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 Abstract: Background: Since the early clinical efficacy of antipsychotics has not yet been well per-
ceived, this study sought to decide whether the efficacy of antipsychotics at week 2 can predict subse-
quent responses at week 6 and identify how such predictive capacities vary among different antipsy-
chotics and psychotic symptoms. 
Methods: A total of 3010 patients with schizophrenia enrolled in a randomized controlled trial (RCT) 
and received a 6-week treatment with one antipsychotic drug randomly chosen from five atypical anti-
psychotics (risperidone 2-6 mg/d, olanzapine 5-20 mg/d, quetiapine 400-750 mg/d, aripiprazole 10-30 
mg/d, and ziprasidone 80-160 mg/d) and two typical antipsychotics (perphenazine 20-60 mg/d and 
haloperidol 6-20 mg/d). Early efficacy was defined as the reduction rate using the Positive and Nega-
tive Syndrome Scale (PANSS) total score at week 2. With cut-offs at 50% reduction, logistic regres-
sion, receiver operating characteristic (ROC) and random forests were adopted. 
Results: The reduction rate of PANSS total score and improvement of psychotic symptoms at week 2 
enabled subsequent responses to 7 antipsychotics to be predicted, in which improvements in delusions, 
lack of judgment and insight, unusual thought content, and suspiciousness/ persecution were endowed 
with the greatest weight. 
Conclusion: It is robust enough to clinically predict treatment responses to antipsychotics at week 6 
using the reduction rate of PANSS total score and symptom relief at week 2. Psychiatric clinicians had 
better determine whether to switch the treatment plan by the first 2 weeks. 
Clinical Trial Registration Number: This RCT was registered at the Chinese Clinical Trials Registry 
Identifier: ChiCTR-TRC-10000934). 
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1. INTRODUCTION 
 The treatment of schizophrenia remains a major ongoing 
challenge for psychiatry. Currently, the prescription of anti-
psychotic medications is largely based on clinicians’ judg-
ment. Treatment guidelines are not always consistent, and 
there is a lack of consensus on how much time should elapse 
before the lack of response to treatment can be confirmed. 
For example, 4-6 weeks has been recommended by the Brit-
ish Association of Psychopharmacology and the National 
Institute of Clinical Excellence. It is generally accepted that 
there is a certain time lag between the administration of anti-
psychotic medications and a noticeable impact exerted upon 
symptoms and signs of schizophrenia [1-3]. However, evi-
dence suggests that substantial improvements can occur 
within 2 weeks following the treatment initiation or even as 
short as 24 hours [4, 5]. Besides, symptom relief during the 
first 2 weeks is more striking than during the second 2 weeks 
of treatment [6, 7]. Overall, responses to antipsychotic medi-
cations are considered to be immediate. Administering an 
antipsychotic medication at the optimal dose for at least 2 
weeks before switching to another drug has therefore been 
highly recommended in guidelines by the Schizophrenia 
Patients Outcomes Research Team (PORT) and World Fed-
eration of Societies of Biological Psychiatry (WFSBP). 
However, Schennach et al. argued that it was more appropri-
ate to make predictions after 6 weeks of treatment [8]. The 
question of how long clinicians should wait before consider-
ing an antipsychotic medication ineffective and then chang-
ing the treatment remains unresolved. Previous studies have 
investigated whether the degree of early improvement can 
reflect later treatment response, but there are still several 
limitations [9-15]. Some have compared predictive accuracy 
for subsequent treatment response in the first- and second-
generation antipsychotic medications, but with finite medica-
tions in a single study [13, 16, 17]. Therefore, it is still an 
open question whether switching antipsychotics is more ef-
fective than administering the same drug in the early phase. 
Generally, most of the previous studies had been blemished 
in the following respects: 1) Sample sizes were not large 
enough in individual studies [7, 13]; 2) Meta-analyses that 
pooled randomized controlled trial (RCT) studies were han-
dled by different researchers, and the long intervals among 
them could give rise to phenomenal clinical heterogeneity; 3) 
So far, there has been no Chinese population-based RCT 
study incorporating over 3000 schizophrenics in which the 
first-onset patients were nearly up to 1000, although a much 
smaller-scale one was once conducted [18]. 
 Thus, we carried out a large-scale RCT to identify the ef-
fectiveness of predicting responses to 7 antipsychotic medica-
tions in a sample of 3010 Chinese patients with schizophrenia. 
In this way, we explored whether the early efficacy of antipsy-
chotic drugs can predict the subsequent efficacy. If so, how ear-
ly would the timing be? And how does the capacity for predict-
ing vary among different antipsychotics and symptoms?  

2. METHODS 
2.1. Participants 

 Data were obtained from a multicenter, randomized, 
open-label clinical trial to compare the treatment effective-

ness of 7 antipsychotic drugs in first-onset and relapsed pa-
tients with schizophrenia. We recruited 3010 patients with 
schizophrenia from 32 clinical settings from July 20th, 2017, 
to Feb 10th, 2018, all enrolled in the Chinese Antipsychotic 
Pharmacogenomic Consortium (CAPOC). Criteria of inclu-
sion and exclusion are elaborated in APPENDIX (A). Con-
sistent diagnoses were made by at least two experienced psy-
chiatrists based on unstructured interviews [19] with patients 
and families and a review of medical records. Symptom se-
verity was measured through PANSS [20], a 30-item scale 
for assessing schizophrenic symptoms. All participants re-
ceived 6 weeks of treatment with one antipsychotic drug 
randomly chosen from five atypical antipsychotics (risperi-
done 2-6 mg/d, olanzapine 5-20 mg/d, quetiapine 400-750 
mg/d, aripiprazole 10-30 mg/d, and ziprasidone 80-160 
mg/d) and two typical antipsychotics (perphenazine 20-60 
mg/d, and haloperidol 6-20 mg/d). According to the study 
protocol, the first 2 weeks of treatment were spent on drug 
titration and the next 4 weeks were the maintenance period. 
The upper limit of antipsychotic dosage had to be higher 
than the median lower doses of the target dosage range, as 
recommended by the International Consensus Study of Anti-
psychotic Dosing [21]. Patients were excluded if there were 
serious adverse effects at any time during the 6 weeks. 

2.2. Clinical Evaluations 

 PANSS data were collected biweekly from baseline to 
week 6. All raters were trained, and high inter-rater reliabil-
ity was achieved. Side effects were evaluated through BARS 
(Barnes Akathisia Scale) [22], AIMS (Abnormal Involuntary 
Movement Scale) [23] and EPS (Extrapyramidal Symptom 
Rating Scale) [24] (ANOVA-ICC>0.8). Investigators, medi-
cal staff and patients were all blinded to treatment assign-
ment. The administration of other psychotropics was consid-
ered a violation of the regulations of concomitant medica-
tion, except short-acting benzodiazepines for insomnia and 
lorazepam for agitation and psychotic anxiety. Additionally, 
the anticholinergic drug hyoscine (up to 6 mg/d) could be 
prescribed for extrapyramidal symptoms and beta-blocker 
propranolol (up to 80 mg/d) for akathisia. 

2.3. Statistics 

 To define the changes in mental health, 30-point subtrac-
tion, the lowest possible PANSS total score, was subtracted 
[25, 26]. A threshold of 50% reduction was set [27, 28], la-
beling patients wit�� �� ����� 	
����
�
��� ��� 
��
��
��� �
��
sponders” and those with a <���� 	
����
�
��� ����-
responders”. We employed 2 models: 1) a logistic regression 
model with a cut-off value of 50% reduction verified wheth-
er the reduction rate of the overall PANSS scores can be a 
predictor; 2) a random forest model based on 30 items of 
PANSS, in which imputed data was incorporated and then 
randomly assigned to a training set and a test set at a ratio of 
3:1, was applied to further check whether improvement of a 
single symptom can be an identifier. ROC curves of predic-
tions using early treatment improvement were plotted, with 
both crude and adjusted area under the curve (AUC) estimat-
ed [29]. Additionally, through the random forest model, the 
mean decrease accuracy and mean decrease Gini of each 
PANSS item came into being, and the two mean values 
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helped identify how much the relief of each symptom at 
week 2 contributed to such predictions. More statistical de-
tails concerning predictions for later responses were eluci-
dated in APPENDIX (B). All the statistical analyses above 
were performed in R 3.6.2 and Stata 15.1. 

3. RESULTS 

3.1. Participant Characteristics 

 Of 3010 patients, 133 (4.42%), 113 (3.75%) and 134 
(4.45%) cases were missed at the time point of the 2nd, 4th, 
and 6th week, respectively, due to a loss to follow-up, com-
bined administration of other drugs, medication side effects, 
consent withdrawal, poor treatment response, inadequate 
treatment adherence, death and other conditions violating 
inclusion criteria or continuation of treatment (Fig. 1). Base-
line demographics and severity of illness are described in 
Supplemental Tables S1 and S2. There was no significant 
difference in data after imputation (p>0.05). 
 A portfolio of demographics, baseline characteristics and 
clinical profiles of first-onset and relapsed patients are 
shown in Table 1. All participants (N = 3010) were Han 
Chinese with a mean age of 31.42 years (SD=8.26), among 
which 51.1% were female. At baseline, the mean total score 
of PANSS was 89.42 (SD=15.31), and mean scores of posi-
tive symptoms, negative symptoms and general psycho-
pathology were 25.51 (SD=4.70), 21.77 (SD=6.75) and 
42.14 (SD=8.44), respectively. There were 865 (28.7%) pa-
tients suffering from their first onset at the time of initial 
evaluation, while the remaining 2145 patients had at least 
one episode before the enrollment of this study. There were 

no statistically significant disparities in gender, family histo-
ry, educational attainment or baseline PANSS scores of the 
overall scale, positive subscale and general psychopathology 
subscale between the first-onset and relapsed participants. 
The clinical profiles of patients treated with the seven anti-
psychotics are exhibited in Supplemental Table S2. No sig-
nificant difference was observed in gender, age, age of onset, 
first onset, illness course, family history, educational attain-
ment, body mass index or baseline PANSS negative severity.  

3.2. Improvement in Clinical Manifestations 

 During the 6-week evaluation, the average reduction rates 
of PANSS total score in the overall sample were 25.27%, 
43.94% and 52.32% at the end of the 2nd, 4th and 6th week, 
respectively. According to the response criteria of 50% re-
duction at week 6, 1682 patients (55.88%) were classified as 
treatment responders, among whom 497 were afflicted with 
their first onset of schizophrenia. The comparison between 
responders and non-responders at week 6 revealed signifi-
cant differences in age of onset, illness course, educational 
attainment and severity of both positive and negative symp-
toms, with the former scoring higher on the PANSS positive 
subscale but lower on the negative subscale at baseline. De-
tails are shown in Table 1.  

3.3. Predictions of Subsequent Response Using Early Ef-
ficacy 

 As profiled in Fig. (2), ROC curves of the PANSS reduc-
tion rate at week 2 and week 4 produced by the logistic re-
gression model were generated for all patients, respectively. 
In the overall sample, the best threshold of the reduction rate 

 
 

Fig. (1). Trial profile.  
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Table 1. Demographics, baseline characteristics and clinical profiles of first-onset and relapsed patients. 

- Overall 
(N=3010) 

First Onset / 
Relapse 

(N=865 / 2145) 

Cut-Off = 50% Cut-Off = 25% 

Responder /  
Non-Responder 
(N=1682 / 1328) 

First-Onset  
Responder/ 

Non-Responder 
(N=497 / 368) 

Relapsed  
Responder/ 

Non-Responder 
(N=1185 / 960) 

Responder /  
Non-Responder 
(N=2504 / 506) 

First-Onset  
Responder/ 

Non-Responder 
(N=712 / 153) 

Relapsed  
Responder/ 

Non-Responder 
(N=1792 / 353) 

Gender female,  
n (%) 

1538 
(51.10) 

445/1093 
(51.40/51.00) 

863/675 
(51.30/50.80) 

243/202 
(48.90/54.90) 

620/473 
(52.30/49.30) 

1289/249 
(51.05/49.20) 

358/87 
(50.30/56.90) 

931/162 
(52.00/45.90)* 

Age, years 
(mean (SD)) 

31.42 
(8.26) 

28.95/32.42 
(8.20/8.07)*** 

31.34/31.53 
(8.22/ 8.32) 

29.05/28.82 
(8.16/8.26) 

32.30/32.57 
(8.05/8.11) 

31.45/31.31 
(8.22/8.46) 

29.05/28.50 
(8.22/8.13) 

32.40/32.52 
(8.03/8.33) 

Age of onset, years 
(mean (SD)) 

25.26 
(6.96) 

26.78/24.65 
(7.44/6.66)*** 

25.69/24.72 
(7.13/6.69)*** 

27.32/26.04 
(7.66/7.08)* 

25.00/24.21 
(6.79/6.47)** 

25.42/24.48 
(7.04/6.49)** 

27.07/25.42 
(7.54/6.85)* 

24.76/24.07 
(6.72/6.30) 

First onset, n (%) 865 
(28.70) - 497/368 

(29.50/27.70) - - 712/153 
(28.40/30.20) - - 

Illness course, 
years (mean (SD)) 

6.16 
(5.94) 

2.17/7.77 
(3.48/5.96)*** 

5.65/6.81 
(5.80/6.04)*** 

1.72/2.78 
(2.85/4.12)*** 

7.29/8.36 
(5.93/5.95)*** 

6.03 /6.83 
(5.85/6.30)** 

1.98/3.08 
(3.11/4.78) 

7.63/8.45 
(5.91/6.19)* 

Family history,  
n (%) 

641 
(21.30) 

173/468 
(20.00/21.80) 

352/289 
(20.90/21.80) 

98/75 
(19.70/20.40) 

254/214 
(21.40/22.30) 

535/106 
(21.40/20.90) 

149/24 
(20.90/15.70) 

386/82 
(21.50/23.20) 

Educational  
attainment - - *** - ** ** - *** 

Doctorate 3 
(0.10) 

1/2 
(0.10/0.10) 

2/1 
(0.10/0.10) 

1/0 
(0.20/0.00) 

1/1 
(0.10/0.10) 

2/1 
�0.10/0.20� 

1/0 
(0.10/0.00) 

1/1 
(0.10/0.30) 

Master 13 
(0.40) 

3/10 
(0.30/0.50) 

9/4 
(0.50/0.30) 

2/1 
(0.40/0.30) 

7/3 
(0.60/0.30) 

12/1 
�0.50/0.20� 

3/0 
(0.40/0.00) 

9/1 
(0.50/0.30) 

Bachelor 243 
(8.10) 

72/171 
(8.30/8.00) 

122/121 
(7.30/9.10) 

39/33 
(7.80/9.00) 

83/88 
(7.00/9.20) 

188/55 
(7.50/10.90) 

61/11 
(8.60/7.20) 

127/44 
(7.10/12.50) 

College 300 
(10.00) 

100/200 
(11.60/9.30) 

153/147 
(9.10/11.10) 

49/51 
(9.90/13.90) 

104/96 
(8.80/10.00) 

244/56 
(9.70/11.10) 

72/28 
(10.10/18.30) 

172/28 
(9.60/7.90) 

High school 778 
(25.80) 

208/570 
(24.00/26.60) 

402/376 
(23.90/28.30) 

118/90 
(23.70/24.50) 

284/286 
(24.00/29.80) 

632/146 
(25.20/28.90) 

175/33 
(24.60/21.60) 

457/113 
(25.50/32.00) 

Middle school 1154 
(38.30) 

326/828 
(37.70/38.60) 

664/490 
(39.50/36.90) 

186/140 
(37.40/38.00) 

478/350 
(40.30/36.50) 

971/183 
(38.80/36.20) 

264/62 
(37.10/40.50) 

707/121 
(39.50/34.30) 

Primary school 486 
(16.10) 

144/342 
(16.60/15.90) 

304/182 
(18.10/13.70) 

92/52 
(18.50/14.10) 

212/130 
(17.90/13.50) 

423/63 
(16.90/12.50) 

125/19 
(17.60/12.40) 

298/44 
(16.60/12.50) 

Illiteracy 33 
(1.10) 

11/22 
(1.30/1.00) 

26/7 
(1.50/0.50) 

10/1 
(2.00/0.30) 

16/6 
(1.40/0.60) 

32/1 
(1.30/0.20) 

11/0 
(1.50/0.00) 

21/1 
(1.20/0.30) 

BMI (kg/m2) 
(mean (SD)) 

21.88 
(6.96) 

21.31/22.11 
(9.06/5.89)** 

21.94/21.82 
(5.65/8.33) 

21.12/21.57 
(4.49/12.88) 

22.28/21.91 
(6.03/5.69) 

21.98/21.41 
(7.18/5.73) 

21.38/21.02 
(9.63/5.71) 

22.22/21.58 
(5.91/5.74) 

PANSS Total† 
(mean (SD)) 

89.42 
(15.31) 

88.58/89.76 
(15.53/15.21) 

89.36/89.50 
(16.02/14.36) 

88.75/88.34 
(16.45/14.22) 

89.61/89.94 
(15.83/14.40) 

89.46/89.25 
(15.38/14.97) 

88.74/87.84 
(15.49 /15.76) 

89.74/89.86 
(15.33/14.60) 

PANSS Positive† 
(mean (SD)) 

25.51 
(4.70) 

25.52/25.50 
(4.67/4.71) 

25.84/25.10 
(4.89/4.41)*** 

25.74/25.23 
(4.86/4.39) 

25.88/25.04 
(4.90/4.42)*** 

25.60/25.08 
(4.71/4.64)* 

25.58/25.26 
(4.60/4.96) 

25.60/25.01 
(4.75/4.49)* 

PANSS Negative† 
(mean (SD)) 

21.77 
(6.75) 

20.98/22.09 
(6.94/6.65)*** 

21.27/22.40 
(7.02/6.33)*** 

20.50/21.62 
(7.12/6.64)* 

21.59/22.70 
(6.96/6.18)*** 

21.66/22.33 
(6.78/6.58)* 

20.87/21.48 
(6.94/6.92) 

21.97/22.69 
(6.69/6.40) 

PANSS General† 
(mean (SD)) 

42.14 
(8.44) 

42.08/42.17 
(8.43/8.44) 

42.25/42.00 
(8.60/8.23) 

42.51/41.48 
(8.75/7.96) 

42.14/42.20 
(8.54/8.33) 

42.20 /41.84 
(8.41/8.59) 

42.29/41.10 
(8.27/9.08) 

42.17 /42.16 
(8.46/8.36) 

PANSS % change 
(week 2)  

(mean (SD)) 

25.27 
(17.96) 

26.41/24.81 
(18.67/17.64)* 

32.35/16.30 
(17.54/14.05)*** 

33.18/17.27 
(18.11/15.21)*** 

32.00/15.92 
(17.29/13.56)*** 

27.84/12.52 
(17.43/14.84)*** 

29.09/13.93 
(18.08/16.15)*** 

27.35/11.91 
(17.14/14.21)*** 

PANSS % change 
(week 4) 

(mean (SD)) 

43.94 
(22.30) 

45.60/43.27 
(23.51/21.77)** 

56.05/28.60 
(17.94/17.28)*** 

57.72/29.22 
(18.91/18.69)*** 

55.35/28.36 
(17.47/16.72)*** 

48.14/23.14 
(20.15/20.74)*** 

49.99/25.19 
(21.24/22.80)*** 

47.41/22.25 
(19.65/19.75)*** 

PANSS % change 
(week 6) 

(mean (SD)) 

52.32 
(26.81) 

53.43/51.87 
(27.95/26.33) 

71.86/27.56 
(13.28/17.57)*** 

73.47/26.36 
(13.50/17.73)*** 

71.19/28.02 
(13.13/17.49)*** 

61.17/8.49 
(19.23/11.65)*** 

63.14/8.22 
(19.77/10.66)*** 

60.39/8.60 
(18.96/12.07)*** 

Abbreviations: PANSS, Positive and Negative Syndrome Scale; PANSS Total, PANSS total scores; PANSS Positive, PANSS scores of positive subscale; PANSS Negative, PANSS 
scores of negative subscale; PANSS General, PANSS scores of the general psychopathological subscale. PANSS % change, a percentage change of PANSS total scores from the 
baseline, namely, the reduction rate of PANSS total scores, which was calculated as 100% × (baseline score - endpoint score) / (baseline score - 30). Details of the reduction rate of 
PANSS are shown in Appendix B. ***, p-value <0.001; **, p value≤0.01; *, p-value ≤0.05.  †, assessments were carried out at baseline. 
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Fig. (2). ROC curves of predictions using the reduction rates of PANSS total scores at week 2 and week 4. With a cut-off of 50% reduction, 
both reduction rates at week 2 and week 4 enable the subsequent responses to antipsychotics at week 6 to be predicted. Abbreviation: AUC, 
area under the curve.  
 

Table 2. Prediction of responses at week 6 through early efficacy at week 2 and week 4 with cut-off values of 25% and 50%. 

(A Cut-Off of 25%/50%) Threshold Specificity 
(%) 

Sensitivity 
(%) FPR (%) PPV (%) NPV (%) Accuracy 

(%) 
Youden 

Index (%) AUC 

Overall 
sample 

Week 2 
Predicting Week 6a 15.48/22.52 69.17/72.67 74.16/67.42 30.83/27.33 92.25/75.75 35.11/63.78 73.32/69.73 1.43/1.40 0.766/0.769 

Week 4 
Predicting Week 6b 24.56/41.00 64.03/80.35 89.58/80.98 35.97/19.65 92.49/83.92 55.38/76.93 85.28/80.70 1.54/1.61 0.814/0.873 

First-
onset 

patients 

Week 2 
Predicting Week 6a 15.43/27.95 66.01/80.71 75.84/57.55 33.99/19.29 91.22/80.11 37.00/58.46 74.10/67.40 1.42/1.38 0.750/0.757 

Week 4 
Predicting Week 6b 22.59/40.32 56.86/74.73 91.15/83.90 43.14/25.27 90.77/81.76 58.00/77.46 85.09/80.00 1.48/1.59 0.787/0.861 

Relapsed 
patients 

Week 2 
Predicting Week 6a 15.48/22.52 70.54/74.06 73.55/67.17 29.46/25.94 92.69/76.17 34.44/64.64 73.05/70.26 1.44/1.41 0.774/0.774 

Week 4 
Predicting Week 6b 25.51/40.97 68.27/82.08 88.23/80.34 31.73/17.92 93.38/84.70 53.32/77.18 84.94/81.12 1.56/1.62 0.828/0.878 

Abbreviations: FPR, false positive rate; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve. 
Note: aThe prediction was achieved by adopting the reduction rate of PANSS total score at week 2 as a predictor. b The prediction was achieved by adopting the PANSS total score 
reduction rate at week 4 as a predictor. 
 
at week 2 was found to be 22.52%, with a specificity of 
72.67% and a sensitivity of 67.42%; for the prediction using 
the reduction rate at week 4, the best threshold of the reduc-
tion rate was found to be 41.00%, with a specificity of 
80.35% and a sensitivity of 80.98% (Table 2). ROC curves 
and confusion matrix produced by the random forest model 
are shown in Fig. (3). The results above derived from the two 
models jointly indicated that improvement at week 2 and 
week 4 were both able to predict the efficacy at week 6. 
Moreover, in the adjusted model in which age, gender, edu-
cational attainment, family history, illness course and base-
line severities of psychotic symptoms served as covariates 
(Supplemental Table S3), results didn’t deviate from the 
primary outcome that the early efficacy at week 2 and week 
4 could both successfully predict subsequent responses to 
antipsychotics, although the efficacy at week 4 performed 

comparatively better in such a forecast. When taking base-
line PANSS total score as a portfolio of covariates, we found 
that the phenomenal effect of the baseline illness severity on 
subsequent efficacy (p=0.000) was largely boiled down to 
the role of negative symptoms (p=0.000), whereas scores of 
positive (p=0.148) and general psychopathological (p=0.545) 
symptoms turned out to be nonsignificant covariates after 
adjustment. 

3.4. Predictive Capacities of 7 Antipsychotics 

 ROC curves of reduction rates at week 2 were plotted for 
7 antipsychotic drugs, respectively (Fig. 4). Capacities of 
each antipsychotic for predicting subsequent response using 
the reduction rate of PANSS items are elucidated in Supple-
mental Table S4. No significant differences were observed 
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Fig. (3). Predictions of subsequent efficacy using random forest model. With a training set and a test set at a ratio of 3:1, a random forest model 
based on each PANSS item was employed to verify the predictions. Abbreviations: TN, true negative; TP, true positive; FN, false positive; FP, 
false positive; AUC, area under the curve. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 

 
 

Fig. (4). ROC curves of predictive capacities of 7 antipsychotics at week 2. 7 antipsychotics enjoyed great capacity for predicting subsequent 
responses with no significant difference. Abbreviation: AUC, area under the curve. (A higher resolution/colour version of this figure is 
available in the electronic copy of the article). 
 
across the AUCs of the 7 agents (chi-square = 6.71, p = 0.349) 
(Supplemental Table S5). However, compared with SGAs, the 
remission of positive symptoms at week 2 performed signifi-
cantly better in predicting subsequent responses in FGAs 
(Supplemental Table S6). The specificity of the 7 antipsy-
chotics was all above 70%, with FGAs of 79.39% and SGAs 
of 73.99%. Moreover, with regard to sensitivity, except for 
ziprasidone, which had a sensitivity of 53.95%, the remain-
ing fluctuated between 60.98% and 75.00%. Details concern-

ing the efficacy of the 7 antipsychotics as predictors are dis-
played in Table (3). 

3.5. Contributions of Psychotic Symptoms to Predictions 

 Mean decrease accuracy and mean decrease Gini, two 
important indicators in random forests denoted the relative 
significance of the variables' role in predictions. For both, 
the higher the value is, the greater importance will be at-
tached to the symptom. The top ten contributors among the 
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Table 3. Prediction of responses at week 6 using the overall efficacy of seven different antipsychotics at week 2. 

Antipsychotics Threshold Specificity 
(%) 

Sensitivity 
(%) 

Accuracy 
(%) TN TP FN FP PPV  

(%) NPV (%) AUC† 

FGAs 0.23 79.39% 70.61% 74.30% 131 161 67 34 82.56% 66.16% 0.794 

Haloperidol 0.23 78.21% 75.00% 76.32% 61 84 28 17 83.17% 68.54% 0.784 

Perphenazine 0.22 80.46% 67.24% 72.91% 70 78 38 17 82.11% 64.81% 0.804 

SGAs 0.22 73.99% 68.58% 70.81% 640 847 388 225 79.01% 62.26% 0.764 

Aripiprazole 0.27 87.56% 66.07% 76.02% 169 148 76 24 86.05% 68.98% 0.794 

Olanzapine 0.21 70.07% 71.02% 70.70% 103 201 82 44 82.04% 55.68% 0.750 

Quetiapine 0.22 75.92% 65.93% 70.50% 145 149 77 46 76.41% 65.32% 0.767 

Ziprasidone 0.28 89.01% 53.95% 70.44% 170 116 99 21 84.67% 63.20% 0.741 

Risperidone 0.26 79.72% 60.98% 67.21% 114 175 112 29 85.78% 50.44% 0.748 
Abbreviations: TN, true negative; TP, true positive; FN, false positive; FP, false positive; AUC, area under the curve; FGAs, first-generation antipsychotics; SGAs, second-
generation antipsychotics. 
Note: AUC†: No significant differences were observed in comparing AUCs of the 7 antipsychotics. Detailed comparisons of predicting capacity among seven antipsychotics and 
between FGAs and SGAs are expounded in Supplemental Table S5. 
 

Table 4. Top ten symptom relief contributing to the predictions of subsequent response using random forests. 

Week 2 Predicting Week 6 Week 4 Predicting Week 6 

Symptom Accuracy† Gini† Symptom Accuracy† Gini† 

Delusions 31.76 47.66 Delusions 34.33 64.81 

Lack of judgment & insight 28.43 40.76 Lack of judgment & insight 33.63 55.77 

Unusual thought content 27.11 41.15 Unusual thought content 33.10 55.78 

Suspiciousness/persecution 21.84 37.49 Suspiciousness/persecution 28.82 55.94 

Hallucinatory behavior 20.01 36.07 Conceptual disorganisation 27.99 41.95 

Conceptual disorganisation 19.97 31.03 Hallucinatory behavior 27.54 47.66 

Active social avoidance 19.30 27.46 Hostility 23.90 43.47 

Uncooperativeness 19.29 36.04 Lack of spontaneity & flow of conversation 23.12 36.32 

Hostility 17.83 33.40 Poor rapport 21.53 35.54 

Lack of spontaneity & flow of conversation 16.96 27.81 Uncooperativeness 21.36  36.25  

Note: †, mean decrease value; Accuracy†, mean decrease accuracy; Gini†, mean decrease Gini. The higher the value, the more critical the corresponding symp-
tom's remission to the prediction of subsequent response. 

 
30 symptoms compiled in the PANSS overall scale are visu-
alized in Table 4. Among the top ten contributing symptoms, 
delusions, lack of judgment and insight, unusual thought 
content, suspiciousness/ persecution, hallucinatory behavior, 
conceptual disorganisation, uncooperativeness, hostility and 
lack of spontaneity and flow of conversation carved niches in 
both predictions using the efficacy at week 2 and 4, the first 
four being the mainstays for their greatest weight in the ran-
dom forest model. Additionally, for predictions using effica-
cy at week 2, active social avoidance also played important 
roles; for predictions using efficacy at week 4, poor rapport 
lent support to a certain degree. Contributions of the relief of 
30 psychotic symptoms in PANSS to predictions of subse-
quent responses are elucidated in Supplemental Table S7. 

4. DISCUSSION 

 On the basis that the reduction rate at week 2 could suc-
cessfully predict the efficacy at week 6, we examined the 

predictive power of different antipsychotics and delved into 
the contributions of psychotic symptom relief to such predic-
tions. We found that 1) improvement at week 2 was able to 
clinically predict responses to antipsychotics at week 6, ech-
oing many previous findings that early efficacy can success-
fully predict subsequent treatment responses [9, 10, 12-14, 
16, 30-39]; 2) 7 antipsychotic medications, including two 
FGAs and five SGAs, demonstrated similar capacities for 
anticipating the subsequent efficacy, and no significant dif-
ference inhered in the type of medications; 3) among all of 
the symptoms in PANSS, the relief of delusions, lack of 
judgment and insight, unusual thought content, and suspi-
ciousness/persecution were endowed with the greatest 
weight in the outcome forecast.   

4.1. The Earliest Timing to Predict 

 In our study, efficacy at week 2 was the earliest time to 
predict subsequent responses to antipsychotics. Although it 
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demonstrated comparatively weaker predictive capacity than 
the improvement at week 4, such timing might exert prodi-
giously seminal influence upon clinical practice. In this 
study, early responses to antipsychotics at week 2 could not 
only predict responses at week 6 but also appeared to be a 
robust predictor of subsequent non-responses, making ade-
quate provision for switches of the treatment plan. Our re-
sults suggested that patients who did not achieve a 22.52% 
reduction at week 2 were most not likely to reach a 50% re-
sponse rate at week 6. Therefore, for patients whose im-
provements at week 2 are not striking enough or remain inef-
fective, it would be more likely to anticipate little clinical 
improvement in the ensuing 4 weeks if the same antipsychot-
ic is further administered. At this time, since the prospect of 
this non-response-prone population’s phenomenal improve-
ment remains pretty remote at week 6, clinicians ought to 
consider remedial measures, such as increasing, switching or 
adding on. This strategy might be most viable for patients 
treated with typical antipsychotics because typical antipsy-
chotics may trigger more significant side effects at clinically 
effective doses than atypical ones [40]. In this study, the ear-
ly treatment effect of typical antipsychotics groups (AUC of 
haloperidol and perphenazine = 0.784 and 0.804, respective-
ly; specificity of haloperidol and perphenazine = 78.21% and 
80.46%, respectively) could predict the non-response in later 
period as well. This recommends that if patients treated with 
typical antipsychotics showed a low response in the early 
stage, switching medicine in time is urgently needed to avoid 
invalid treatment and, more importantly, severe side effects.   

4.2. Generalizability 
 With the question of when is the earliest timing to fore-
cast subsequent responses to antipsychotic medications re-
solved, further exploration of predictive capacities among 
various antipsychotics is birthed. We found that the AUCs of 
haloperidol, perphenazine, aripiprazole, olanzapine, quetiap-
ine, ziprasidone and risperidone were all above 0.70. Based 
on the consensus definition [41], a value of 0.7-0.8 is gener-
ally considered an acceptable threshold, and values above 
0.8 reflect good discriminative power. Moreover, nonsignifi-
cant differences indicated that all these antipsychotics make 
concerted efforts to forecast long-term efficacy. More im-
portantly, early efficacy can predict subsequent outcomes 
that might be generalized in antipsychotics. 
 However, in treating schizophrenia, some patients may 
have been in remission at the early stage but turned out to be 
non-responders later due to disease fluctuation, the placebo 
effect and other reasons. At present, these patients cannot be 
effectively distinguished, towards which our team managed 
to divide the early treatment response into a high-trajectory 
group of better responders and a low-trajectory group of 
worse responders through unsupervised machine learning K-
means for longitudinal data [42]. Since the early relief of 
psychotic symptoms predict that long-term efficacy could 
provide a clinically empirical basis to help improve the early 
identification of poor outcomes, this field is worthy of fur-
ther investigation [43].  

4.3. Cut-off Setting 
 A lack of consensus over the definition of early im-
provement and later treatment responses means that guide-

lines have not been well established yet. Cut-offs in the pre-
vious studies were set arbitrarily. Some have defined early 
improvement and/or later response as a 20% reduction of 
PANSS total score [9], whereas others used a 30%, 40%, and 
50% reduction [44, 45]. Based on previous research, we 
adopted a 50% reduction rate as the cutoff value in our 
study, but to draw a broader picture of efficacy prediction, 
we also provided a 25% reduction as the cut-off value for 
reference (Table 1) [18, 28, 46, 47]. Given the response rate 
at week 6, although a cut-off of 25% improvement may be 
easier to use in clinical practice and possess higher positive 
predictive values (PPVs), the 50% reduction rate demon-
strated its robustness in multiple arenas, such as specificity 
analyses and predictive capacity estimations of greater re-
sponses [46]. Additionally, several previous studies have 
supported that this cutoff is clinically meaningful, similar to 
a CGI rating on how much improved according to the equip-
per centile linking method [48, 49]. For clinical practice, the 
high specificity, NPV and AUC are important in guiding the 
switch to antipsychotics. On the other hand, in the common 
use of such ROC analyses, it is worth noting that some de-
fects present themselves. One is that the results cannot be 
generalized due to the small sample size. Therefore, it is es-
sential to evaluate the best suitable cut-off by obtaining suf-
ficient samples. Differences in sample sizes and statistical 
powers may serve as one of the triggers for different cutoffs 
adopted in previous studies reporting significant results. In 
this study, we held a much larger sample size than previous 
individual studies, and larger PPVs can be obtained if we 
appropriately sacrifice the power of prediction and decrease 
AUCs to a certain degree. 

4.4. Clinical Application 

 Although some biological methods have been developed 
to predict the efficacy of antipsychotics, in practical terms, 
none of these potential predictors have indeed facilitated the 
development of a clinically useful decision-making tool to 
date. However, this study removed the fixed focalization 
from the PANSS total score and provided fresh insight into 
the predictive capacities of psychotic symptoms, assisting 
psychiatric clinicians in evaluating patients’ long-term re-
sponses to antipsychotics in clinical scenarios. It stands on a 
vantage point of clinical practice unveiled that not only 
PANSS scores but also amelioration of psychotic symptoms 
made concerted efforts in predicting the subsequent respons-
es. Thereby, in clinical practice, if a patient phenomenally 
improves in delusions, lack of judgment and insight, unusual 
thought content, suspiciousness/persecution, or any symptom 
listed in Table 4, the better his efficacy might be later on if 
the symptoms mentioned above do not show significant ame-
lioration or even get worse. It is also possible the patient 
does not respond well to such antipsychotic drugs at the cur-
rent dosage and, therefore, cannot achieve an ideal level of 
improvement at week 6. This can urge psychiatric clinicians 
to change his current treatment plan during the drug titration 
and turn to alternative strategies by the first two weeks, such 
as increasing, switching or adding on. 
 Additionally, although the early improvement of antipsy-
chotic treatment is considered quite a  clinically practical 
tool with a strong capacity for the outcome forecast, a wider 
range of predictors, such as comorbidity, adverse events, 
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genome and cognition, functioning, certainly need to be tak-
en into account and be embraced in further research to better 
achieve long-term predictions and help clinicians make clini-
cal decisions in the future, no matter how challenging it 
could be. 

4.5. Strengths and Limitations 

 Several strengths and limitations inherent in this study 
help conjure up a much broader picture of this study. First, 
the sample was selected according to the criteria of RCT. 
This may not accurately represent routine clinical practice. 
Second, similar to other clinical trials, most patients in our 
study experienced multiple episodes of illness and were ex-
posed to antipsychotic medications before enrollment. The 
increased course of psychotic symptoms, potential substance 
abuse and dysfunctional abilities may affect the drug re-
sponse rates and introduce additional variances in data anal-
ysis [50]. Given the large proportion of relapsed patients in 
this study, the confounding factors brought by this popula-
tion cannot be underestimated. We did not find significant 
differences in our main findings between cases with the first 
onset and multiple episodes. Third, placebo effects could not 
be strictly controlled. Since benzodiazepines were allowed to 
be administered as concomitant therapies, some improve-
ments in the initial stage could have been attributed to the 
effect of benzodiazepines rather than antipsychotic medica-
tions. Fourth, it is a well-known problem that the high drop-
out rate in modern clinical trials of antipsychotics is a diffi-
cult issue to solve. However, in this study, on the one hand, 
after excluding the missing cases at certain time points due 
to all personal reasons and those offending the eligibility 
criteria, the sample size of the remaining cases was still very 
large (2877, 2897 and 2876 were recorded at 2nd, 4th and 6th 
week, respectively); on the other hand, a series of advanced 
imputation methods were adopted in trajectory analyses to 
deal with missing data, such as multiple imputations by the 
R package MICE. Fifth, previous studies hammered away at 
longer intervals, which comprised more time points and 
longer follow-ups. However, for first-onset schizophrenics, 
the first 6 weeks of treatment are of paramount importance, 
and such a longitudinal profile creates a sufficiently fertile 
climate for investigations into the difference in predictions of 
efficacy between the first-onset and relapsed populations. 
Additionally, benefits brought by the large sample size, to a 
certain extent, counteract the effects of shorter periods. Last 
but not least, since the entry criteria included the lowest 
threshold of PANSS total score, previous studies found that 
the baseline severity of symptoms could be somewhat inflat-
ed in an attempt to meet these inclusion cut-offs. In this 
study, a PANSS total score of 60 was set as the lowest limi-
tation. Therefore, the possibility that the baseline severity of 
symptoms was exaggerated couldn’t be fully avoided, which 
could weaken the validity of prediction using efficacy at 
week 2. However, after 2 weeks, it corrected the foregoing 
exaggeration for clinical evaluation. 

CONCLUSION 

 In conclusion, based on an RCT of 3010 people with 
schizophrenia treated with haloperidol, perphenazine, ari-
piprazole, olanzapine, quetiapine, ziprasidone and risperi-

done, this study confirmed that treatment efficacy as re-
sponses and non-responses, to antipsychotics at week 6 could 
be clinically predicted by improvement at week 2, in which 7 
antipsychotics enjoyed similar predictive capacities, and the 
relief of delusions, lack of judgment and insight, unusual 
thought content, and suspiciousness/ persecution was of im-
portance to such predictions. Overall, this study tremendous-
ly highlights the value of early efficacy as a predictor of sub-
sequent responses and advocates that a psychiatric clinician, 
with the aid of the reduction of PANSS score and the relief 
of symptoms, should resort to remedial measures in 2 weeks 
when patients showed poor responses in the early phase. 
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APPENDICES 

Appendix A 

Inclusion and Exclusion Criteria 

 Inclusion criteria: 1) aged 18 - 45; 2) were Chinese Han 
population; 3) were diagnosed with schizophrenia using 
Structured Clinical Interview for Diagnostic and Statistical 
Manual of Mental Disorders, fourth edition (DSM-IV) - Pa-
tient Version (SCID-P); 4) were physically healthy; 5) labor-
atory tests were within normal limits.  
 Exclusion criteria: 1) received a diagnosis of schizoaffec-
tive disorder, mental retardation, or other neurocognitive 

disorders; 2) had a history of serious adverse reactions to the 
proposed treatments; 3) had a history of treatment resistance, 
defined by persistent severe symptoms despite an adequate 
trial of one of the proposed treatments or prior treatment 
with clozapine; 4) were pregnant or breast-feeding; 5) had a 
serious and unstable medical condition. 

Appendix B 

Statistics Concerning Predictions for Later Responses 

1. Clinical Evaluation through PANSS 

 The clinical manifestation evaluation consisted of scores 
of the overall PANSS scale, positive subscale, negative sub-
scale and general psychopathological subscale. The PANSS 
total score was adopted as the evaluation index, given that a 
single subscale was more susceptible to random error than 
the overall scale. The percent change in the PANSS score 
from baseline was calculated using the formula below, in 
which the lowest possible PANSS total score was subtracted 
to define the clinical amelioration of mental health. 
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 Reduction rates higher than Q3+1.5×IQR (the third quar-
tile, Q3; interquartile range, IQR) or lower than Q1-1.5×IQR 
(the first quartile, Q1) were considered outliers. Values re-
placed these values at the 0.01 and 0.99 quantiles. Multiple 
imputations achieved by the R package MICE were applied 
to interpolate missing data. Details are shown in Supple-
mental Figs. S1 and S2. 

2. Prediction for a Later Response Using Early Treatment 
Improvement 

 To delve into whether the clinical improvement at weeks 
2 and 4 was endowed with a capacity for predicting the sub-
sequent treatment responses at week 6, not only logistic re-
gression adopting a cut-off value of 50% overall reduction 
but also a random forest model based on each item in 
PANSS was employed. With the aid of longitudinal trajecto-
ries of treatment responses to different antipsychotics, we 
compared the predictive capacities of different agents at the 
earliest predicting timing, in which reduced rates of PANSS 
total score served as the predictor.  
 ROC curves with AUC values represent the probability 
of a classifier ranking a randomly chosen positive instance 
higher than a randomly chosen negative one. Sensitivity, 
specificity, true positive rate (TPR), false positive rate 
(FPR), precision, recall, accuracy and error rate were also 
used to measure the classifying effectiveness. In addition, to 
diminish the influence exerted by confounding factors, such 
as age, gender, educational attainment, family history, illness 
course and severity of schizophrenic symptoms at baseline, 
which was assessed by positive, negative and general psy-
chopathology subscales, covariates were accommodated in 
ROC analyses, crude and adjusted estimates given birth to 
their forms. 

3. Prediction for a Later Response Using Psychotic Symp-
tom Relief 

 Since early improvement at week 2 could successfully 
predict treatment responses to antipsychotic medications at 
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week 6, the predictive capacity of psychotic symptoms was 
also subsumed into our scope, further supporting our find-
ings in a more tangible way. To assess the predictive capaci-
ty of each PANSS item, we made better use of the random 
forest model.  
 Random forest is a classification method with multiple 
decision trees at its core. Compared with the models and 
analysis methods mentioned above, the random forest is en-
dowed with a greater ability to obtain an unbiased estimation 
generated internally of the generalization error in the process 
of forest construction and is not prone to overfitting. Addi-
tionally, despite serving as a decision tree classifier, random 
forests also function as a detection, giving estimates of vari-
able importance in the classification. Accuracy and Gini, the 
impurity of variables, are indexes that help identify how 
much each variable contributes to the dependent variable 
with the aid of the corresponding mean decreases. Mean de-
crease accuracy and mean decrease Gini, respectively, refer-
ring to the degree of reduction in accuracy and heterogeneity 
of observations at each node of classification trees after re-
moving the variable, play critical roles in random forests. 
The higher the two values are, the more important the symp-
toms are to predictions of the ensuing clinical responses. By 
calculating the mean decrease accuracy and mean decrease 
Gini of each item in the PANSS, how much the early relief 
of each symptom contributed to the prediction of subsequent 
responses came into being, in which the predictive power 
was not affected by multicollinearity, though the explanatory 
power of the data was affected. The importance of specific 
multicollinearity features will cancel each other out, thus 
affecting our understanding and interpretation of features. 
However, this did not affect the significance of our results 
that the remission degree of delusions, lack of judgment and 
insight, unusual thought content and suspiciousness/ 
persecution possess the strongest weight in predicting the 
subsequent efficacy at week 6.  

SUPPLEMENTARY MATERIAL 

 Supplementary material is available on the publisher’s 
website along with the published article. 
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