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INTRODUCTION
• Lumateperone is a mechanistically novel antipsychotic that simultaneously modulates 

serotonin, dopamine, and glutamate neurotransmission1,2

• Lumateperone is FDA-approved for the treatment of schizophrenia and is currently being 
investigated for the treatment of bipolar depression2

• The efficacy and safety of lumateperone in schizophrenia was assessed in  
3 short-term trials in patients with acute exacerbation of schizophrenia3–5

• One phase 3, randomized, double-blind, placebo-controlled, 4-week study (Study 301; 
NCT02282761), assessed the efficacy of 2 doses of lumateperone (28 mg, 42 mg)5

 – The prespecified statistical analysis was a mixed-effects model for repeated measures 
(MMRM), which assumes missing at random (MAR) for missing data from patients 
who discontinue

 – In this study, the 42-mg dose of lumateperone compared with placebo showed 
significantly greater improvements on the primary efficacy endpoint, change from 
baseline in Positive and Negative Syndrome Scale (PANSS) Total score

 – While the 28-mg dose of lumateperone showed advantages in PANSS Total score 
over placebo, the difference did not reach statistical significance 

• This post hoc analysis of Study 301 assessed the sensitivity of the prospective MMRM-
based efficacy analysis, assessing the impact of the assumptions used to handle data 
from patients who discontinued the study 

METHODOLOGICAL QUESTION BEING ADDRESSED
• Could the MAR assumption of the MMRM method have led to substantial 

underestimation of the efficacy of lumateperone as a result of higher discontinuation 
rates due to lack of efficacy (LOE) in the placebo group?6–8

METHODS
• To assess the sensitivity of the MMRM approach to the MAR assumption for this study, 

several comparisons of the primary endpoint were performed considering all dropouts 
as bad outcomes. Considering all dropouts as bad outcomes in the analysis handles 
missing not at random more appropriately than MMRM approach and is supported by 
the argument presented in Permutt and Li8  as well as by the following justifications: 

 – A patient dropping out due to LOE has already decided the treatment is not effective 
enough to warrant continuation and a bad outcome would be expected

 – A patient dropping out due to adverse experience has decided the benefit of the 
treatment is not sufficient to overcome toxicity and a bad outcome would be expected

 – A patient dropping out for a reason seemingly known to be unrelated to treatment 
could also be handled as missing not at random, but such dropouts are equally likely 
across treatment groups, so that handling them like other dropouts as bad outcome 
would not be expected to produce bias in the treatment comparison

• This approach of handling missing data does not require differentiating the reasons for 
dropping out. This is an important property of this approach because the true reason for 
dropping out may not be precisely ascertained, especially in those patients who report 
dropping out due to withdrawal of consent while an unknown proportion of them could 
be dropping out due to LOE

• The following comparisons were performed:

 – Comparison of patient discontinuation rates by reason of discontinuation

 – Using multiple imputation strategy to implement MAR for missing data, cumulative 
responder rates were compared considering patient dropouts as failures

• A median test was performed: 

 – Treatment differences versus placebo were assessed in the total randomized 
population based on difference in the medians of the change from baseline of the 
primary endpoint, counting dropouts as worse than the median, P values for the 
median test were calculated based on all randomized patients using the permutation 
method

• Treatment comparisons based on the Better-half subset and the Best 73.2% subset
 – The Better-half subset was based on the 50% of patients in each group who had the 

highest change from baseline in the primary efficacy endpoint, counting dropouts in 
the worse-half6,7

 – The Best 73.2% (=100%-26.8%) subset was based on the smallest proportion of 
completers in any treatment group with dropouts counted in the worse subset; these 
same proportions were applied to each treatment group

 – Treatment differences versus placebo in the Better-half and the Best 73.2% subsets 
were based on the direct mean estimate 

 – The P values for the direct mean comparison in the Better-half and the Best 73.2% 
subsets were calculated based on the permutation method of all randomized patients

RESULTS
• A total of 150 patients were randomized to each treatment group
• Patients in the placebo group had a significantly higher overall discontinuation rate 

compared with the lumateperone 42-mg group, primarily because of discontinuations 
due to LOE (Table 1)

Table 1. Study Discontinuation Rates of All Randomized Patients
Lumateperone 

28 mg
(n = 150)

Lumateperone  
42 mg

(n = 150)

Placebo
 

(n = 150)

Discontinued treatment for any reason, n (%) 27 (18.0) 19 (12.7) 37 (24.7)

Rate difference vs placebo
P value

−6.7
.211

−12.0  
.008

—

Discontinued treatment due to lack of 
efficacy, n (%)

12 (8.0) 7 (4.7) 24 (16.0)

Rate difference vs placebo
P value

−8.0 
.037

−11.3 
.002

—

Discontinued treatment due to AE, n (%) 4 (2.7) 2 (1.3) 1 (0.7)

Rate difference vs placebo
P value

2.0 
.246

0.7 
.683

—

Discontinued treatment due to withdrawal of 
consent, n (%)

11 (7.3) 11 (7.3) 17 (11.3)

Rate difference vs placebo
P value

−4.0 
.246

−4.0 
.246

—

• In the primary efficacy analysis using MMRM, lumateperone 42 mg was statistically 
superior to placebo in improvement in PANSS Total score to Day 28 (Figure 1)

• There was no significant difference between lumateperone 28 mg and placebo, but a 
numeric trend toward improvement was noted (Figure 1)

• PANSS Total response rates (≥20% improvement) were similar in lumateperone 28 mg 
and 42 mg and numerically higher than placebo in the primary analysis (Figure 2)

Figure 1. MMRM Analysis of Change  
from Baseline in PANSS Total Score at  
Day 28 (ITT Set)

Figure 2. Prespecified Responder 
Analysis of Patients with ≥20% 
Reduction in PANSS Total (ITT)
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• When patients with missing assessments were imputed as nonresponders, larger 
separation of both lumateperone 28 mg and 42 mg versus placebo were observed 
(Figure 3B) than the corresponding separation displayed based on MAR approach  
(Figure 3A)

Figure 3. Responder Analysis of Primary Endpoint By Missing Assessment Assumption
A. Missing Assessments Imputed as MAR
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B. Patients Without Day 28 Assessment Considered Nonresponders
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MAR, missing at random; PANSS, Positive and Negative Syndrome Scale.

• The placebo group had the lowest completion rate, with 73.2% of patients having a 
PANSS Total score assessment at Day 28 (Figure 4)

• Sensitivity analyses were performed in the Better-half and Best 73.2% subsets of each 
treatment group, which comprised patients contributing to the cumulative proportion of 
patients below the corresponding horizontal line for each subset (Figure 4)

Figure 4. Improvement in PANSS Total Score Assuming Patients with Missing Data 
Have Worse Change in PANSS to any Observed Value (All Randomized Patients)
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Intersection of the horizontal lines defining the Best 73.2% and Better-half subsets and treatment group curves defines the boundaries of the subsets. 
The intersections of the cumulative proportion of patients at 50% horizontal line and the treatment group curves indicate the medians of the PANSS Total 
score reduction from baseline for the respective treatment groups.

• In the total randomized population analysis that managed patients with missing data as 
non-responders, both lumateperone 28 mg and 42 mg significantly improved median 
change from baseline in PANSS Total score compared with placebo, with larger treatment 
differences relative to the primary MMRM analysis (Table 2) 

• In both the Better-half and Best 73.2% subset analyses, the observed treatment 
differences between lumateperone 42 mg versus placebo were larger than those from the 
primary MMRM analysis (−6.2 and −7.3 vs −4.2, respectively) (Table 2)

 – Similarly larger treatment differences were observed between lumateperone 28 mg vs 
placebo

• Based on the sensitivity analyses, lumateperone 42 mg significantly improved 
change from baseline in PANSS Total score at Day 28 compared with placebo, while 
lumateperone 28 mg approached statistical significance vs placebo (Table 2)

Table 2: Sensitivity Analyses of Change from Baseline in PANSS Total Score at Day 28

Analysis method

Lumateperone 
28 mg

(n = 150)

Lumateperone  
42 mg

(n = 150)

Placebo
 

(n = 150)

ITT set, MMRM

LS mean −12.9 −14.5 −10.3

Difference vs placebo (95% CI) −2.6 (−6.17, 1.05) −4.2 (−7.75, −0.60) −

Unadjusted P value .164 .022 −

All randomized patients with baseline PANSS Total score

Median (dropouts are counted as 
worse than the median)

−12.0 −11.5 −5.0

Difference vs placebo (95% CI) −7.0 (−11.5, −2.5) −6.5 (−11.0, −2.0) —

Unadjusted P value .0026 .0040 —

Better-half subset

Direct mean −22.8 −25.3 −19.1

Difference vs placebo (95% CI) −3.7 (−8.1, 0.4) −6.2 (−10.6, −2.1) —

Unadjusted P value .0877 .0043 —

Best 73.2% subset

Direct mean −17.0 −19.7 −12.4

Difference vs placebo (95% CI) −4.6 (−9.3, 0.2) −7.3 (−12.0, −2.5) —

Unadjusted P value .0616 .0023 —

CONCLUSIONS
• In Study 301, the prospective primary efficacy analysis using 

MMRM showed that lumateperone 42 mg was statistically superior 
to placebo in improving PANSS Total score

• The higher rate of early discontinuations due to lack of efficacy 
in the placebo group suggests the MAR assumption of the MMRM 
primary analysis may not be satisfied 

• Using other appropriate methods for dealing with patient 
imbalances to all discontinuation particularly due to lack of efficacy, 
both doses of lumateperone demonstrated substantially greater 
treatment effect versus placebo than those obtained based on the 
primary MMRM analysis
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