS ONE 2010; 5: e13422.

Guy W. The Clinical Global Impression Scale. ECDEU Assessment Manual for
Psychopharmacology-Revised. DHHS Publication No. ADM 91-338. US Depart-
ment of Health and Human Services: Rockville, MD, 1976, pp 218-222.
American Psychiatric Association. Diagnostic and Statistical Manual of Mental
DisordersFourth EditionText Revision (DSM-IV-TR). American Psychiatric Associa-
tion: Washington, DC, 2000.

Sacchetti E, Bocchio-Chiavetto L, Valsecchi P, Scassellati C, Pasqualetti P, Bonvicini
C et al. G308A tumor necrosis factor alpha functional polymorphism and schi-
zophrenia risk: meta-analysis plus association study. Brain Behav Immun 2007; 21:
450-457.

First M, Spitzer R, Gibbon M, Williams J. Structured Clinical Interview for DSM-IV Axis
| Disorders, Clinician Version (SCID-CV). American Psychiatric Press: Washington,
DC, 1996.

Kay SR, Fiszbein A, Opler LA. The Positive and Negative Syndrome Scale (PANSS)
for schizophrenia. Schizophr Bull 1987; 132: 261-276.

Lindenmayer JP, Kay SR, Opler L. Positive and negative subtypes in acute schi-
zophrenia. Compr Psychiatry 1984; 25: 455-464.

Opler LA, Kay SR, Rosado V, Lindenmayer JP. Positive and negative syndromes in
chronic schizophrenic inpatients. J Nerv Ment Dis 1984; 172: 317-325.
Osterberg L, Blaschke T. Adherence to medication. N Engl J Med 2005; 353:
487-497.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. Fifth Edition (DSM-V). American Psychiatric Association: Arlington, VA,
2013.

Emsley R, Rabinowitz J, Torreman M. RIS-INT-35 Early Psychosis Global Working
Group. The factor structure for the Positive and Negative Syndrome Scale (PANSS)
in recent-onset psychosis. Schizophr Res 2003; 61: 47-57.

Obermeier M, Mayr A, Schennach-Wolff R, Seemiiller F, Moller HJ, Riedel M.
Should the PANSS be rescaled? Schizophr Bull 2010; 36: 455-460.

Leucht S, Davis JM, Engel RR, Kane JM, Wagenpfeil S. Defining 'response’ in
antipsychotic drug trials: recommendations for the use of scale-derived cutoffs.
Neuropsychopharmacology 2007; 32: 1903-1910.

Leucht S, Kissling W, Davis JM. The PANSS should be rescaled. Schizophr Bull 2010;
36: 461-462.

Browning SR, Browning BL. Rapid and accurate haplotype phasing and missing-
data inference for whole-genome association studies by use of localized haplo-
type clustering. Am J Hum Genet 2007; 81: 1084-1097.

Boyle AP, Hong EL, Hariharan M, Cheng Y, Schaub MA, Kasowski M et al. Anno-
tation of functional variation in personal genomes using RegulomeDB. Genome
Res 2012; 22: 1790-1797.

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power
3.1: Tests for correlation and regression analyses. Behav Res Methods 2009; 41:
1149-1160.

R_Core_Team. R: A Language and Environment for Statistical Computing. R Foun-
dation for Statistical Computing: Vienna, Austria, 2014.

Bates D, Maechler M, Bolker B, Walker S. Linear Mixed-Effects Models Using
Eigen and S4. R package version 2014; 1: 1-6.

Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest: Tests for Random and
Fixed Effects for Linear Mixed Effect Models (Imer Objects of Ime4 Package).
R package version 2.0-6, 2014.

Sacchetti E, Vita A. Poor adherence to antipsychotic medications in people with
schizophrenia: diffusion, consequences and contributing factors. In: Sacchetti E,
Vita A, Siracusano A, Fleischhacker W (eds). Adherence to Antipsychotics in Schi-
zophrenia. Springer: Milan, 2014 pp 1-84.

Nasrallah HA, Silva R, Phillips D, Cucchiaro J, Hsu J, Xu J et al. Lurasidone for the
treatment of acutely psychotic patients with schizophrenia: a 6-week, rando-
mized, placebo-controlled study. J Psychiatr Res 2013; 47: 670-677.

Ogasa M, Kimura T, Nakamura M, Guarino J. Lurasidone in the treatment of
schizophrenia: a 6-week, placebo-controlled study. Psychopharmacology (Berl)
2013; 225: 519-530.

Lieberman JA, Stroup TS, McEvoy JP, Swartz MS, Rosenheck RA, Perkins DO et al.
Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) Investigators.
Effectiveness of antipsychotic drugs in patients with chronic schizophrenia. N Eng/
J Med 2005; 353: 1209-1223.

Cherlyn SY, Woon PS, Liu JJ, Ong WY, Tsai GC, Sim K. Genetic association studies
of glutamate, GABA and related genes in schizophrenia and bipolar disorder:
a decade of advance. Neurosci Biobehav Rev 2010; 34: 958-977.

The Pharmacogenomics Journal (2017), 146-154

153



The GRM7 gene and early response to risperidone
E Sacchetti et al

154

67

6

<]

69

70

7

7

N

7

w

74

Shibata H, Tani A, Chikuhara T, Kikuta R, Sakai M, Ninomiya H et al. Association
study of polymorphisms in the group Ill metabotropic glutamate receptor genes,
GRM4 and GRM7, with schizophrenia. Psychiatry Res 2009; 167: 88-96.

Ohtsuki T, Koga M, Ishiguro H, Horiuchi Y, Arai M, Niizato K et al. A polymorphism
of the metabotropic glutamate receptor mGluR7 (GRM7) gene is associated with
schizophrenia. Schizophr Res 2008; 101: 9-16.

Ganda C, Schwab SG, Amir N, Heriani H, Irmansyah |, Kusumawardhani A et al. A
family-based association study of DNA sequence variants in GRM7 with schizo-
phrenia in an Indonesian population. Int J Neuropsychopharmacol 2009; 12:
1283-1289.

Ghose GH, Gleason K, Shukla A. Altered expression of metabotropic glutamate
receptor proteins in frontostriatal regions in schizophrenia. Schizophr Bull 2011;
37: 190.

Need AC, Keefe RS, Ge D, Grossman |, Dickson S, McEvoy JP et al. Pharmacoge-
netics of antipsychotic response in the CATIE trial: a candidate gene analysis. Eur J
Hum Genet 2009; 17: 946-957.

McClay JL, Adkins DE, Aberg K, Stroup S, Perkins DO, Vladimirov VI et al. Genome-
wide pharmacogenomic analysis of response to treatment with antipsychotics.
Mol Psychiatry 2011; 16: 76-85.

Levine SZ, Leucht S. Delayed- and early-onset hypotheses of antipsychotic drug
action in the negative symptoms of schizophrenia. Eur Neuropsychopharmacol
2012; 22: 812-817.

Leucht S, Arbter D, Engel RR, Kissling W, Davis JM. How effective are second-
generation antipsychotic drugs? A meta-analysis of placebo-controlled trials. Mol
Psychiatry 2009; 14: 429-447.

75

76

7

~

78

79

80

8

=

82

Case M, Stauffer VL, Ascher-Svanum H, Conley R, Kapur S, Kane JM et al.
The heterogeneity of antipsychotic response in the treatment of schizophrenia.
Psychol Med 2011; 41: 1291-1300.

Levine SZ, Leucht S. Early symptom response to antipsychotic medication as a
marker of subsequent symptom change: an eighteen-month follow-up study of
recent episode schizophrenia. Schizophr Res 2012; 141: 168-172.

Marques TR, Arenovich T, Agid O, Sajeev G, Muthén B, Chen L et al. The different
trajectories of antipsychotic response: antipsychotics versus placebo. Psychol Med
2011; 41: 1481-1488.

Stauffer V, Case M, Kollack-Walker S, Ascher-Svanum H, Ball T, Kapur S et al.
Trajectories of response to treatment with atypical antipsychotic medication
in patients with schizophrenia pooled from 6 double-blind, randomized
clinical trials. Schizophr Res 2011; 130: 11-19.

Zhou R, Yuan P, Wang Y, Hunsberger JG, Elkahloun A, Wei Y et al. Evidence for
selective microRNAs and their effectors as common long-term targets for the
actions of mood stabilizers. Neuropsychopharmacology 2009; 34: 1395-1405.
Palucha-Poniewiera A, Ktodziriska A, Stachowicz K, Tokarski K, Hess G, Schann S
et al. Peripheral administration of group Il mGlu receptor agonist ACPT-I exerts
potential antipsychotic effects in rodents. Neuropharmacology 2008; 55: 517-524.
Wieronska JM, Stachowicz K, Acher F, Lech T, Pilc A. Opposing efficacy of group Ill
mGlu receptor activators, LSP1-2111 and AMNO082, in animal models of positive
symptoms of schizophrenia. Psychopharmacology 2012; 220: 481-494.

De Rover M, Meye FJ, Ramakers GMJ. Presynaptic metabotropic glutamate
receptors regulate glutamatergic input to dopamine neurons in the ventral
tegmental area. Neuroscience 2008; 154: 1318-1323.

Supplementary Information accompanies the paper on the The Pharmacogenomics Journal website (http://www.nature.com/tpj)

The Pharmacogenomics Journal (2017), 146-154

© 2017 Macmillan Publishers Limited, part of Springer Nature.



	The GRM7 gene, early response to risperidone, and schizophrenia: a genome-wide association study and a confirmatory pharmacogenetic analysis
	Introduction
	Materials and methods
	The GEAR-RisGW pharmacogenomic trial
	Study design
	Subjects
	Treatments
	Assessments
	Efficacy measures
	SNP array genotyping
	Quality controls of the structure of the population
	Genotype imputation and bioinformatics analyses
	Real-time analysis

	CATIE-derived confirmatory analysis
	Statistical plan
	GWAS
	CATIE-derived extrapolation analyses


	Results
	GEAR-RisGW pharmacogenomic study
	CATIE-derived confirmatory analysis

	Discussion
	Acknowledgements
	Note
	References




