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ABSTRACT

Objective: Several single-center studies have found raloxifene, an estrogen
agonist, to be effective in ameliorating symptoms of schizophrenia in stable
patients as augmentation of antipsychotics. This multicenter study assessed
whether raloxifene plus antipsychotic treatment, in comparison to placebo plus
antipsychotics, improves symptoms or cognition in severely ill decompensated
schizophrenia patients.

Methods: In this 16-week, double-blind, randomized, placebo-controlled study,
200 severely ill, decompensated postmenopausal women who met DSM-IV-TR
criteria for schizophrenia or schizoaffective disorder were recruited from January
2011 to December 2012 and were randomized to receive either raloxifene 120
mg/d plus antipsychotics or placebo plus antipsychotics. The primary outcome
measure was Positive and Negative Syndrome Scale (PANSS) total score at the
end of the trial.

Results: The placebo plus antipsychotics group experienced statistically
significant improvement in PANSS total score (P <.001) compared to the
raloxifene plus antipsychotics group, using mixed models for repeated measures,
with results favoring placebo by 4.5 points (95% Cl, 2.3-6.7). These results were
clearly outside the 95% confidence interval. This negative effect was more
pronounced in patients who had more frequent relapses and in those with
baseline PANSS scores of 100 or higher. There were no differences between
groups in Clinical Global Impression Scale-Severity scores or Composite Brief
Assessment of Cognition in Schizophrenia scores at 16 weeks (P>.3). Baseline
follicle-stimulating hormone and estradiol levels did not alter the drug-placebo
differences.

Conclusions: Individuals in the active treatment arm showed worse outcome
than those in the placebo arm, most likely as a result of chance variation, but
the results unequivocally show no benéefit of antipsychotics plus raloxifene
versus antipsychotics plus placebo in this large randomized, double-blind,
placebo-controlled trial in postmenopausal women. These data do not support
the use of raloxifene in severely decompensated schizophrenia patients until
reliable research identifies what subgroup of patients or domain of outcome is
benefited.
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he estrogen protection hypothesis of
schizophrenia was introduced in the late

1980s to explain the gender-related differences
that have been documented regarding the
epidemiology and some clinical features of
schizophrenia.! A consistent observation of 43
independent epidemiologic studies was that
the onset of schizophrenia is 2-4 years later in
women than in men, with women having a lower
incidence of schizophrenia until menopause,
when women have an increased incidence, so that
the lifetime prevalence is basically the same in
both genders.>? Furthermore, women are more
likely to have their first schizophrenia episode
during an estrogen trough in the menstrual
cycle.* Furthermore, some,>® but not others,’!2
indicate that women require lower doses of
neuroleptics compared to men to prevent relapse.
While most studies found that female patients
function better than male patients,*!>"!8 a few
failed to demonstrate differences,'”?! and 1
study on premorbid cognitive functioning
reported that females actually functioned worse
than males before the onset of psychosis.??
These gender differences in the natural course
of schizophrenia are well replicated and provide
a major lead to understanding and treating the
illness.

Investigators have hypothesized that the
mechanism by which estrogen protects against
psychotic illness is related to its ability to
interfere with dopamine neurotransmission®?
and its influence on serotonin activity.* A
second possible mechanism comes from
investigations showing that estrogen receptors
are altered in postmortem schizophrenic
brains.?>?¢ In ovariectomized rats, estrogen
receptor modulations (including raloxifene)
increased the number of dendritic spines and
increased working memory.?” There is evidence
that individuals with schizophrenia have reduced
numbers of dendritic spine.?® Since spines occupy
space, this may partially be responsible for the
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B Previous small-sample studies in stabilized patients
showed improvement in symptoms with administration
of add-on raloxifene to antipsychotics in patients with
schizophrenia. This large (N=200) study administered
add-on raloxifene to patients with severe symptoms and
found that patients receiving raloxifene actually did worse
than those receiving placebo.

B While the worsening is probably due to chance, clinicians
should carefully consider the possibility of worsening
when considering administration of add-on raloxifene.

decrease in gray matter and increased ventricle size observed
in schizophrenia, deficits correlated with poor prognosis,
negative symptoms, and cognitive impairments. Support for
this assumption is found by the observation that estrogen
exposure in young adult females with schizophrenia, as
measured by bone mineral density, was positively correlated
with cortical thickness measured by magnetic resonance
imaging.” Hence, one can postulate that estrogenic agents
could improve positive and/or negative symptoms, cognitive
impairment, or combinations of these. Estrogen also plays a
role in men,*” and it is possible that estrogenic drugs could
benefit male schizophrenia patients as well.

There is some evidence that estrogen treatment benefits
schizophrenia. The efficacy of estrogen is supported by 1, but
not all, meta-analyses.>!"*

Raloxifene is an estrogen-receptor modulator that has
been shown to possess an agonist action in the brain.* Three
recent randomized, placebo-controlled, relatively small
studies (n=33,>* n=26,%> and n=56%) have demonstrated
a beneficial role for raloxifene as an add-on treatment to
antipsychotics in postmenopausal women with schizophrenia.
Huerta-Ramos et al*” demonstrated that raloxifene produced
improvement in several cognitive tasks in postmenopausal
women. Weickert et al,* in a 13-week randomized crossover
trial (6 weeks of drug/placebo, 1-week washout, 6 weeks
of placebo/drug) on men and women demonstrated that
raloxifene produced substantial improvement in attention,
processing speed, and memory in the first phase, with
carryover beneficial effects in the second (placebo) arm
of the crossover. On the basis of improvement of Positive
and Negative Syndrome Scale (PANSS) score in the initial
2 studies®** and in the recently published trial by Kulkarni
et al,’® our aim was to assess the utility of raloxifene 120
mg/d plus antipsychotics versus antipsychotics plus placebo
in postmenopausal women with severely decompensating
schizophrenia in a large scale, 16-week, multicentered,
double-blind, randomized, placebo-controlled study. There
is a large literature showing that drug versus placebo changes
are higher in patients who are more severely ill at baseline.*

METHODS

Study Population
The ClinicalTrials.gov identifier for this study is
NCT01280305. Two hundred women, either inpatients

(23 days-after admission, n=13) orsoutpatients (n=187),
were recruited from 38 sites in Romania and the Republic
of Moldova between January 2011 and December 2012.
Inclusion criteria required that women (1) meet DSM-IV-TR
criteria for schizophrenia or schizoaffective disorder, with at
least 2 prior schizophrenic episodes, or be continually ill for at
least 6 months; (2) be 45-65 years old and be postmenopausal,
defined as the lack of vaginal bleeding for at least 2 years prior
to randomization, with both serum estradiol < 73 pmol/L (20
pg/mL) and follicle-stimulating hormone (FSH) > 30 IU/L (30
mIU/mL); (3) have been receiving an antipsychotic drug for
at least 2 weeks prior to the baseline visit at doses within the
Schizophrenia Patient Outcomes Research Team criteria®’;
(4) have symptoms with moderate or above severity, as
measured by a 4 or above score on Clinical Global Impression
Scale-Severity (CGI-S) and a score of 4 or above on 2 of the
following 4 PANSS items: delusions, hallucinatory behaviors,
conceptual disorganization, or suspiciousness/persecution
and/or a PANSS negative score of 18 or above; and (5) be
willing and able to provide informed consent. The study
received approval from the institutional review boards of the
Ministries of Health of Romania and the Republic of Moldova.

Study participants were randomized to receive either 120
mg/d (60 mg bid) raloxifene hydrochloride tablets or placebo
tablets for a period of 16 weeks. Both groups continued to
receive antipsychotics.

Symptoms were assessed at baseline and at predetermined
intervals using PANSS,*! CGI-S,* and the Brief Assessment
of Cognition in Schizophrenia (BACS). The primary outcome
measure was PANSS total score at the end of the trial. We
present BACS scores normalized relative to a healthy
population.*> BACS version 3.0, which has been validated
in a Romanian population by Neurocog, was used in this
study. BACS raters were trained by Paull Radu, MD, who was
qualified by Neurocog to train raters. Raters were trained and
repeatedly tested until they received qualification. PANSS
raters also were trained and tested and received qualification
by Prophase.

Structured assessments of side effects were performed
using the Simpson-Angus Scale** and the Udvalg for Kliniske
Undersogelser (UKU) Side Effect Rating scale.*”

Demographic characteristics were assessed at baseline
based on patients’ reports. Plasma FSH and estradiol were
assessed based on bloodwork performed during the study.

Statistical Analysis

Data analyses were conducted using STATA version 14
(StataCorp LP, College Station, Texas). The statistical analysis
code is available upon request. To determine the effect of the
raloxifene group (vs placebo group) on the PANSS, CGI, and
BACS outcomes, we used mixed models for repeated measures
in which the treatment effect was allowed to differ freely at
each postrandomization visit. Models used all available data
and included adjustment for clustering by study center. In
addition, as a sensitivity analysis, we estimated the effect of
the raloxifene plus antipsychotics versus antipsychotics plus
placebo group on each outcome at 16 weeks postrandomization
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Figure 1. CONSORT Flow Diagram
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using analysis of covariance (ANCOVA) with the respective
baseline outcome as covariate. This was done in 3 different
ways: using an unmodified intention-to-treat approach (last
observation carried forward), a modified intention-to-treat
analysis using all subjects who had at least 1 follow-up value,
and a completers-only approach using data from all subjects
with observed data at 16 weeks.

We also used mixed models to conduct exploratory
subgroup analyses examining whether baseline PANSS score,
plasma estradiol, plasma FSH, demographic factors, and
medications used during the study modified the effect of the
raloxifene group versus placebo group. Subgroup categories
were defined as close to the median value as possible.
Likelihood ratio (LR) tests were used to assess the addition
of 3-way interactions of time X intervention x modifier. A low
LR test P value can be interpreted as evidence of a difference
between the subgroups.

RESULTS

Demographics
A total of 26 women did not complete the study, and
rates of early termination in the placebo group (n=16) and

raloxifene group (n=10) did not differ significantly between
groups (P=.193) (Figure 1). Demographic and clinical
characteristics of the 200 participants are presented in Table
1, showing no detectable differences between the 2 groups.

Efficacy

All patients had a substantial decrease in PANSS total
scores of about 18 points, an expected finding since they
were treated for an acute exacerbation of their illness with
antipsychotics. We tested the hypothesis that raloxifene
augmentation would produce more improvement than
placebo. It did not produce more improvement, and, in
fact, our findings were in the opposite direction. At 16
weeks postrandomization, the raloxifene group experienced
statistically significantly lesser improvement in PANSS total
score (difference =4.46; 95% CI, 2.3 to 6.7) and PANSS
subscales for negative symptoms (1.65; 95% CI, 1.01 to 2.29),
general psychopathology (2.01; 95% CI, 0.84 to 3.17), and
positive symptoms (0.77; 95% CI, 0.12 to 1.42) compared
to the placebo group (Figure 2). There was no difference
between groups in the CGI and the composite BACS score
(P=.1) (Figure 2). The results for the ANCOVA comparing
raloxifene plus antipsychotics versus antipsychotics plus
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Table 1. Baseline Demographic and Clinical Characteristics
for Women in the Raloxifene and Placebo Groups (N=200)?

Placebo Raloxifene P
Characteristic (n=100) (n=100) Value
Age, mean (SD), y 55.8 (4.7) 56.6 (4.6) 211¢€
Marital status, n (%) 2780
Never married (single) 23(23) 27 (27)
Presently married 27 (27) 26 (26)
Divorced/separated 32(32) 38(38)
Widowed 18 (18) 9(9)
Formal education, n (%) 401°
1-8y 30(30) 22(22)
8-16y 65 (65) 71(71)
>16Yy 5(5) 7(7)
Inpatient, n (%) 7(7) 6(6) .185P
Psychiatric diagnosis, %
Schizophrenia 84 91 1340
Schizoaffective disorder 19 12 171
No. of hospitalizations, mean (SD) 18.0(17.2) 20.7 (22.8)  .356¢
Age at onset of psychiatric illness, 32.0(9.5) 31.1(8.6) 472¢
mean (SD),y
Baseline PANSS score, mean (SD)
Total 101.2(18.1) 101.7(18.5)  .835¢
Positive symptoms 23.4(3.9) 23.6(4.3) .704¢
Negative symptoms 26.5 (6.3) 27.0(5.9) .626°¢
General symptoms 51.2(10.8) 51.1(11.4) .949¢

aPercentage is based on group total (n=100).
bp values are derived from 2-tailed x? test.
P values are derived from 2-tailed 2-sample t test.

placebo at 16 weeks using intention-te-treat and completers-
only approaches are in Table 2 and also indicated that
raloxifene produced somewhat less improvement than placebo
on the PANSS, showing results that are roughly directionally
consistent with the results of the mixed models (Table 2).

In an exploratory manner, we searched for insight as to
why raloxifene plus antipsychotics should be less effective
than antipsychotics plus placebo by examining differences
in the effect of raloxifene among different population
subgroups. Figure 3 illustrates the difference in PANSS
total score between antipsychotics plus raloxifene versus
antipsychotics plus placebo at 16 weeks according to strata
of demographic and clinical characteristics. We found no
evidence that the effect of raloxifene versus placebo on total
PANSS scores differed according to participants’ age, marital
status, education, type of occupation, plasma FSH, or plasma
estradiol. However, we found that raloxifene did worse (ie, less
improvement than placebo) among subjects who had higher
rates of hospitalizations per year and among those who had
higher baseline PANSS total score (LR test P values<.001).
Specifically, among subjects with a high rate of hospitalizations
(>0.63 per year), raloxifene plus antipsychotics did worse than
antipsychotics plus placebo by about 10 PANSS total points

Figure 2. Effect of Raloxifene Versus Placebo on PANSS, CGI-S, and BACS (N=200)

Total PANSS? Positive PANSS?® Negative PANSS?
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2Lower score equals improvement.
PHigher score equals improvement.

Estimated effect of raloxifene versus placebo at week 16 (95% confidence interval in parentheses) derived from a mixed model for repeated measures.
Abbreviations: BACS =Brief Assessment of Cognition in Schizophrenia, CGI-S=Clinical Global Impression Scale-Severity, PANSS = Positive and Negative

Syndrome Scale.
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Table 2 Baseline and Week 16 Assessments of Psychiatricand Cognitive Symptoms

Baseline Week 16
Placebo Raloxifene Placebo Raloxifene Raloxifene - Placebo?
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Difference® P
Observed cases analysis
(all available data at 16 wk) n=100 n=100 n=79 n=86
PANSS total 101.2  (18.1) 101.7  (18.5) 813 (17.5) 86.1 (19.0) 3.75 .094
Positive symptoms 234 (3.9 23.6 (4.3) 18.0 (4.6) 18.7 (4.9 0.53 430
Negative symptoms 26.5 (6.3) 27.0 (5.9) 21.7 (5.1) 237 (6.0) 1.58 011
General symptoms 51.2 (10.8) 51.1 (11.4) 416 9.7) 437 (10.3) 1.69 154
CGI-S 49 (0.8) 49 (0.8) 39 (0.9 4.1 (1.0 0.14 301
BACS (z scores)
Total verbal memory -23 (1.3) -24 (1.3) =22 (1.3) -23 (1.3) -0.13 399
Digit sequencing -2.2 (1.6) -24 (1.6) -2.2 (1.5) =25 (1.7) -0.22 183
Token motor task -1.8 (1.3) -2.0 (1.5) -1.5 (1.4) -1.8 (1.6) -0.08 .633
Total fluency -23 (1.0) 24 (1.0) -2.2 (1.0) -2.3 (1.0) -0.08 397
Symbol coding -39 (1.4) —-4.1 (1.5) -36 (1.7) -3.8 (1.7) -0.13 496
Tower of London -2.1 (1.8) =24 (1.8) -2.1 (1.7) -24 (1.7) -0.05 729
BACS composite -4.1 (1.7) -44 (2.0) -39 (1.8) -4.2 (2.1) -0.17 332
Intention-to-treat
(last value carried forward) n=100 n=100 n=100 n=100
PANSS total 101.2  (18.1) 101.7  (18.5) 81.8 (16.6) 85.5 (18.3) 3.36 .091
Positive symptoms 234 (3.9 236 (4.3) 18.1 (4.4) 18.7 4.7) 0.52 377
Negative symptoms 26.5 (6.3) 27.0 (5.9) 218 (4.8 234 (5.8) 1.35 012
General symptoms 51.2 (10.8) 51.1 (11.4) 41.9 9.4) 433 (10.2) 1.50 159
CGI-S 49 (0.8) 49 (0.8) 39 (0.9) 4.1 (1.0) 0.13 257
BACS (z scores)
Total verbal memory -23 (1.3) -24 (1.3) =21 (1.3) -23 (1.3) -0.10 435
Digit sequencing -2.2 (1.6) -24 (1.6) -2.0 (1.5) -24 (1.8) -0.21 142
Token motor task -1.8 (1.3) -2.0 (1.5) -14 (1.3) -1.8 (1.6) -0.15 332
Total fluency -2.3 (1.0) -24 (1.0 -2.1 (1.0) =23 (1.0 -0.11 215
Symbol coding -39 (1.4) -4.1 (1.5) -3.6 (1.6) -3.8 (1.7) -0.10 .545
Tower of London =2.1 (1.8) -24 (1.8) -1.9 (1.8) -2.2 (1.9 -0.04 .758
BACS composite -4.1 (1.7) -4.4 (2.0) -36 (1.8) -4.1 (2.2) -0.16 273
Modified® intention-to-treat
(last value carried forward)
n=94 n=95 n=94 n=95
PANSS total 1021 (18.1) 103.0 (18.0) 81.5 (16.9) 86.0 (18.5) 3.95 .056
Positive symptoms 236 (3.8 239 (4.3) 18.0 (4.4) 18.7 (4.8) 0.63 301
Negative symptoms 26.8 (6.3) 273 (5.8) 218 (4.9 23.6 (5.8) 1.50 .008
General symptoms 51.7 (10.8) 519 (11.2) 41.8 (9.5) 43.7 (10.2) 1.83 .098
n=97 n=99 n=97 n=99
CGI-S 49 (0.8) 49 (0.8) 39 (0.9) 4.1 (1.0) 0.13 275
BACS (z scores) n=85 n=92 n=85 n=92
Total verbal memory -25  (13) 25 (120 -23 (13 -23 (13) -0.08 559
Digit sequencing -25 (1.5) -26 (1.6) =22 (1.5) -25 (1.7) -0.21 184
Token motor task -19  (13) -21 (150  -15 (14 -18 (16) -0.15 361
Total fluency -24 (1.0) =25 (0.9) -22 (1.0) -23 (1.0 -0.11 .239
Symbol coding -4.0 (1.5) -4.2 (1.5) -3.6 (1.7) -3.8 (1.7) -0.12 521
Tower of London =24 (1.6) -26 (1.7) =21 (1.7) =23 (1.8) -0.07 636
BACS composite -4.3 (1.7) -4.5 (1.9 -3.8 (1.8) -4.2 (2.2) -0.19 264

aRaloxifene versus placebo difference at week 16, adjusted for the respective baseline scores (analysis of covariance).
BPANSS and CGI-S: higher scores=more symptoms/less improvement; BACS: lower scores =reduced performance.
“Analysis sample includes only those with at least 1 follow-up measure.

Abbreviations: BACS =Brief Assessment of Cognition in Schizophrenia, CGI-S =Clinical Global Impression Scale-Severity,

PANSS=Positive and Negative Syndrome Scale.

(95% CI, 5.64 to 14.54), while among those with a lower
rate of hospitalizations (<0.63) per year, the raloxifene plus
antipsychotics versus antipsychotics plus placebo difference
was close to zero. Similarly, among subjects with baseline
total PANSS score > 100, raloxifene plus antipsychotics did
worse than antipsychotics plus placebo by about 8 PANSS
total points (95% CI, 3.82 to 12.06), while among those
with baseline total PANSS score <100, the raloxifene versus
placebo difference was close to zero.

Forest plots for PANSS subscales, CGI-S, and BACS
composite score are included in Supplementary eFigures 1-5.

Most of the statistically significant interactions between the
effect of raloxifene and rate of hospitalization and baseline
PANSS were also observed in the PANSS subscales and
CGI-S. For BACS, although there was no difference between
raloxifene and placebo in the overall population, we also
found an interaction between the effect of raloxifene and
the number of hospitalizations per year at risk (LR test P
value =.025). Raloxifene did significantly worse than placebo
in the high hospitalizations group (-0.63, 95% CI, —0.87 to
-0.39) but slightly better in the low hospitalizations group
(not statistically significant: 0.21; 95% CI, —0.16 to 0.59).
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Figure 3. Difference in PANSS Total Score Between Raloxifene and Placebo at Week 16 by Population Subgroups?

Subgroup n Difference (95% Cl)
Hospitalizations per years at risk <0.63 96 —_—— : 0.11 (-3.66 t0 3.87)
Hospitalizations per years at risk>0.63 95 i —_—— 10.09 (5.64 to 14.54)
PANSS total at baseline< 100 102 —— : 0.81(-1.70t0 3.32)
PANSS total at baseline > 100 98 :—0— 7.94 (3.82to0 12.06)
Maried, never 50 ——— 3.54(0.09 0 7.00)
Married, ever 150 —OI— 4.38(0.71 to 8.05)
Age <56y 100 —E—O— 5.39(1.40t09.38)
Age >56y 100 —0—:— 2.99 (0.07 to 5.91)
FSH<61.51U/L 100 : * 5.49(-2.20t0 13.17)
FSH>61.5 IU/L 99 + : 3.46 (-3.47 10 10.39)
Estradiol <25 pmol/L 102 —0—;— 3.24(0.19t0 6.29)
Estradiol > 25 pmol/L 70 —:—0— 6.95 (3.48t0 10.43)
Education <8y 52 —-O—E' 0.90 (-2.82t0 4.61)
Education >8y 148 —_—— 5.89 (2.81108.97)
Occupation: unskilled/no work 74 —'p— 4.68(1.24t08.11)
Occupation: highly skilled/semiskilled 125 —QI— 4.35(0.31 to 8.40)
Overall 200 —‘— 4.46 (2.25 to 6.66)
I
:
T — T T
-4 0 4 8 12 16

Favors Raloxifene

Favors Placebo

aDifferences are calculated using mixed models for repeated measures. A positive difference in this score indicates that patients treated with placebo
improved more than those treated with raloxifene. There was no evidence of benefit from raloxifene in any subgroup. Dashed line represents the overall

effect.

Abbreviations: FSH=follicle-stimulating hormone, PANSS = Positive and Negative Syndrome Scale.

Adverse Effects

One serious event occurred in the placebo group (chronic
obstructive pulmonary disease), and 1 occurred in the
raloxifene group (pneumonia). The overall frequency of
adverse events was 42.0% in the placebo group and 48.0%
in the raloxifene group (P=0.3953). Changes in baseline
and week 16 Simpson-Angus Scale scores for the placebo
group (mean=-2.94, SD =4.44) and raloxifene group (mean
difference =—2.03, SD =4.10) were not statistically significant
(P=0.1765).

DISCUSSION

To our knowledge, this is the first large randomized,
double-blind, placebo-controlled, parallel group trial
testing whether the estrogen agonist raloxifene produced
symptomatic improvement in severely ill decompensated
schizophrenia patients. Results unequivocally show no
benefits for raloxifene in either symptoms or cognition in
these patients. Specifically, patients receiving raloxifene

showed worse outcome than patients receiving placebo on
some of the parameters analyzed. These findings suggest that
raloxifene had a possible deleterious effect. While this finding
might be due to chance, it is also possible that the addition
of raloxifene impedes the effectiveness of antipsychotics.
The mechanism by which this might happen is not clear.
We checked and found no known drug-drug interaction
between raloxifene and several different antipsychotics.

Given that raloxifene could be prescribed off-label to
postmenopausal women with schizophrenia, the present
findings suggest that this should be done with caution in
individuals with history of multiple hospitalizations, who are
severely decompensated and have high baseline symptoms,
or deferred until patients become relatively remitted.

Our finding in severely ill decompensated schizophrenia
patients differs from randomized double-blind placebo-
controlled trials with well-stabilized schizophrenia
patients.>*3® One possible reason for this discrepancy
might include the fact that the patients in those studies
were less severely ill: mean total PANSS scores at baseline
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ranged from 63 te 83, whereas'the mean total PANSS score
in this current study was 101 (range, 68-157), indicating that
perhaps raloxifene may be efficacious for patients with less
severe symptoms, such as stable outpatients, even though
efficacy was not found for those tested here. Our observed
decrease in PANSS scores of about 18 points produced by
antipsychotic treatment is consistent with a meta-analysis
of individual patient data and with what is seen with
antipsychotics in several registration studies for patients with
high baseline PANSS scores® (Table 2). It is clearly possible
that the large response to antipsychotics in our patients, who
were severely ill, decompensated schizophrenia patients,
obscured a beneficial effect of add-on raloxifene over
placebo, as observed by Kulkarni et al*>* and Usall et al,**
who evaluated stable outpatients. It is possible that individual
differences in response to antipsychotic drugs in the current
study could have increased the standard deviation of the
improvement in PANSS scores.

We interpreted our observation of improvement in the
raloxifene group being less than that of the placebo group to
a statistical error in decompensated schizophrenia patients.
By chance alone, one would expect no benefit or worsening
in a small proportion of studies, but most would be within
the 95% confidence interval. We should not rule out the
possibility that the difference is real. There are examples
involving drugs for physical illnesses in which a treatment
prevents a cancer but makes the cancer more lethal for those in
whom the cancer exists.* We have to consider that raloxifene
could produce a benefit in stable outpatients and cause
worsening in acutely exacerbated patients, one or the other,
or neither. We performed a median split analysis based on
many variables including the rate of rehospitalization and the
baseline total PANSS scores. The negative effect of raloxifene
occurred in patients who had frequent readmissions and were
in an acute highly symptomatic exacerbation. Since patients
with a high rate of hospitalization also had high baseline
PANSS scores and high baseline negative symptoms scores,
it is difficult to disentangle these variables due to problems
of collinearity. Our sample differed from that of Usall et al,**
whose inclusion criteria required at least 1 negative symptom
rated at 4 or higher, whereas, our study did not select for the
presence of negative symptoms. The mean baseline negative
symptoms scale score in our sample was relatively high at
26.5-27, so we were not limited by a floor effect.

Three recently published papers that tested the effect
of raloxifene on cognition in schizophrenia reported on
stable patients with much lower PANSS scores at baseline.
Specifically, Huerta-Ramos et al*” studied 33 participants
and found that raloxifene was better than placebo in the
learning curve in the Spanish Complutense Verbal Learning
Test and the Phonetic Fluency Test (r, P=.041 and P=.011
respectively, uncorrected for multiple comparisons). The
BACS administered in the current study also included
items assessing these cognitive domains but did not reveal
differences between raloxifene and placebo. In contrast,
Weickert et al*® found that add-on raloxifene improved
attention/processing speed and memory. Their sample

Raloxifene in Postmenopausal Women With Schizophrenia

included both males and females with baseline total PANSS
scores of 60,® who were therefore much less ill than the
patients participating in this present study, which might
account for this discrepancy. Since the previous studies
focused on stabilized participants, the specific population
that did worse (PANSS>100) here might have been
excluded or underrepresented in the prior studies, making
comparisons difficult.

Since our patients were not effectively stabilized at
baseline, as demonstrated by large improvement produced
by the concomitant antipsychotics, their acute symptoms
may have interfered with the cognitive assessment. The
more stable patients with fewer hospitalizations per year
did trend toward improvement on the composite BACS
changes, a trend not inconsistent with the positive cognitive
effect observed in previous studies.’”*® Weickert et al have
reviewed estrogen-based therapies for cognitive remediation
and found support from both animal and human studies.*”*8

Our sample was drawn from a poorly educated,
predominantly rural, largely non-technologically
advanced society—a population unfamiliar with mental
tests of cognition. It is likely that some of our patients had
extremely low scores for this reason. Usall and colleagues
recently reported beneficial effects of raloxifene, which were
correlated with a genetic variant in the SSRI gene.**° We
cannot rule out genetic differences between our population
and that of Usall and colleagues.

At the time our study was designed, our rationale was
to replicate the improvement in symptoms reported in 2
previous studies (1 study did not report cognitive measures,
and the other found that raloxifene did not benefit cognition)
in a large multisite RCT. Therefore, this current study was
not designed to assess the effect of raloxifene on cognition,
which was included as a secondary outcome measure. Future
studies on raloxifene focusing on cognition should follow the
guidelines developed by a US Food and Drug Administration/
National Institute of Mental Health consensus conference!
for study of cognition in schizophrenia.

While we attribute our finding of greater symptom
improvement on placebo to chance variation, we cannot
rule out that it might have a slightly negative effect in those
patients with severe symptoms at baseline and/or a high
frequency of relapses per year.

The estrogen protective hypothesis is based fundamentally
on the difference in the natural course of schizophrenia
of women and men and is supported by a wide variety of
studies. It provides an important clue in the development of
a better preventative or therapeutic intervention. The failure
of 1 trial of a given estrogenic compound in decompensated
schizophrenia patients has negligible implications toward the
role of estrogen in a wider context.

In summary, these data do not support the use of raloxifene
in schizophrenia in postmenopausal women to reduce
symptoms in severely ill, decompensated schizophrenia
patients. This study was not designed to identify changes
in cognition, so it cannot be readily compared to studies on
stabilized schizophrenia patients.
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Supplementary eFigure 1. Difference in PANSS Positive Symptoms Score between
Raloxifene and Placebo at Week 16 by Population Subgroups?

Subgroup n Diff (95% ClI)
|
Hosp per Years at Risk <0.63 96 * ' -0.20 (-1.50, 1.10)
Hosp per Years at Risk >0.63 95 E * 2.52 (1.34, 3.70)
PANSS Total at Baseline < 100 102 * : -0.18 (-1.24, 0.87)
PANSS Total at Baseline > 100 98 : ¢ 1.48 (0.13, 2.82)
Married, Never 50 e 0.89 (-0.39, 2.17)
Married, Ever 150 N 0.70 (-0.42, 1.81)
Age <56 100 : * 1.54 (-0.17, 3.26)
Age > 56 100 — 0.16 (-1.23, 1.55)
FSH <61.5 IU/L 100 * 0.83 (-1.75, 3.41)
FSH > 61.5 IU/L 99 - 0.57 (-1.25, 2.40)
Estradiol < 25 pmol/L 102 —t 0.47 (-0.31, 1.25)
Estradiol > 25 pmol/L 70 : ¢ 1.98 (0.77, 3.19)
Education < 8 years 52 * | 0.28 (-0.74, 1.30)
Education > 8 years 148 —i—‘— 0.98 (0.20, 1.75)
Occupation: Unskilled/No work 74 : * 1.61 (0.30, 2.92)
Occupation: Highly/Semi-skilled 125 —_— 0.19 (-0.77, 1.15)
OVERALL 200 —+— 0.77 (0.12, 1.42)
:
| ' | |

-2 0 2 4
Favors Raloxifene Favors Placebo

a Differences are calculated using mixed models for repeated measures. A positive difference in this score means placebo improved more than
Raloxifene. There was no evidence of benefit from Raloxifene in any subgroup. Blue, dashed line represents the overall effect.

Abbreviations: FSH = follicle-stimulating hormone; Hosp = hospitalizations



Supplementary eFigure 2. Difference in PANSS Negative Symptoms Score between
Raloxifene and Placebo at Week 16 by Population Subgroups?

Subgroup n Diff (95% ClI)
|
Hosp per Years at Risk <0.63 96 : 0.33 (-0.81, 1.47)
Hosp per Years at Risk >0.63 95 : —_—— 2.58 (1.87, 3.29)
PANSS Total at Baseline <100 102 —-T—— 0.55 (-0.24, 1.34)
PANSS Total at Baseline > 100 98 : * 2.58 (1.55, 3.61)
Married, Never 50 : 0.75 (-0.30, 1.79)
Married, Ever 150 —_—— 1.63 (0.71, 2.55)
Age < 56 100 —o—i— 1.27 (0.44, 2.10)
Age > 56 100 —— 1.87 (0.94, 2.80)
FSH <61.5 IU/L 100 :t 1.83 (0.03, 3.63)
FSH > 61.5 IU/L 99 > 1.43 (-0.31, 3.17)
Estradiol < 25 pmol/L 102 S S— 1.59 (0.75, 2.43)
Estradiol > 25 pmol/L 70 —E—o— 2.08 (1.44, 2.72)
Education < 8 years 52 ¢ | 0.79 (-0.88, 2.46)
Education > 8 years 148 —_—— 2.01 (1.13, 2.88)
Occupation: Unskilled/No work 74 —_— 1.15 (0.40, 1.90)
Occupation: Highly/Semi-skilled125 — 2.13 (0.82, 3.45)
OVERALL 200 —+— 1.65 (1.01, 2.29)
I
| — |
-1 0 1 2 3

2 Differences are calculated using mixed models for repeated measures. A positive difference in this score means placebo improved more than

Favors Raloxifene

Favors Placebo

Raloxifene. There was no evidence of benefit from Raloxifene in any subgroup. Blue, dashed line represents the overall effect.
Abbreviations: FSH = follicle-stimulating hormone; Hosp = hospitalizations



Supplementary eFigure 3. Difference in PANSS General Symptoms Score between
Raloxifene and Placebo at Week 16 by Population Subgroups?

Subgroup n Diff (95% ClI)
I
Hosp per Years at Risk <0.63 96 * 1 -0.36 (-2.46, 1.73)
Hosp per Years at Risk >0.63 95 : * 4.94 (1.79, 8.08)
PANSS Total at Baseline <100 102 —-0—1 0.43 (-1.16, 2.01)
PANSS Total at Baseline > 100 98 : ¢ 3.73 (1.16, 6.29)
Married, Never 50 o 1.69 (-0.53, 3.92)
Married, Ever 150 ——— 2,02 (0.27, 3.77)
Age <56 100 : * 2.38 (0.23, 4.53)
Age > 56 100 T——— 1.38 (-0.26, 3.02)
FSH <61.5 IU/L 100 e 2.56 (-0.82, 5.94)
FSH > 61.5 IU/L 99 * 1.74 (-1.84, 5.32)
Estradiol < 25 pmol/L 102 — 1.13 (-0.67, 2.92)
Estradiol > 25 pmol/L 70 : + 2.96 (0.89, 5.03)
Education < 8 years 52 P | 0.07 (-3.12, 3.26)
Education > 8 years 148 —{—0— 2.83 (1.33, 4.33)
Occupation: Unskilled/No work 74 $ 2.04 (-1.07, 5.16)
Occupation: Highly/Semi-skilled 125 ?I 1.98 (-0.27, 4.22)
OVERALL 200 —+— 2.01 (0.84, 3.17)
I
| | i | | |
-4 -2 0 2 4 6 8

Favors Raloxifene Favors Placebo

a Differences are calculated using mixed models for repeated measures. A positive difference in this score means placebo improved more than
Raloxifene. There was no evidence of benefit from Raloxifene in any subgroup. Blue, dashed line represents the overall effect.

Abbreviations: FSH = follicle-stimulating hormone; Hosp = hospitalizations



Supplementary eFigure 4. Difference in CGI-S Score between Raloxifene and
Placebo at Week 16 by Population Subgroups?

Subgroup n Diff (95% CI)
I
Hosp per Years at Risk <0.63 96 ¢ ' -0.04 (-0.40, 0.33)
Hosp per Years at Risk > 0.63 95 : * 0.40 (0.13, 0.67)
PANSS Total at Baseline <100 102 ¢ : -0.03 (-0.29, 0.23)
PANSS Total at Baseline > 100 98 : * 0.33 (0.09, 0.58)
Married, Never 50 -~ 0.12 (-0.12, 0.35)
Married, Ever 150 ‘ 0.16 (-0.16, 0.48)
Age <56 100 * : -0.01 (-0.20, 0.18)
Age > 56 100 — 0.28 (-0.02, 0.58)
FSH <61.5 IU/L 100 :0 0.18 (-0.35, 0.71)
FSH > 61.5 IU/L 99 ~— 0.11 (-0.13, 0.35)
Estradiol < 25 pmol/L 102 " 0.15 (-0.10, 0.39)
Estradiol > 25 pmol/L 70 : ¢ 0.40 (0.09, 0.70)
Education < 8 years 52 * | -0.02 (-0.50, 0.46)
Education > 8 years 148 : ¢ 0.25 (0.06, 0.44)
Occupation: Unskilled/No work 74 ——— 0.10 (-0.04, 0.24)
Occupation: Highly/Semi-skilled 125 : ¢ 0.22 (-0.06, 0.50)
OVERALL 200 + 0.16 (-0.03, 0.35)
I
| | | — | |
-75 -5 -.25 0 .25 5 .75
Favors Raloxifene Favors Placebo

a Differences are calculated using mixed models for repeated measures. A positive difference in this score means placebo improved more than
Raloxifene. There was no evidence of benefit from Raloxifene in any subgroup. Blue, dashed line represents the overall effect.

Abbreviations: FSH = follicle-stimulating hormone; Hosp = hospitalizations



Supplementary eFigure 5. Difference in BACS Composite Z-Score between
Raloxifene and Placebo at Week 16 by Population Subgroups?

Subgroup n Diff (95% ClI)
|
Hosp per Years at Risk <0.63 96 I ¢ 0.21 (-0.16, 0.59)
Hosp per Years at Risk > 0.63 95 ¢ E -0.63 (-0.87, -0.39)
PANSS Total at Baseline =100 102 : ¢ 0.05 (-0.38, 0.49)
PANSS Total at Baseline > 100 98 — -0.37 (-0.67, -0.07)
Married, Never 50 — -0.28 (-0.66, 0.09)
Married, Ever 150 re -0.15 (-0.46, 0.16)
Age < 56 100 :t -0.19 (-0.69, 0.32)
Age > 56 100 Lo -0.14 (-0.42, 0.13)
FSH <61.5 IU/L 100 : *> -0.07 (-0.49, 0.34)
FSH > 61.5 IU/L 99 ~— -0.28 (-0.68, 0.11)
Estradiol < 25 pmol/L 102 . -0.21 (-0.53, 0.11)
Estradiol > 25 pmol/L 70 —_— E -0.46 (-0.59, -0.33)
Education < 8 years 52 | ¢ 0.20 (-0.41, 0.81)
Education > 8 years 148 — -0.35 (-0.63, -0.06)
Occupation: Unskilled/No work 74 :—0—— -0.07 (-0.21, 0.07)
Occupation: Highly/Semi-skilled 125 * : -0.36 (-0.83, 0.12)
OVERALL 200 + -0.19 (-0.46, 0.08)
I
| | ' | |
-1 -5 0 .5 1
Favors Placebo Favors Raloxifene

a Differences are calculated using mixed models for repeated measures. A negative difference in this score means placebo improved more than
Raloxifene. There was no evidence of benefit from Raloxifene in any subgroup. Blue, dashed line represents the overall effect.

Abbreviations: FSH = follicle-stimulating hormone; Hosp = hospitalizations
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