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Abstract

Objectives—nPatients with bipolar disorder spend the most time in the depressed phase and that
phase is associated with the most morbidity and mortality. Treatment of bipolar depression lacks a
test to determine who will respond to treatment. White matter disruptions have been found in
bipolar disorder. Previous reports suggest that white matter disruptions may be associated with
resistance to antidepressant medication, but this has never been studied in a prospective study
using an FDA-approved medication.

Methods—18 subjects with bipolar disorder who were in a major depressive episode and off all
medications were recruited. Magnetic resonance imaging was acquired using a 64 direction
diffusion tensor imaging sequence on a 3T scanner. Subjects were treated with eight weeks of
open-label lurasidone. Montgomerey Asberg Depression Rating Scale (MADRS) was completed
weekly. Tract-Based Spatial Statistics were utilized to perform a regression analysis of fractional
anisotropy (FA) data with treatment outcome as assessed by percent change in MADRS as a
regressor while controlling for age and sex, using a threshold of p (threshold-free cluster
enhancement-corrected) <0.05.

Results—FA was positively correlated with antidepressant treatment response in multiple regions
of the mean FA skeleton bilaterally, including tracts in the frontal and parietal lobes.

Conclusions—Greater disruptions in the white matter tracts in bipolar disorder were associated
with poorer antidepressant response to lurasidone. The disruptions may potentially indicate
treatment with a different antidepressant medication class. These results are limited by the open-
label study design, sample size and lack of healthy control group.
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Introduction

Methods

Bipolar disorder remains a significant public health problem. The World Health
Organization ranks it in the top 10 causes of disability worldwide (1). The depressed phase
of the disorder accounts for the most disability and risk for suicide (2). Only three
medications are FDA approved for the treatment of bipolar depression: lurasidone,
quetiapine, and a combination pill of olanzapine and fluoxetine. Moreover, treatment is a
trial and error process, as no tests exist to select the best treatment option for individual
patients. The medications often take weeks to take effect, so the treatment course is often
drawn out. The pathophysiology of the disorder remains largely unknown (3) making it
harder to develop new, more effective treatments.

Previous studies have identified disruptions in white matter tracts on magnetic resonance
imaging (MRI) scans using diffusion tensor imaging (DTI) or magnetic transfer ratio
sequences in bipolar patients when compared to healthy volunteers (4-6). Greater rates of
white matter hyperintensities (WMH’s) on T2 weighted FLAIR images, also indicative of
disruptions in white matter tracts, have been reported in bipolar disorder (7). The clinical
significance of these white matter disruptions has not been fully elucidated.

Previous retrospective studies found that higher rates of WMH’s in bipolar disorder were
associated with poor clinical outcomes, indicating that white matter disruptions may
characterize a particular subtype of bipolar depression that is more treatment resistant (8, 9).
These studies were naturalistic in design, however, so the subjects had had different courses
of treatment. Other studies have reported an association between white matter disruptions
and treatment outcome in geriatric major depressive disorder (10, 11), providing further
evidence that white matter disruptions may be important to clinical response to medications.

One previous prospective study was performed to identify whether DTI signal was
associated with response to an acute antidepressant treatment course (12). That study used
an experimental treatment, however, that included sleep deprivation and light therapy. A
significant association was found between more DTI disruptions and poorer response to the
treatment. To our knowledge, there are no prospective studies of white matter disruptions on
MRI and treatment response to an FDA approved medication for bipolar depression. Here
we studied whether white matter integrity was associated with the antidepressant response to
lurasidone, an atypical antipsychotic recently approved for the treatment of depression in
bipolar disorder.

Subject recruitment

20 patients with bipolar disorder (I, Il or NOS) who were currently in a major depressive
episode, and scored =16 on the Quick Inventory of Depressive Symptomatology-Self Rated
version (QIDS-SR) were recruited (13). Subjects were excluded if they had current
psychasis, significant suicide risk, recent substance abuse (within the last 2 months) or
substance dependence (within the last 6 months), contraindications to MRI imaging such as
known metal in the body or claustrophobia, previous lack of response to lurasidone, onset of
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mood disorder after age 40 years or taking medications that precluded a trial of lurasidone.
One subject withdrew from the study before starting medication, and one was excluded from
the analysis because of having remitted from their depression before starting medication.
Data presented here are from the remaining 18 subjects. Patients were medication free for
eight weeks before MRI.

MRI acquisition

Pretreatment brain MRI scans were obtained with a 3T Signa HDx scanner with a 32
channel head coil was used for acquisition. 64-direction diffusion tensor imaging sequence
was used with a single shot sequence (TR=8500 ms, TE=85 ms, flip angle 90°, voxel size
1.88 mm X 1.88 mm X 2.5 mm, 60 axial slices, acquisition matrix 96 X 96).

Clinical treatment

After MRI, patients received open-label 8 week treatment trial of lurasidone at standard
doses. Patients started at 20 mg PO daily and was raised by an additional 20 mg if the
subject did not report intolerable side effects and did not score less than 3 on the Clinical
Global Impression - Improvement scale (CGI-1). The dose of lurasidone was increased in
this manner at weeks 2 and 4, and then weekly for the last four weeks to a maximum of 120
mg/day. Treatment response was measured with the Montgomery-Asberg Depression Rating
Scale (MADRS) each week (14). A curve was fitted for each subject’s MADRS values over
the eight-week course using a previously published mathematical model that uses
information on the slope and curvature of the treatment response (15). The extrapolated
values from those curves at the baseline timepoint and at the last MADRS measurement
were used to quantify response (Supplemental Figure 1).

MRI data analysis and statistics

Voxelwise statistical analysis of FA data was carried out using TBSS (Tract-Based Spatial
Statistics) (16), part of FSL (17). First, DTI images were motion corrected using FSL's eddy
correct module, then they were brain-extracted using BET (18), then FA images were
created by fitting a tensor model to the raw diffusion data using FDT. All subjects' FA data
were then aligned into a common space using the nonlinear registration tool FNIRT (19),
which uses a b-spline representation of the registration warp field (20). Next, a mean FA
image was created and thinned to create a mean FA skeleton which represents the centers of
all tracts common to the group. Each subject's aligned FA data was then projected onto this
skeleton and the resulting data was fed into voxelwise cross-subject statistics. Statistics were
done with FSL's randomise tool (21), which was used to perform a regression analysis on
the FA data using percent change in MADRS as a regressor while controlling for age and
sex, using a threshold of p (cluster corrected) <0.05. Corrections for multiple comparisons
were performed with threshold-free cluster enhancement [TFCE] (17). The Institutional
Review Board of the New York State Psychiatric Institute approved the study and all
participants gave written informed consent. All research procedures were in accordance with
the Helsinki Declaration of 1975.
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Results

Demographic data

18 subjects (11 men and 7 women), mean age 33.4 £ 9.8 years. The majority (61%) met
DSM 1V criteria for Bipolar 1 disorder, two (11%) for Bipolar | Disorder, and five (28%) for
Bipolar Disorder, Not Otherwise Specified. Three (17%) were Hispanic, seven (39%) were
of a minority race and 14 (78%) were either single or divorced. Most were employed full-
time (61%) and had completed a mean of 15.4+1.7 years of education. Mean age of onset of
depressive illness was 16.6 + 9.5 years. Lifetime co-morbid anxiety disorders included
Social Phobia 6 (33%), and Panic Disorder and PTSD 3 each (17%). Although current
substance use disorder was an exclusion criterion, lifetime co-morbid substance use
disorders did occur, but were uncommon [two with past Alcohol Dependence (11%) and one
each with Stimulant Dependence and Marijuana Abuse/Dependence (11%)].

Clinical response

Mean dosage of lurasidone at Week 8 was 43.3 (SD 23.3) mg/day. The mean MADRS score
was 24.3 (SD 6.4) at baseline and 8.0 (SD 8.2) after treatment. Fifty percent (9/18) subjects
remitted on treatment defined as >50% decrease in MADRS score and final MADRS score

<10. The course of treatment response is depicted in Figure 1.

Imaging Data
TBSS analysis of white matter tracts demonstrated significant positive correlations between
better antidepressant response to lurasidone and greater fractional anisotropy (FA) in
multiple regions of the skeleton with age and sex were included as covariates (Figure 2). The
significant white matter tract FA correlations with outcome were widespread throughout the
frontal and parietal lobes, but did not include the cerebellum. No negative correlations were
found. The mean FA in the significant regions was assessed in post hoc analyses to evaluate
associations with other demographic measures. The mean FA did not correlate with the
duration of illness (r=0.15, p=0.50) or baseline MADRS value (r=-0.14, p=0.57) with age
and sex as covariates. Mean FA of subjects with a history of substance use disorder (t=1.12,
p=0.28) or anxiety disorders (t=0.56, p=0.58) did not differ from those without such a
history with age and sex as covariates.

Discussion

These data suggest that greater white matter integrity is associated with better treatment
response to an acute course of an FDA approved medication for bipolar depression,
lurasidone. The association is widespread throughout the frontal and parietal cortices, but
did not involve the cerebellum.

White matter pathology has been reported previously in bipolar disorder when compared to
healthy volunteers using a number of MRI imaging modalities (4, 5, 7). The cause of these
abnormalities is largely unknown. White matter disruptions can be vascular in etiology, and
are associated with cardiovascular risk factors in the population in general. They also
increase in prevalence with age (22). Increased rates of white matter hyperintensities in
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bipolar disorder have been found to be present in the adolescent bipolar population without
significant cardiovascular pathology, indicating that the white matter disruptions may not be
wholly due to these risk factors (23). Disruptions of white matter on MRI is not a bipolar
disorder specific finding, as other psychiatric conditions including schizophrenia and major
depressive disorder have demonstrated these disruptions (7). Post mortem brain studies have
not reported gross pathological findings in the white matter such as scars or plaques, as
found in neurodegenerative disorders. However, molecular studies have suggested greater
inflammation and mitochondrial oxidative damage in post mortem brain tissue of bipolar
disorder than in healthy volunteers (24—-27). Taken together, it is likely that the findings
reflect a neuropathologic process of unknown mechanism affecting white matter tracts in
bipolar disorder.

Disruptions in white matter tracts have been associated with greater neurocognitive deficits
in bipolar disorder (28, 29). Patients with MDD with a history of suicide attempts have also
found to have higher rates of WMH’s than those without attempts, indicating that the white
matter disruptions may play a role in suicidal behavior (30, 31). The latter finding
complements our data to suggest that subjects with white matter disruptions comprise a
more severe clinical group.

A previous meta-analysis of white matter disruptions in bipolar disorder found that the
posterior cingulate cortex was the most reliably disrupted when compared to healthy
volunteers (4). Here, we found white matter disruptions in tracts near the posterior cingulate
to be associated with poor clinical treatment response to lurasidone. The FA of the white
matter tracts near the posterior cingulate were found to be correlated with treatment response
to lurasidone in this study. A number of previous DTI studies focused on the disruptions of
white matter in the frontal lobe in bipolar disorder and found differences from healthy
volunteers, consistent with our results (32, 33). Frontal lobe white matter deficits may
explain a frontal-limbic deficit in bipolar disorder that have been delineated through task-
based functional MRI studies (34). Frontal lobe deficits are also consistent with a number of
symptoms of bipolar disorder, including distractibility, involvement in activities with high
potential for painful consequences, and less cognitive regulation of emotion (35). Our results
were not limited to the frontal region, however, so it is not possible to determine from our
study whether the frontal lobe disruptions are essential to the disruption in antidepressant
response.

Lurasidone’s antipsychotic mechanism is thought to be through either its serotonin 2A
receptor or dopamine D2 receptor antagonism. However, its antidepressant mechanism
remains largely unknown. One previous report found that clozapine, also an atypical
antipsychotic, increased white matter FA in the brain of subjects with schizophrenia (36).
Another pilot study found that increased myelin integrity was associated with treatment
response to antipsychotic medications in schizophrenia (37). However, not all studies have
replicated this finding (38). Therefore, more work is needed to determine if atypical
antipsychotics, and lurasidone in particular, can reverse the white matter disruptions in
bipolar disorder. Our data suggest that white matter disruptions impede response to
treatment. The results are consistent with lurasidone acting through either a monoaminergic
mechanism or a reparative mechanism that targets white matter tracts.
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Our study has several limitations. There was no healthy volunteer group to compare to the
bipolar subjects. Therefore, there is no way to test whether the white matter disruptions are
in fact a pathophysiological effect as has been reported in other studies. There was no
placebo treatment or active comparator arm to the study, and the treatment was not masked
to participants or raters. Therefore, there is no way to know if the association with treatment
outcome is related to lurasidone specifically or clinical improvement in general. There were
no post-treatment scans, so there is no way to determine if lurasidone changes the white
matter integrity. The results are also limited by the sample size. A larger study with these
control groups and post treatment scans could address these limitations. Future studies may
also focus on alternate treatments that could target the white matter pathology of the
disorder. For example, lithium has demonstrated neuroprotective properties, and previous
pilot studies have reported better response to lithium in patients with more white matter
hyperintensities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Clinical antidepressant response to the 8-week open label lurasidone treatment for bipolar

depression as measured by weekly Montgomery Asberg Depression Rating Scales. Mean
values are plotted and error bars represent standard deviations.
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Figure 2.
Results from the tract based spatial statistics (TBSS) analysis overlayed on a T1 structural

MRI image. Two representative images of each view are provided. Green color demarcates
the TBSS skeleton of major white matter tracts. The red-yellow color scheme indicates
regions where DT data significantly correlated with percent change of MADRS score, the
clinical outcome measure of antidepressant treatment response to lurasidone in bipolar
depression (n=18) with age and sex as covariates.
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