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The objective of this study was to investigate the efficacy and safety of adjunctive lanicemine (NMDA channel blocker) in the treatment of
major depressive disorder (MDD) over 12 weeks. This phase IIb, randomized, parallel-arm, double-blind, placebo-controlled study was
conducted at 49 centers in four countries between December 2011 and August 2013 in 302 patients aged 18–70 years, meeting criteria
for single episode or recurrent MDD and with a history of inadequate treatment response. Patients were required to be taking an allowed
antidepressant for at least four weeks prior to screening. Patients were randomized equally to receive 15 double-blind intravenous
infusions of adjunctive lanicemine 50 mg, lanicemine 100 mg, or saline over a 12-week course, in addition to ongoing antidepressant. The
primary efficacy end point was change in Montgomery-Åsberg Depression Rating Scale (MADRS) total score from baseline to week 6.
Secondary efficacy outcome variables included change in MADRS score from baseline to week 12, response and remission rates, and
changes in Clinical Global Impression scale, Quick Inventory of Depressive Symptomology Self-Report score, and Sheehan Disability Scale
score. Of 302 randomized patients, 240 (79.5%) completed treatment. Although lanicemine was generally well tolerated, neither dose was
superior to placebo in reducing depressive symptoms on the primary end point or any secondary measures. There was no significant
difference between lanicemine and placebo treatment on any outcome measures related to MDD. Post hoc analyses were performed to
explore the possible effects of trial design and patient characteristics in accounting for the contrasting results with a previously
reported trial.
Neuropsychopharmacology (2017) 42, 844–853; doi:10.1038/npp.2016.224; published online 2 November 2016
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INTRODUCTION

A growing number of reports demonstrate the ability of
ketamine to induce robust antidepressant effects and suggest
that drugs targeting the N-methyl-D-aspartate receptor
(NMDAR) may provide a novel class of antidepressant drug
that addresses the unmet demands for rapid-acting anti-
depressants and efficacy in treatment-resistant depression
(McGirr et al, 2015; Newport et al, 2015). However, there are
several factors such as functional unblinding and acute
physiological and psychological effects that create challenges

to the interpretation of the findings, and limit the use of
ketamine in clinical settings (Sanacora and Schatzberg, 2015;
Schatzberg, 2014). These factors motivate the search for
novel compounds that possess the critical antidepressant
properties of ketamine without the same magnitude of
unwanted effects on cognition, perception, and cardiovas-
cular function.
Lanicemine (AZD6765) is a low-trapping, parenterally

administered NMDA channel blocker sharing many of the
same pharmacological effects as ketamine at the NMDAR.
(Emnett et al, 2013; Sanacora et al, 2014) However, at doses
shown to have similar effects on absolute gamma EEG
magnitude in the frontal cortex as those seen with the
commonly used intravenous infusion dose of ketamine
(0.5 mg/kg over 40 min), the effects of lanicemine on
perception and cognition are greatly reduced (Sanacora
et al, 2014). Two small proof-of-concept studies found
preliminary evidence suggesting that a single dose of
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lanicemine was associated with a rapid but short-lived
antidepressant response, albeit less robust than that pre-
viously reported with ketamine, in the absence of clinically
meaningful effects on cognition and perception (Sanacora
et al, 2014; Zarate et al, 2013). More recently, a phase IIb
study of 152 patients (Study 9) reported that lanicemine (100
or 150 mg, three intravenous infusions/week for 3 weeks,
adjunctive to one ongoing antidepressant) was associated
with a significant improvement of depressive symptoms in
patients with treatment-resistant major depressive disorder
(MDD) over that seen with placebo (saline) infusions at the
predetermined 3-week time point (Sanacora et al, 2014).
The current phase IIb study (Study 31) was designed to

investigate the efficacy, safety, and tolerability of adjunctive
lanicemine (50 or 100 mg/infusion) repeatedly administered
at decreasing frequency over 12 weeks in patients with MDD,
with the primary outcome measure of interest being the
change in Montgomery-Åsberg Depression Rating Scale
(MADRS) total score from baseline to week 6. The two
doses were chosen because the 100-mg lanicemine dose was
associated with a better outcome in nearly all efficacy
measures in Study 9, and because emerging evidence
suggests the possibility of an inverted U-type dose–response
curve with other NMDAR-targeting drugs (Burgdorf et al,
2013; Chowdhury et al, 2016; Li et al, 2010). The 6-week end
point was considered the most relevant to assess short-term
antidepressant effects. This manuscript reports the primary
efficacy results from this study together with safety assess-
ments. Additional post hoc analyses attempting to investigate
the differences in outcome between the two phase IIb studies
(Studies 9 and 31) are also presented, as they could be highly
relevant to optimization of future study designs attempting
to evaluate the antidepressant efficacy of this unique class
of drugs.

MATERIALS AND METHODS

Study Design

This was an AstraZeneca-sponsored phase IIb, randomized,
parallel-arm, double-blind, placebo-controlled study con-
ducted at 49 centers in Chile, Slovakia, South Africa, and
the United States between 16 December 2011 and 26 August
2013. The study was performed in accordance with the
ethical principles originating in the Declaration of Helsinki
and consistent with the International Conference on
Harmonisation/Good Clinical Practice. All patients provided
written, informed consent and were free to discontinue the
study at any time. The study was registered with clinicaltrials.
gov (NCT01482221).
The study consisted of three phases: an evaluation and

washout phase lasting up to 6 weeks, a randomized
adjunctive treatment phase lasting 12 weeks, and a 2-week
post-treatment follow-up phase (changed from an 8-week
follow-up in a protocol amendment due to difficulties in
retaining subjects, now off of all study medications, for the
extended period of time).

Evaluation and Washout Phase

Male or female outpatients aged 18–70 years meeting criteria
for single episode or recurrent MDD based on Diagnostic

and Statistical Manual of Mental Disorders, 4th Edition, Text
Revision (DSM-IV-TR), confirmed by the Mini International
Neuropsychiatric Interview, and with a history of inadequate
response to three or more antidepressants (including one
antidepressant in the current depressive episode) confirmed
by the Antidepressant Treatment History Form (Oquendo
et al, 2003) were eligible for participation. Inadequate
response to previous trials was defined as persistent
symptoms that, as judged by the investigator, continued to
meet diagnostic criteria for MDD according to DSM-IV-TR.
Patients were required to be taking an allowed antidepressant
treatment for at least 4 weeks prior to screening at a
prespecified dose range. A list of allowed concomitant
antidepressants along with minimum dose and duration of
treatment is provided in Supplementary eTable S1. Full
descriptions of inclusion and exclusion criteria are provided
in the Supplementary Text.

Randomized Treatment Phase and Follow-Up

Subjects entering the study drug treatment phase were
randomized in balanced blocks equally (1:1:1 ratio), using a
unique randomization code generated via Interactive Voice
Response System, to receive a 12-week course of double-
blind, intravenous infusions of lanicemine 50 mg, lanicemine
100 mg, or placebo (saline). The investigator, patient, and
study staff were all blinded. Packaging and labeling of study
medications could not be used by the investigators or
subjects to determine randomization assignment.
Study drug was infused three times a week on nonconse-

cutive days in weeks 1 to 3, once a week in weeks 4 to 6, and
once every 2 weeks in weeks 7 to 12 (Figure 1), based on the
findings of study 9 using thrice weekly dosing for 3 weeks
and attempting to explore the effects of a tapered dosing
frequency for longer-term care. Study medication was
infused in a total volume of 100 ml given over 1 h
(0.833 mg/min for the lanicemine 50-mg dose; 1.667 mg/
min for the 100-mg dose). After the first infusion, patients
remained on-site for at least 3 h. Starting from the second
infusion, patients remained on-site for at least 1 h after the
end of infusion. Prior to release from the site, patients had to
demonstrate stable vital signs and were questioned about any
adverse events (AEs) being experienced.
Patients were scheduled for a follow-up visit 14 days

(±4 days) from last dosing (week 14) to collect laboratory
measurements and other assessments.

Outcome Measures

The primary planned efficacy outcome was change in
MADRS total score from baseline to week 6 in the adjunctive
lanicemine-treated groups (50 or 100 mg/infusion) com-
pared with the adjunctive placebo group.
Secondary efficacy outcome variables were: change in

MADRS total score from baseline (except week 6); rate of
response (ie, ⩾ 50% reduction from baseline in MADRS total
score); rate of remission (ie, MADRS total score ⩽ 10); and
changes in severity of depressive symptoms measured by
CGI-S scale and Clinical Global Impression-Improvement
(CGI-I) scale (GCI response defined as ‘very much
improved’ or ‘much improved’) (Guy, 1976), severity of
depressive symptoms measured by QIDS-SR-16 total score,
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and functional impairment measured by Sheehan Disability
Scale (SDS) total score.
Safety variables including AEs (coded using the Medical

Dictionary for Drug Regulatory Affairs (MedDRA), version
16.0), vital signs, electrocardiogram (ECG), laboratory
measures, CogState Battery tests (a series of four computer-
ized neurocognitive tests: Detection, Identification, One-card
Learning, and One-back tasks; CogState, New Haven, CT),
and Clinician Administered Dissociative States Scale
(CADSS) total score (Bremner et al, 1998) were examined
to compare lanicemine vs placebo groups. The schedules of
safety assessments are included in Supplementary eTable S2.
Treatment compliance was calculated as the number of

infusions received divided by the number prescribed.

Post Hoc Analyses

As there was significant interest in exploring factors that
could be related to outcome differences between the previous
phase IIb study with lanicemine (Study 9) (Sanacora et al,
2014) and the current study (Study 31), we compared these
studies on protocol design, demographic and descriptive
statistics, as well as change in MADRS score and the percent
response at the week-4 time point (the only time point

collected consistently across both protocols). Details of these
analyses are included in the Supplementary Text File.

Statistical Methods

Efficacy analyses were based on the modified intent-to-treat
(mITT) analysis set, including all randomized patients who
received at least one dose of study drug and who had at least
one post-baseline MADRS score. Safety and tolerability
assessments were based on the safety analysis set, including
all randomized patients who received study drug and for
whom post-dose data were available.
The primary efficacy variable, change from baseline to

week 6 in the MADRS total score, was analyzed using a
mixed-model repeated measures (MMRM) analysis of all
post-baseline MADRS total scores through the end of the
study (week 14). The model included treatment, visit,
treatment by visit interaction, and baseline MADRS total
score by visit as fixed effects, and site as a random effect.
Restricted maximum likelihood with an unstructured
variance–covariance matrix was used for estimation in the
MMRM analysis. Each lanicemine dose was compared with
placebo.
The same MMRM approach was used for other contin-

uous secondary efficacy variables. Binary secondary efficacy

Assessed for eligibility
(n = 542)

Randomized
(n = 302)

Excluded (n = 240)
• Eligibility criteria (n = 215)
• Subject decision (n = 17)
• Subject lost (n = 4)
• Adverse event (n = 2)
• Other (n = 2) 

Allocated to adjunctive lanicemine 50 mg (n = 101) 

• Completed 12-week allocated treatment (n = 83)
 – 3 infusions/week, weeks 1, 2, 3 
 – 1 infusion/week, weeks 4, 5, 6
 – 1 infusion every other week, weeks 8, 10, 12

• Did not complete allocated treatment (n = 18)
 – Subject decision (n = 10)
 – Adverse event (n = 2)
 – Severe non-compliance (n = 2)
 – Study-specific discontinuation criteria (n = 2)
 – Condition worsened (n = 1)
 – Lost to follow-up (n = 1) 

Allocated to adjunctive lanicemine 100 mg (n = 100)

• Completed 12-week allocated treatment (n = 78)
 – 3 infusions/week, weeks 1, 2, 3 
 – 1 infusion/week, weeks 4, 5, 6
 – 1 infusion every other week, weeks 8, 10, 12

• Did not complete allocated treatment (n = 22)
 – Adverse event (n = 9) 
 – Subject decision (n = 8)
 – Condition worsened (n = 2)
 – Lost to follow-up (n = 1)
 – Other (n = 2) 

Allocated to placebo (n = 100)

• Completed 12-week allocated treatment (n = 79)
 – 3 infusions/week, weeks 1, 2, 3
 – 1 infusion/week, weeks 4, 5, 6
 – 1 infusion every other week, weeks 8, 10, 12

• Did not complete allocated treatment (n = 21)
 – Subject decision (n = 11)
 – Adverse event (n = 4)
 – Condition worsened (n = 2)
 – Severe non-compliance (n = 1)
 – Study-specific discontinuation criteria (n = 1)
 – Lost to follow-up (n = 1)
 – Other (n = 1) 

Completed 2-week follow-up (n = 82)
Did not complete 2-week follow-up (n = 1) 

Completed 2-week follow-up (n = 77)
Did not complete 2-week follow-up (n = 1) 

Completed 2-week follow-up (n = 78)
Did not complete 2-week follow-up (n = 1) 

Analyzed
• mITT population  (n = 101)
• Safety population (n = 101)

Analyzed
• mITT population  (n = 100)
• Safety population (n = 100)

Analyzed
• mITT population  (n = 97)
• Safety population (n = 100)

Figure 1 Study design and disposition.

Lanicemine trial in major depressive disorder
G Sanacora et al

846

Neuropsychopharmacology



variables with multiple post-baseline assessments (response,
remission, and CGI-I response) were analyzed using a
generalized linear model of the repeated measures. A logit
link function was used and the statistical inferences were
based on generalized estimating equations. The independent
variables were treatment, visit, treatment by visit interaction
term, and a baseline measurement related to the dependent
analysis variable. For response and remission, baseline
MADRS total score was used as the baseline measurement;
for CGI-I response, baseline CGI-S score was used. Safety
outcomes were presented using appropriate descriptive
statistics.
Post hoc statistical analyses for Study 31 were informed by

review of the antidepressant literature and the assessment of
differences in study design between Studies 9 and 31. The
analyses were performed similarly to the prespecified
analyses except subgroups were identified in a post hoc
manner. Comparison of efficacy end points between Studies
9 and 31 were extracted directly from the corresponding
study reports for informational purposes only and had no
statistical validity.
The sample size calculation in Study 31 was planned to

ensure 90% power to show that at least one of the two
lanicemine doses was statistically significantly superior to
placebo for the primary outcome variable at week 6,
assuming a difference of 5.5 units of lanicemine from
placebo and an SD of 10 for the change in MADRS total
score from baseline to week 6. Based on the Bonferroni
multiplicity adjustment, the one-sided significance level was
planned at 0.0125.

RESULTS

Participant Characteristics

Of 542 patients enrolled in the study, 302 were randomized,
240 (79.5%) completed treatment, and 238 (78.8%) com-
pleted treatment plus follow-up (Figure 1). The most
common reason for non-randomization (in 240 patients)
was eligibility criteria not fulfilled (n= 215, 89.6%). The most
common reason for discontinuation of treatment (in 61
patients) was subject decision (n= 29, 9.6% of total
population: 9.9% of adjunctive lanicemine 50 mg, 7.9% of
adjunctive lanicemine 100 mg, and 11.0% of adjunctive
placebo groups). Baseline demographic and disease char-
acteristics were similar between the treatment groups
(Table 1). Baseline mean (SD) MADRS scores were similar
between the 97 subjects randomized to placebo (35.64
(4.84)), 101 subjects randomized to 50 mg lanicemine
(36.55 (4.67)), and 100 subjects randomized to 100 mg
lanicemine (36.02 (4.74)) in ITT analysis.
The majority of patients (92.7%) had an acceptable overall

compliance rate (ie, ⩾ 80% to ⩽ 100%). The duration of
exposure (from treatment start to study completion or early
discontinuation) was similar in all groups: mean 74.3
(SD 20.7) days in the lanicemine 50-mg, 70.3 (23.2) days in
the lanicemine 100-mg, and 71.0 (22.9) days in the
placebo group.

Efficacy Outcomes

The primary planned outcome measure, the least-squares
(LS) mean (standard error, SE) change in MADRS total score

at week 6, was − 14.37 (1.24) in the adjunctive lanicemine
50-mg, − 14.40 (1.24) in the adjunctive lanicemine 100-mg,
and − 13.18 (1.27) in the adjunctive placebo group. The
difference between lanicemine and placebo groups was
nonsignificant: − 1.18 (P= 0.485) for lanicemine 50 mg and
− 1.21 (P= 0.476) for lanicemine 100 mg (mITT analysis set).
Lanicemine groups also did not differ significantly from
placebo in any secondary efficacy variables at week 6
(Table 2). The LS mean (SE) change in MADRS total score
at week 12 was − 15.97 (1.31) in the lanicemine 50-mg,
− 13.03 (1.33) in the lanicemine 100-mg, and − 13.92 (1.35)
in the placebo groups. Again, the differences in LS mean
change between lanicemine and placebo groups were
nonsignificant: − 2.05 (P= 0.259) for the lanicemine 50-mg
group and 0.88 (P= 0.630) for the 100-mg group (Figure 2).
The difference in LS mean change in MADRS total score
between lanicemine and placebo groups was non-significant
at every study visit (Figure 2).

Safety Outcomes

At least one AE was reported by 77.1% patients in the
lanicemine groups and 70.0% in the placebo group, with
most AEs of mild or moderate intensity (Supplementary
eTable S3). Dizziness was the most common AE (mild/
moderate in severity in all cases). Six patients (3.0%) who
received lanicemine (n= 2 patients in the 50-mg group and
n= 4 in the 100-mg group) and four patients (4.0%) in the
placebo group experienced a serious AE (SAE). The SAEs
included anemia and asthma in the lanicemine 50 mg group;
hepatitis C, depressive symptom, intentional drug misuse,
and worsening depression in the lanicemine 100-mg group;
and chest pain, acute alcohol intoxication/alcohol poisoning,
increased risk of suicidal ideation, and suicidal ideation in
the placebo group.
More patients discontinued treatment because of an AE in

the lanicemine 100-mg group (9.0%, n= 9) than in the
lanicemine 50-mg (2.0%, n= 2) or placebo groups (4.0%,
n= 4). Reasons for discontinuation included rash (n= 2) in
the lanicemine 50-mg group; rash (n= 2), vision blurred,
peripheral edema, bronchitis, clumsiness, sedation, anxiety,
depressive symptoms, intentional drug misuse, major
depression, and suicidal ideation (n= 1, each) in the
lanicemine 100-mg group; and gastritis, eosinophil count
increased, suicidal ideation, and rash (n= 1, each) in the
placebo group. The numbers of AEs associated with
psychotomimetic or dissociative symptoms were low for all
treatment groups. Proportions of patients experiencing
psychotomimetic AEs during randomized treatment (includ-
ing bradyphrenia, sensory disturbance, dysarthria, and visual
hallucination) were 4.0% (n= 4) in the lanicemine 50-mg,
2.0% (n= 2) in the lanicemine 100-mg, and 0.0% in the
placebo groups. Of these events, only one (visual hallucina-
tion, lanicemine 50-mg group) was clinically considered a
true psychotomimetic AE, that is, mimicking psychosis, and
this did not lead to study discontinuation. The proportion of
patients experiencing a dissociative AE during treatment
(including dissociation, depersonalization, and illusion) was
higher in the lanicemine 100-mg group (11.0%, n= 11) than
in the lanicemine 50-mg (4.0%, n= 4) or placebo groups
(4.0%, n= 4). All dissociative AEs were mild and none led to
treatment discontinuation.
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Table 1 Demographic Characteristics and Disease Characteristics (All Randomized Patients) in Study 31

Demographic and disease characteristics Placebo (n= 100) Lanicemine 50 mg
(n= 101)

Lanicemine
100 mg (n=101)

Totala (N=302)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age, yearsb 49.5 (11.12) 47.7 (11.19) 47.5 (11.89) 48.2 (11.40)

n (%) n (%) n (%) n (%)

Age group, yearsb

18–39 19 (19.0) 24 (23.8) 22 (21.8) 65 (21.5)

40–64 74 (74.0) 74 (73.3) 74 (73.3) 222 (73.5)

⩾ 65 7 (7.0) 3 (3.0) 5 (5.0) 15 (5.0)

Sex

Male 35 (35.0) 39 (38.6) 31 (30.7) 105 (34.8)

Female 65 (65.0) 62 (61.4) 70 (69.3) 197 (65.2)

Race

White 91 (91.0) 91 (90.1) 87 (86.1) 269 (89.1)

Black or African American 6 (6.0) 8 (7.9) 11 (10.9) 25 (8.3)

Asian 1 (1.0) 0 (0) 3 (3.0) 4 (1.3)

Native Hawaiian or other Pacific Islander 0 (0) 0 (0) 0 (0) 0

American Indian or Alaska Native 0 (0) 0 (0) 0 (0) 0

Other 2 (2.0) 2 (2.0) 0 (0) 4 (1.3)

Ethnic group

Hispanic or Latino 14 (14.0) 14 (13.9) 7 (6.9) 35 (11.6)

Not Hispanic or Latino 86 (86.0) 87 (86.1) 93 (92.1) 266 (88.1)

Unknown 0 (0) 0 (0) 1 (1.0) 1 (0.3)

Previous depressed episodes over lifetime

0 11 (11.0) 6 (5.9) 4 (4.0) 21 (7.0)

1 10 (10.0) 11 (10.9) 11 (10.9) 32 (10.6)

2 12 (12.0) 8 (7.9) 14 (13.9) 34 (11.3)

⩾ 3 65 (65.0) 75 (74.3) 70 (69.3) 210 (69.5)

Generalized anxiety disorder 14 (14.0) 16 (15.8) 7 (6.9) 37 (12.3)

Number of patients with combination therapy

Yes 68 (68.0) 72 (71.3) 74 (73.3) 214 (70.9)

No 32 (32.0) 29 (28.7) 27 (26.7) 88 (29.1)

Number of patients with concomitant psychotropics

With 1 concomitant psychotropic 28 (28.0) 43 (42.6) 31 (30.7) 102 (33.8)

With 2 concomitant psychotropics 9 (9.0) 5 (5.0) 7 (6.9) 21 (7.0)

With 3 concomitant psychotropics 2 (2.0) 0 (0) 3 (3.0) 5 (1.7)

With 4 or more concomitant psychotropics 0 0 (0) 1 (1.0) 1 (0.3)

Number of patients with inadequate responses during the current episodec

1 25 (25.0) 16 (15.8) 20 (19.8) 61 (20.2)

2 18 (18.0) 18 (17.8) 15 (14.9) 51 (16.9)

3 19 (19.0) 23 (22.8) 22 (21.8) 64 (21.2)

⩾ 4 24 (24.0) 32 (31.7) 27 (26.7) 83 (27.5)
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Treatment with 50- or 100-mg lanicemine was not
associated with any decline in psychomotor function,
attention, working memory, learning, or general cognitive
function in CogState test battery tasks performed prior to
infusion on study visit days (Supplementary eFigure S1).
There was some evidence that lanicemine was associated
with a modest increase in dissociative symptoms in a
relatively small subgroup of patients, assessed by the CADSS
at the time of infusion completion. A greater proportion of
patients in the lanicemine 50-mg (13.2%, n= 12) and
lanicemine 100-mg groups (14.9%, n= 13) had CADSS total
scores in the medium score (ie, 3–10) range compared with
the placebo group (7.0%, n= 6) at week 6. A greater
proportion of patients in the lanicemine 50-mg (1.1%,
n= 1) and lanicemine 100-mg groups (1.1%, n= 1) had a
CADSS total score in the high score (ie, 11 to 25) range
compared with the placebo group (no patients) at week 6.
There were no clinically meaningful differences between

lanicemine and placebo groups in clinical laboratory test
values (clinical chemistry, hematology, and urinalysis)
during the randomized treatment and follow-up periods.
Lanicemine infusion was associated with modest, transient
increases in supine systolic blood pressure (SBP) and

diastolic blood pressure (DBP), which were more prominent
with the 100-mg than 50-mg dose (eg, change in mean
supine DBP at the end of infusion vs preinfusion at week 6
was approximately 0.8, 2.2, and 0.5 mmHg in the lanicemine
50-mg, lanicemine 100-mg, and placebo groups, respec-
tively). Changes in blood pressure appeared to resolve
spontaneously during study (eg, change in mean supine
DBP at last assessment on treatment vs baseline was 0.0, 0.5,
and − 0.5 mmHg in the lanicemine 50-mg, lanicemine
100-mg, and placebo groups, respectively). A numerically
greater proportion of patients in the lanicemine 50-mg
(43.6%, n= 44) and lanicemine 100-mg groups (40.0%,
n= 40) had ⩾ 10 mmHg decreases from supine to standing
DBP after at least 3 min compared with the placebo group
(28.9%, n= 28) at any time point in the study. There were no
notable differences between the lanicemine and placebo
groups in ECG parameters during the randomized treatment
and follow-up periods.

Post Hoc Analyses

Several differences were noted in the protocol design
between Study 31 and Study 9, as described in

Table 2 Secondary Efficacy Variables: Assessments at Week 6

Efficacy variable Placebo (n=97) Lanicemine 50 mg (n=101) Lanicemine 100 mg (n= 100)

Response rate (%) 39.0% 36.0% 44.0%

Adjusted OR vs placebo (mean, SE) 0.90 (0.32) (P= 0. 751) 1.20 (0.32) (P= 0.555)

Remission rate (%) 18.3% 23.3% 23.8%

Adjusted OR vs placebo (mean, SE) 1.42 (0.38) (P= 0.357) 1.33 (0.39) (P= 0.463)

CGI-S score change (LS mean, SE) − 1.4 (0.16) − 1.5 (0.16) − 1.5 (0.16)

Difference in LS mean (SE) change vs placebo − 0.1 (0.21) (P= 0.728) − 0.1 (0.21) (P= 0.562)

CGI-I response (%) 37.8% 51.2% 47.6%

Adjusted OR vs placebo (mean, SE) 1.74 (0.30) (P= 0.067) 1.43 (0.30) (P= 0.230)

QIDS-SR-16 score change (LS mean, SE) − 8.1 (0.71) − 8.7 (0.69) − 7.9 (0.70)

Difference in LS mean (SE) change vs placebo − 0.6 (0.87) (P= 0.505) 0.2 (0.88) (P= 0.842)

SDS score (LS mean, SE) − 6.91 (0.99) − 7.08 (0.96) − 6.90 (0.98)

Difference in LS mean (SE) change vs placebo −0.17 (1.24) (P= 0.889) 0.01 (1.26) (P= 0.992)

Abbreviations: CGI I, Clinical Global Impression-Improvement; CGI-S, Global Impression-Severity of Illness; LS, least squares; OR, odds ratio; QIDS-SR-16, Quick
Inventory of Depressive Symptomology Self-Report 16 item scale.

Table 1 Continued

Demographic and disease characteristics Placebo (n= 100) Lanicemine 50 mg
(n= 101)

Lanicemine
100 mg (n=101)

Totala (N= 302)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Baseline MADRS score sample sized 97 101 100 298

Baseline MADRS score 35.64 (4.84) 36.55 (4.67) 36.02 (4.74)

Abbreviation: MADRS, Montgomery-Åsberg Depression Rating Scale.
Note: The percentages are based on the number of patients in each treatment group. Missing data are not included.
aThe ‘Total’ column summarizes all treatment groups.
bAge is calculated as the rounded down integer value in years of ((date of consent− date of birth)/365.25).
cThe number of inadequate responses is calculated the same way as that for during their lifetime (including reliability of source and duration criteria), except the
procedure start date is on or after date of onset of present MDD episode.
dmITT analysis set.
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Supplementary eTable S4. Comparing the change in MADRS
score from baseline to week 4 (the single shared time point of
the studies), Studies 9 and 31 showed similar MADRS score
changes in the adjunctive lanicemine 100-mg groups (dose
common to both studies) from baseline (−13.3 vs − 13.8,
respectively). However, the Study 31 adjunctive placebo
group showed a greater reduction in MADRS score than the
Study 9 placebo group (−13.9 vs − 9.1) (Figure 3). Variance
(SD) in MADRS change from baseline was also higher in
Study 31. The 13.9 point change in mean MADRS score in
the placebo group was outside the 95% CI (−11.92 to − 6.28)
that was determined for placebo response in Study 9 at week
4. Likewise, response rates at week 4 were similar in the
lanicemine 100-mg groups in Study 31 and Study 9 (36.7% vs
37.3%), but higher response rates were observed for
adjunctive placebo in Study 31 than Study 9 (31.4% vs
20.0%).
Considering the differences in study protocols identified

from the comparison of study designs (Supplementary
eTable S4), we explored the impact of several variables that
could have contributed to the differences in outcome
measures obtained at the week 4 time point on the Study
31 data set. Greater depressive symptom severity at baseline
(based on MADRS score tertile) was associated with larger
lanicemine–placebo score differences, especially for the 100-
mg lanicemine dose. Moreover, the largest placebo response
was seen in patients in the lowest MADRS tertile, that is,
MADRS score change: − 15.2 for patients with baseline
MADRS score o34, vs − 11.0 and − 13.3 for baseline
MADRS scores 34–o38 and ⩾ 38, respectively
(Supplementary eFigure S2). Subjects experiencing baseline
suicidal thoughts, assessed by MADRS item 10 score ⩾ 2, also
showed a trend for a numerically superior response to
lanicemine over placebo. In these patients, mean (SD)
MADRS score change at week 6 was − 13.0 (12.6), − 16.5

(14.6), and − 9.2 (11.2) in the lanicemine 50-mg (n= 48),
100-mg (n= 46), and placebo groups (n= 37), respectively.
A similar trend on outcome was noted in relation to
antipsychotic medication use: LS mean (SE) MADRS score
change from baseline at week 6 in patients concomitantly
taking antipsychotic medications was − 11.56 (2.35), − 14.72
(2.35), and − 10.76 (2.09) for the lanicemine 50-mg (n= 24),
100-mg (n= 24), and placebo groups (n= 31), respectively.
Experience in conducting clinical trials with putative

antidepressant agents delivered parenterally may also have
had some effect, as efficacy was similar in sites that
participated in both Study 9 and Study 31. MADRS score
change from baseline (LS mean ± SE) at week 6 in this
subgroup of Study 31 was − 15.97 (13.36), − 19.08 (13.55),
and − 13.41 (12.52) for lanicemine 50-mg (n= 37), 100-mg
(n= 39), and placebo groups (n= 27), respectively. Key
efficacy outcome measures were comparable across geogra-
phical regions.

DISCUSSION

Adjunctive lanicemine (50 or 100 mg/infusion) provided in
15 doses over a 12-week period was not superior to placebo
in reducing depressive symptoms on the primary end point
or on any of the secondary measures, at any time point
investigated in this study. Both doses of the drug were
generally well tolerated and the frequency of AEs and
magnitude of psychotomimetic and dissociative effects were
consistent with previous studies (Sanacora et al, 2014; Zarate
et al, 2013).
The efficacy results stand in contrast to the findings of the

previous phase IIb study (Study 9), which showed significant
antidepressant effects on similar measures for two doses of
lanicemine (100 and 150 mg) vs placebo over a period of
several weeks following nine infusions conducted over
3 weeks (Sanacora et al, 2014). Understanding the reasons
for the discrepant findings between Studies 9 and 31 is
important, both in evaluating the future value of the
NMDAR as a target for antidepressant drug development
(Sanacora and Schatzberg, 2015) and as a means of
improving study designs for future clinical trials evaluating
the efficacy of study drugs delivered under similar
conditions.
The first possibility considered is that Study 9 simply

produced a false-positive result. Although this is a distinct
possibility that cannot be excluded, the magnitude and
robustness of the antidepressant effects in that study argue
against this conclusion. Differences in study design and
subject characteristics between the two studies may poten-
tially have contributed to the differences. The most salient
difference between Study 9 to 31 appears to be in the
magnitude of placebo response. The current study found a
very large, 13.18-point decrease on the MADRS scale with
placebo at the 6-week primary end point (vs a 7.9 point
decrease at week 3 in Study 9). This 13-point decrease is
greater than any reported with active treatment in the three
published positive trials with aripiprazole augmentation in
similar patients with a history of inadequate response to
antidepressant monotherapy (Berman et al, 2007, 2009;
Marcus et al, 2008). As it is clear from the existing literature
that high placebo response rates were associated with a
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significantly reduced ability to demonstrate statistical super-
iority for drug over placebo in phase II and III trials of
currently approved antidepressants (Khan et al, 2002a, 2011),
there is a distinct possibility that the high placebo response in
the current study may have limited the ability to differentiate
the drug response from placebo, and thus rendering this a
failed trial.
As seen in Supplementary eTable S4, there were several

differences in the design of the two phase IIb lanicemine
studies that may have contributed to a higher placebo
response rate in the current study and the incongruous
findings between the studies. Several of these factors,
including extended study duration, lack of a placebo run-
in, and increased number of sites, have previously been
shown to influence placebo response in published studies of
MDD (Iovieno and Papakostas, 2012; Khan et al, 2002b;
Khin et al, 2011; Papakostas et al, 2015). Consistent with
reports suggesting a general trend for increased separation
between placebo and active antidepressant medications in
more severely depressed subjects (Khan et al, 2011; Fournier
et al, 2010, 2010; Khin et al, 2011; Naudet et al, 2011), we
found evidence that baseline severity impacted drug and
placebo responses, with the most severely depressed subjects
having the largest antidepressant response to lanicemine
100 mg and the largest separation of drug from placebo.
Other limitations of this study include the lack of an
assessment of blinding effectiveness, the fact that the
required 4-week period on the current antidepressant or
drug regimen is relatively short and may have allowed
inclusion of patients who would ultimately show response to
the ongoing medication, and the lack of information on
inter-rater reliability for MADRS scores across sites.
There was a decrease in the frequency of administration of

lanicemine or placebo in Study 31 at week 4 (from 3
infusions/week to 1/week) and week 8 (from 1 infusion/week
to 1 infusion every other week). By contrast, the dosing
schedule in Study 9 was 3 infusions/week throughout the
study. The change in frequency of infusion in Study 31 did
not appear to have a major impact on response however, as

shown by HAM-D score change over time (Figure 2). Most
of the change in HAM-D score was apparent in all groups by
the end of the 3 infusions/week schedule, and a plateau was
reached for all by the end of 1 infusion/week dosing
schedule.
In summary, the data from this study show no evidence to

support the efficacy of lanicemine augmentation over
placebo in treating a nonresponsive major depressive
episode. However, comparing the results of the current
study with another recently completed phase IIb trial of
lanicemine suggests that study design and subject character-
istic factors may have impacted treatment outcome,
especially placebo response. This highlights the fact that
high levels of placebo-response, contrary to what many may
have assumed, remains a serious concern even in clinical
trials examining treatment efficacy in refractory depression.
Considering the high levels of expectation as well as the
increased levels of clinician interaction associated with
studies utilizing repeated administration of study drugs
under highly controlled and medicalized conditions, it may
be especially important to optimize study designs to
minimize the level of placebo response in future studies
conducted under similar conditions.
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