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The arithmetic processing device according to claim 1, wherein the branch 92%

instruction processing unit includes: a branch instruction queue in which an O
entry of an input branch instruction is generated; and a second branch

iction determination circuit that performs the second branch

tion determination on a head branch instruction of the branch

instruction queue.

An arithmetic processing apparatus comprising: an arithmetic and logic unit | 50%
that executes an instruction; and a cache unit including a cache memory that [ J
stores a part of data of a first main memory and a part of data of a second

main memory having a band wider than that of the first main memory by

data access of continuous addresses of a predetermined capacity or more,

and a cache control unit that reads data in the cache memory in response to

a memory request from the arithmetic and logic unit and responds to a

memory request source.

The arithmetic processing device according to claim 1, wherein the first 83%
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The arithmetic processing device according to claim 4, wherein the first level | 72%
cache control unit executes access control to the first level cache memory for |[J
the memory access instruction issued from the memory access queue, and

when the memory access instruction issued from the memory access queue

is in the first case and further in the second case, if the speculation flag is

valid, the first level cache control unit does not issue the memory access
instruction from the memory access queue until the speculation flag is

invalidated in response to the branch decision notification.
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The arithmetic processing unit according to claim 1, wherein the branch 92%
instruction processing unit includes: a branch instruction queue in which an J
entry of an input branch instruction is generated; and a second branch
misprediction determination circuit that performs the second branch

misprediction determination on a head branch instruction of the branch
instruction queue.

An arithmetic processing unit comprising: an arithmetic and logic part that 50%

executes an instruction; and a cache unit including a cache memory that J
stores a part of data of a first main memory and a part of data of a second

main memory having a band wider than that of the first main memory by data
access of continuous addresses of a predetermined capacity or more, and a

cache control part that reads data in the cache memory in response to a

memory request from the arithmetic and logic part and responds to a memory
request source.

The arithmetic processing unit according to claim 1, wherein the first weight 83%
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The arithmetic processing unit according to claim 4, wherein the first level 72%

cache control part executes access control to the first level cache memory for | [J
the memory access instruction issued from the memory access queue, and

when the memory access instruction issued from the memory access queue is

in the first case and further in the second case, if the speculation flag is valid,

the first level cache control part does not issue the memory access instruction

from the memory access queue until the speculation flag is invalidated in

response to the branch decision notification.
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Schizophrenia Polygenic Risk Score as a Predictor of
Antipsychotic Efficacy in First-Episode Psychosis¢

Jian-Ping Zhang, M.D., Ph.D., Delbert Robinson, M.D., Jin Yu, M.S., Juan Gallego, W. Wolfgang Fleischhacker, M.D.,
Rene S. Kahn, M.D., Benedicto Crespo-Facorro, M.D., Javier Vazquez-Bourgon, M.D., John M. Kane, M.D. ¢

Anil K. Malhotra, M.D., Todd Lencz, Ph.D.<

Objective: Pharmacogenomic studies of antipsychotics have
typically examined effects of individual polymorphisms. By
contrast, polygenic risk scores (PRSs) derived from genome-
wide association studies (GWAS) can quantify the influence
of thousands of common alleles of small effect in a single
measure. The authors examined whether PRSs for s¢hizo-
phrenia were predictive of antipsychotic efficacy in fourin-
dependent cohorts of patients with first-episode psychosis
{total N=510).<

Method: All study subjects received initial treatment with
antipsychotic medication for first-episode psychosis, and
all were genotyped on standard single-nucleotide poly-
morphism (SNP) arrays imputed to the 1000 Genomes
Projectreference panel. PRS was computed based onthe <
results of the large-scale schizophrenia GWAS reported
by the Psychiatric Genomics Consortium. Symptoms were
measured by using total symptom rating scales at base-
line and at week 12 or at the last follow-up visit before <
dropout <

Geneticsusceptibility to schizophreniais highly polygenic,
including many associated loci of small effect (1, 2). Al-
though individual risk alleles may convey an odds ratio of~
1.12or lower, the combination of all such effects across the
genome holdssubstantial explanatorypower. Forexample,
any individual can be characterized by a polygenic risk
score (PRS), representing the total number of risk alleleshe
or she carries, weighted by the odds ratio associated with
each allele as derived from previous genome-wide asso-
ciation study (GWAS) findings (3, 4). Although a high PRS
for schizophrenia is not deterministic, PRSs derived from
the Psychiatric Genomics Consortium (1) account for ap-
proximately 7% of variation in the risk for schizophrenia
(as measured on the liability scale [5]), with about half of
that variance accounted for by the top (genome-wide
significant) loci. Additionally, individuals scoring in the
top decile are approximately 15 times more likely to¢

Results: In the discovery cohort, higher PRS significantly
predicted higher symptom scores at the 12-week follow-up
(controlling for baseline symptoms, sex, age, and ethnicity).
The PRS threshold set at a p value ,0.01 gave the strongest
result in the discovery cohort and was used to replicate the
findings in the other three cohorts. Higher PRS significantly
predicted greater posttreatment symptoms in the combined
replication analysis and was individually significant in two of
the three replication cohorts. Across the four cohorts, PRS
was significantly predictive of adjusted 12-week symptom
scores (pooled partialr=0.18; 3.24% ofvariance explained).
Patients with low PRS were more likely to be treatment re-
sponders than patients with high PRS (odds ratio=1.91inthe
two Caucasian samples).<

Conclusions: Patients with higher PRS for schizophrenia tended
to have less improvement with anfipsychotic drug treatment.
PRS burden may have potential utility as a prognostic biomarker.«

Am J Psychiatry 2019; 176:21-28; dgi; 10.1176/appi ajp 2018 17121363¢

manifest the illness compared with those in the bottom
decile (1).¢

Given the explanatory power of PRS for susceptibility to
schizophrenia, it is reasonable to ask whether these scores
can be informative regarding clinical heterogeneity within
thedisorder (2). For example, while antipsychotic drugs are
the mainstay therapy for schizophrenia (6, 7), up to 30%2
40% of patients do not respond to antipsychotic treatment
(8), and many patients discontinue their mefdications due
to lack of efficacy (9). There is currently a paucity of clini-
cally informative biomarkers, and pharmacogenomics is one
approach to identifying predictors of treatment response
(10). To date, candidate-gene studies and a small number
of GWAS have had limited success in identifying genetic var-
iants replicably associated with antipsychotic treatment re-
sponse. Thus far, only two variants (at the DRD2 gene and the
COMT gene) have demonstrated consistent effects across<

See related features: Editorial by Dr. Weinberger (p. 3) and Video by Dr. Pine (online) -+

multiple cohorts as demonstrated by meta-analysis (11, 12).
Althoughpromising, their effectsizes arerelativelvsmall (odds
ratios, 1.54 and 1.37, respectively), and predictive power is
limited (13).¢

Givenpreviousfindingssuggestingthatafamilyhistoryof
schizophrenia may beassociated with poor clinical response
(14,15), patientswithhighergeneticburdenofschizophrenia
may have poorer clinical outcomes. Compared with candi-
date gene approaches, PRS methods may better capture the
full genomic underpinnings of illness and improve clinical
prediction, ashasbeen recently demonstrated with prostate
cancer, in which higher PRS was associated with more ag-
gressiveillness (16). Onerecent schizophrenia studyutilized
clinicallyassignedclozapinetherapyasaproxyfortreatment
resistance (by comparing patients treated with clozapine
with those who had never been prescribed clozapine) and
found that the PRS was significantly higher among patients
in the clozapine group compared with patients in the non-
clozapine group (17), although another study failed to rep-
licate the finding (18). However, both were cross-sectional
studies that can be affected by ascertainment bias and inac-
curaciesof classification. Forexample, asimilar cross-sectional
study providing evidence for a pharmacogenetic role for the
BDNFVal66Met variant (19) was not supported by subsequent
longitudinalstudies conducted inthe contextof clinical trials
(20). Furthermore, PRS may have additional advantages in
clinical prediction because it is a continuous variable that
can have different cutoffs that maximize predictive power,
whereasthe candidate geneapproach can compare only car-
riers with noncarriers. Moreover, its predictive power will
increase as the discovery sample becomes larger.«

Inthepresent study, weaimedtoinvestigate whether PRS
basedonthelarge-scale GWAS conducted bythe Psychiatric
Genomics Consortium (1) was predictive of antipsychotic
efficacy in patients with first-episode nonaffective psychosis.
There are several advantages of studying first-episode psv-
chosis, such as minimal or no previous drug exposure, in-
creased effect size of genotype-phenotype association (21),
and representation of the whole patient population compared
with chronic patient samples that may be subject to ascer-
tainmentbiases(22). Althoughonepreviousstudyexamined
PRSinrelation to clinical response to lurasidone in patients
with chronicschizophrenia (23), the presentstudyis the first
study, toourknowledge, tolongitudinally examine treatment
responseinpatientswith first-episode psychosis undergoing
initial treatment with antipsychotics.«

METHOD«

Participants«

Seventy-seven patients from the Zucker Hillside Hospital
First-Episode schizophrenia trial (ZHH-FE) (24) comprised
the discovery cohort. The patients were treated with either
risperidone or olanzapine for 16 weeks, and psychotic symp-
toms were assessed with the Schedule for Affective Disorders
and Schizophrenia, change version, with psychosis and«
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