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ABSTRACT

Background: Positive and Negative Syndrome Scale (PANSS)
data from a pivotal phase 3 study in participants with
schizophrenia of RBP-7000, a recently marketed long-acting
subcutaneous injectable risperidone formulation, were
examined to determine if dose-response relationships existed
for different items of the PANSS.

Methods: Changes in the 30 PANSS items were analyzed
individually and using the 5 factor-analysis—derived
dimensions defined by Marder and colleagues. Subgroups of
patients who could benefit from the RBP-7000 120 mg dose
were investigated.

Results: 337 participants were randomized and received
study medication (RBP-7000 90 mg n=111, RBP-7000 120 mg
n=114, placebo n=112). Dose-dependent responses were
observed in items from the study-specified PANSS positive
and general psychopathology exploratory subscales. Dose-
dependent responses were observed across all 5 Marder
dimensions, with the largest effect sizes observed with

the 120 mg dose in the uncontrolled hostility/excitement
(UHE) and anxiety/depression dimensions. Participants with
baseline UHE dimension scores > 9 demonstrated greater
improvement in PANSS total score at the 120 mg dose
compared to the 90 mg dose.

Conclusions: RBP-7000 demonstrated efficacy across both
the primary and exploratory PANSS study endpoints and
the post hoc Marder dimensions. Schizophrenia patients
with higher baseline Marder UHE scores may benefit from
initiation of treatment at the 120 mg dose.
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Anovel once-monthly extended-release subcutaneous
injectable formulation of risperidone (RBP-7000)
that provides rapid and sustained achievement of clinically
relevant exposure in a single dose without supplemental dosing
was approved by regulatory authorities for the treatment of
schizophrenia in adults. A post hoc analysis of the data was
undertaken to determine whether further analyses of the
collected Positive and Negative Syndrome Scale (PANSS) data,
including the Marder dimensions,” might indicate a dose-
response relationship to guide clinical dosage choices.

The efficacy of this subcutaneous injectable monthly
risperidone (SMR) was established in a double-blind, placebo-
controlled, 8-week phase 3 study in which patients hospitalized
with moderate to severe exacerbations of schizophrenia were
randomized to receive SMR 90 mg or 120 mg or matching
placebo. After 8 weeks of treatment (2 injections of SMR or
placebo), statistically significant improvements were observed
versus placebo on the PANSS total score (the primary endpoint),
as well as the exploratory endpoints PANSS positive scale score
and PANSS general psychopathology scale score.!

The PANSS total score is the sum of a clinician-administered
30-item assessment that evaluates each symptom-based item on
a 7-point scale (1 =absent; 7 =extreme). Positive symptoms and
negative symptoms subscales are the sum of 7 items each, and
general psychopathology subscale is the sum of 16 items.’

Marder and colleagues* used factor analysis to propose a
reorganization of PANSS items into 5 dimensions. An analysis
based on this reorganization found substantial improvement for
oral risperidone 6-16 mg daily versus placebo in total score effect
size (ES) of 0.29 and these 5 dimensions, positive symptoms (ES:
0.26), disorganized thoughts (ES: 0.26), uncontrolled hostility/
excitement (UHE; ES: 0.30), anxiety/depression (ES: 0.18), and
negative symptoms (ES: 0.15).* The Marder dimensions have been
previously used in analyses of various antipsychotic agents.>""

To further characterize the responses at SMR 90 mg and 120
mg, we conducted an analysis of PANSS item-level data from the
SMR pivotal study and subsequently investigated the 5-dimension
restructuring proposed by Marder.

METHODS

The current analysis uses data collected during the SMR phase
3 inpatient study (ClinicalTrials.gov identifier: NCT02109562)
that enrolled adult participants 18-55 years old with acute
exacerbation of DSM-IV-TR-defined schizophrenia, excluding
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Clinical Points

B A once monthly subcutaneous risperidone injection is
efficacious for many of the symptoms of schizophrenia
taken in whole (PANSS total score) or in part, via traditional
subscales (PANSS negative, PANSS positive, and the Marder
subscale).

B |n addition to our previous observations that the 120
mg dose was more effective than placebo on negative
symptoms, these new post hoc analyses suggest that
patients with high uncontrolled hostility/excitement scores
on the Marder scale may benefit from a starting dose of 120
mg subcutaneous monthly risperidone rather than the 90
mg dose.

those with documented failure of adequate treatment with
2 or more antipsychotics or treatment-resistant disease and
those taking>6 mg oral risperidone." Participants were
hospitalized, washed out of previous oral medication for
up to 8 days, and required to have a PANSS total score of
80-120 and a score of >4 on>2 of 4 positive symptoms
subscale items at screening: hallucinatory behavior,
delusions, conceptual disorganization, or suspiciousness/
persecution. Enrolled participants were randomized 1:1:1
to receive SMR 90 mg, SMR 120 mg, or matching placebo
on days 1 and 29.!

The PANSS was administered at screening, at the baseline
visit, prior to study drug administration, and on days 15,
29, 43, and 57. The primary efficacy endpoint was change
from baseline to day 57 in PANSS total score in the intent-
to-treat (ITT) population, which included all randomized
participants who received>1 dose of study medication
and had>1 postbaseline PANSS total score assessment.
Exploratory outcome measures included PANSS subscale
scores (ie, positive symptoms, negative symptoms, general
psychopathology).!

Statistical Analyses

For the current analyses, change from baseline through
day 57 was evaluated using the same analysis methodology
as for the original analyses, a mixed-effects model for
repeated measures (MMRM).>?° The MMRM model
included fixed effects for each scheduled efficacy visit as a
categorical variable, baseline score (last measurement on or
before the randomization date), treatment, and treatment-
by-visit interaction, assuming an unstructured covariance
matrix. Estimates for least-squares (LS) means, their
associated 95% confidence intervals (CIs), and P values
were calculated.

These analyses comprised the 30 individual PANSS
items and the 5 PANSS item dimensions described by
Marder. The analyses were expanded to include the change
from baseline to each interim assessment following the first
injection (ie, days 15, 29, and 43).

Consistent with US Food and Drug Administration
recommendations and information presented in the
current US package insert for SMR, PANSS scores from

unscheduled early termination visits were excluded and
early termination scores were not carried forward to day
57.%

The ES (standardized difference) for each Marder
dimension for SMR 90 mg or 120 mg compared with placebo
was calculated using adjusted mean changes from baseline
(difference in the LS mean for active vs placebo treatment)
divided by the pooled standard deviation (SD).

Additionally, exploratory analyses were undertaken to
determine whether a set of individual baseline PANSS items
could identify subgroups of participants who may benefit
from the higher SMR 120 mg dose. Based on eligibility
criteria, and the largest between-dose differences for the
Marder dimensions, the following 3 sets of PANSS items
were chosen for defining the subgroups: the 4 entry criteria
items, the 3 avoidance and withdrawal items (emotional
withdrawal, passive/apathetic social withdrawal, and active
social avoidance), and the 4 Marder UHE items (excitement,
hostility, uncooperativeness, and poor impulse control). For
each set of items, 2 subgroups were defined using a cut-point
of baseline scores that produced approximately equally sized
subgroups. Differences in change from baseline to day 57 in
PANSS total score between 120 mg and 90 mg were assessed
for these subgroups using MMRM as previously described.

Because of the exploratory nature of these analyses and
for consistency with the original Marder analysis of oral
risperidone used as reference, P values are assessed for
significance using a 0.05 2-sided a level.

Safety/Tolerability

Standard safety and tolerability assessments were based
on the safety population, which included participants who
received > 1 dose of study medication. Published results are
not repeated here."?! The percentage of participants who
experienced at least 1 treatment-emergent adverse event
(TEAE), treatment-emergent serious AEs, TEAE leading
to discontinuation, somnolence, and extrapyramidal
symptoms (EPS) were summarized overall and for the
subgroups selected by the efficacy analyses. To provide
context to the EPS TEAEs, changes from baseline to day 57
were summarized for the objective measures of Abnormal
Involuntary Movement Scale (AIMS), Simpson-Angus Scale
(SAS), and Barnes Akathisia Rating Scale (BARS), overall
and for the same subgroups.

RESULTS

Study Population

A total of 354 participants were randomized to treatment,
including 350 participants who received > 1 dose of study
medication (SMR 90 mg n=115; SMR 120 mg n=117;
placebo n=118) and constituted the safety population. A
total of 337 participants constituted the ITT population
(SMR90mgn=111; SMR 120 mg n=114; placebon=112).
A total of 259 randomized participants (73.2%) completed
the study. The most common reasons for discontinuation
were withdrawal of consent (18.6%), withdrawal by
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Figure 1. Mean PANSS Item Scores at Baseline of Phase 3 Study

(Intent-To-Treat Population), Arranged by Marder Dimensions?
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investigator (3.4%), insufficient clinical response (1.7%), and adverse
event (1.4%).

Treatment groups were generally well matched as to demographics
and disease status. Participants were primarily black/African
American (72.1%) and male (76.6%), with an overall mean age of 41.2
years. Overall, participants had been diagnosed with schizophrenia
for an average of 17 years (SD =9.7) before entering the study. Mean
(SD) PANSS total scores at baseline were 95.5 (9.2), 94.9 (8.1), and
94.1 (8.9) for participants receiving SMR 90 mg, 120 mg, and placebo,
respectively.

PANSS Item Scores at Baseline

Mean (SD) baseline PANSS scores for the ITT population are
displayed by item in Figure 1, grouped according to the Marder
dimensions.

Individual Item Changes From Baseline to Day 57

The largest significant improvements for both SMR doses
compared with placebo were observed in the 4 positive symptoms
(hallucinatory behavior, conceptual disorganization, suspiciousness/
persecution, delusions), each required by the inclusion criteria,

PANSS Item-Level Analysis of RBP-7000 Response

and in 6 general psychopathology items (active
social avoidance, depression, uncooperativeness,
poor attention, tension, anxiety). Additionally, in
the 120 mg group only, significant improvements
were observed in the following items: hostility,
excitement, emotional withdrawal, passive/apathetic
social withdrawal, poor impulse control, and somatic
concern. ESs for the items that statistically differed
from placebo ranged from 0.27 to 0.63.

PANSS Marder Dimension Scores Over Time

The time courses for mean changes (95% Cls)
in the Marder dimensions from baseline to day 57
and also, as a reference, in PANSS total score are
presented in Figure 2. Both SMR doses produced
improvements versus placebo across the Marder
dimensions that, in general, increased over time.
Significant improvements were observed by day
15 for both SMR doses in the anxiety/depression,
positive symptoms, and negative symptoms
dimensions. Except for the anxiety/depression
dimension, SMR 120 mg generally produced more
pronounced improvements than SMR 90 mg. In the
SMR 90 mg group, UHE dimension scores plateaued
after day 29, while continuous improvement of this
dimension score was noted in the 120 mg group.

The placebo-corrected item-level mean changes
from baseline to day 57 and 95% Cls were compiled
for each of the 5 Marder dimensions and, as a
reference, the PANSS positive and negative subscales
(Figure 3). At day 57, significant improvements
versus placebo were observed for both SMR
groups in the Marder UHE, anxiety/depression,
disorganized thoughts, and positive symptoms
dimensions. Significant improvement versus placebo
in the Marder negative symptoms dimension was
observed only with SMR 120 mg.

ESs from the original Marder PANSS factor
analysis of oral risperidone 6-16 mg doses are used
for reference and generally were small in magnitude,
ranging from 0.15 to 0.30.* The ESs for PANSS total
score for SMR 90 mg and 120 mg were 0.40 and
0.63, respectively, suggesting a greater overall effect
with the higher dose. Moreover, an examination
of ESs for both SMR doses demonstrates that the
long-acting injectable formulation delivers efficacy
across multiple symptom domains (ESs ranging
from 0.12 to 0.63, small to medium in magnitude)
as was shown for the 6-16 mg daily doses of oral
risperidone used in the Marder analysis.

In this study, the largest between-dose differences
in ES suggested a greater effect for SMR 120 mg
compared to 90 mg with respect to the negative
symptom and UHE dimensions; dose-related
increases in ES were more modest for PANSS total
score and the other Marder dimensions. Because
negative symptom improvement may be confounded
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Figure 2. LS Change From Baseline With SE (Error Bars) From Day 0 Through Day 57 in PANSS Total Score and Marder

Dimension Scores for Participants Receiving Placebo, SMR 90 mg, or SMR 120 mg
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by improvement in positive symptoms during acute
antipsychotic treatment, we chose not to pursue further
analyses in the negative symptoms. However, we examined
the effects of baseline UHE dimension score on treatment
response with SMR 90 mg and 120 mg.

To compare the impact of the SMR doses, differences
in PANSS total scores were assessed using the subgroups
identified (the 4 PANSS entry criteria items, the PANSS
avoidance and withdrawal items, and the Marder UHE
items) and cut-points that produced similar sizes for each of
the SMR doses. The Marder UHE subgroups demonstrated

the largest differences between doses, and therefore other
cut-points were explored, but the original cut-point of 9
yielded the most substantial between-group dose-dependent
differences in response.

The difference in changes from baseline in PANSS total
score between each dose group and placebo as well as the
difference between SMR 120 mg and 90 mg are summarized
by baseline UHE dimension scores in Figure 4. Improvement
in PANSS total score (mean placebo-corrected) for the 120
mg dose in the high baseline UHE dimension score group
was nearly twice that in the low group (LS mean —13.67 vs
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Figure 3. Mean Placebo-Corrected Changes From Baseline to Day 57 in Marder Dimension Scores and PANSS Positive and

Negative Subscales, With 95% Cls?
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Figure 4. Forest Plot of PANSS Total Scores at Day 57 by Baseline UHE Subgroups for Placebo-Corrected 120 mg and 90 mg

Treatment Groups and for the Difference With 120 mg Versus 90 mg
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—6.63, respectively), whereas similar improvements were
observed for both baseline UHE groups with the 90 mg
dose. Confirming this observation, there was no additional
improvement at the 120 mg dose over the 90 mg dose in the
low baseline UHE group (LS means [95% CI]: —0.34 [-6.62
to 5.95]); however, there was a statistically significant benefit
of 120 mg versus 90 mg in the high baseline UHE group (LS
means [95% CI]: —6.75 [-12.36 to —1.14]).

Safety and Tolerability

The previously published safety observations are not
repeated here?!; however, these data were evaluated in the
baseline UHE subgroups identified in the efficacy analysis
(Table 1). The proportion of participants with any TEAE

was slightly higher in the low versus the high baseline UHE
score group. The incidence of somnolence or sedation was
also slightly higher in the low UHE score group. Incidence
of somnolence was similar for both SMR doses in the high
UHE score groups. The incidence of a TEAE of akathisia was
greater in the high versus the low UHE score group. Within
the high UHE score group, a TEAE of akathisia was greater
with SMR 120 mg versus 90 mg. It is important to note that
no clinically meaningful changes from baseline occurred in
the BARS total score between groups. Taken together, these
findings indicate that different UHE baseline score groups
may reflect different levels of “activation.” Thus, participants
with a low baseline UHE may be associated with increased
risk of somnolence, and a high UHE baseline may be
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Table 1. Treatment-Emergent Adverse Events Overall and by Baseline Uncontrolled Hostility/Excitement Subgroup

Overall UHE<8 UHE>9
SMR SMR SMR
90 mg 120 mg Placebo 90 mg 120 mg Placebo 90 mg 120 mg Placebo
Category/preferred term, n (%) (n=115) (n=117) (n=118) (n=53) (n=52) (n=58) (n=62) (n=65) (n=60)
Any TEAE 81(70.4) 91(77.8) 81 (68.6) 40 (75.5) 44 (84.6) 48 (82.8) 41 (66.1) 47 (72.3) 33(55.0)
Any serious TEAE 1(0.9) 1(0.9) 1(1.9) 1(1.7) .
Any TEAE leading to discontinuation 2(1.7) 3(2.5) 2(3.9) 1(1.7) 2(3.3)
Any extrapyramidal symptoms 9(7.8) 13(11.1) 11(9.3) 2(3.8) 2(3.9) 7(12.1) 7(11.3) 11(16.9) 4(6.7)
Akathisia 3(2.6) 8(6.8) 5(4.2) 2(3.5) 3(4.8) 8(12.3) 3(5.0)
Extrapyramidal disorder 5(4.4) 2(1.7) 1(0.9) 2(3.8) .. 3(4.8) 2(3.1) 1(1.7)
Somnolence 6(5.2) 5(4.3) . 4(7.6) 3(5.8) 2(3.2) 2(3.1)
Somnolence or sedation 8(7.0) 9(7.7) 5(9.4) 5(9.6) 3(4.8) 4(6.2)

Abbreviations: TEAE = treatment-emergent adverse event, UHE = uncontrolled hostility/excitement.

associated with akathisia. There was no evidence of change
from baseline, regardless of treatment group or baseline
UHE score, on other measures of EPS, including AIMS total
score and SAS total score.

DISCUSSION

The equivalence of 3 mg oral risperidone/90 mg and 4
mg oral risperidone/120 mg is based on the results from a
Multiple Ascending Dose Study.?? In the phase 3 study of
SMR 90 mg and 120 mg, improvements in PANSS item-level
responses across multiple symptom domains were observed
in comparison to placebo. These improvements were noted
despite higher placebo responses reported in the literature
since the Marder analysis of oral risperidone was published.*

An extension study including rollover participants from
this study and new stable outpatients further demonstrated
both safety and long-term effectiveness of SMR.*!

Original analyses of the PANSS subscales suggested a
dose-dependent response. With respect to individual PANSS
items, SMR 90 mg and 120 mg demonstrated significant
improvements versus placebo (P<.05), respectively, in 4/7
and 6/7 positive items; 0/7 and 2/7 negative items; and 6/16
and 8/16 general psychopathology items.>

Significant improvements for both SMR doses across
all dimensions except for negative symptoms with SMR 90
mg were also demonstrated in the analysis of the Marder
dimensions. Confirming our original observations,** SMR
120 mg was consistently associated with a more substantial
decrease in negative symptoms than SMR 90 mg, suggesting
that a higher risperidone exposure is needed to ameliorate
these symptoms. Analysis of the Marder factor-analysis—
derived dimensions also strongly suggested a dose-dependent
effect for SMR. Adjusted mean changes from baseline to day
57 were greater with the 120 mg dose than the 90 mg dose
for all Marder dimensions, and responses for the UHE and
the negative symptoms dimensions were more than 2-fold
greater for the higher dose than for the lower dose of SMR.

PANSS total score was evaluated in baseline UHE
dimension subgroups to identify participants who may
benefit from treatment with the higher dose, given the overall
larger ES and difference between doses in this dimension.
Participants with higher baseline UHE dimension scores
(=9) had more than twice the reduction in PANSS total

score with 120 mg versus 90 mg. The similar between-
dose incidence of somnolence as a TEAE suggests that the
occurrence of this TEAE does not contribute to the observed
pattern of reductions in PANSS total score. Therefore, it
appears that patients with higher baseline UHE scores may
benefit preferentially across symptoms by initiating SMR at
the higher dose.

While it was not a main objective of this research,
comparison of the current results with those from Marder
suggests a more robust placebo response in the current study,
as well as somewhat higher ES for both SMR doses compared
with the oral risperidone doses (6-16 mg). However, the
range of doses evaluated in the Marder study complicates
making rigorous comparisons with the 2 SMR doses utilized
in this study, which correspond to approximately 3 and 4
mg of oral risperidone. Moreover, the original Marder
analysis* was based on the North American oral risperidone
studies conducted in the early 1990s. At that time, most of
the participants enrolled had been previously exposed only
to first-generation antipsychotic drugs. Direct comparison
of the ES between Marder and our study is further limited
by differences in modeling techniques employed (analysis
of covariance versus MMRM) and different methods for
managing missing data (last observation carried forward
versus missing at random, utilizing all observed data). Both
studies were post hoc analyses and did not adjust for multiple
comparisons. An additional limitation is that the pivotal study
used here enrolled participants who may have had lower
UHE scores at baseline in order to conform with current
guidelines for informed consent, as compared with studies
done 30 years earlier. In contrast, our inclusion criteria may
have skewed to participants who have predominantly positive
symptoms and therefore may have led to an underestimation
of the effect on the other 4 Marder dimensions.

Notwithstanding these caveats, the pattern of treatment
response described by Marder and colleagues* across their
redefined PANSS dimensions is similar to the findings in
this study of SMR. Based on observed ES, responses in this
study were similar or greater in magnitude across multiple
dimensions. The most substantial differences between the
original analysis by Marder and the current study were
greater responses in the anxiety/depression dimension with
both SMR doses and a substantially increased response in the
UHE dimension with the 120 mg dose. Broadly, these findings
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arealso consistent with other post hoc analyses examining
treatment response based on the Marder dimensions (eg,
Citrome et al 2018,” Kane et al 2007,'> Marder et al 2007'°).

CONCLUSIONS

This analysis of item-level results from an SMR pivotal
trial confirmed the efficacy of this formulation to reduce the
severity of PANSS item symptoms, using both the original

PANSS Item-Level Analysis of RBP-7000 Response

PANSS subscales and the dimensiens defined ‘during a
factor analysis conducted by Marder and colleagues. The
improvements in the original PANSS negative symptoms

subscale at the SMR 120 mg dose may have been at least
partially attributable to improvements in positive symptoms.
These data suggest that patients with higher baseline scores

(29) on the Marder UHE dimension, as well as those with
high negative symptoms scores, might benefit from initiating
treatment with the 120 mg instead of the 90 mg dose.
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