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Background: In three 8-week studies of vilazodone 40 mg/d (NCT00285376, NCT00683592,
and NCT01473394) and a 10-week study of vilazodone 20 or 40 mg/d (NCT01473381),
adults with major depressive disorder (MDD) showed significantly greater improvement
with vilazodone versus placebo in global disease severity as measured by mean change from
baseline in Clinical Global Impression of Severity (CGI-S) score. To assess the proportion of
patients achieving clinically meaningful improvement, a post hoc pooled analysis was con-
ducted using categorical shifts in disease severity based on CGI-S scores at baseline and end of
treatment (EOT).

Methods: Analyses were conducted in the pooled intent-to-treat population (N=2,218).
Definitions of categorical shifts included CGI-S =4 (moderately ill or worse) at baseline to
CGI-S =2 (normal or borderline ill) at EOT; CGI-S =5 (markedly ill or worse) at baseline to
CGI-S =2 at EOT; and CGI-S =6 (severely ill or worse) at baseline to CGI-S =3 (mildly ill
or better) at EOT.

Results: At baseline, 2,217 patients were moderately ill or worse. The percentage who
improved to normal or borderline ill was significantly higher with vilazodone than with
placebo (40.0% versus 27.8%; odds ratio [OR] =1.7, P<<0.001; number needed to treat
[NNT] =9). In the 979 patients who were markedly ill or worse at baseline, the percentage
who improved to normal or borderline ill was significantly higher with vilazodone than with
placebo (36.8% versus 25.5%; OR =1.7, P<<0.001; NNT =9). The small number of severely
ill patients at baseline (n =43) provided inadequate power to detect statistically significant
between-group differences, but an NNT =5 was found for improvement to mildly ill or
better.

Conclusion: Categorical shift analyses, defined using baseline and EOT CGI-S scores, showed
that significantly higher proportions of patients had clinically meaningful improvements in
global disease severity with vilazodone 20-40 mg/d versus placebo. This type of analysis may
be useful for evaluating the effects of antidepressant treatment in adults with MDD.
Keywords: depression, antidepressant, global improvement, clinical trial

Introduction

In clinical trials of major depressive disorder (MDD), the primary efficacy end point
is usually defined by a mean score change in a validated depression scale such as the
Montgomery—Asberg Depression Rating Scale (MADRS)! or Hamilton Depression
Rating Scale (HAMD).? Statistical superiority compared to placebo indicates efficacy
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in these trials, but it can be difficult to interpret the clinical
meaningfulness of between-group differences in MADRS or
HAMD score changes. For example, a mean improvement
can be due to large changes in a few patients or moderate
changes in many patients. Moreover, analyses of mean score
changes do not always account for baseline symptom sever-
ity. Depending on the treatment, patients with worse baseline
scores may have larger or smaller score improvements than
patients with less severe baseline scores.

The MADRS and HAMD are often used in clinical trials
because they comprise multiple items that are related to core
depression symptoms and because the scales are sensitive
for detecting antidepressant treatment effects.> In clinical
settings, however, it may be cumbersome to administer a
multi-item instrument such as the MADRS or the HAMD at
every patient visit to ascertain antidepressant effects. In this
respect, a single-item measure such as the Clinical Global
Impression of Severity (CGI-S)* may have more utility for
practicing clinicians. As an instrument that has demonstrated
sensitivity for detecting antidepressant effects in addition to
being correlated with both the MADRS and the HAMD,**
the CGI-S has been included in many MDD clinical trials
as a secondary or additional efficacy end point. Scoring for
the CGI-S (range, 1 “normal” to 7 “extremely ill”’) offers a
face-valid simplicity that may be useful in clinical practice.
However, when presented as mean change from baseline,
interpretation of CGI-S results in clinical trial reports may
remain challenging. For example, an analysis of CGI-S score
mean change from baseline could result in a between-group
difference of <1 point with a P-value <0.05. This result
would indicate statistical superiority of an active drug over
placebo, but it would be difficult to ascertain whether the
magnitude of treatment effect was meaningful in day-to-day
clinical practice.

To explore whether CGI-S data can be analyzed in a
more clinically meaningful way by using shifts from higher
to lower degrees of severity, data were pooled from 4
clinical trials of vilazodone,>® a serotonin reuptake inhibitor
and 5-HT,, receptor partial agonist that is approved in the
United States for the treatment of MDD in adults. Taking
into account both baseline and end point CGI-S scores,
several different categorical shifts were defined to identify
the percentage of patients who met specific thresholds for
global improvements. In addition to providing further infor-
mation regarding response to vilazodone in clinical trials in
adult patients with MDD, this analytic approach may offer
clinicians a practical method for evaluating antidepressant
efficacy in clinical settings.

Methods

Studies

Data were pooled from 4 randomized, double-blind, placebo-
controlled Phase 3 clinical trials. Methods for all of these stud-
ies have been previously reported.>® All studies were approved
by the Institutional Review Board of each participating study
site (Table S1), and all patients provided informed and writ-
ten consent prior to study entry. In 3 studies (NCT00285376,
NCT00683592,5 and NCT014733947), patients were random-
ized (1:1) to 8 weeks of double-blind treatment with placebo
or vilazodone 40 mg/d. In 1 study (NCT014733818), patients
were randomized (1:1:1) to 10 weeks of double-blind treatment
with placebo, vilazodone 20 mg/d, or vilazodone 40 mg/d. All 4
studies included adult patients, =18 years of age, who met the
Diagnostic and Statistical Manual of Mental Disorders, fourth
edition-text revision (DSM-IV-TR) criteria for MDD.®

Patients were required to have a current major depressive
episode (duration of =4 weeks to <2 years™® or =8 weeks
to =12 months’®); 17-item HAMD total score =22 and
item 1 (depressed mood) score =2;%¢ and/or MADRS total
score =26."% CGI-S score was not used to determine eligi-
bility in any of the studies. Key exclusion criteria included
primary DSM-IV-TR Axis I disorder other than MDD; history
of bipolar or psychotic disorders; history of nonresponse
to =2 antidepressants after adequate treatment; and risk of
suicide based on investigator judgment and/or formal assess-
ment (eg, Columbia-Suicide Severity Rating Scale score;
MADRS item 10 [suicidal thoughts] score =5).

In all the studies, the primary efficacy end point was defined
as MADRS total score change from baseline to end of treatment
(EOT). All studies also included CGI-S score change from
baseline to EOT as a secondary or an additional end point.

Post hoc analyses

The objective of the current post hoc analyses was to provide a
clinically meaningful approach for assessing the global effects
of vilazodone versus placebo in adults with MDD. These
analyses were conducted in the pooled intent-to-treat (ITT)
population, defined as all patients who received =1 dose of
double-blind study drug and had an available MADRS total
score at baseline and at =1 post-baseline study visit. Patients
were classified into 3 subgroups based on the distribution of
CGI-S scores at baseline: severely or extremely ill (score =6),
markedly ill (score =5), and moderately ill (score =4).

The distribution of CGI-S scores at baseline and EOT
was assessed to ascertain the percentage of patients who had
worsening, no change, or improvement in overall disease
severity. In all the post hoc analyses, EOT was defined as
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the last available assessment in the double-blind period. No
inferential statistics were conducted for the distribution of
CGI-S scores, either at baseline or at EOT.

Three sets of CGI-S category shift criteria were also
defined post hoc to evaluate the percentage of patients
who had clinically meaningful improvements in overall
disease severity. These criteria were as follows: 1) CGI-S
score =6 (severely or extremely ill) at baseline, score =3
at EOT (mildly ill or better); 2) CGI-S score =5 at baseline
(markedly ill or worse), score =2 at EOT (borderline ill or
normal); and 3) CGI-S score =4 at baseline (moderately
ill or worse), score =2 at EOT (borderline ill or normal).
Relative effect sizes for vilazodone versus placebo were
calculated using odds ratios (ORs), P-values, and 95%
confidence intervals (Cls) that were based on a logistic
regression model that included study, treatment group, and
baseline CGI-S score as explanatory variables; patient status
for meeting the shift criteria was defined as the dependent
variable. P-values were not adjusted for multiple compari-
sons as the analyses were considered exploratory in nature.
Absolute effect sizes for the CGI-S category shifts were
calculated using numbers needed to treat (NNTs) and 95%
Cls, with NNT =1/(rate difference), rounded up to the next
whole number.

For descriptive purposes, the least squares mean change
from baseline to EOT in MADRS total score was determined

in vilazodone-treated patients who met the CGI-S category
shift criteria using a mixed model with study and treatment
group as fixed effects and baseline MADRS total score as
a covariate.

Results

Patients

The pooled ITT population included 2,218 patients (placebo,
n=964; vilazodone, n=1,254). One patient was borderline
ill at baseline (CGI-S score of 2). The remaining 2,217
patients were moderately ill (CGI-S =4, n=1,238 [55.8%]),
markedly ill (CGI-S =5, n=936 [42.2%]), or severely ill
(CGI-S =6, n=43 [1.9%]) at baseline. No patient had a
CGI-S score of 1 (normal), 3 (mildly ill), or 7 (extremely ill)
at baseline.

Within the 2 larger subgroups of patients categorized by
global severity (CGI-S =4 or 5), demographics and baseline
characteristics were generally similar between treatment
groups (Table 1). Across all 3 CGI-S severity subgroups, a
higher CGI-S score was not clearly associated with longer
MDD duration or current episode duration. However, recur-
rent episodes were more common in the severely ill subgroup
(83.7%) than in markedly ill (73.3%) or moderately ill
(74.8%) subgroups. No statistical analyses were conducted
to test for differences between treatment groups or between
CGI-S severity subgroups.

Table | Demographics and baseline characteristics (CGI-S severity subgroups)?

Severely ill,
CGI-S score =6

Markedly ill,
CGI-S score =5

Moderately ill,
CGI-S score =4

Placebo, Vilazodone, Placebo, Vilazodone, Placebo, Vilazodone,
n=13 n=30 n=422 n=514 n=529 n=709
Age, mean (SD), years 37.8 (12.4) 41.5 (15.5) 42.0 (12.9) 41.4 (12.8) 41.1 (12.8) 40.1 (12.4)
Women, n (%) 12 (92.3) 19 (63.3) 255 (60.4) 301 (58.6) 282 (53.3) 401 (56.6)
Race, n (%)
White 10 (76.9) 21 (70.0) 303 (71.8) 360 (70.0) 395 (74.7) 551 (77.7)
Black 3(23.1) 9 (30.0) 95 (22.5) 118 (23.0) 109 (20.6) 122 (17.2)
Other 0 0 24 (5.7) 36 (7.0) 25 (4.7) 36 (5.1)
BMI, mean (SD), kg/m? 29.1 (6.4) 29.1 (6.6) 29.6 (6.6) 29.2 (6.8) 29.2 (5.8) 29.1 (6.2)
MDD duration, n (%)
<2 years 4 (30.8) 6 (20.0) 124 (29.4) 157 (30.5) 141 (26.7) 207 (29.2)
=2 to <10 years 5 (38.5) 11 (36.7) 154 (36.5) 165 (32.1) 169 (31.9) 244 (34.4)
=10 years 4 (30.8) 13 (43.3) 144 (34.1) 192 (37.4) 219 (41.4) 258 (36.4)
Recurrent episodes, n (%)° I'1(84.6) 25 (83.3) 306 (72.5) 380 (73.9) 399 (75.4) 527 (74.3)
Current episode duration, n (%)
=6 months 8 (61.5) 13 (43.3) 222 (52.6) 275 (53.5) 268 (50.7) 361 (50.9)
>6 to =12 months 5(38.5) 16 (53.3) 169 (40.0) 189 (36.8) 211 (39.9) 284 (40.1)
>12 months 0 1 (3.3) 31(7.3) 50 (9.7) 50 (9.5) 64 (9.0)
MADRS total score, mean (SD) 35.6 (4.3) 36.5 (4.7) 33.4 (34) 33.2(3.3) 29.5 (2.8) 29.5 (2.8)

Notes: *Based on the pooled intent-to-treat population; *had at least one major depressive episode prior to the current episode.
Abbreviations: CGI-S, Clinical Global Impression of Severity; SD, standard deviation; BMI, body mass index; MDD, major depressive disorder; MADRS, Montgomery—

Asberg Depression Rating Scale.
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Figure | Mean CGI-S score improvements in vilazodone MDD studies.

Notes: Patients received 8 weeks (Rickels et al,’ Khan et al, and Croft et al’) or 10 weeks (Mathews et al®) of double-blind treatment. LS mean changes were analyzed using a last
observation carried forward approach and an analysis of covariance model with treatment group and pooled study center as factors and baseline value as the covariate. *P<<0.01;

***P=0.001 versus placebo.

Abbreviations: CGI-S, Clinical Global Impression of Severity; d, day; LS, least squares; MDD, major depressive disorder.

CGI-S score improvement

In the individual studies, a significantly greater mean
improvement in CGI-S score was found with vilazodone
versus placebo (Figure 1). A post hoc analysis of data pooled
from the 4 individual studies showed that for each of the
CGI-S subgroups (severely ill, markedly ill, and moderately
ill at baseline), the percentage of patients with CGI-S score
improvement was higher with vilazodone than with placebo
(Figure 2); no statistical testing between treatment groups was
conducted for this analysis. Very few patients receiving either
placebo or vilazodone had worsening in CGI-S score.

Clinically meaningful categorical
improvements
In the CGI-S category shift analyses, the percentage of patients
who had clinically meaningful improvements in disease sever-
ity was higher with vilazodone than with placebo (Figure 3).
The largest magnitude of effect was seen in patients
shifted from a score =6 at baseline (severely ill or worse) to
a score =3 (mildly ill or better) at EOT: OR (95% CI) =3.3
(0.7, 16.5); NNT (95% CI) =5 (2 to oo, —19 to —oo). The
difference between treatment groups was not statistically
significant, probably due to the small sample size (n=43).

A Severely ill at baseline

At end of treatment

|:| No change D Lessiill

Placebo Severelyill Markedly ill Moderately ill Borderline  [Normal
(n=13) 234% 23.1% 30.8% 15.4% 7.7%
Vilazodone |/Severely/ill Markedly ill Moderately ill Mildly ill Borderline| Normal
(n=30) 13.3% 20.0% 20.0% 26.7% 10.0% | 10.0%

Figure 2 (Continued)
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B Markedly ill at baseline
At end of treatment
. More ill |:| No change |:| Lessiill
Placebo NMarkedly/ill Moderately ill Mildly ill Borderline Normal
(n=422) 37.4% 22.3% 14.2% 14.0% 11.6%
Vilazodone Markedlyill Moderately ill Mildly ill Borderline Normal
(n=514) 24.7% 18.9% 18.5% 17.1% 20.6%
C Moderately ill at baseline
At end of treatment
. More ill |:| No change |:| Lessill
Placebo Moderately/ill Mildly ill Borderline Normal
(n=529) 45.2% 23.8% 16.6% 13.0%
Vilazodone Moderatelyill Mildly ill Borderline Normal
(n=709) 324% 23.8% 21.7% 20.7%

Figure 2 Distribution of CGI-S scores at EOT.

Notes: In patients categorized by CGI-S severity at baseline as follows: (A) severely ill (score of 6); (B) markedly ill (score of 5); and (C) moderately ill (score of 4). EOT

was defined as the last available assessment during double-blind treatment.

Abbreviations: CGI-S, Clinical Global Impression of Severity; EOT, end of treatment; n, number of patients with a CGI-S score of 4, 5, or 6 at baseline.

A statistically significant difference between vilazodone
and placebo (P<<0.001) was observed in patients who shifted
from a CGI-S score =5 at baseline (markedly ill or worse)
to a score =2 at EOT (borderline ill or normal): OR (95%
CI)=1.7 (1.3, 2.3); NNT (95% CI) =9 (6, 19). Results were
also statistically significant for vilazodone versus placebo
(P<<0.001) in patients who shifted from a CGI-S score =4
at baseline (moderately ill or worse) to a score =2 at EOT
(borderline ill or normal): OR (95% CI)=1.7 (1.4,2.1); NNT

(95% CI) =9 (7, 13). The 3 groups of vilazodone-treated
patients who met CGI-S category shift criteria had
comparable mean changes from baseline in MADRS total
score (Table 2).

Discussion

The efficacy of vilazodone in adults with MDD was estab-
lished in 4 randomized, double-blind, placebo-controlled
trials based on mean changes from baseline in MADRS total

Neuropsychiatric Disease and Treatment 2016:12
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B Placebo M Vilazodone

NNT=5

Severely ill 13
or worse to
mildly ill or better 30

Markedly ill
or worse to
borderline/normal 544

435

Moderately ill 964
or worse to

borderline/normal 1,253

OR=3.3
95% CI (0.7, 16.5)

NNT=9

OR=1.7

95% CI (1.3, 2.3)
-o—

NNT=9

OR=1.7

95% CI (1.4, 2.1)
@~

Percentage of patients

Figure 3 Categorical improvements in CGI-S scores.

50 0 1 2 3 4

v o -

Favors treatment

Notes: Categories defined as follows: severely ill or worse (CGI-S score =6), markedly ill or worse (CGI-S score =5), moderately ill or worse (CGI-S score =4), mildly ill
or better (CGI-S score =3), borderline ill or normal (CGI-S score =2). *P<<0.00| versus placebo; not adjusted for multiple comparisons.
Abbreviations: CGI-S, Clinical Global Impression of Severity; n, number of patients with a baseline CGI-S score relevant to the category shift analysis; NNT, number needed

to treat; Cl, confidence interval; OR, odds ratio.

score and CGI-S score. Since it can be difficult to apply these
types of results to clinical practice, post hoc shift analyses of
CGI-S data from the vilazodone studies were conducted.
The single-item CGI-S was selected as the focus of these
analyses because of its potential utility in clinical settings.
Regular administration of the CGI-S at study visits could
help clinicians assess whether patients are improving during
acute treatment, and if necessary, whether they are maintain-
ing stability during long-term treatment. The duration of the
vilazodone trials (8 or 10 weeks) was not adequate to draw
conclusions about the long-term effects of this medication
in MDD patients, but analysis of the pooled data indicates
that more patients had CGI-S score improvements with
vilazodone than with placebo. For example, in patients who
were markedly ill at baseline, the percentage experiencing
any improvement in CGI-S score was higher with vilazodone
(75.1% [386/514]) than with placebo (62.1% [262/422]).

These results were supported by specific CGI-S category
shift analyses, which were designed to reflect clinically
meaningful improvements, provide relative and absolute
treatment effects (ORs and NNTs), and be tested for statistical
significance between treatment groups. All patients in the
pooled ITT population (except for 1 patient randomized to
vilazodone) were moderately ill or worse at baseline (CGI-S
score =4). In these 2,217 patients, the odds of shifting to bor-
derline ill or normal at EOT (CGI-S score =2) was 1.7 times
greater with vilazodone than with placebo (P<<0.001). The
NNT for this CGI-S category shift was 9, which meets the
conventional threshold (NNT <10) for clinically relevant
results.'” Thus, for every 9 moderately or severely ill patients
randomized to vilazodone versus placebo, 1 additional
patient can be expected to achieve normal or near-normal
global status by the EOT. Similar effect sizes and statistical
significance (OR =1.7, NNT =9, P<<0.001) were found for

Table 2 MADRS total score change by CGI-S category shift criteria (pooled ITT population, vilazodone-treated patients)

CGI-S category shift criteria n Mean MADRS total score (SD) LS mean
At baseline At EOT change (SE)
Severely or extremely ill at baseline (CGI-S score =6); 14 35.1 (4.0 13.1 (7.1) -23.2 (2.6)
mildly ill or better at EOT (CGI-S score =3)
Markedly ill or worse at baseline (CGI-S score =5); 200 328 (3.2) 6.4 (4.4) —26.2 (0.3)
borderline ill or normal at EOT (CGI-S score =2)
Moderately ill or worse at baseline (CGI-S score =4); 501 30.7 (34) 6.8 (4.6) —-23.6 (0.2)

borderline ill or normal at EOT (CGI-S score =2)

Abbreviations: MADRS, Montgomery—Asberg Depression Rating Scale; CGI-S, Clinical Global Impression of Severity; ITT, intention to treat; SD, standard deviation;

EOT, end of treatment; SE, standard error; LS, least squares.
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the CGI-S category shift analysis that was based on the 979
patients who were markedly ill or worse at baseline (CGI-S
score =5).

The results from these 2 shift analyses suggest that with
acute vilazodone treatment, ~35%-40% of moderately or
markedly ill patients may expect a =3-point improvement
in CGI-S score, which in our data set corresponded to
an ~25-point improvement in MADRS total score. These
results were consistent with a published analysis of data from
other antidepressant clinical trials, which showed positive
and significant correlations between CGI-S and MADRS
scores over the course of acute treatment.!! A more complex
analysis of the vilazodone trial data, such as a regression
model with estimation of fit, would be needed to draw any
definitive conclusions about the correlation between CGI-S
and MADRS improvements in the vilazodone studies.
However, the exploratory analysis that was conducted for
this report suggests that in clinical settings, a CGI-S score
improvement of =3 points could be used as an indicator
of good treatment response in moderately or markedly ill
patients, with a smaller CGI-S score improvement possibly
indicating a need for treatment adjustment. Of course, any
change to therapy (eg, longer treatment, dose increase, aug-
mentation, or switch) would require careful consideration of
the individual patient’s specific medical history and current
situation.

Only 43 patients in the pooled study population were
categorized as severely ill at baseline (CGI-S =6). This group
had the largest treatment effects (OR =3.3, NNT =5), as well
as ~25-point decrease in MADRS total score with vilazodone,
but lacked power to show a statistically significant difference
between vilazodone and placebo for the shift analysis. Thus,
it appears that patients with more severe symptoms of MDD
might benefit from treatment with vilazodone, but the data
in this group are limited in our analysis.

It should be noted that there are no universally established
scoring guidelines for the 7 anchor points of the CGI-S."?
Rather, the instrument was designed to be scored based on
the professional judgment of individual clinicians. The post
hoc analyses presented in this report were adjusted for study
site to help mitigate any potential inter-rater variability in
CGI-S scoring. From a research perspective, a more struc-
tured approach to the CGI-S may be warranted in future
MDD clinical trials.'>'* Within a clinical setting, however,
inter-rater variability is much less likely to have a confound-
ing effect on evaluating whether a patient is experiencing
categorical improvements in overall disease severity.

Limitations

Due to the inclusion criteria of the vilazodone studies, a limi-
tation of these post hoc analyses is the possible skewing of
baseline CGI-S scores toward categories that are more severe
than may be found in a general population of MDD patients.
However, as indicated by a retrospective analysis of obser-
vational studies in which >75% of MDD outpatients were
found to be moderately to severely ill prior to treatment,'
it seems likely that a majority of patients in clinical settings
would also be moderately ill or worse prior to treatment.
Nonetheless, the generalizability of baseline CGI-S scores
(and corresponding severity categories) found in the current
post hoc analyses may be limited.

Other limitations, as mentioned earlier, are as follows:
the criteria for CGI-S category shifts were based on the face
validity of the CGI-S scale, but these criteria have not been
formally validated in MDD patients; the number of patients
who were “severely ill” at baseline was not large enough
to draw conclusions in this group; and the study duration
(8 or 10 weeks) does not provide any information about the
long-term effects of vilazodone on overall disease severity.

Conclusion

Post hoc analyses of CGI-S data from 4 randomized,
double-blind, placebo-controlled trials indicate that overall
disease severity improved in adults with MDD who received
acute treatment with vilazodone 20—40 mg/d. Results from
the CGI-S category shift analyses demonstrated that in
moderately to markedly ill patients, the odds of improving
to borderline ill or better was significantly greater with vila-
zodone than with placebo. These category shifts based on
changes in CGI-S scores may provide a useful way to identify
clinically meaningful improvements in adults with MDD.
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