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A B S T R A C T

Prior studies suggest that the inflammatory biomarker c-reactive protein (CRP) holds promise for predicting
antidepressant response in patients with major depressive disorder. The objective of this study was to evaluate
whether CRP might similarly predict antidepressant responses to lurasidone in patients with bipolar I depression.
Serum CRP concentration was measured prior to, and following, 6 weeks of treatment in 485 outpatients with
bipolar I depression. Patients were randomized to receive monotherapy with lurasidone 20–60mg/day
(N=161), lurasidone 80–120mg/day (N=162) or placebo (N=162). CRP was assessed using the wide-range
CRP assay (wr-CRP). The primary efficacy endpoint was change from baseline to week 6 in Montgomery-Åsberg
Depression Rating Scale (MADRS) score. Mixed models and statistical interaction tests were applied to in-
vestigate the moderating effects of pre-treatment wr-CRP on clinical endpoints. CRP was evaluated as a log-
transformed continuous variable and by clinically-relevant cut-points. Increasing pre-treatment wr-CRP level
predicted a larger overall antidepressant response to lurasidone, as well as an increased response for a number of
individual depressive symptoms. These moderating effects of pre-treatment wr-CRP remained significant after
adjustment for potential confounds (e.g. baseline BMI and weight change). Treatment with lurasidone did not
affect serum concentrations of CRP compared to placebo during the study. Elevated CRP level prior to treatment
was associated with an enhanced clinical response to lurasidone in patients with bipolar I depression. If con-
firmed in future studies, CRP may represent a clinically useful diagnostic and predictive biomarker supporting a
precision medicine approach to the treatment of bipolar depression.

1. Introduction

As with major depression and related disorders (MDD), bipolar
disorder has been repeatedly associated, in both its manic and de-
pressed phases, with elevated levels of circulating inflammatory bio-
markers (Dargél et al., 2015; Hope et al., 2011; Munkholm et al., 2015).
Consistent with our growing recognition of the involvement of immune
processes in the pathogenesis of mood disorders, many of the biological
variables identified as potential predictive biomarkers for response to
antidepressants likely index aspects of neuroimmune interactions re-
levant to the pathophysiology of depression. Consistent with this, im-
mune measures have been reported to predict a differential response to
antidepressants. Examples of these measures include gene expression
patterns of toll-like receptor pathway molecules (Hung et al., 2017),

response elements of the nuclear factor kappa-beta pathway (Koo et al.,
2010), multiple combined immune functions (Guilloux et al., 2015;
Pettai et al., 2016), and individual proinflammatory cytokines
(Cattaneo et al., 2013; Powell et al., 2013), as well as combinations of
these cytokines (Cattaneo et al., 2013). Highlighting the potentially
unique utility of immune measures for predicting antidepressant re-
sponse, one direct comparison found that gene expression patterns for
inflammatory cytokines predicted treatment response, whereas gene
expression patterns for other systems known to be abnormal in MDD,
including glucocorticoid signaling and neurotrophic support, did not
(Cattaneo et al., 2013).

These findings suggest that immune functioning may contribute to
antidepressant responsiveness. It is therefore of great scientific and
public health interest to identify an immune biomarker (or -markers)
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that can be tractably implemented in clinical settings. It is in this
context that recent findings regarding the predictive value of the acute
phase reactant, c-reactive protein (CRP) are potentially important.
Unlike more complex assessments, CRP—which provides a good sum-
mary measure of overall inflammatory state —is widely available and,
importantly, subject to Clinical Laboratory Improvement Amendments
(CLIA) standards, assuring its consistency across clinical laboratories.

Several studies now suggest that pretreatment CRP may predict
differential patterns of responses to specific antidepressant medications.
Indeed, two studies now indicate that low levels of CRP predict re-
sponse to a selective serotonin reuptake inhibitor (SSRI) and non-re-
sponse to non-serotonergic antidepressants (i.e. nortriptyline, bupro-
pion), whereas higher levels of CRP predict non-response to SSRIs but
enhanced response to non-serotonergic agents (Jha et al., 2017; Uher
et al., 2014). Consistent with the possibility that high, as well as low,
levels of CRP may prove useful in identifying pharmacologic agents
likely to be differentially effective in a given patient with MDD, in-
creased concentrations of CRP have also been shown to predict an in-
creased antidepressant response to the cytokine antagonist infliximab,
omega 3 fatty acids and l-methylfolate (Raison et al., 2013; Rapaport
et al., 2016; Shelton et al., 2013). Increased pretreatment levels of in-
terleukin (IL)-6, which is the primary stimulus for CRP production, have
also been shown to predict response to ketamine in patients with
treatment resistant depression (Romeo et al., 2017; Yang et al., 2015).

A single small study found that increased transforming growth
factor (TGF)-beta-1 and reduced IL-23 predicted a poor response to
either lithium or quetiapine in manic episodes (Li et al., 2015), but to
our knowledge the question of whether immune biomarkers in general
(or CRP in particular) might hold promise for predicting response to
pharmacologic agents in the context of bipolar depression remains
unknown. The clinical importance of addressing this issue is high-
lighted by the fact that few effective pharmacologic options are avail-
able for the treatment of bipolar depression (Sidor and Macqueen,
2011; Sienaert et al., 2013), despite the fact that depressive episodes
occur more frequently and persistently than other bipolar mood states
(Calabrese et al., 2004; Judd et al., 2002), account for the majority of
illness burden as measured by social and functional impairment
(Fagiolini et al., 2013), as well as direct and indirect healthcare costs
(Parker et al., 2013), and are the primary driver of increased suicide
risk (Jamison 2000; Leverich et al., 2003).

Given these considerations, the current study utilized a large, pla-
cebo-controlled phase 3 trial that evaluated monotherapy treatment
with the atypical antipsychotic lurasidone for patients with bipolar
depression (Loebel et al., 2014) to investigate whether pretreatment
serum concentrations of CRP predict subsequent therapeutic response,
as well as whether change in CRP during lurasidone treatment is as-
sociated with an improvement in depressive symptoms.

2. Material and methods

2.1. Participants and design of parent study

The analysis population for the current study derives from a ran-
domized, double-blind, placebo-controlled trial of lurasidone mono-
therapy for the treatment of a major depressive episode in the context
of bipolar disorder (Loebel et al., 2014). To qualify for enrollment,
participants were required to be between the ages of 18 and 75 and
meet DSM-IV-TR criteria for a major depressive episode associated with
bipolar I disorder, with or without rapid cycling, without psychotic
features and with ≥1 manic or mixed manic episodes. The current
depressive episode was required to have persisted for ≥4weeks,
but< 12months, and participants were required to have a Mon-
tgomery-Asberg Depression Rating Scale (MADRS) score≥ 20 and a
Young Mania Rating Scale (YMRS) score≤ 12 at screening and baseline

This study randomized 485 participants to six weeks of treatment
with lurasidone 20–60mg a day (n= 161), lurasidone 80–120mg a day

(n= 162) or placebo (n= 172). Primary and key secondary study
endpoints were change from baseline to week 6 on MADRS and Clinical
Global Impression Bipolar Version, Severity of Illness (CGI-BP-S) score
(depression), respectively. On both measures, lurasidone significantly
outperformed placebo, with no difference in outcomes between the two
lurasidone dosage groups (MADRS: lurasidone 20–60mg, −15.4, effect
size (ES) 0.54; lurasidone 80–120mg, −15.4, ES 0.54; vs. placebo,
−10.7; CGI-BP-S: lurasidone 20–60mg, −1.8, ES 0.61; lurasidone
80–120, −1.7, ES 0.50; vs. placebo, −1.1) (Loebel et al., 2014).

2.2. Assessment of CRP

Blood was withdrawn by venipuncture at baseline (prior to com-
mencing treatment) and again at treatment week 6 to measure serum
concentrations of CRP using the wide-range CRP (wr-CRP) assay. This
technique is an immunoturbidimetric assay on the ADVIA 1650
chemistry system using Bayer ADVIA kit for wr-CRP (ACM Global
Laboratories and Partner Laboratory SRL Diagnostics, Europe-UK and
US locations and SRL, India). This assay has been shown to be essen-
tially identical to the more widely-used high-sensitivity (hs) CRP assay,
both in medically-ill and healthy adults (i.e. with r values of .99)
(Maharshak et al., 2008). The lower limit of detection for the wr-CRP
assay is 0.12mg/L, which compares favorably with a lower limit of
detection of 0.16mg/L for the hs-CRP assay (Maharshak et al., 2008).

2.3. Statistical analysis

As in previous investigations (Raison et al., 2013; Uher et al., 2014),
CRP was evaluated as a log-transformed continuous variable because of
skewed distribution, and by stratification into three groups according to
pretreatment CRP levels as an alternative approach to assessing clinical
relevance (Raison et al., 2013). Cross-sectional associations between
log-transformed wr-CRP (LOGCRP), body weight, BMI, and MADRS
score at study baseline were evaluated using a regression model ad-
justed for study site effects. To evaluate the moderating effect of pre-
treatment wr-CRP level on depressive symptom response to lurasidone
treatment vs. placebo at week 6, a mixed effects model for repeated
measures (MMRM) was employed (Fitzmaurice et al., 2004). The model
included terms for treatment, baseline symptom severity score, visit,
treatment-by-visit interaction, study site, LOGCRP, LOGCRP-by-visit
interaction effect, LOGCRP-by-treatment interaction effect, and
LOGCRP-by-treatment-visit interaction effect. Analysis of covariance
(ANCOVA) was applied to examine the effect of lurasidone on change in
LOGCRP from baseline to week 6. To examine whether treatment-in-
duced changes in wr-CRP mediated differential therapeutic responses to
lurasidone vs. placebo, ANCOVA was applied with terms that included
treatment, baseline symptom severity score, study site, and change in
LOGCRP.

For purposes of illustrating the CRP-treatment interaction effects on
treatment outcomes, effect sizes for the difference between lurasidone
and placebo were calculated via two stratification strategies. First,
participants were stratified based on a standard set of cut-points, spe-
cifically< 1mg/L, 1–3mg/L and > 3mg/L (Ridker, 2003). In addi-
tion we employed a second stratification strategy that better captured
the variance in baseline wr-CRP concentrations in the study population
and that more accurately reflects more recent data on the association
between CRP and antidepressant responses to cytokine antagonism
(Raison et al., 2013). Specifically, we stratified wr-CRP into low
(≤2mg/L), medium (>2mg/L≤ 5mg/L) and high (> 5mg/L) sub-
groups. The high CRP group cut-off value (> 5mg/L) was chosen based
on the finding that this value identifies patients with treatment-re-
sistant MDD who showed an antidepressant response to a cytokine
agonist compared to placebo (Raison et al., 2013), and the lower cut-off
(≤2mg/L) was chosen in a post-hoc analysis to optimize the prediction
of treatment response and to provide approximately balanced numbers
of participants per group.
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To further examine the clinical relevance of pre-treatment CRP, we
examined whether baseline wr-CRP concentration was associated with
clinical response, with response defined as at least 50% improvement in
MADRS score from baseline to week 6 endpoint. This metric was
evaluated using a logistic regression model, which included terms for
baseline MADRS score, site, log(CRP), treatment, and log(CRP)-treat-
ment interaction effect.

Because body mass index (BMI) has been repeatedly associated with
CRP levels (O’Connor et al., 2009) and because atypical antipsychotics
can induce weight gain (which might secondarily increase peripheral
inflammation) (Gao et al., 2016), baseline BMI, as well as age, sex, race,
and measures of social support and socioeconomic status (assessed
using relevant item scores included in the Quality of Life Enjoyment
and Satisfaction Questionnaire [Q-LES-Q]), all of which could influence
treatment response, were included as covariates in secondary analyses
to better identify the independent effect of baseline CRP levels on
treatment outcomes. All analyses were conducted on an intent-to-treat
basis.

3. Results

3.1. Baseline characteristics

Table 1 shows baseline demographic and clinical characteristics for
the lurasidone and placebo treatment groups. Consistent with multiple
reports of elevated CRP in patients with bipolar disorder, both median
and mean wr-CRP values were higher than typically observed in the
general population (Ong et al., 2013). A total of 118 patients (24.5%)
had a baseline wr-CRP serum concentration > 5mg/L, 216 (44.8%)
had a concentration > 2mg/L and≤ 5mg/L, and 148 (30.7%) had a
concentration≤ 2mg/L, with no significant differences between lur-
asidone and placebo groups at baseline. Increasing pre-treatment levels
of CRP were strongly associated with increasing BMI (p < 0.001) and
body weight (p < 0.001) (Supplemental Fig. S1). No association was
found between either CRP (p=0.365) or BMI (p=0.853) and MADRS
score at study baseline.

3.2. Association of pre-treatment wr-CRP with clinical response

The statistical interaction between log-transformed baseline wr-CRP
level and treatment group was significant for change in MADRS score
from baseline to the week 6 study endpoint (p=0.007 for the LOGCRP-

by-lurasidone 20–60mg/d vs. placebo interaction, and p= 0.011 for
the LOGCRP-by-lurasidone 80–120mg/d vs. placebo interaction) with a
larger placebo-corrected effect size for lurasidone in patients with
higher baseline serum concentrations of wr-CRP.

No interaction effect was observed between baseline wr-CRP and
standard CRP categories (i.e. < 1mg/L, 1–3mg/L,> 3mg/L) for either
MADRS or CGI-BP-S score. However, strong interaction effects were
observed in a subsequent analysis when study participants were stra-
tified into low (≤ 2mg/L), medium (>2mg/L – ≤5mg/L) and high
(> 5mg/L) pre-treatment wr-CRP subgroups (p=0.003 for the stra-
tified CRP-by- lurasidone 20–60mg/d vs. placebo interaction, and
p=0.008 for the stratified CRP-by-lurasidone 80–120mg/d vs. pla-
cebo interaction) (Table 2) (All further stratified analyses utilize these
cut-points). Both log-transformed and stratified pretreatment CRP also
moderated the effect of lurasidone (vs. placebo) on change in CGI-BP-S
score (p= 0.022 for the LOGCRP-by-lurasidone 20–60mg/d vs. pla-
cebo interaction, and p= 0.019 for the LOGCRP-by-lurasidone
80–120mg/d vs. placebo interaction; p= 0.003 for the stratified CRP-
by- lurasidone 20–60mg/d vs. placebo interaction, and p=0.004 for
the stratified CRP-by- lurasidone 80–120mg/d vs. placebo interaction)
(Table 3). Interaction effects for both log-transformed and stratified
CRP on change in MADRS and CGI-BP-S scores remained significant
following adjustment for age, sex, baseline BMI, social support, socio-
economic status and for weight change during treatment. Although
pretreatment wr-CRP and BMI were strongly associated, baseline BMI
did not predict a differential antidepressant effect size for lurasidone
(vs. placebo) (p= 0.952, BMI-by-treatment interaction effect).

Because the moderating effect of baseline wr-CRP score was un-
related to lurasidone dosage (p > .90) and because the two lurasidone
dosage groups produced identical placebo-adjusted reductions in
MADRS score (Loebel et al., 2014), we combined these dosage groups to
more parsimoniously generate effect size estimates for the impact of
lurasidone treatment on MADRS and CGI-BP score in patients with in-
creasing pretreatment CRP levels. As shown in Fig. 1, the effect size for
differences between lurasidone and placebo treatment increased with
increasing baseline CRP (MADRS: wr-CRP≤ 2= 0.0, wr-CRP > 2 –
≤5=0.55, wr-CRP > 5=0.82; CGI: wr-CRP≤ 2= 0.03, wr-
CRP > 2 – ≤5= 0.59, wr-CRP > 5=1.05). The interaction of CRP
with lurasidone treatment (vs placebo) was significant independent of
race (p= 0.613 for race by LOGCRP-lurasidone interaction effect).

The statistical interaction between log-transformed baseline wr-CRP
level and lurasidone treatment (vs. placebo) was also significant for
response rate defined as ≥50% improvement in MADRS score from
baseline to week 6 study endpoint (p=0.039 for the LOGCRP-by-lur-
asidone vs. placebo interaction; p= 0.043 for the LOGCRP-by-lur-
asidone vs. placebo interaction after adjusting for age, gender, and
baseline BMI) (Fig. 2).

Moreover, the magnitude of absolute symptom reduction within the
lurasidone group increased with increasing levels of pretreatment CRP,
with the following concentration–response trend in mean change (SD)
from baseline: MADRS: wr-CRP≤ 2=−11.66 (9.74), wr-CRP > 2 –
≤5=−14.22 (9.74), wr-CRP > 5=−16.08 (9.74); CGI-BP-S: wr-
CRP≤ 2=−1.39 (1.16), wr-CRP > 2 – ≤5=−1.59 (1.16), wr-
CRP > 5=−1.86 (1.16). Significant associations between log-trans-
formed baseline wr-CRP level and improvement in MADRS (p= 0.01)
and CGI-BP-S (p= 0.04) scores were also observed within the lur-
asidone group. A numerically larger placebo response was observed in
the low CRP group compared to those with higher levels of wr-CRP but
the trend was non-significant (p= 0.574) (Fig. 1). Therefore, there was
an observed divergence in the trend for within group (lurasidone or
placebo) improvement in MADRS score in relation to baseline wr-CRP
level.

To evaluate the generalizability of the lower CRP cut-point selected
for this study (> 2mg/L), we examined these alternative cut-points of
baseline wr-CRP: ≤1mg/L, ≤2mg/L, and≤ 3mg/L, with 71 (22.1%),
102 (31.8%), and 202 (62.9%) patients, respectively, in the lurasidone

Table 1
Demographic and baseline characteristics.

Lurasidone (20–60mg/d or
80–120mg/d)

Placebo

n=323 n=162

Age, mean ± SE 41.66 ± 0.68 41.20 ± 0.98
Gender
Female 189 (58.5%) 87 (53.7%)
Male 134 (41.5%) 75 (46.3%)
Race
White 213 (65.9%) 107 (66.0%)
Black 46 (14.2%) 21 (13.0%)
Other 64 (19.8%) 34 (21.0%)
MADRS, mean ± SE 30.46 ± 0.28 30.47 ± 0.39
CGI-BP-S depression severity,

mean ± SE
4.53 ± 0.03 4.48 ± 0.05

Wr-CRP, mean ± SE, mg/L 4.8 ± 0.4 4.5 ± 0.4
Median (Interquartile range) 3.0 (1.3, 5.2) 3.0 (1.7, 4.1)
BMI, mean ± SE 27.44 ± 0.32 27.06 ± 0.45

MADRS, Montgomery-Asberg Depression Rating Scale; CGI-BP-S Score
(Depression), Clinical Global Impression Bipolar Version, Severity of Illness
score (Depression); wr-CRP, wide-range c-reactive protein; BMI, body mass
index; SE, standard error.
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group; and 32 (19.9%), 46 (28.6%), and 104 (64.6%) patients, re-
spectively, in the placebo group. Lurasidone vs. placebo difference in
MADRS scores in participants with wr-CRP levels≤ 1mg/L, ≤2mg/L,
and≤ 3mg/L were −1.57 (Cohen’s d=0.16), −0.01 (Cohen’s
d= 0.001), and −3.17 (Cohen’s d= 0.32), respectively. To evaluate
the generalizability of the higher cut-point selected for this study
(≤5mg/L), we found that bifurcating the study sample by this cut-
point showed a significantly increased response to lurasidone vs. pla-
cebo in the group with baseline wr-CRP > 5mg/L (p < 0.05).

In terms of specific depressive symptoms, there were significant
interactions between lurasidone treatment (vs. placebo) and log-trans-
formed baseline wr-CRP for the following MADRS items adjusted for
baseline severity and study site: “apparent sadness” (MADRS item 1,
p=0.004), “reported sadness” (MADRS item 2, p < 0.003), “lassi-
tude” (MADRS item 7, p= 0.056), and “pessimistic thoughts” (MADRS
item 9, p=0.003), with improvement in these symptoms favoring
lurasidone (vs. placebo) with increasing levels of baseline wr-CRP.

3.3. Effect of treatment on wr-CRP serum concentration

Lurasidone treatment was not associated with significant change in
wr-CRP serum concentrations from baseline to week 6 (p=0.080).
Median change from baseline to week 6 in wr-CRP was 0 (inter-quartile
range IQR −0.3, 0.8mg/L) in the lurasidone group, compared to 0
(IQR −0.7, 0.1mg/L) in the placebo group (p=0.078). No associa-
tions were observed between change in LOGCRP and change in either
MADRS or CGI-BP-S score from baseline to week 6 (MADRS: p= .68;
CGI-BP-S: p= .63).

All study findings were consistent when evaluated by either
ANCOVA or MMRM analyses.

4. Discussion

Results from the current study add to a growing body of evidence
indicating that the widely-available inflammatory biomarker CRP may

Table 2
Change from Baseline in Montgomery-Asberg Depression Rating Scale (MADRS).

wr-CRP Group Covariate(s) Lurasidone 20–60mg/day
(n= 161)

Lurasidone 80–120mg/day
(n= 160)

Placebo (n= 161)

Low≤ 2mg/L (n=148) Adjusted for baseline MADRS, site −11.56 (1.32) −11.75 (1.42) −11.63 (1.44)
Adjusted for baseline MADRS and BMI, site −12.40 (1.30) −12.65 (1.41) −13.96 (1.42)
Adjusted for baseline MADRS and BMI, age,
gender, site

−12.32 (1.31) −12.23 (1.42) −12.15 (1.43)

Adjusted for baseline MADRS, site and weight
change during treatment

−11.40 (1.29) −12.33 (1.39) −13.61 (1.41)

Medium > 2 to ≤5mg/L (n= 216) Adjusted for baseline MADRS, site −14.57 (1.20)*** −13.91 (1.18)** −8.89 (1.09)
Adjusted for baseline MADRS and BMI, site −13.94 (1.19)** −14.04 (1.16)** −8.80 (1.07)
Adjusted for baseline MADRS and BMI, age,
gender, site

−14.31 (1.19)*** −14.00 (1.17)** −8.78 (1.08)

Adjusted for baseline MADRS, site and weight
change during treatment

−13.95 (1.18)** −14.07 (1.15)** −9.12 (1.06)

High > 5mg/L (n= 118) Adjusted for baseline MADRS, site −16.21 (1.54)*** −15.95 (1.47)*** −8.07 (1.67)
Adjusted for baseline MADRS and BMI, site −16.07 (1.52)*** −14.88 (1.45)** −7.82 (1.65)
Adjusted for baseline MADRS and BMI, age,
gender, site

−15.45 (1.53)** −15.82 (1.46)*** −7.79 (1.66)

Adjusted for baseline MADRS, site and weight
change during treatment

−16.93 (1.51)*** −15.72 (1.44)** −8.48 (1.64)

Least squares mean change (SE) for treatment comparisons with placebo at week 6 when study participants were stratified into low, medium and high pre-treatment
wr-CRP groups: ***p < 0.001, **p < 0.01.
p-values were estimated based on mixed model for repeated measures adjusted for baseline MADRS score, covariates and site: p=0.003 for the stratified CRP-by-
lurasidone 20–60mg/d (vs. placebo) interaction; p=0.008 for the stratified CRP-by-lurasidone 80–120mg/d (vs. placebo) interaction.
wr-CRP, wide-range c-reactive protein; BMI, body mass index; SE, standard error.

Table 3
Change from Baseline in CGI-BP-S Score (Depression).

wr-CRP Group Covariate(s) Lurasidone 20–60mg/day
(n= 161)

Lurasidone 80–120mg/day
(n= 160)

Placebo (n= 161)

Low Adjusted for baseline CGI-BP-S −1.42 (0.16) −1.34 (0.17) −1.35 (0.17)
≤2mg/L Adjusted for baseline CGI-BP-S and BMI −1.49 (0.16) −1.39 (0.17) −1.41 (0.17)
(n= 148) Adjusted for baseline CGI-BP-S and weight change during

treatment
−1.38 (0.15) −1.41 (0.16) −1.61 (0.17)

Medium Adjusted for baseline CGI-BP-S −1.67 (0.14)*** −1.54 (0.14)** −0.92 (0.13)
> 2 – ≤5mg/L Adjusted for baseline CGI-BP-S and BMI −1.64 (0.14)*** −1.54 (0.14)** −0.91 (0.13)
(n= 216) Adjusted for baseline CGI-BP-S and weight change during

treatment
−1.63 (0.14)** −1.58 (0.14)** −0.97 (0.13)

High Adjusted for baseline CGI-BP-S −1.97 (0.18)*** −1.76 (0.17)*** −0.64 (0.20)
> 5mg/L Adjusted for baseline CGI-BP-S and BMI −1.88 (0.18)*** −1.71 (0.17)*** −0.57 (0.20)
(n= 118) Adjusted for baseline CGI-BP-S and weight change during

treatment
−2.09 (0.18)*** −1.74 (0.17)*** −0.70 (0.19)

Least squares mean change (SE) for treatment comparisons with placebo at week 6 when study participants were stratified into low, medium and high pre-treatment
wr-CRP groups: ***p < 0.001, **p < 0.01.
p-values were estimated based on mixed model for repeated measures adjusted for baseline CGI-BP-S score (depression), covariates and site: p=0.003 for the
stratified CRP-by- lurasidone 20–60mg/d (vs. placebo) interaction; p=0.004 for the stratified CRP-by-lurasidone 80–120mg/d (vs. placebo) interaction.
Clinical Global Impression Bipolar Version, Severity of Illness (CGI-BP-S) score (depression); CGI-BP-S score (depression), wr-CRP, wide-range c-reactive protein;
BMI, body mass index; SE, standard error.
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hold promise as a clinically useful predictor of response to psychotropic
agents used to treat mood disorders. Here we report that in patients
with bipolar depression an enhanced antidepressant response to the
atypical antipsychotic agent lurasidone was observed with increasing
levels of pre-treatment wr-CRP, with this effect being observed across a
range of lurasidone doses (20–120mg/d) utilized in the study.
Importantly, although BMI has been reported to influence anti-
depressant responsiveness (Kloiber et al., 2007) and BMI was strongly
associated with CRP in the study sample, the impact of pre-treatment
CRP on subsequent response to lurasidone was independent of BMI at
baseline, as well as independent of change in BMI with treatment
during the study.

Moreover, the predictive value of pre-treatment CRP was clinically
relevant. First, increasing log-transformed wr-CRP at baseline was as-
sociated with increased clinical response (defined as a≥ 50% reduction
in MADRS score) in patients treated with lurasidone vs. placebo.
Second, based on MADRS scores, lurasidone produced an anti-
depressant response similar to placebo in patients with baseline wr-
CRP≤ 2mg/L (d=0, vs. placebo), whereas the medication demon-
strated a large effect size (d= 0.82, vs placebo) in patients with wr-
CRP > 5mg/L. In patients with baseline wr-CRP > 2mg/L to
≤5mg/L, lurasidone demonstrated a medium effect size (d=0.55, vs.
placebo), which—while not as significant as the advantage seen in the
high inflammation group—is still highly clinically relevant, given that

Fig. 1. Baseline C-Reactive Protein Level and Week 6 Change in Montgomery-Asberg Depression Rating Scale (MADRS) Score and Clinical Global Impression Bipolar
Version, Severity of Illness (CGI-BP-S) Score (Depression) Associated with Lurasidone (vs. Placebo) Treatment. p-values were estimated based on MMRM model
adjusted for baseline MADRS score and study site: p < 0.01 for both the log-transformed and stratified CRP-by-lurasidone (vs. placebo) interaction effect on week 6
change in MARDS score. p < 0.01 for both the log-transformed and stratified CRP-by-lurasidone (vs. placebo) interaction effect on week 6 change in CGI‑BP-S score
(Depression). Least squares mean change in MADRS and CGI-BP-S scores for lurasidone (20–60mg/d or 80–120mg/d) comparisons with placebo at week 6 when
study participants were stratified into low, medium and high pre-treatment wr-CRP groups. Lurasidone, lurasidone 20–60mg/d or 80–120mg/d; CGI-BP-S Score
(Depression), Clinical Global Impression Bipolar Version, Severity of Illness score (Depression); wr-CRP, wide-range c-reactive protein; BMI, body mass index; d,
effect size (lurasidone vs. placebo).

Fig. 2. Baseline wr‐CRP and Week 6 Response Rate Associated with Lurasidone (vs. Placebo) Treatment.
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it exceeds typical effect size advantage reported for antidepressant
agents used to treat MDD (Turner et al., 2008). Similar lurasidone effect
sizes were observed for the impact of pretreatment levels of CRP on
CGI-BP-S scores, providing convergent evidence for the relevance of
CRP as a potential predictive biomarker for response to lurasidone in
patients with bipolar depression. Notably, effect sizes associated with
lurasidone (vs placebo) treatment increased with CRP ranges from
≤2mg/L (low) to>5mg/L (high) at study baseline. The analysis of
CRP as a continuous log-transformed variable has been used in previous
studies (Raison et al., 2013; Uher et al., 2014; Jha et al., 2017), which
provide similar results as analysis using CRP cut points in the current
study. The inclusion of CRP as a continuous variable strengthens our
findings by simultaneously demonstrating that the relationship between
pre-treatment CRP and outcomes is linear and that the categorical
findings (using CRP cut-points included in previous studies) are valid.
This linear trend for the effect of CRP on depressive symptom im-
provement reduces the possibility that the moderating relationship
between CRP level and predicted clinical effect found in this study was
due to chance.

Nonetheless, we did not find an association between standard CRP
cut-points (< 1mg/L, 1–3mg/L,> 3mg/L) and differences in anti-
depressant response in lurasidone vs. placebo treated patients. This
discrepancy likely results from the striking differences in lurasidone/
placebo effect size in participants with wr-CRP less than or> 2mg/L.
Below 2mg/L the effect size difference in depressive symptom change
between lurasidone and placebo was zero; between 2mg/L and 5mg/L
the effect size increased rapidly. Therefore, when participants with CRP
levels between 1 and 2 are grouped with participants with CRP levels
between 2 and 3 the resultant group is so heterogeneous that the linear
relationship between baseline CRP and clinical response is disrupted.
On the other hand, the ≤2mg/L,> 2 to ≤5,> 5 categorization more
cleanly “cleaves nature at the joints” in this population, with the cut-off
score of 2 representing a potential “optimum cut-off” for predicting
treatment response.

Interestingly, placebo response was numerically lowest in the sub-
group of patients with highest level of pretreatment CRP. Similar results
have been observed in other studies. For example, a study examining
the impact of baseline CRP on response to the cytokine antagonist in-
fliximab found that increasing baseline CRP was associated with re-
duced placebo response (Raison et al., 2013). Similarly, a study of
omega-3 fatty acids as monotherapy for MDD found that increased in-
flammatory biomarkers at baseline predicted better response to placebo
than to the active treatment in patients with MDD and low levels of
pretreatment inflammation (Rapaport et al., 2016). Interestingly, ad-
ministration of inflammatory stimuli (e.g. endotoxin) to healthy vo-
lunteers has been shown to acutely induce feelings of social dis-
connection (Eisenberger et al., 2010), raising the intriguing possibility
that increased inflammation may interfere with social emotions likely
to be involved in the placebo response (Martin et al., 2000). Taken
together, these findings suggest that pretreatment CRP may be a bio-
logically relevant predictive variable, not just for predicting response to
specific pharmacological agents such as lurasidone, but more generally
for predicting response to the wide range of biological and behavioral
factors that contribute to placebo response.

Meta-analyses examining the impact of antipsychotics on in-
flammatory biomarkers provide a somewhat contradictory picture,
especially in regard to IL-6, the cytokine most responsible for the pro-
duction and release of CRP. In schizophrenic populations one meta-
analytic study reported that antipsychotic treatment was associated
with reduced IL-6 (Miller et al., 2011), while a second study found no
effect (Tourjman et al., 2013). Consistent with the second study, a
meta-analysis of 85,000 patients with schizophrenia found no impact of
antipsychotic treatment on CRP levels (Fernandes et al., 2016).

As the first study to examine the impact of treatment with an aty-
pical antipsychotic on CRP levels in bipolar depression, the current
investigation provides additional evidence that these medications may

not directly impact CRP or cytokine pathways that stimulate its pro-
duction and release. Moreover, changes in CRP during treatment
showed no association with response to either lurasidone or placebo.

Our finding that pre-treatment levels of CRP predict response to
lurasidone, whereas changes in CRP during treatment do not, is con-
sistent with other findings in the literature. For example, Cattaneo et al.
identified pre-treatment cytokine gene expression profiles (i.e. IL-1-
beta, macrophage inhibiting factor [MIF], TNF) that predicted sub-
sequent response to either escitalopram or nortriptyline in patients with
MDD (Cattaneo et al., 2013). Although treatment subsequently im-
pacted expression levels of these biomarkers, these changes were not
associated with therapeutic outcomes with either antidepressant.

One explanation for how a biomarker like CRP might predict re-
sponse prior to—but not during—treatment is that CRP indexes in-
flammatory pathways that when activated induce downstream phy-
siological changes that are more directly linked to the development of
depression and that are targeted by the psychotropic agent. In this
scenario, CRP predicts response to lurasidone not because lurasidone
directly attenuates inflammatory signaling indexed by CRP, but because
it alleviates a bipolar depressive syndrome to which inflammatory
processes contribute by activating downstream CNS mechanisms that
more directly contribute to the behavioral pathology and that are tar-
geted by the medication. Support for this possibility comes from animal
studies showing that inflammation alters glutamatergic activity in the
brain and induces indoleamine 2,3-dioxygenase (IDO), which promotes
the production/release of kynurenine and its metabolites (which also
alter glutamatergic signaling) (Haroon and Miller, 2017; Dantzer et al.,
2008). Animal studies demonstrate that blocking these downstream
pathways with either ketamine (an antagonist at the glutamatergic N-
methyl-D-aspartate (NMDA) receptor) or 1-methyl tryptophan (an IDO
inhibitor) abrogates the induction of depressive-like symptoms, while
leaving intact the development of sickness behavior, which presumably
is more directly related to cytokine signaling (Corona et al., 2013;
Walker et al., 2013).

Of direct relevance to the current study, an important downstream
mechanism by which inflammation appears to induce depression is
impairment of dopaminergic signaling in the ventral striatum (e.g.
nucleus accumbens) and disruption of connectivity between this do-
paminergically-rich area and ventromedial prefrontal cortex (Capuron
et al., 2012; Felger et al., 2016). Along with other atypical anti-
psychotics, lurasidone has been shown to increase the efflux of dopa-
mine from the nucleus accumbens (Huang et al., 2014). This finding
raises the intriguing possibility that lurasidone works preferentially in
patients with an inflammation-induced reduction in dopamine sig-
naling within the ventral striatum and/or impairment of the capacity
for these signals to reach ventromedial prefrontal cortex. By increasing
dopamine signaling within the striatum, lurasidone may counteract this
effect, even while leaving the underlying pathology-initiating in-
flammatory signaling intact, as evidenced in the current study by an
increasingly robust antidepressant effect in the absence of any reduc-
tion in the inflammatory signaling itself. Future studies could confirm
or deny this hypothesis by using neuroimaging to demonstrate either
increased dopaminergic activity in the ventral striatum or increased
functional connectivity between ventral striatum and ventromedial
prefrontal cortex in response to lurasidone treatment in the absence of
reduced peripheral inflammation, with this effect being more apparent
in those with high pretreatment CRP than in those with low levels of
pretreatment CRP.

Convergent data for this possibility comes from two sources. First,
the dopaminergic modulator antidepressant bupropion has also been
shown to work preferentially in depressed patients with increased
pretreatment levels of CRP (Jha et al., 2017), and like lurasidone has
been shown to increase extracellular levels of dopamine in the ventral
striatum (Kitamura et al., 2010). Similarly, animal studies demonstrate
that administration of the dopaminergic agonist pramipexole protects
against the development of depressive-like symptoms following an
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inflammatory stimuli (endotoxin) (Lieberknecht, 2017). On the other
hand, multiple studies confirm that serotonergic antidepressants (which
do not have similar effects on either striatal dopamine or connectivity
between striatum and ventromedial prefrontal cortex) (Abler et al.,
2012) become increasingly ineffective as levels of pretreatment in-
flammation increase (Cattaneo et al., 2013; Jha et al., 2017; Uher et al.,
2014). Second, pretreatment CRP presents a different predictive pattern
in the current study than in studies employing agents that more directly
modulate inflammatory tone. This is most apparent by comparing
current results with those from a randomized trial of the TNF antagonist
infliximab in medically-stable patients with treatment resistant MDD. In
contradistinction to the current study, which found similar treatment
effects for lurasidone and placebo in patients with low pretreatment
CRP, the infliximab study reported that placebo significantly out-
performed the cytokine antagonist in depressed patients with pre-
treatment CRP levels < 5mg/L (Raison et al., 2013). Negative effects
on depressive symptoms compared to placebo have also been observed
for other agents with anti-inflammatory properties, including omega-3
fatty acids and l-methylfolate (Rapaport et al., 2016; Shelton et al.,
2013).

Taken together, these findings raise the possibility that even in
patients with elevated inflammation, agents that target pathways
downstream from the inflammatory cascade may be more clinically
effective than agents that block inflammatory signaling directly, both
because agents that target downstream pathways are effective in a
larger patient sub-group based on pretreatment CRP (e.g. down to
2mg/L for lurasidone vs. 5 mg/L for infliximab) and because they do
not appear to underperform when compared to placebo in depressed
individuals with low levels of inflammation. Moreover, inflammation is
almost certainly not the sole pathway by which dopaminergic signaling
is altered/impaired in a condition such as bipolar depression, and
agents such as lurasidone would be expected to help address these other
pathological processes, whereas anti-inflammatory agents would be
presumably ineffective.

Several limitations of the current study warrant discussion.
Although current findings derive from a large, randomized, placebo-
controlled trial, they are based on an exploratory analysis and the study
was not primarily designed to assess the predictive power of CRP.
Further investigations are needed to confirm that CRP is a useful bio-
marker for identifying etiologically different subtypes of bipolar de-
pression in relationship to inflammation and predicting antidepressant
responses to atypical antipsychotic treatment. Moreover, although le-
vels of CRP tend to demonstrate interindividual stability in populations
living in the industrialized world (McDade et al., 2012), it is a limita-
tion that baseline levels of CRP were only assessed once prior to com-
mencing treatment. Similarly, post-treatment CRP levels were only as-
sessed six weeks after commencing treatment. It is possible that changes
in CRP earlier in the course of treatment might have shown different
associations with therapeutic outcome. Finally, because behavioral data
were only collected for six weeks it is unknown whether the predictive
power of pretreatment CRP would have increased or diminished over
longer-time periods.

4.1. Conclusions

The urgent need to improve our ability to treat bipolar depression is
highlighted by its disproportionately large contribution to the disease
burden of bipolar disorder, as well as by its recalcitrance to effective
treatment (Fagiolini et al., 2013; Jamison 2000; Leverich et al., 2003;
Parker et al., 2013; Sidor and Macqueen, 2011; Sienaert et al., 2013).
Findings from this placebo-controlled study indicate that lurasidone
becomes increasingly effective as levels of pretreatment wr-CRP rise.
Lurasidone demonstrated a clinical effect over and above placebo in
patients with pretreatment levels of wr-CRP > 2mg/L. If these find-
ings are confirmed in future prospective studies, CRP may represent a
clinically useful diagnostic and predictive biomarker supporting a

precision medicine approach to the treatment of bipolar depression.

5. Registration

Clinicaltrials.gov identifier: NCT00868699.
Sunovion Pharmaceuticals Inc. is part of a clinical trial data sharing

consortium that facilitates access for qualified researchers to selected
anonymized clinical trial data. For up-to-date information on data
availability please visit https://www.clinicalstudydatarequest.com/
Study-Sponsors.aspx and click on Sunovion.
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