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IMPORTANCE To our knowledge, no study has previously evaluated whether individuals with
bipolar depression enriched a priori on the basis of biochemical and/or phenotypic
immuno-inflammatory activation would differentially respond to an anti-inflammatory agent
for the treatment of depressive symptoms.

OBJECTIVE To assess the antidepressant efficacy of adjunctive infliximab, a monoclonal
antibody targeting tumor necrosis factor, in adults with bipolar | and bipolar Il depression
and inflammatory conditions.

DESIGN, SETTING, AND PARTICIPANTS This 12-week, randomized, double-blind,
placebo-controlled, parallel-group trial of 60 participants was conducted at 2 outpatient
tertiary care sites in Canada and the United States. Eligible adults (aged 18-65 years) met
DSM-5-defined criteria for bipolar | or bipolar Il depression and exhibited pretreatment
biochemical and/or phenotypic evidence of inflammatory activation. Participants were
enrolled between October 1, 2015, and April 30, 2018. Data analysis was performed
from May 1through July 31, 2018, using modified intent-to-treat analysis.

INTERVENTIONS Patients were randomized to receive 3 intravenous infusions of infliximab
therapy or placebo at baseline and at weeks 2 and 6 of the 12-week study.

MAIN OUTCOMES AND MEASURES The primary efficacy outcome was baseline-to-end point
(ie, week-12) change in Montgomery-Asberg Depression Rating Scale (MADRS) total score.
History of childhood maltreatment, as assessed by the Childhood Trauma Questionnaire,
was used for exploratory analyses as 1 of several secondary outcomes.

RESULTS A total of 60 participants were randomized to infliximab (n = 29 [48%]; mean [SD]
age, 45.0 [11.7] years; 20 of 28 female [71%]) or to placebo (n = 31[52%]; mean [SD] age,
46.8 [10.2] years; 26 of 30 female [87%]) across study sites. Overall baseline-to-end point
change in MADRS total score was observed across treatment x time interaction (x> = 10.33;
P =.04); reduction in symptom severity was not significant at week 12 (relative risk, 1.09;
95% Cl, 0.80-1.50; df=1; P = .60). As part of a secondary analysis, a significant

treatment x time x childhood maltreatment interaction was observed in which
infliximab-treated individuals with childhood history of physical abuse exhibited

greater reductions in MADRS total score (x? = 12.20; P = .02) and higher response rates
(=50% reduction in MADRS total score) (x2 = 4.05; P = .04).

CONCLUSIONS AND RELEVANCE Infliximab did not significantly reduce depressive symptoms
compared with placebo in adults with bipolar depression. Results from secondary analyses
identified a subpopulation (ie, those reporting physical and/or sexual abuse) that

exhibited a significant reduction in depressive symptoms with infliximab treatment
compared with placebo.
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epressive symptoms and episodes dominate the course

of bipolar disorder types I/Il and disproportionately ac-

count for morbidity and mortality.! No existing treat-
ment approved by the US Food and Drug Administration for
bipolar disorder has been developed using an a priori disease
model. The relatively high rate of negative and failed trials in
bipolar depression, as well as the variable response to exist-
ing treatments, implicates distinct biotypes within heteroge-
neous populations with bipolar disorders.? Subgrouping
heterogeneous populations into those with similar pheno-
typic and biosignature characteristics may identify groups more
(or less) likely to respond to select agents.

Convergent and replicated evidence implicates immuno-
inflammatory disturbances during the onset, phenomenol-
ogy, comorbidity, and treatment response in bipolar disorder.>*
The sources of immuno-inflammatory activation in bipolar
disorder are multifactorial (eg, epigenetic modification, intrin-
sic physiologic alterations in bipolar disorder, and exposure
to early childhood adversity).® Interventional studies and
meta-analytic reviews have reported that disparate anti-
inflammatory agents have variable antidepressant effects in
adults with unipolar and bipolar depressive disorders.®” These
variable effects suggest that select anti-inflammatory agents may
be differentially efficacious in a subset of individuals with
bipolar disorder who are exhibiting proinflammatory balance.

A previous randomized, double-blind, placebo-
controlled, proof-of-concept clinical trial evaluating the anti-
depressant efficacy of infliximab, a tumor necrosis factor (TNF)
antagonist, in adults with major depressive disorder and bi-
polar disorder did not identify any significant differences be-
tween infliximab- and placebo-treated patients on a measure
of depressive symptom severity at 12 weeks.® A post hoc analy-
sis, however, revealed a significant antidepressant effect in
favor of infliximab among individuals exhibiting pretreat-
ment C-reactive protein (CRP) levels of 5 mg/L or higher (to con-
vert CRP to nanomoles per liter, multiply by 9.524).8 The fore-
going observation accords with the notion of a possible
inflammatory biotype that is more likely to respond to an on-
target anti-inflammatory treatment.® To our knowledge, no
study has previously evaluated whether individuals with
bipolar disorder enriched a priori on the basis of biochemical
and/or phenotypic immuno-inflammatory activation would
differentially respond to an anti-inflammatory agent for the
treatment of depressive symptoms.

We sought to determine whether adults with bipolar dis-
order I/II depression who have biochemical and/or pheno-
typic evidence of immuno-inflammatory activation before ran-
domization would be more likely to show an antidepressant
response to infliximab compared with placebo.

Methods

Study Design

This study was conducted at 2 tertiary outpatient centers: the
Mood Disorders Psychopharmacology Unit (MDPU), Univer-
sity Health Network, in Toronto, Ontario, Canada, and the
Department of Psychiatry and Behavioral Sciences, School of
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Key Points

Question What is the efficacy of tumor necrosis factor-antagonist
infliximab in the treatment of bipolar depression?

Findings This randomized clinical trial replicates a previous study
indicating that infliximab is not significantly more efficacious
compared with placebo for improving depressive symptoms in
adults with a mood disorder.

Meaning Infliximab therapy is not efficacious at improving
depressive symptoms in patients with bipolar depression.

Medicine, Stanford University, in Palo Alto, California. This
12-week, randomized, double-blind, placebo-controlled,
parallel-group, fixed-dose clinical trial evaluated the efficacy,
safety, and tolerability of adjunctive infliximab for the treat-
ment of individuals with DSM-5-defined bipolar disorder I/II
depression who met inflammatory criteria. The study was ap-
proved by the Institutional Ethics Board at the University Health
Network and Stanford University. All participants provided writ-
ten informed consent after receiving a complete description of
the study (trial protocol in Supplement 1). Data were collected
from May 1, 2018, through July 31, 2018. Data analysis was
performed from May 1, 2018, through July 31, 2018, using
modified intent-to-treat analysis.

Participants

Eligible participants were outpatients (aged 18-65 years)
with bipolar disorder meeting DSM-5 criteria for a current
major depressive episode. The Mini-International Neuropsy-
chiatric Interview 5.0.0 for DSM-IV-TR and Structured
Clinical Interview for DSM-5 were used to confirm bipolar
disorder diagnoses and screen for a mixed features specifier.
Eligibility criteria included total scores of 22 or higher on the
Montgomery-Asberg Depression Rating Scale (MADRS) and
total scores lower than 12 on the Young Mania Rating Scale;
receipt of at least 2 treatments for bipolar disorder for an
index episode for a minimum of 4 weeks before randomiza-
tion; no changes in medication regimen 4 weeks preceding
randomization and throughout the study; and for women
with childbearing potential, a negative pregnancy test result
(ie, human chorionic gonadotropin blood test) and use of
adequate birth control (eg, abstinence, oral contraceptive
medications, intrauterine device, barrier method with sper-
micide, or surgical sterilization) throughout the study and
for 6 months after the last study dose. Participants were not
excluded based on their past or current psychiatric medica-
tion use or the presence of mixed features (in association
with Young Mania Rating Scale <12).

Participants were required to meet 1 of the following bio-
chemical or phenotypic inflammatory criteria at baseline: CRP
of 5 mg/L or more; obesity (ie, ethnicity-specific waist circum-
ference or body mass index [BMI] =30 [calculated as weight
in kilograms divided by height in meters squared]) and in-
creased triglyceride levels, decreased high-density lipopro-
tein cholesterol level, or elevated blood pressure; type 1 or 2
diabetes; inflammatory bowel disorder; rheumatologic disor-
der; daily cigarette smoking; or migraine headaches'©'? (Box).
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Box. Biochemical or Phenotypic Inflammatory Criteria at
Baseline for Eligibility

Biochemical criteria
Peripheral C-reactive protein level =5 mg/L

Phenotypic criteria
Obesity (ethnicity-specific waist circumference® or BMI =30)
and at least 1 of the following:
Triglyceride levels 150 mg/dL or specific treatment for this
lipid abnormality

HDL cholesterol level 40 mg/dL for men and 50 mg/dL
for women

Hypertension defined as systolic blood pressure =130 mm Hg,
diastolic pressure =85 mm Hg, or treatment of previously
diagnosed hypertension

Diabetes type 1or 2 defined as 8-hour fasting plasma glucose
level =126 mg/dL, hemoglobin A, level =6.5%, or treatment
of previously diagnosed diabetes®

Inflammatory bowel disorder (ie, ulcerative colitis or

Crohn disease)

Rheumatologic disorder (ie, rheumatoid arthritis or psoriasis)
Daily cigarette smoking defined as daily minimum of one-half pack
of cigarettes

Migraine headaches®

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); HDL, high-density lipoprotein.

Sl conversion: to convert CRP to nanomoles per liter, multiply by 9.524;
glucose to millimoles per liter, multiply by 0.0555; HDL cholesterol to
millimoles per liter, multiply by 0.0259; and triglycerides to millimoles
per liter, multiply by 0.0113.

2 Waist circumference as indicated by the International Diabetes Federation.
b per 2013 Canadian Diabetes Association diagnostic criteria.'

¢ International Headache Society guidelines.™

The rationale for selecting the foregoing conditions (a proxy
of immune-inflammatory activation) is provided by repli-
cated evidence indicating that each of these foregoing condi-
tions is highly associated with a proinflammatory balance.*

Exclusion criteria are detailed in the eMethods in
Supplement 2 and include a concurrent psychiatric disorder
that was a primary focus of clinical attention; a history of
schizophrenia; active psychotic symptoms; substance abuse
and/or dependence in the previous 6 months; electroconvul-
sive therapy in the previous 6 months; at risk of suicide or ac-
tively suicidal; clinically significant unstable medical illness
(eg, autoimmune, cardiovascular, endocrinologic, hemato-
logic, hepatic, renal, or neurologic disease) determined by
physical examination and laboratory testing; current or pre-
vious exposure to anti-TNF biologic agents; or previous im-
mediate hypersensitivity response (eg, anaphylaxis) to a
plasma-derived or recombinant immunoglobulin product
(eg, monoclonal antibody).

Procedures
Participants were enrolled between October 1, 2015, and April

30, 2018. Individuals were randomized to adjunctive intrave-
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nous infliximab (5 mg/kg) or placebo. The dose and infusion
schedules were adopted from the protocol of a previously pub-
lished clinical trial with infliximab.® A registered nurse in rheu-
matology administered infusions for 120 minutes at weeks O
(baseline), 2, and 6. All participants completed the baseline
infusion within 1 month of the screening assessment. Inflixi-
mab and placebo were prepared and dispensed in a con-
cealed 250-mL infusion bag, matched in color and consis-
tency, by hospital pharmacists who had no contact with
participants. A research team member without any contact
with participants created computer-generated randomiza-
tion schedules in blocks of 6.

Routine laboratory assessments were conducted at screen-
ing baseline and at weeks 2, 4, 6, and 12. Blood samples were
additionally collected and stored for biomarker analyses at
weeks 0, 2, 4, 6, and 12. Participants, outcome assessors, prin-
cipal investigators, and infusion nurses were masked to treat-
ment randomization. Participants completed clinical assess-
ments at screening and at weeks O, 1, 2, 3, 4, 6, 8, 10, and 12
and cognitive assessments (ie, Rey Auditory Verbal Learning
Test and Digit Symbol Substitution Test [DSST]) at weeks O,
2, and 12. Single-voxel proton magnetic resonance spectros-
copy and T1-weighted magnetic resonance imaging data were
obtained at baseline and week 12 at the MDPU site for future
post hoc analyses.

Outcomes

Our primary outcome was baseline-to-end point change in
MADRS total score. Exploratory analyses evaluated the mod-
erating effects of baseline CRP level, illness severity and course,
and self-reported childhood maltreatment (ie, Childhood
Trauma Questionnaire [CTQ]). The 28-item CTQ measures 5
subdomains of emotional abuse, physical abuse, sexual abuse,
emotional neglect, and physical neglect. Total and subdo-
main scores of the CTQ were used as continuous variables in
moderation analyses. The inclusion of childhood maltreat-
ment as an interaction variable was informed by evidence of
differential response in populations with mood disorders who
reported trauma, as well as the association between child-
hood trauma and immuno-inflammatory disturbances.>!>
Subgroup analyses compared individuals with and without a
clinically significant history of childhood maltreatment (ie,
CTQ subdomain score =8).1¢

Statistical Analysis

Between-group differences in baseline demographic charac-
teristics were assessed using 2-sided Mann-Whitney and
2-sided X tests. Baseline clinical severity was scored using
5 outcome variables that have been consistently associated
with poor outcomes in bipolar disorder: age at onset, number
of lifetime psychiatric hospitalizations, number of lifetime sui-
cide attempts, functional impairment (ie, Sheehan Disability
Scale [SDS] total score), and cognitive dysfunction (ie, DSST
score).!” The foregoing clinical severity score was used be-
cause there was no single variable to adequately proxy base-
line severity and reduce issues related to multiplicity, colin-
earity, and multiple testing. The score was operationalized
as an equally weighted sum of the z scores of the number of
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Figure 1. Flow Diagram

241 Assessed for eligibility
225 Mood Disorders Psychopharmacology Unit
16 Stanford University

181 Excluded
116 Did not meet inclusion
criteria
43 Did not complete
initial assessments
22 Declined to participate

60 Eligible
55 Mood Disorders Psychopharmacology Unit
5 Stanford University

60 Randomized D

29 Randomized to infliximab ‘ 31 Randomized to placebo ‘

! |

2 Lost to follow-up 1 Lost to follow-up

6 Discontinued infliximab 4 Discontinued placebo
5 Adverse events 2 Adverse events
1 Lack of efficacy 2 Lack of efficacy

! !

30 Analyzed
1 Excluded from analysis
because did not complete at
least 1 efficacy assessment
after baseline

28 Analyzed
1 Excluded from analysis
because did not complete at
least 1 efficacy assessment
after baseline

lifetime psychiatric hospitalizations, the number of suicide
attempts, and the SDS total score minus the z scores of DSST
and the age at onset and was adjusted for age using a residual
method. Treatment response was operationalized as 50% or
more decrease in total score, and remission was operational-
ized as a MADRS total score of 12 or lower.'®

The modified intent-to-treat analysis included all partici-
pants who had received at least 1 infusion of study medica-
tion and completed at least 1 after-baseline efficacy assess-
ment. Because of the nonnormal distribution of MADRS total
scores (ie, positively skewed count data), generalized estimat-
ing equations with negative binomial models and log link speci-
fication were used. An autoregressive covariance structure,
which best fit the data, was selected. The independent vari-
ables were treatment group (ie, infliximab vs placebo), time
(as a categorical variable), and treatment x time interaction.
Age and sex were included as covariates. Moderators were ana-
lyzed in separate models (eg, treatment x time x childhood
trauma) and corrected using the Bonferroni adjustment for
multiple tests (significance levels of P = .02 for the modera-
tors and P = .01 for the 5 CTQ subdomains).

Response and remission rates were assessed using age-
and sex-adjusted logistic regressions. Estimated {3 coeffi-
cients were transformed to rate ratios (RR) since the models
were nonlinear. Lower RR indicated lower MADRS total
score. No interim analysis was conducted. The statistics
regarding the primary analyses were masked to treatment
allocation; post hoc analyses were not masked to treatment
allocation.
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. |
Results

Demographics and Clinical Characteristics

Sixty participants (55 from MDPU and 5 from Stanford Uni-
versity) were randomized to infliximab (n = 29 [48%]; mean
[SD] age, 45.0 [11.7] years; 20 of 28 female [71%]) or placebo
(n =31 [52%]; mean [SD] age, 46.8 [10.2] years; 26 of 30
female [87%]) (Figure 1). A total of 29 participants random-
ized to receive infliximab (48%) and 31 randomized to receive
placebo (52%) received all 3 infusions. Forty-seven partici-
pants (78%) completed all 12 weeks; differences in study
completion rates between treatment groups were not statis-
tically significant (infliximab: 21 of 29 [72%]; placebo: 26 of 31
[84%]; df=1; P = .28). Fifteen of 30 placebo recipients (50%)
and 16 of 28 infliximab recipients (57%) had a diagnosis of bi-
polar disorder I. There were no statistically significant socio-
demographic or clinical differences between groups (Table).

Safety and Tolerability of Infliximab

Infliximab was generally well tolerated. Three participants had
moderate allergic reactions to infliximab (ie, skin rashes, hair
loss, and reactive arthritis). One participant presented with rep-
licated abnormalities in laboratory assessments of liver func-
tion (ie, alanine aminotransferase and aspartate aminotrans-
ferase levels) without associated symptoms after 2 infusions
of infliximab and was dismissed from the study before the third
infusion. One participant who developed psychosis-related
symptoms after 2 infusions of placebo was dismissed from the
study and was later hospitalized. One death occurred during
the study that was deemed not to be study related. A partici-
pant who received infliximab at the Stanford site died due to
anoxic brain injury approximately 4 weeks after the third
infusion (detailed reporting in eMethods in Supplement 2).

Antidepressant Efficacy
After adjustment for age and sex, there were significant time
effects (x? = 78.41; df = 1; P < .001) and treatment x time
interactions (x? = 10.33; df= 4; P = .04) but no group effects
(x% = 0.22; df = 1; P = .64) (Figure 2 and eTable in Supple-
ment 2). Time effects were significant at all weeks, and MADRS
total scores decreased (week 2: relative risk [RR], 0.88; 95%
CI, 0.80-0.97; df = 1; P = .01; week 6: RR, 0.75; 95% CI, 0.62-
0.91;df = 1; P = .003; week 8: RR, 0.56;95% CI, 0.44-070; df = 1;
P <.001; week 12: RR, 0.58;95% CI, 0.47-0.71; df = 1; P < .001).
The treatment x time interaction was significant only at week
2(RR, 0.86;95% CI, 0.75-0.98; df= 1; P = .024); individuals re-
ceiving infliximab presented with lower depressive symp-
tom severity at week 2 compared with individuals receiving
placebo but not at week 6 (RR, 0.87; 95% CI, 0.67-1.13; df=1;
P = 31),week 8 (RR, 1.17; 95% CI, 0.85-1.161; df = 1; P = .32), or
week 12 (RR, 1.09; 95% CI, 0.80-1.50; df=1; P = .60).

We did not observe a time x treatment x CRP interaction
(% = 3.76; df = 4; P = .44) or time x treatment x clinical sever-
ity interaction (x2 = 2.01; df = 4; P = .73). There was, how-
ever, a time x treatment x CTQ total score effect (x® = 12.20;
df= 4; P = .02), which was more strongly associated with the
physical abuse subdomain (x2 = 33.64; df = 4; P < .001).
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Time x physical abuse (x? = 18.90; df = 4; P = .001) and treat-
ment x physical abuse interactions (x? = 25.47; df = 4; P < .001)
were also significant. Higher levels of physical abuse were as-
sociated with higher response rates among infliximab-
treated patients at week 8 (RR, 0.95; 95% CI, 0.91-0.99; df = 1;
P =.02) and week 12 (RR, 0.88; 95% CI, 0.81-0.96; df=1;
P =.003) (Figure 2). The time x treatment x sexual abuse in-
teraction effect was not significant at the adjusted level
(x? = 11.30; df = 4; P = .023). There were no significant inter-
actions with physical neglect (x® = 0.94; df = 4; P = .92), emo-
tional abuse (x? = 3.70; df = 4; P = .44) or neglect (x* = 3.39;
df = 4; P = .45).

Ofnote, at baseline, scores in the CTQ physical abuse sub-
domain were associated with clinical severity (r = 0.32; 95%
CI, 0.04-0.56; P = .02) and CRP (r = 0.31; 95% CI, 0.01-0.55;
P =.03). Thetime x treatment x physical abuse interaction ef-
fect remained significant after adjustment for baseline clini-
cal severity and CRP (x2 = 35.23; df = 4; P < .001).

At week 12, there were no between-group differences in
treatment response (x> = 0.07; df = 1; P = .79) or remission rates
(x? = 0.004; df = 1; P = .95). Physical abuse moderated the ef-
fects of intervention on response (x2 = 4.05; df = 4; P = .04),
whereas there was no statistically significant effect on remis-
sion (x? = 1.35; df = 4; P = .24) (Figure 3).

We conducted a sensitivity analysis restricted to partici-
pants at the MDPU site to evaluate the effects of study site on
outcomes. Study site was not included as a moderator be-
cause of the small sample size from Stanford University. This
analysis indicated that the time x treatment (x = 8.00; df = 4;
P =.046) and time x treatment x CTQ total score interaction
effects (x® = 10.06; df = 4; P = .02) remained significant.

|
Discussion

The TNF-antagonist agent infliximab was not associated with
significant antidepressant efficacy compared with placebo in
the treatment of bipolar depression. In a secondary post hoc
analysis, a significant and sustained response was observed
in the subset of participants with a history of childhood mal-
treatment, mainly physical abuse. Although the analyses in
individuals with childhood maltreatment was a secondary out-
come of interest, it was noteworthy that childhood maltreat-
ment was associated with improved antidepressant response
to infliximab and reduced response to placebo.

Available evidence indicates that childhood maltreatment
is associated with immuno-inflammatory activation extend-
ing into adulthood.'® The most replicated increase in proin-
flammatory markers among persons reporting childhood mal-
treatment are CRP, interleukin-6, and TNF.2°-24 Results from a
meta-analysis2° indicated that the association between in-
creased pro-inflammatory markers and childhood maltreat-
ment was more robust for childhood sexual and physical abuse
compared with emotional abuse. In addition to negatively in-
fluencing risks for depressive disorder and bipolar disorder,
childhood adversity is associated with the phenomenology, se-
verity, illness course, and treatment response in adults with bi-
polar disorder.?>2¢ It remains a testable hypothesis whether per-
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Table. Clinical and Demographic Characteristics of the Modified
Intent-to-Treat Population

Mean (SD)
Placebo Infliximab P

Participant Characteristic (n=30) (n=28) Value
Age, y 46.8(10.2) 45.0(11.7) .52
Age at onset, y 17.7(9.6) 18.6(8.1) .70
BMI 34.6(8.0) 34.5(10.0) .96
No. of lifetime psychiatric 1.6 (2.0) 1.8(1.9) .80
hospitalizations
Length of current depressive episode, 11.1(20.2) 11.8(15.5) .88
mo
Baseline total score

MADRS 29.5(7.0) 30.6(7.2) .56

YMRS 4.4(4.2) 3.5(3.0) .33
CRP level, age-adjusted, mg/L

Baseline 7.3(8.1) 4.5(3.3) .09

End point 6.4 (5.3) 3.1(1.4) .003

Mean change -0.9(6.8) -1.4(2.3) <.001
Bipolar | disorder 15 (50) 16 (57) .78
Bipolar Il disorder 15 (50) 12 (43)
White race/ethnicity 24 (80) 24 (86) 42
Female 26 (87) 20 (71) .15
Educational level

High school 5(17) 6(21)

College or university 24 (80) 17 (61) .14

Graduate school 1(3) 5(18)
Inflammatory criteria met

CRP level 25 mg/L 15 (50) 10 (36) 27

Obesity combined with 25 (83) 20(71) .28

hypertension or dyslipidemia

Diabetes type 1 or 2 5(17) 7 (25) 43

Inflammatory bowel disorder 2(7) 1(4) .60

Rheumatologic disorder 8(27) 6(21) .64

Daily cigarette smoking 8(27) 6(21) .64

Migraine headaches 7 (23) 9(32) .45
Medications

Lithium carbonate 5(19) 6(22) 91

Valproate sodium 3(11) 5(19) 42

Quetiapine fumarate 5(19) 8(31) .70

Olanzapine and fluoxetine 1(4) 0 33

hydrochloride

Lurasidone hydrochloride 5(19) 4 (15) 77

Lamotrigine 7 (26) 8(31) 71

Antidepressant 20 (74) 13 (50) .20

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); CRP, C-reactive protein; MADRS, Montgomery-Asberg
Depression Rating scale; YMRS, Young Mania Rating Scale.

Sl conversion: to convert CRP to nanomoles per liter, multiply by 9.524.

sons reporting childhood physical abuse are consistently more
(or less) likely to respond to treatments specifically targeting the
immune-inflammatory system.

We endeavored to identify subpopulations of adults with
bipolar disorder I/II depression who may be more likely to
respond to an on-target anti-inflammatory agent and less likely
to respond to placebo. We deployed a broad definition of
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Figure 2. Depressive Symptom Severity Observed in Both Treatment Groups

With vs Without History of Physical Abuse
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Figure 3. Treatment Outcomes at Week 12 Among Individuals
With vs Without Clinically Significant History of Physical Abuse
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(n = 30) individuals meeting criteria for treatment response (=50% decrease in
the MADRS total score) or remission (MADRS total score <12) at week 12.

Error bars indicate standard error of mean; MADRS, Montgomery-Asberg
Depression Rating Scale.

biochemical and phenotypic evidence of disturbed immuno-
inflammatory homeostasis. The selection of the acute-phase
reactant, CRP, was influenced by the results of a previous post
hoc analysis and the replicability of elevated peripheral CRP
levels in adults with mood disorders.?” A limitation of periph-
eral CRPisits nonspecificity and potential for confounding by
other factors (eg, sleep deprivation, exercise, and poor diet).®
The decision to select comorbidities as a proxy of immuno-
inflammatory activation was supported by data implicating
proinflammatory changes as both the cause and the conse-
quence of these conditions.?328-32

Strengths and Limitations

To our knowledge, this is the first study evaluating an anti-
inflammatory agent in adults with bipolar disorder that was en-
riched a priori based on biochemical or phenotypic evidence of
inflammation. Although the study inclusion criteria were hetero-
geneous, the resulting sample was more homogeneous compared
with most published clinical trials of bipolar disorder, wherein

JAMA Psychiatry August 2019 Volume 76, Number 8

individuals were typically recruited based only on current symp-
tomatology and/or on history of treatment resistance. These stud-
ies commonly excluded individuals with acute or unstable medi-
cal comorbidities but allowed (often without reporting details)
the enrollment of individuals with a myriad of chronic conditions.
Moreover, childhood maltreatment was assessed with a validated
tool (ie, the CTQ) using clinically validated cutoff scores for the
domains.'® It has been previously shown that there is a differ-
ential response to treatment among individuals with a history
of childhood maltreatment; however, the results of our study are,
to our knowledge, the first to show an improved response among
adults with bipolar disorder reporting childhood physical abuse,
whereas all previous studies have shown decreased response
rates associated with a history of childhood maltreatment. Our
study was further strengthened by the high retention rates among
both the infliximab and placebo groups. Although this study was
not an attempt to instantiate infliximab as a viable treatment op-
tion for most individuals with bipolar disorder, this proof-of-
concept study may be used to substantiate the development of
interventions targeting inflammation in mood disorders.
Notwithstanding the rationale and pragmatism (ie, for re-
cruitment), it was a limitation of this study that a more direct mea-
sure of proinflammatory balance was not captured for most en-
rolled participants. Methodologic aspects of the study herein that
affectinferences and interpretations of the results included, but
were not limited to, the following: a relatively small sample size
(ie, N = 60) that was sufficiently powered to detect large effect
sizes; the interaction effect of history of childhood maltreatment,
which may have been subject to type 1 error; disproportionate
recruitment between the 2 study sites; and the inclusion of par-
ticipants receiving complex and mixed pharmacotherapy regi-
mens. We broadened the criteria for inflammation for pragmatic
reasons to hasten recruitment because exclusive dependence on
the nonspecific peripheral CRP measure was not a viable recruit-
ment strategy. The placebo response rate was significant in this
highly multimorbid, heterogeneous, and relatively treatment-
resistant population; of note, placebo responses in our trial
were significantly reduced among persons reporting childhood
trauma.®>?* This finding accord with results by Raison and
colleagues® insofar as persons exhibiting biochemical evidence
of immuno-inflammatory activation also exhibited decreased
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placebo response.®2* Our primary outcome measure failed to rep-
licate the post hoc finding of Raison and colleagues,® wherein
they observed a significant antidepressant effect among persons
with higher baseline CRPlevels. An additional limitation was the
use of the clinical severity score, which has not been previously
validated; our overarching aim was to characterize a severe or pro-
gressed bipolar disorder phenotype, perhaps more likely to
exhibit immune-inflammatory alterations.

. |
Conclusions

The results of this randomized, placebo-controlled clinical
trial failed to show the efficacy of infliximab in the treat-
ment of bipolar disorder. It is unclear whether our results
suggest a negative or a failed study. A future study could

Original Investigation Research

introduce a more complex biosignature characterization
and enrichment for inflammation among patients deemed
potentially to be eligible and more responsive to an anti-
inflammatory treatment. Our post hoc analyses in persons
reporting a history of childhood maltreatment should
inform future studies that aim to stratify and enrich for per-
sons more likely to benefit from an inflammatory interven-
tion. The results herein have conceptual and clinical impli-
cations: conceptually, the results comport with a putative
inflammatory biotype in bipolar disorder on the basis of bio-
chemical or phenotypic evidence. Clinically, the results of
our study support the stratification of participants by his-
tory of childhood maltreatment within studies that broadly
aim to determine whether anti-inflammatory agents are
potentially symptom mitigating or disease modifying in
bipolar disorder.
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