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Abstract 

Background  It remains a challenge to predict the long-term response to antipsychotics in patients with schizophre-
nia who do not respond at an early stage. This study aimed to investigate the optimal predictive cut-off value for early 
non-response that would better predict later non-response to antipsychotics in patients with schizophrenia.

Methods  This multicenter, 8-week, open-label, randomized trial was conducted at 19 psychiatric centers through-
out China. All enrolled participants were assigned to olanzapine, risperidone, amisulpride, or aripiprazole mono-
therapy for 8 weeks. The positive and negative syndrome scale (PANSS) was evaluated at baseline, week 2, week 4, 
and week 8. The main outcome was the prediction of nonresponse. Nonresponse is defined as a < 20% reduction 
in the total scores of PANSS from baseline to endpoint. Severity ratings of mild, moderate, and severe illness corre-
sponded to baseline PANSS total scores of 58, 75, and 95, respectively.

Results  At week 2, a reduction of < 5% in the PANSS total score showed the highest total accuracy in the severe 
and mild schizophrenia patients (total accuracy, 75.0% and 80.8%, respectively), and patients who were treated 
with the risperidone and amisulpride groups (total accuracy, 82.4%, and 78.2%, respectively). A 10% decrease exhib-
ited the best overall accuracy in the moderate schizophrenia patients (total accuracy, 84.0%), olanzapine (total accu-
racy, 79.2%), and aripiprazole group (total accuracy, 77.4%). At week 4, the best predictive cut-off value was < 20%, 
regardless of the antipsychotic or severity of illness (total accuracy ranging from 89.8 to 92.1%).

Conclusions  Symptom reduction at week 2 has acceptable discrimination in predicting later non-response to antip-
sychotics in schizophrenia, and a more accurate predictive cut-off value should be determined according to the med-
ication regimen and baseline illness severity. The response to treatment during the next 2 weeks after week 2 could 
be further assessed to determine whether there is a need to change antipsychotic medication during the first four 
weeks.

Trial registration  This study was registered on Clinicaltrials.gov (NCT03451734).
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Background
Antipsychotic drugs are the main treatment method 
for schizophrenia. However, the effectiveness of this 
therapy in clinical practice is unsatisfactory; 19.8–66.9% 
of patients with schizophrenia do not or only partially 
respond to antipsychotic in 4–6 weeks [1]. The response 
is characterized by a clinically meaningful improvement 
in the patient’s clinical symptoms and is estimated by a 
percentage reduction of the initial total score (usually 
ranging from 20 to 50%) on symptom rating scales like 
the Positive and Negative Syndrome Scale (PANSS) [2]. 
It typically requires a period of treatment for clinicians 
to assess a patient’s response to antipsychotics. Although 
the initial response has been considered an important 
determinant of long-term prognosis in first-episode psy-
chosis, the timepoint to change antipsychotic medica-
tion, if the patients fail to have a good response, is still an 
unresolved clinical issue [3].

The assertions in treatment guidelines continue to be 
diverse and commonly lack sufficient supportive evi-
dence. The World Federation of Societies of Biological 
Psychiatry (WFBSP) gave a wide range of 2–8  weeks at 
the recommended dose before switching medication [4]. 
The National Institute for Health and Care Excellence 
(NICE) and the British Association of Psychiatry (BAP) 
suggest keeping antipsychotic medication therapy at the 
recommended dosage for 4–6 weeks [5, 6]. Some recent 
studies have found early non-response to antipsychotics 
(insufficient improvement seen within 2–4 weeks) could 
predict later non-response [7–9]. A diagnostic test meta-
analysis on individuals’ data by Samara et al. revealed that 
patients are unlikely to continue to improve if they get 
non-improvement by the second week of antipsychotic 
medication [10]. These studies, however, were not disag-
gregated by baseline severity status and antipsychotics.

Baseline severity of schizophrenia has been reported 
to influence the response to antipsychotics that patients 
with more severe initial symptoms tend to experience 
greater reductions in symptoms [11]. Some studies have 
indicated that initial symptom severity is a possible pre-
dictor of later changing in antipsychotics for patients 
with schizophrenia [12, 13]. Furthermore, the baseline 
severity of clinical symptoms was found to be one of the 
independent factors determining the specificity of early 
prediction of long-term nonresponse [10]. Yet, only a 
few studies have investigated whether early prediction 
of non-response varies in subgroups with different lev-
els of severity, and these results were inconsistent. One 
study found that in severely ill patients (Clinical Global 
Impression-Severity of Illness Scale, CGI-S ≥ 5 points), 
non-response at week 4, but not at week 2 was predictive 
for later non-response (< 25% reduction in PANSS total 
score or CGI-S < 2 points improvement) [14]. While in 

another study including patients who were at least mod-
erately ill (PANSS total score ≥ 75) at baseline, early non-
response (< 20% improvement in PANSS total score from 
baseline) at week 2 could robustly predict subsequent 
lack of response (< 40% reduction in PANSS total score) 
[15].

Besides the baseline severities of illness, the type of 
antipsychotics also plays a role in predicting early non-
response in subsequent treatment nonresponse. For 
instance, one study focusing on acute-phase schizophre-
nia with the definition of early response as a Clinical 
Global Impressions-Improvement Scale (CGI-I) ≤ 3 after 
2 weeks of treatment found that response to risperidone 
at 2  weeks can effectively predict long-term treatment 
response, whereas olanzapine required 4  weeks [16]. 
Another study using the PANSS to define non-respond-
ers (< 20% reduction rate) found that a 2-week response 
to risperidone effectively predicted 4-week and 6-week 
responses in patients with acute-phase schizophrenia 
[17]. Similar findings were obtained in two other studies 
that used regression analysis, which found that patients 
who received olanzapine needed more than 2 or 3 weeks 
to predict longer-term improvement (≥ 50% PANSS 
reduction rate) [18, 19]. A 6-week study including ado-
lescents with schizophrenia found that week 3 rather 
than week 2 improvement (≥ 20% PANSS reduction) was 
a better predictor of ultimate response to aripiprazole 
(≥ 40% PANSS reduction) [20].

In this study, we investigate whether early phase treat-
ment response on weeks 2 and 4 could predict therapeu-
tic outcome at week 8 using data from a large multicenter, 
open-label clinical trial. Secondly, we defined mild, mod-
erate, and severe schizophrenia by PANSS and aimed to 
investigate the optimum predictive cut-off value defining 
early non-response in subgroups with different baseline 
severities of illness. Thirdly, we investigate whether the 
cut-off value is consistent in different atypical antipsy-
chotic drugs (olanzapine, risperidone, amisulpride, and 
aripiprazole).

Methods
Participants
This study was a multicenter, 8-week, open-label, rand-
omized clinical trial conducted at 19 psychiatric centers 
throughout China and was registered on Clinicaltrials.
gov (NCT03451734). The full trial protocol, including 
sample size calculation, has been published previously 
[21]. The study was performed from January 23, 2018, to 
June 30, 2020. Antipsychotic monotherapy groups were 
determined using the random number table, and we 
anticipated that each group would have an equal distri-
bution. Ziprasidone and haloperidol groups mentioned 
in the registration were canceled in the actual trial owing 
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to the reduced funding compared with original budget. 
Thus, patients were  randomized to receive olanzapine, 
risperidone, aripiprazole, or amisulpride monotherapy 
for 8  weeks. Participants were stratified by baseline ill-
ness severity. We followed the interpretive guides for 
the PANSS total scores and linked these scores with the 
clinical global impression ratings using the anchor-based 
approach: mild, moderate, and severe schizophrenia have 
58–75, 76–95, and no less than 95 on the total score of 
PANSS respectively [22]. Besides, we followed the Con-
solidated Standards of Reporting Trials (CONSORT) 
guidelines to improve the quality of our reporting [23]. 
The supporting CONSORT checklist is available as sup-
plemental information (Additional file  1: CONSORT 
checklist).

Participants met the following criteria: (1) aged 
18–65  years and meeting the criteria for schizophrenia 
(diagnosed by the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5) or International 
Classification of Diseases, Tenth Edition (ICD-10)); (2) 
experiencing a current episode of psychotic symptoms 
with a duration of illness less than 5  years; (3) with at 
least one guardian that accompanies the patient and 
supervises patients’ medications; and (4) who signed an 
informed consent form. The exclusion criteria for partici-
pants were as follows: (1) with serious physical illness; (2) 
with disorders such as alcohol or substance abuse, intel-
lectual disability, or other specific systemic diseases; (3) 
who are pregnant or breastfeeding; and (4) enrolled in 
other clinical trials.

Assessments
Participants were evaluated and followed at four time 
points after titration (baseline, week 2, week 4, and week 
8), and all assessments were performed by psychia-
trists trained by a positive and negative syndrome scale 
(PANSS) institute-certified professor of psychiatry. All 
the assessors involved in this study received consistency 
training before the research began. At baseline, sociode-
mographic information was collected, and disease sever-
ity was evaluated using PANSS. Antipsychotics were 
initially administered at a low dose, gradually adding to 
the therapeutic dose in 1  week according to the study 
protocol, and remained the same after titration. Drug 
dose at 8 weeks was recorded.

Outcome measures
To examine the ability to predict non-response at 
the endpoint by the magnitude of PANSS total score 
improvement at earlier assessment (week 2 or week 4), 
receiver operating characteristic (ROC) curves with 
area under the curve (AUC) values were calculated. The 
predictive values, including total accuracy, sensitivity, 

specificity, positive predictive value (PPV), and nega-
tive predictive value (NPV), were calculated for response 
status at an earlier assessment (week 2 or week 4) to 
predict later (week 8) response or non-response, refer-
ring to previous literature [10]. In this analysis, sensitiv-
ity was defined as the probability that a non-responder 
would also be rated as not improved at an earlier assess-
ment, and specificity was defined as the probability that 
a responder would also be rated as improved at an ear-
lier assessment. PPV is defined as the probability that a 
patient without early improvement showed a subsequent 
non-response, and NPV is defined as the probability that 
a patient with early improvement showed a subsequent 
response. Total accuracy was the proportion of patients 
whose 2-week or 4-week response status (early response 
or early non-response) accurately predicted subsequent 
response status.

Non-response rate to antipsychotic medication, change 
from baseline to week 8 in PANSS total score, and rate 
of reduction in PANSS total score after 8  weeks were 
used for efficacy evaluation. Non-response was defined 
as a < 20% reduction of the PANSS total score from 
baseline to week 8. The PANSS total score reduction 
rate was calculated as (baseline PANSS total score − fol-
low-up PANSS total score)/(baseline PANSS total 
score − 30) × 100% [24].

Statistical analysis
The Statistical Package for Social Sciences (version 26.0) 
was used for statistical analyses. Continuous variables 
were described using means and standard deviations. 
Categorical variables were described using frequencies 
and percentages. The PANSS total score reduction rate, 
PANSS total score change from baseline, age, and dura-
tion among treatment groups were compared by one-way 
analysis of variance (ANOVA) followed by Bonferroni’s 
post hoc multiple comparison test. The chi-square or 
Fisher’s exact test was used to test for differences in the 
distribution of categorical variables. Further comparisons 
between groups were performed using the Dunn-Bonfer-
roni post hoc test. Missing values were handled using the 
last-observation carried-forward method. All statistical 
tests were two-tailed. Statistical significance was set at 
P < 0.05.

Results
A total of 2388 patients were admitted and assessed for 
eligibility, while 1424 were excluded because they did 
not meet the inclusion criteria or refused to partici-
pate. Ultimately, 964 patients were enrolled in the study 
and randomized to receive olanzapine, risperidone, ari-
piprazole, or amisulpride monotherapy. Eight hundred 
and fifty-five of 964 (88.7%) participants completed the 
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8-week study. The dropout rate of the olanzapine, risp-
eridone, amisulpride, and aripiprazole groups was 8.3%, 
5.8%, 8.3%, and 22.8% respectively (see Fig. 1). The mean 
age and duration of illness were 27.89 ± 8.59  years and 
24.81 ± 19.70 months. The average baseline PANSS total 
score was 84.52 ± 19.20. At the enrollment stage, the 
numbers of patients with severe, moderate, and mild 
were 190, 521, and 253, respectively. There were no dif-
ference in age, sex, duration, baseline PANSS total 
scores, and disease severity among the four groups. The 
average dose was 17.17 ± 4.81  mg/day for olanzapine, 
4.55 ± 1.39  mg/day for risperidone, 634.85 ± 198.19  mg/
day for amisulpride, and 20.44 ± 6.34  mg/day for 

aripiprazole. Demographic characteristics are displayed 
in Table 1.

We summarized the non-responder rate and the 
reduction rate of PANSS at week 8, and the percent-
age of non-responders after 8-week treatment was 
35.7%. The non-response rate for olanzapine, risperi-
done, amisulpride, and aripiprazole were 33.5%, 32.6%, 
33.6%, and 44.6%, respectively. The non-response rate 
of the aripiprazole group was significantly higher than 
that of the olanzapine, risperidone, and amisulpride 
groups (χ2 = 8.283, P < 0.05). Based on illness severity at 
baseline, we further compared the percentage of non-
response among the four treatment groups (Fig.  2). For 
patients with severe schizophrenia, the percentage of 
non-responders was 35.5%, 27.5%, 29.2%, and 60.0% in 
olanzapine, risperidone, amisulpride, and aripiprazole 
groups, respectively. The percentage of non-responders 
was significantly higher in the aripiprazole group than 
that in the other treatment groups (P < 0.001). In patients 
with mild and moderate schizophrenia, there is no dif-
ference among the percentages of non-responders of 
four groups (moderate schizophrenia: olanzapine 31.4%, 
risperidone 35.7%, amisulpride 35.5%, and aripiprazole 
46.4%; mild schizophrenia: olanzapine 36.4%, risperidone 
29.5%, amisulpride 33.3%, and aripiprazole 33.3%).

Table  2 displays the results of an 8-week treatment 
period for four different groups. The olanzapine group 
had a decrease of 16.24 ± 11.24 points in PANSS total 
scores, with a reduction rate of 29.0 ± 16.9%. Similarly, 
the risperidone group had a decrease of 15.70 ± 10.58 
points, with a reduction rate of 29.0 ± 17.2%. The amisul-
pride group had a decrease of 16.09 ± 10.42 points, with 
a reduction rate of 29.2 ± 17.0%. The aripiprazole group 
had a decrease of 12.22 ± 9.40 points, with a reduction 
rate of PANSS at 23.7 ± 16.4%. Olanzapine, risperidone, 
and amisulpride caused a greater reduction than ari-
piprazole in terms of the decrease and reduction rate of 
PANSS total scores from baseline to week 8 (P < 0.01). 
There was no difference among the olanzapine, risperi-
done, and amisulpride groups in the decrease and reduc-
tion rate of the PANSS total scores from baseline to week 
8. We further compared responses to different antipsy-
chotic treatments stratified by baseline illness severity. 
In patients with moderate and severe schizophrenia, the 
aripiprazole group also had the least improvement and 
highest PANSS total scores at week 8 compared with the 
other three groups (P < 0.05). However, no difference was 
observed in mild schizophrenia in the reduction rate of 
the PANSS total score.

In the ROC curve of all the participants, the AUC of 
week 2 reduction rate for predicting non-response at 
week 8 was 87.1%, and the AUC of week 4 for predict-
ing non-response at week 8 was 94.5%. For different Fig. 1  Flowchart of the study design
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antipsychotic drugs, the AUC of week 2 for predict-
ing non-response at week 8 was 86.9%, 90.7%, 85.4%, 
and 84.8% for olanzapine, risperidone, amisulpride, 
and aripiprazole, respectively. The AUC of week 4 for 
predicting non-response at week 8 was 95.2%, 94.4%, 
93.6%, and 94.9% for olanzapine, risperidone, amisul-
pride, and aripiprazole. When stratified by baseline 

illness severity, the AUC of week 2 for predicting non-
response at week 8 was 82.9%, 92.1%, and 81.4% for 
patients with severe, moderate, and mild schizophre-
nia, respectively. The AUC of week 4 for predicting 
non-response at week 8 was 94.3%, 94.1%, and 96.0% 
for patients with severe, moderate, and mild schizo-
phrenia, respectively.

Table 1  Demographic characteristics of the study population

Data are presented as means ± standard deviations

PANSS Positive and Negative Syndrome Scale

Total study 
population 
(n = 964)

Olanzapine (n = 241) Risperidone (n = 241) Amisulpride (n = 241) Aripiprazole (n = 241)

Age (year) 27.89 ± 8.59 28.10 ± 9.79 28.27 ± 8.69 26.94 ± 7.49 28.26 ± 7.49

Sex (male/female) 448/518 116/125 100/141 124/117 108/133

Duration (month) 24.81 ± 19.70 23.19 ± 15.37 24.57 ± 18.35 26.18 ± 20.59 25.31 ± 23.56

PANSS total score 84.52 ± 19.20 85.56 ± 13.75 83.69 ± 13.43 85.03 ± 13.75 83.80 ± 15.96

Dose of antipsychotic (mg/day) 17.17 ± 4.81 4.55 ± 1.39 634.85 ± 198.19 20.44 ± 6.34

Severity of illness

  Severe schizophrenia (PANSS 
total score > 95)

190 49 42 54 45

  Moderate schizophrenia 
(95 ≥ PANSS total score > 75)

521 133 132 132 124

  Mild schizophrenia 
(75 ≥ PANSS total score > 58)

253 59 67 55 72

Fig. 2  Percentage of non-responder to four antipsychotics at endpoint, stratified by baseline illness severity
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Total accuracy, sensitivity, specificity, and positive 
and negative predictive values of different cut-off points 
for predicting non-response at endpoints are shown in 
Table 3. Higher cut-offs were associated with lower speci-
ficity and PPV and higher sensitivity and NPV. Thus, the 
cut-off of 0% reduction had the highest specificity and 
PPV, whereas the 20%  reduction had the highest sen-
sitivity and NPV. Of notice, the cut-off points of 10% at 
week 2 and 20% at week 4 had the highest total accuracy 
(79.2% at week 2 and 90.7% at week 4) comparing the cut-
offs ranging from 0 to 20%. When the reduction rate of 
10% at week 2 was used as the cut-off value, the sensitiv-
ity and PPV were 70.8% and 70.8%, respectively. Using a 
20% reduction rate at week 4 as the cut-off value, the sen-
sitivity and PPV were 87.5% and 86.7%, respectively.

The cut-off values vary in different baseline illness 
severity levels. Additional file  2: Table  S1 presented the 
total accuracy, sensitivity, specificity, PPV, and NPV of 
various cut-off values in different illness severity lev-
els. We discovered that at week 2, a reduction of < 5% in 
PANSS showed the highest total accuracy in the severe 
and mild schizophrenia patients (severe schizophre-
nia: total accuracy, sensitivity, and PPV of 75.0%, 49.3%, 
and 76.7%, respectively; mild schizophrenia: total accu-
racy, sensitivity, and PPV of 80.8%, 55.7%, and 80.0%, 
respectively). A reduction of < 10% showed the highest 
total accuracy in the moderate schizophrenia patients 
(total accuracy, sensitivity, and PPV of 84.0%, 72.8%, 
and 81.0%, respectively). Index cut-offs ranging from 
0 to 20% PANSS reduction at week 4 to predict non-
response to antipsychotics at endpoint were also evalu-
ated (Additional file 3: Table S2). At week 4, a reduction 
in the PANSS total score of 20% was the best predictor in 
each severity of illness (severe schizophrenia: total accu-
racy 91.0%, sensitivity 92.6%, and PPV 85.1%; moderate 
schizophrenia: total accuracy 89.8%, sensitivity 86.1%, 

and PPV 86.1%; mild schizophrenia: total accuracy 92.1%, 
sensitivity 86.1%, and PPV 89.5%).

The test characteristics of each cut-off (ranging from 
0 to 20%) at week 2 and week 4 in four antipsychotics 
were shown in Additional file 4: Table S3 and Additional 
file  5: Table  S4. A reduction of < 10% at week 2 showed 
the highest total accuracy in the olanzapine and aripipra-
zole groups, with total accuracy, sensitivity, and PPV of 
79.2%, 66.2%, and 70.0%, respectively in the olanzapine 
group, and total accuracy, sensitivity, and PPV of 77.4%, 
81.9%, and 71.6%, respectively in the aripiprazole group. 
A reduction of < 5% at week 2 showed the highest total 
accuracy in the risperidone and amisulpride groups, with 
total accuracy, sensitivity, and PPV of 82.4%, 51.4%, and 
90.5%, respectively, in the risperidone group, and total 
accuracy, sensitivity, and PPV of 78.2%, 45.9%, and 81.0%, 
respectively, in the amisulpride group. A reduction 
of < 20% at week 4 had the highest total accuracy in the 
olanzapine, risperidone, amisulpride, and aripiprazole 
groups, with total accuracy of 90.9%, 90.7%, 90.4%, and 
90.8%, respectively.

Discussion
To investigate the optimum predictive cut-off value 
defining early non-response at week 2 and week 4 for 
schizophrenia patients using different atypical antipsy-
chotics (olanzapine, risperidone, amisulpride, and ari-
piprazole) with different baseline severities of illness 
(severe, moderate and mild), we evaluated the predic-
tion power under a series reduction of PANSS ranging 
from 0 to 20%. The main findings were as follows: first, in 
patients with schizophrenia treated with olanzapine, ris-
peridone, amisulpride, or aripiprazole, those who show 
poorer early improvement after 2 weeks of antipsychotic 
treatment were less likely to respond later, and 4 weeks is 
sufficient to make a definitive determination of ultimate 

Table 3  Lack of early improvement cut-offs (0–20%) as predictors of nonresponse to antipsychotics at endpoint

PPV Positive predictive value, NPV Negative predictive value

Evaluation time of early 
improvement

Cutoff value Total accuracy 
(%)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Week 2  ≤ 0% 68.0 12.8 98.7 84.8 67.1

 < 5% 78.6 51.5 93.6 81.7 77.7

 < 10% 79.2 70.8 83.8 70.8 83.8

 < 15% 74.0 93.4 63.2 58.5 94.6

 < 20% 74.0 93.4 63.1 58.5 94.5

Week 4  ≤ 0% 64.5 0.7 100.0 100.0 64.4

 < 5% 67.7 8.9 100.0 100.0 66.6

 < 10% 75.6 31.9 99.6 98.0 72.7

 < 15% 85.8 68.0 95.6 89.6 84.4

 < 20% 90.7 87.5 92.5 86.7 93.0
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non-responders. Second, overall, the definition of early 
non-response that < 10% symptom reduction at week 
2 and < 20% symptom reduction at week 4 had the best 
predictive value for non-response at week 8. Third, the 
optimum predictive cut-off value varies depending on the 
severity of the psychosis and the atypical antipsychotics 
being used.

We investigated whether early non-response at week 2 
and week 4 could be useful as a marker for assessing later 
non-response by performing a ROC analysis. The AUC 
in different subgroups were all ranging from 80 to 95%, 
indicating moderate diagnostic accuracy to high diagnos-
tic accuracy [25]. Regardless of illness severity and antip-
sychotic types, our finding indicates symptom reductions 
at week 2 had acceptable discrimination in predicting 
non-response, and the response to antipsychotics after 
week 2 could be taken into consideration in the decision 
of switching medication. Some previous studies demon-
strated the importance of a later time point after 2 weeks 
in determining early non-response status, supporting our 
results. In an analysis of first-episode patients, the pre-
dictive power of remission was significantly improved 
after adding assessments of weeks 4 and 6 instead of only 
including statistics at week 2 [26]. In another study, the 
percentage decrease in symptom severity score at week 
4, but not at week 2, was associated with the response at 
week 16 [27]. These results are in line with another first-
episode study that the time of antipsychotic response 
varied widely and 22.5% of patients did not respond until 
they received 4 weeks of treatment [28].

In addition, our study revealed that the optimal predic-
tion thresholds varied with respect to different predic-
tion time points. A < 10% symptom reduction at week 
2 and a < 20% symptom reduction at week 4 (early non-
response) had the best predictive value for non-response 
at week 8, which differs from a < 20% symptom reduc-
tion at week 2 and a < 30% symptom reduction at week 
4 in patients treated with aripiprazole or quetiapine 
[29]. Maybe somewhat limited by the small sample size, 
previous studies rarely investigate the optimal cut-off 
value in different antipsychotic monotherapy group. A 
previous study enrolled 36 first-episode schizophre-
nia patients on olanzapine monotherapy and evaluated 
whether early response (defined as a reduction of 20, 25, 
and 30% in PANSS score at weeks 2, 3, and 4) could pre-
dict a reduction of 50% at week 8, which found 30% in 
PANSS score at week 4 (with AUC = 92%) can be taken 
for the prediction [30]. This finding is similar to that of 
other investigators who have observed a prediction of a 
reduction of 40% at week 8 by using a reduction of 30% in 
PANSS score at week 4 [31]. Another study that enrolled 
48 first-episode psychosis patients treated with risp-
eridone found that a 20% reduction in PANSS score at 

week 2 and 30% at week 4 could predict non-responders 
at week 8 (reduction < 50%) [32]. A possible explanation 
for these inconsistent results might be various defini-
tions of non-response at endpoint. In our study, a < 20% 
reduction from baseline to endpoint was applied as non-
response to antipsychotics after 8-week treatment, which 
is an extremely stringent definition of non-response as it 
reflects “minimal improvement” [33, 34]. One study also 
defined ultimate non-response as a reduction of < 20% 
symptoms and found a < 20% reduction at week 2 could 
predict non-response at week 6 [35]. However, this study 
used Brief Psychiatric Rating Scale-children (BPRS-C) 
to assess the severity of symptoms and lacked evalua-
tion of the effects of different cut-offs on the prediction 
performance.

The optimal cut-off values found in our research are 
inconsistent with a previous study, in which the opti-
mal cut-off value was < 15% reduction in PANSS total 
score at week 2 and < 27% at week 4 for moderately-to-
severely ill patients, < 12% reduction at week 2 and < 20% 
at week 4 in less than moderately ill patient group [36]. 
One possible reason for the above inconsistency may 
be that the research subjects were different. Our study 
included schizophrenia patients with an illness duration 
of 5  years or less, while the study conducted by Chen 
et al. included chronically ill for a median duration of ill-
ness of 16.4 years. Our data partially support the findings 
of the study by Chen et al. that early non-response cut-off 
values were generally smaller for patients in the mildly ill 
group compared to patients in the moderately ill group. 
A possible explanation for this might be that patients 
with different baseline severity may experience different 
trajectories of response to treatment with atypical antip-
sychotic medication. Stauffer et  al. found patients with 
moderately ill may be expected to have a slow, sustained 
response to treatment, whereas those who are severely ill 
may have more promising treatment responses, but with 
differences in the timing of the response [37].

Our study examined the effects of olanzapine, risperi-
done, amisulpride, and aripiprazole on patients with early 
schizophrenia over an 8-week period. We found that all 
three drugs were equally effective in improving symp-
toms in patients with severe schizophrenia, while ari-
piprazole was slightly less effective. In patients with mild 
schizophrenia, all four drugs showed similar effectiveness 
during the first 8  weeks of treatment. These results are 
consistent with previous research [38–40]. However, due 
to the limited follow-up time of our study, it is challeng-
ing to draw clear conclusions about the advantages and 
disadvantages of drug efficacy. Therefore, longer-term 
studies are necessary to further compare drug efficacy.

The results of this study should be interpreted taking 
its limitations into consideration. This study included 
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only four antipsychotics; therefore, further compari-
sons between drugs were unavailable. Moreover, the 
endpoint was set at week 8 which limits the prediction 
of long-term outcomes. Another limitation of our study 
is the absence of individual comorbidities, including 
substance use disorder (SUD), which are prevalent in 
this population. Lastly, we used the full 30-item PANSS 
to assess early response and non-response, which is 
a lengthy and unusual measure in clinical practice, 
potentially limiting the clinical applicability of the find-
ings in real-world settings.

Conclusions
In conclusion, based on a large multicenter, open-label, 
randomized trial of 964 patients with schizophrenia 
receiving monotherapy with olanzapine, risperidone, 
amisulpride, and aripiprazole, this study confirmed 
that early non-response to antipsychotics is a predic-
tor of later non-response. Moreover, antipsychotic 
non-response at week 8 can be predicted as early as 
week 2, but the optimum predictive cut-offs should be 
determined based on the antipsychotic type and base-
line severity. Moreover, when non-response at week 4 
was used as a predictor, the most appropriate predictive 
cut-off was consistently observed regardless of antipsy-
chotic types or disease severity.
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