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Replication of SULT4A1-1 as a
pharmacogenetic marker of olanzapine
response and evidence of lower weight
gain in the high response group

Aim: Antipsychotic efficacy biomarkers have the potential to improve outcomes in
psychotic patients. This study examined the effect of SULT4A1-1 haplotype status
(rs2285162 [A]-rs2285167 [G]) on olanzapine response. Patients & methods: We
evaluated 87 olanzapine treated subjects from Phases 1, 1B and 2 of the CATIE trial
for the impact of SULT4A1-1 status on change in Positive and Negative Syndrome Scale
(PANSS) total score using two models of response. We also examined weight change.
Results: SULT4A1-1-positive status correlated with superior olanzapine response in
Phase 1 (p = 0.004 for model 1 and p = 0.001 for model 2) and Phases 1B/2 (p = 0.05
for model 1 and p=0.007 for model 2). SULT4A1-1-positive subjects gained significantly
less weight per month on olanzapine, 0.15 lbs, than did SULT4A1-1-negative subjects,
2.27 lbs (p = 0.04). Conclusion: This study provides a second replication of superior
olanzapine response in SULT4A1-1-positive subjects compared with SULT4A1-1-
negative subjects. SULT4A1-1-positive subjects treated with olanzapine also gained
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less weight than SULT4A1-1-negative subjects.
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Background

The economic, medical and social burden of
treating serious mental illness has remained
extremely high even after the introduction
of numerous new antipsychotic treatments in
the last few years [1]. Hundreds of thousands
of individuals suffering from mental illness
are hospitalized each year with a cost in the
tens of billions of US dollars [12]. Thus, the
ability to identify which antipsychotics are
most likely to benefit a given patient would
represent a significant improvement in the
treatment of mental illness.

Numerous genome-wide association stud-
ies and candidate gene studies have attempted
to identify markers of antipsychotic response,
but few, if any, markers have produced con-
sistent, replicated results 3-10]. Several stud-
ies of markers in candidate genes such as
DRD3 (111, KCNH2 (121, HTR2A [13,14] and
SV2C (15] have produced positive findings for

olanzapine response. However, these markers
lack either sufficient replication or have vari-
ous inconsistencies that limit their current
usefulness in clinical practice. In particular,
interstudy differences in the genetic models
that predict superior response and differ-
ences in phenotypes (e.g., positive vs negative
symptoms) have limited the clinical utility of
these markers for making informed medica-
tion selection decisions despite a reasonable
likelihood that they do impact olanzapine
response in some manner.

A specific haplotype of the SULT4AI
gene called SULT4A1-1 has been reported
to correlate with superior response to olan-
zapine [16]. In the original report, the haplo-
type displayed both a consistent phenotype,
that is, superior response to olanzapine for
reduction of total psychopathology symp-
tom burden, and a consistent genetic model
in Phase 1 of CATIE and in an independent
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clinical sample from Vanderbilt University. Individuals
with at least one copy of SULT4A1-1 were classified as
SULT4A1-1 positive. In both the discovery and replica-
tion sample, SULT4A1-1-positive subjects treated with
olanzapine displayed significantly superior response, as
measured by change in Positive and Negative Syndrome
Scale (PANSS) total score (PANSS-T), compared with
SULT4A1-1-negative subjects treated with olanzapine.
A follow-up study demonstrated that SULT4A1-1-pos-
itive olanzapine-treated subjects suffered significantly
fewer hospitalization events in CATIE [17]. This reduc-
tion in hospitalization was particularly pronounced in
subjects with recent hospitalizations where SULT4A1-
1-positive status predicted an eightfold reduction in the
hospitalization risk in olanzapine-treated patients.

An additional replication of superior response to olan-
zapine in SULT4Al-1-positive subjects would help to
confirm the status of the SULT4A1-1 haplotype as a con-
sistent, well-replicated biomarker of response for olan-
zapine. Accordingly, the present study evaluated whether
SULT4A]1-1-positive subjects displayed superior response
to olanzapine compared with SULT4A1-1-negative sub-
jects in the later blinded phases of CATIE, Phases 1B
and 2. Furthermore, since olanzapine treatment for the
entire CATIE sample was associated with both increased
weight gain and superior efficacy, we examined impact of
SULT4AL1-1 status on olanzapine-induced weight gain.

Patients & methods

Intent to treat population

The patient population and the CATIE data used are
described in detail elsewhere [6,18-20]. Briefly, the current
study was limited to self-described Caucasian subjects.
All subjects in this study provided informed consent for
genetic testing and participated in at least one of the
randomized phases of the study, Phases 1A, 1B and 2
(19]. The NIMH Center for Collaborative Genetic Stud-
ies on Mental Disorders (CCGSM) provided genotype
and phenotype data for the CATIE trial [21].

In this study, we examined olanzapine-treated sub-
jects for response and all atypical antipsychotics for
weight gain. We included only subjects with no known
exposure to the drug being evaluated. While the CATIE
protocol allowed subjects to be randomized to drug(s)
that the subjects were taking at the time of screening,
this does not reflect normal clinical practice. For this
reason, most clinical trials, including the Vanderbilt
sample previously used as a replication sample for the
SULT4A1-1 haplotype, use prior exposure to the study
drug as an exclusion criterion [16.20]. The CATIE study
group provided a variable, olz_0, for olanzapine use at
time of enrollment. Using this variable, we excluded
subjects with exposure to olanzapine prior to Phase 1
from the intent to treat population (ITTP). Thus, this

ITTP was a subset of that previously analyzed for Phase
1 of the CATIE study. A total of 55 Phase 1 subjects met
the criteria for the current study. As this ITTP differed
slightly from the population previously analyzed for
Phase 1, we reanalyzed Phase 1 for this ITTP using the
two models described below. We also combined Phases
1B and 2 into a new, single analysis group (Phases 1B/2)
in order to maximize sample size for analysis using the
same two models. None of the subjects in the Phase 1B/2
analysis group were treated with olanzapine in Phase 1
or immediately prior to entry into CATIE. Thus, this
second analysis group was completely independent of
the Phase 1 analysis group with regard to olanzapine
treatment. When looking at weight gain, we similarly
excluded patients with a history of prior treatment for
the other drugs. Olanzapine dose was calculated as 7.5
mg/capsule x CAPSULES (a CATIE defined variable
for number of capsules per day provided by CCGSM).

Assigning SULT4A1-1 status

SULT4AI-1 status was assigned to all CATIE subjects
as described in Ramsey ef al. [16] using rs2285162 (A)
and rs2285167 (G) as the haplotype tagging SNPs. The
frequency of the SULT4A1-1 haplotype in the HapMap
Utah residents of northern and western European ances-
try (CEU) population is 0.128, which yields an expected
SULT4A1-1-positive status frequency of 0.24 [22]. In
the ITTP, SULT4Al-1-positive status occurred with
frequencies of 0.27 for Phase 1 and 0.25 in Phase 1B/2
olanzapine-treated subjects.

Response models

We have included two separate response models in the
analysis. In both cases, the dependent variable is change
in PANSS-T. The first model used an implementation
of the response model developed by Van den Oord ez al.
(the “Van den Oord’ Model) as an independently devel-
oped model free from any post hoc selection bias, previ-
ously reported as a good fit for describing antipsychotic
response in the CATIE trial [23). In brief, this model
incorporates a 30 day lag for response, which remains
flac thereafter. As a separate measure of treatment
response, so as to replicate exactly the previously pub-
lished results, we also applied the mixed model repeat
measures (MMRM) model previously used for the
analysis of the Vanderbilt University sample (‘Vander-
bilt’ model) 16]. This model included both time and
baseline PANSS scores as variables. Both of the models
provide a predicted APANSS-T for each subject. Strictly
speaking, baseline PANSS values were not available for
the Phase 1B/2 sample, as there was no washout period
prior to entry into these phases. Instead, the PANSS-
T score at the end of the previous phase was used as a
proxy for baseline values for Phase 1B/2 subjects.
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Weight gain

Data for subjects from all studied phases were com-
bined for the weight change analysis. Each subject had a
unique duration on a drug in a given phase, ranging from
0.42 to 20.5 months in the ITTP. Therefore, monthly
weight change was calculated as weight change/time
in phase. Weight change (C_WT) and time in phase
(TMDISC1, TMDISC1B and TMDISC?2 for Phases 1,
1B and 2, respectively) were predefined variables in the
data provided by CCGSM.

Comparison of means

T-test was used to calculate the significance of the dif-
ference between the means of two comparison groups
for both predicted change in PANSS-T and monthly
weight gain.

Effect size calculation

Effect sizes were calculated using Cohen’s D, where
D = (Mean of population 1 — mean of population 2)/
(standard deviation [SD] of the combined group mean)
(24]. For clarity, we use |D| since superior response is
indicated by a negative number, thus comparison of
SULT4AL1-1 positive versus negative will have a positive
Cohen’s D.

Results

Demographics

In this study, we examined 87 Caucasian olanzapine-
treated subjects without known prior exposure to olan-
zapine. Table 1 shows the sex and age for each of the
SULT4AL1-1 categories. Table 1 also includes average
olanzapine dose. No significant differences were found
between the groups for any of these variables.

As expected based on earlier work, for Phase 1,
SULT4A1-1-positive subjects had higher baseline
PANSS-T, (84.4 + 16.7; mean + SD) than SULT4A1-
I-negative subjects (74.3 = 20.6). However, due to
the smaller sample size for the ITTP, this difference
was not significant (p = 0.1). By contrast, the start-
ing PANSS-T values at entry into Phase 1B/2, for
which there was no washout period, were similar for
SULT4A1-1-positive and -negative patients (78 + 19.6
and 77 + 20.6, respectively).

Response

Table 2 provides the mean response for each SULT4A1-1
category for both of the response models tested. Consis-
tent with previous results, SULT4A1-1-positive subjects
had significantly better response than SULT4A1-1-nega-
tive subjects in Phase 1, regardless of the response model.
The analysis of Phases 1B/2 provides a replication of the
finding that SULT4A1-1-positive subjects display supe-
rior response to olanzapine compared with SULT4A1-

SULT4A1-1 & olanzapine response  Research Article

I-negative subjects. Depending on the model used and
the study phase analyzed, the effect sizes for the differ-
ence between the SULT4Al-1-positive and -negative
subjects range from 0.78 to 1.15.

Similar conclusions can be drawn looking at both
response frequencies and completion status for the
two CATIE samples (Table 3). If we look at the num-
ber of patients showing positive response to olanzapine
(defined as a reduction of 220% PANSS-T using the
Vanderbilt model), 63% of the SULT4Al-1-positive
subjects responded in Phase 1 compared with only
23% of SULT4Al-1-negative subjects. The numbers
were similar for the Phase 1B/2 sample, with 75% of
the SULT4Al-1-positive subjects responding versus
only 21% of the SULT4Al-1-negative subjects. Simi-
larly, completion rates were significantly higher for the
SULT4A1-1-positive subjects compared with negative
subjects in Phase 1 (67 vs 38%), respectively). However,
for the Phase 1B/2 sample, SULT4Al-1-positive and
-negative subjects had similar completion rates (38%).

Weight gain

Olanzapine caused more weight gain than the other
commonly used atypical antipsychotics evaluated in
the CATIE trial — quetiapine, risperidone and zipra-
sidone [19]. To determine if SULT4A1-1 status might
impact weight gain, we examined monthly weight gain
in the olanzapine-treated subjects in all phases (Phases
1, 1B and 2) combined, segmented by SULT4A1-1 sta-
tus, and compared both of these groups to the weight
gain induced by other atypical antipsychotics as a group
(quetiapine, risperidone and ziprasidone) without regard
to SULT4A1-1 status. As shown in Figure 1, SULT4A1-
I-positive subjects treated with olanzapine gained sig-
nificantly less weight per month than SULT4A1-1-neg-
ative subjects treated with olanzapine. When compared
with the study-wide monthly weight gain average of
the other atypical antipsychotics, SULT4A1-1-negative
subjects gained significantly more weight than sub-
jects treated with other atypical antipsychotics, but
SULT4A]1-1-positive patients did not.

Discussion
SULT4AI1-1 status has now been shown to impact
olanzapine response in three clinical data sets, CATIE
Phase 1, CATIE Phases 1B/2 and Vanderbilt [16].
SULT4A1-1-positive subjects have consistently shown
superior response to olanzapine compared with
SULT4A1-1-negative subjects. This superior response
held true for both the Vanderbile MMRM response
model and for the response model published by Van
den Oord and coworkers [23].

The effect sizes attributed to SULT4AI-1 status
in this study (average of 0.93) may be classified as
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Table 1. Demographic and dosing information for study subjects.

Clinical SULT4A1-1 positive
trial n Male, Age, Dose,

n (%)* mean (SD)* mean (SD)S
Phase 1 15 12 (80) 37.5(10.8) 21 (9)
Phase 1B/2 8 7 (88) 36.8 (12.1) 21.8 (10.5)

"Number (percentage) males in the given group.

*Mean and standard deviation of age at study entry in the given group.
SMean and standard deviation of dose, in mg/day, at end of the phase.
SD: Standard deviation.

n Male, Age, Dose,

n (%)* mean (SD)* mean (SD)®
40 28 (70) 41.2 (10.7) 21 (7.5)
24 19 (79) 40.4 (11.1) 21(8.3)

SULT4A1-1 negative

‘large’ 24]. In comparison, a recent meta-analysis has
shown that the effect size for the difference between
olanzapine and placebo in randomized trials is only
0.59 [25]. Thus, the magnitude of the difference in
olanzapine response in SULT4Al-1-positive subjects
is approximately 1.5-times as large as that seen when
comparing the efficacy of olanzapine to placebo. For
patients not segmented by SULT4A1-1 status, olan-
zapine displays modest superiority compared with que-
tiapine or risperidone (effect sizes estimated at ~0.2
and ~0.1, respectively [26]). Therefore, when evaluating
relative response to atypical antipsychotics, SULT4A1-
1-positive subjects, on average, should experience even
more benefit from olanzapine compared with quetiap-
ine and risperidone than currently expected.

Since weight gain was associated with increased
treatment response in the CATIE trial, the results of the
weight gain analysis were of considerable interest [19].
In this study, the higher response group (SULT4A1-
1-positive subjects) actually gained less weight than the
lower response group (SULT4A1-1-negative subjects),
despite having no dosing differences. Moreover, while
the olanzapine-treated SULT4Al-1-negative subjects
gained significantly more weight that those subjects
treated with other atypical antipsychotics, the olanzap-
ine-treated SULT4A1-1-positive subjects did not gain

more weight than those treated with other antipsy-
chotics. While some SULT4A1-1-positive individuals
did experience clinically significant weight gain, this
weight gain did not correlate with improved response,
and so it is likely that this weight gain is driven by
other genetic or environmental variables [8,27].

As for potential biological explanations for the
impact on weight gain, no known coding variants
exist for SULT4AI [28]. Therefore SULT4A1-1 hap-
lotype likely modulates either the quantity of pro-
tein production or creates some as yet undiscovered
splice variant. Biochemically, there are three poten-
tial mechanisms based on iz wvitro binding assay
work by Allali-Hassani ez al. [29]. SULT4A1 binds
neural steroids (particularly estrogen), thyroid hor-
mone and epinephrine/norepinephrine. Any, all, or
none of these pathways could be responsible for the
reduction in weight gain. Furthermore, it should be
noted that there is significant linkage disequilibrium
for the SULT4A]I region. The SULT4A1-1 haplotype
is one of six common haplotypes in Caucasians [16].
In total, the region of strong linkage disequilibrium
covers approximately 70 kb and includes the entire
SULT4AI coding region, its promoter, and the last
two exons and 3-UTR of the adjacent PNPLA5

gene [22]. Clearly, more work is needed to identify

Table 2. Change in PANSS-T for olanzapine treated patients segmented by SULT4A1-1 status.

*Vanderbilt model is the mixed model repeat measures utilized to describe the response of the Vanderbilt University sample in Ramsey

Clinical trial SULT4A1-1 positive
n Mean® SD*
Van den Oord model"
Phase 1 15 -21.9 12.8
Phase 1B\2 8 -19.2 9.5
Vanderbilt model*
Phase 1 15 -22.7 13.6
Phase 1B\2 8 -21.2 7.7
fMean and standard deviation of model-predicted change in PANSS-T from baseline to end of study.
*p-value for t-test of difference between the means of SULT4A1-1 positive and negative subjects.
SEffect size (Cohen’s D).
Model described by Van den Oord et al. for antipsychotic response in the CATIE trial [23].
etal. [16].
ES: Effect size (IDI see methods); PANSS-T: Positive and Negative Syndrome Scale total score.

SULT4A1-1 negative p-value* ESS
n Mean® SD
40 -9.8 13.6 0.004 0.85
24 -11.1 9.9 0.05 0.78
40 -9.0 13.3 0.001 0.94
24 -11.5 8.5 0.007 1.15
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Table 3. Response rates and completer status for olanzapine treated patients based on SULT4A1-1

status.

SFishers exact p-value for comparison of Phase 1 response rates = 0.02.

PANSS-T: Positive and Negative Syndrome Scale total score.

Clinical trial SULT4A1-1 positive SULT4A1-1 negative
Response’ Completers* Response’ Completers*

Phase 1 60%5 67%?" 23%S5 38%"

Phase 1B/2 75%* 38% 21%* 38%

*Fraction of responders with response defined as >20% reduction in predicted PANSS-T using the Vanderbilt model.
*Fraction of completers defined as completion of the trial in phase as represented by the CATIE provided variable ‘comp’.

IFishers exact p-value for comparison of Phase 1 completion rate = 0.07.
*Fishers exact p-value for comparison of Phase 1B/2 response rates = 0.01.

the exact mechanism responsible for this decreased
weight gain.

In summary, SULT4A1-1 status should be clinically
useful for determining which patients to treat with
olanzapine. SULT4A1-1-positive individuals demon-
strate unprecedented superior response to olanzap-
ine compared with SULT4A1-1-negative individuals.
Moreover, it appears that a major limitation on olan-
zapine use, weight gain, may not be a major factor for
the majority of SULT4A1-1-positive subjects.

Conclusion

SULT4A1-1-positive status has been shown to predict
superior response to olanzapine in three clinical groups.
This is the first biomarker to demonstrate this level of
replication for antipsychotic response. Consequently,
use of the haplotype as a biomarker to guide anti-
psychotic treatment selection, by increasing olanzapine
use in SULT4A1-1-positive patients and decreasing it
for SULT4A1-1-negative patients, has the potential to
significantly improve patient outcomes.
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Figure 1. Impact of SULT4A1-1 haplotype status on weight gain in CATIE. Mean monthly weight change was
calculated for SULT4A1-1 positive (n = 23) and negative (n = 64) olanzapine-treated subjects as well as subjects
treated with other atypical antipsychotics (quetiapine, risperidone and ziprasidone; n = 330). The solid bars and
the numbers above the error bars represent the mean monthly change. The error bars represent the standard
error of each group. p-values represent the results of a t-test between the means of the two groups linked by

the bar.
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Future perspective

The inability to select the most promising antipsy-
chotic mediation to treat a given patient represents a
substantial unmet medical need in the treatment of
mental illness. At this time, biomarkers for treatment
response and adverse events appear to hold the most
promise. Currently, the key limitation to developing
more biomarkers for antipsychotic efficacy is access to
clinical samples. As most of the atypical antipsychot-
ics are now generic, major pharmaceutical firms should
be encouraged open up their clinical trial data sets for
biomarker development. Hopefully, SULT4A1-1 is the
first of many biomarkers for antipsychotic efficacy.
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Executive summary

Background

superior response to olanzapine.
Patients & methods
Results

e Demographics

e Response

with olanzapine is 0.93.
* Weight gain

subjects treated with olanzapine.

Conclusion & future perspective

for olanzapine versus placebo.

e This study was designed to provide a second replication showing that SULT4A1-1 positive subjects display

e Eighty-seven olanzapine-treated patients from the CATIE study were evaluated for impact of SULT4A1-1 status
on changes in PANSS-T using two different response models.

- No ssignificant differences in age, sex or dose were observed between the SULT4A1-1 groups.

- SULT4A1-1 positive subjects displayed superior response to olanzapine compared with SULT4A1-1 negative
subjects in multiple phases of CATIE using two difference response models.

- The average effect size for comparing SULT4A1-1 positive subjects to SULT4A1-1 negative subjects treated

- SULT4A1-1-positive subjects treated with olanzapine gain significantly less weight than SULT4A1-1 negative

- SULT4A1-1-positive subjects treated with olanzapine did not gain more weight than subjects treated with
other atypical antipsychotics, but SULT4A1-1-negative subjects did experience significantly more weight

gain when treated with olanzapine compared with subjects treated with other atypical antipsychotics.

e This is the second replication showing that SULT4A1-1-positive subjects have a superior response to olanzapine.
e The effect size for SULT4A1-1-positive versus -negative subjects treated with olanzapine is 1.5-times as large

e Determining SULT4A1-1 status provides an avenue to improve patient care through modification of medication
selection in both SULT4A1-1-positive and -negative subjects.
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