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Abstract:
Background: A pilot study suggested lamotriginemay bemore effective
for bipolar depression with melancholic features. We tested this hypothesis
in a pooled analysis of 5 randomized double-blind placebo-controlled trials
of lamotrigine for acute bipolar depression.
Methods: The pooled sample consisted of 1072 adult outpatients. Depres-
sive symptoms were assessed for 7 to 10 weeks with the Hamilton Depres-
sion Rating Scale and the Montgomery-Åsberg Depression Rating Scale.
The outcome measure was end-trial response (score reduction ≥ 50%). Mel-
ancholic features were assessed with both the Structured Clinical Interview
for DSM-IVand baseline depression scale items, according to DSM criteria.
Results: The item-based melancholic specifier was associated with nu-
merically larger treatment effects, although subgroup-treatment interac-
tions in logistic regression models did not reach statistical significance.
The small subgroup of patients with severe psychomotor retardation also
appeared to benefit from lamotrigine. However, the Structured Clinical Inter-
view for DSM-IV melancholic specifier was not associated with larger treat-
ment effects. Baseline depression severity was inconsistently associated with
response, depending on which scale was used to define severity. The 2 mel-
ancholia variables had poor agreement despite having similar prevalences.
Conclusions: Our results do not clearly support the original hypothesis
but do reinforce the importance of replicating secondary analyses of clini-
cal trials with additional data.
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(J Clin Psychopharmacol 2021;41: 315–319)

P reviously we hypothesized lamotrigine may be more effective
for melancholic depression.1 The rationale was that lamotrigine

inhibits presynaptic glutamate release,2 which appears to blunt the
cortisol stress response3 andmitigate the deleterious neuropsycholog-
ical effects of chronic corticosteroid exposure,4 whereas melancholic
features are associated with hypothalamic-pituitary-adrenal (HPA) axis
hyperactivity5,6 and cognitive dysfunction,7 possiblymediated by gluta-
matergic excitotoxicity.6 Furthermore, lamotrigine appears to im-
prove psychomotor retardation8—a cardinal melancholic sign.9,10
From the *Department of Psychiatry, University of Saskatchewan, Saskatoon,
SK; †Department of Psychiatry, University of Alberta, Edmonton, AB; and
‡College of Nursing, University of Saskatchewan, Saskatoon, SK, Canada.
Received November 19, 2020; accepted after revision January 27, 2021.
Reprints: Evyn M. Peters, MD, Rm 110, Ellis Hall, Royal University Hospital,

Saskatoon, SK, Canada S7N0W8 (e‐mail: evyn.peters@usask.ca).
Supplemental digital content is available for this article. Direct URL citation

appears in the printed text and is provided in the HTML and PDF versions
of this article on the journal’s Web site (www.psychopharmacology.com).

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

ISSN: 0271-0749
DOI: 10.1097/JCP.0000000000001393

Journal of Clinical Psychopharmacology • Volume 41, Number 3, May/Ju
In a pilot study, we reanalyzed 1 of 5 industry-sponsored trials
of lamotrigine for acute bipolar depression after using baseline scale
items to split the sample into melancholic and nonmelancholic sub-
groups.1 There was more separation of lamotrigine from placebo in
the melancholic subgroup, but not all results were significant, and
wewere unable to adequately control for baseline severity.1 The lat-
ter was a notable limitation as Geddes et al11 had reanalyzed all 5
trials and found a larger effect in patients with baseline depression
scores above the samplemean.11 Here, we conducted a pooled anal-
ysis of all 5 trials to replicate the pilot results in a larger samplewith
a standard melancholia assessment, to consider models with melan-
cholia and depression severity included together, and to explore
whether baseline psychomotor retardation alone was associated
with larger treatment effects.

MATERIALS AND METHODS

Data Acquisition
Datawere provided by the sponsor via clinicalstudydatarequest.

com. We obtained ethical approval and preregistered before
accessing the data. Each trial is summarized online (see Supplemental
Table 1 http://links.lww.com/JCP/A732). They were all randomized,
double-blind, placebo-controlled, parallel-group, monotherapy
trials.12 All data were pooled, except for the 50 mg/d arm, follow-
ing Geddes et al.11

Participants
The pooled sample consisted of 1072 adult outpatients

18 years or older with bipolar disorder I or II currently experiencing
an acute major depressive episode. Notable exclusion criteria were
as follows: prior lamotrigine treatment; active mania or suicidality;
rapid cycling; social phobia, panic disorder, obsessive-compulsive
disorder, or bulimia nervosa in the last year; substance abuse or
dependence in the last month or year, respectively; pregnancy/
breastfeeding; other psychotropic medication; recent psychother-
apy; thyroid disease; and epilepsy.12

Instruments
The Structured Clinical Interview for DSM-IV (SCID)13 was

used to confirm study eligibility. Depressive symptomswere mea-
sured at baseline and weekly with the 17- and 31-item versions of
the Hamilton Depression Rating Scale (HAMD)14,15 and the
Montgomery–Åsberg Depression Rating Scale (MADRS).16 We
used all 3 scales because the HAMD-17 and MADRS overrepresent
melancholic symptoms, whereas the HAMD-31 includes atypical
symptoms (eg, increased sleep, increased appetite).14–16

Outcome Measures
The outcome measures were end-trial response rates (score

reduction ≥ 50% from baseline) on the HAMD-17, HAMD-31,
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and MADRS. Response rates were chosen over change scores be-
cause they are less susceptible to floor effects,17 and we antici-
pated melancholic depression would be associated with higher
baseline scores. We did not prioritize 1 scale as the primary out-
come but were looking for consistency across scales.

Melancholic Features
We used 2 methods to define melancholic depression. The

first was the SCID melancholic specifier. Second, we used base-
line HAMD andMADRS item scores to split the sample into mel-
ancholic and nonmelancholic subgroups according to the DSM
criteria. Because there is no accepted threshold for diagnosing
melancholic symptoms with item scores, we planned to adjust
the diagnostic algorithm so that the prevalence roughly approxi-
mated that returned by the SCID (see Supplemental Appendix A
http://links.lww.com/JCP/A733). This was done to avoid having
to rely on prespecified criteria that turned out to be inappropriately
selective or inclusive. Psychomotor retardation alonewas assessed
with HAMD item 8.

Analysis
Missing HAMD andMADRS scoreswere imputed by carry-

ing forward the last nonmissing score to the end of the trial, before
calculating response rates. This was done to make the analysis
comparable to Geddes et al and the original trials.11,12 The anal-
ysis then proceeded in 4 sequential steps. First, the scale-derived
melancholia variable was created and compared to the SCID var-
iable. Second, treatment effects were estimated by calculating
response-rate differences (ie, risk differences) between treat-
ment groups, with Wilson-Newcombe confidence intervals
and number-needed-to-treat (NNT) statistics. This was done
stratified by melancholic status and baseline depression sever-
ity. Third, logistic regression was used to test for treatment ef-
fect heterogeneity across melancholic subgroups, if suggested
by the response rates. Models were stratified by melancholic
status, with treatment condition predicting response, and then
repeated unstratified with a melancholia-by-treatment interaction.
We also included baseline severity as a covariate in the models.
TABLE 1. Baseline Descriptive Statistics Stratified by Melancholic St

Melancholia (SCID)

Variables Present Abse

n (%) 518 (48.3) 554 (5
LTG, n (%) 253 (48.8) 288 (5
Female, n (%) 302 (58.3) 324 (5
Age, M (SD) 39.5 (12.1) 38.5 (1
Bipolar I, n (%) 371 (71.6) 396 (7
HAMD-17, M (SD) 25.3 (3.88) 23.5 (3

F = 66.2*, R2 = 0.06
HAMD-31, M (SD) 36.9 (6.52) 34.1 (6

F = 50.8*, R2 = 0.05
MADRS, M (SD) 30.8 (5.45) 28.3 (5

F = 52.6*, R2 = 0.05

Note. The criteria used to establish melancholic status with scale items were a
≥ 5), and at least 3 of: psychomotor disturbance (HAMD items 8 or 9≥ 1), guilt
loss (HAMD items 12 or 16 = 2). One-way ANOVAwas used to test depressio

LTG, lamotrigine; HAMD, Hamilton Depression Rating Scale (17- and 31-

* P < 0.001.
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No other covariates (eg, age, sex) were considered. Fourth, the se-
quence above was repeated with psychomotor retardation as the
subgroup variable instead of melancholic status.
RESULTS

Melancholic Subgroups
The process for creating a scale-derived melancholia variable

is described in Supplemental Appendix A http://links.lww.com/
JCP/A733. The final criteria are presented in Table 1, with base-
line factors stratified by both variables. Melancholic status was as-
sociated with higher baseline depression scores, as expected, but
not age, sex, or bipolar type. The 2 variables had poor agreement
(61.1%; κ = 0.22) despite having similar prevalences (see Table 1).

Response Rates
Response rates stratified by melancholic status and baseline

depression scale scores (dichotomized at the mean) are presented
in Table 2. As a point of reference, for the entire sample, the
response-rate differenceswere 8.4 (NNT = 11.9), 7.0 (NNT= 14.2),
and 8.9 (NNT = 11.3) with the HAMD-17, HAMD-31, and
MADRS, respectively. SCID melancholia was associated with
lower response rates in both treatment conditions such that the
response-rate differences were comparable across subgroups,
similar to those in the entire sample. In contrast, although the
scale-derived melancholic subgroup also had lower lamotrigine
response rates, the placebo response rateswere even lower, resulting
in somewhat larger treatment effects (though less pronounced with
the HAMD-31).

Patientswith higher HAMD-17 scores had larger response-rate
differences across scales, but the opposite pattern was found
with severity defined by the HAMD-31 and MADRS. Although
scale-derived melancholia and HAMD-17 severity were both as-
sociated with numerically larger response-rate differences, this
benefit appeared to be largely confined to patients meeting both
criteria (see Fig. 1). However, we did not test this further because
it was not part of the analysis plan.
atus

Melancholia (Scale-Derived)

nt Present Absent

1.7) 479 (44.7) 593 (55.3)
2.0) 243 (50.7) 298 (50.3)
8.5) 279 (58.3) 347 (58.5)
1.7) 39.0 (11.6) 39.0 (12.2)
1.5) 344 (71.8) 423 (71.3)
.57) 26.0 (3.76) 23.1 (3.37)

F = 181.0*, R2 = 0.14
.35) 37.5 (6.65) 33.9 (6.07)

F = 86.7*, R2 = 0.07
.82) 33.0 (4.29) 26.6 (5.26)

F = 449.4*, R2 = 0.30

nhedonia (MADRS item 8≥ 4) or nonreactive mood (MADRS items 1 or 2
(HAMD item 2≥ 1), late insomnia (HAMD item 6≥ 1), or appetite/weight
n score differences by melancholic status.

item versions); MADRS, Montgomery–Åsberg Depression Rating Scale.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Response Rates Stratified by Melancholic Status and Baseline Depression Scale Scores Dichotomized at the Sample Mean

HAMD-17 HAMD-31 MADRS

Subgroup LTG PBO Diff (95% CI) NNT LTG PBO Diff (95% CI) NNT LTG PBO Diff (95% CI) NNT

SCID-MEL + 42.3 34.0 8.3 (−0.01 to 16.5) 12.0 42.7 34.3 8.4 (−0.01 to 16.6) 12.0 44.3 36.6 7.7 (−0.8 to 16.0) 13.0
SCID-MEL − 47.2 39.1 8.1 (−0.1 to 16.2) 12.3 48.3 42.9 5.4 (−2.9 to 13.6) 18.5 51.4 41.7 9.7 (1.3 to 17.8) 10.3
Scale-MEL + 42.4 30.1 12.3 (3.7 to 20.6) 8.1 42.0 33.1 8.9 (0.3 to 17.4) 11.2 46.5 33.9 12.6 (3.8 to 21.1) 7.9
Scale-MEL − 47.0 41.7 5.3 (−2.7 to 13.2) 18.9 48.7 43.1 5.6 (−2.4 to 13.5) 17.8 49.3 43.4 5.9 (−2.1 to 13.8) 16.8
HAMD-17 ≥ 25 43.6 30.0 13.7 (5.0 to 22.0) 7.3 43.6 30.4 13.2 (4.6 to 21.6) 7.6 45.7 31.2 14.5 (5.8 to 22.8) 6.9
HAMD-17 ≤ 24 46.0 41.8 4.1 (−3.8 to 12.0) 24.2 47.3 45.2 2.1 (−5.9 to 10.0) 48.1 50.0 45.6 4.4 (−3.6 to 12.4) 22.6
HAMD-31 ≥ 36 39.2 36.3 3.0 (−5.5 to 11.3) 33.8 42.0 38.6 3.3 (−5.2 to 11.8) 30.2 42.4 38.2 4.1 (−4.4 to 12.5) 24.4
HAMD-31 ≤ 35 50.0 36.8 13.2 (5.0 to 21.1) 7.6 49.0 38.6 10.4 (2.2 to 18.4) 9.6 53.1 40.0 13.1 (4.9 to 21.1) 7.6
MADRS ≥30 40.5 34.7 5.9 (−2.1 to 13.7) 17.0 39.5 36.1 3.4 (−4.6 to 11.3) 29.5 45.4 37.2 8.1 (0.04 to 16.1) 12.3
MADRS ≤29 50.0 38.5 11.5 (2.8 to 19.9) 8.7 52.8 41.2 11.6 (2.9 to 20.0) 8.7 51.2 41.2 10.0 (1.3 to 18.4) 10.0

Note. Response rates and differences were proportions converted to percentages.

Diff, risk difference; MEL, melancholic status (present or absent); HAMD, Hamilton Depression Rating Scale (17- and 31-item versions); MADRS,
Montgomery–Åsberg Depression Rating Scale; LTG, lamotrigine; PBO, placebo; Diff, risk difference; NNT, number needed to treat; SCID, Structured
Clinical Interview for DSM-IV; MEL, melancholic status (present or absent); Scale, scale-derived variable.
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Logistic Regressions
Proceeding with the scale-derived variable, in stratified models,

the main effects of lamotrigine were statistically significant in the
melancholic subgroup (HAMD-17, OR = 1.71, SE = 0.33,
P = 0.01; HAMD-31, OR = 1.47, SE = 0.28, P = 0.04; MADRS,
OR = 1.70, SE = 0.32, P = 0.01) but not in the nonmelancholic
subgroup (HAMD-17, OR = 1.24, SE = 0.21, P = 0.20;
HAMD-31, OR = 1.25, SE = 0.21, P = 0.17;MADRS, OR = 1.27,
SE = 0.21, P = 0.15). In full models, the melancholic-treatment in-
teractions did not reach statistical significance (HAMD-17,
OR= 1.38, SE= 0.35,P= 0.21;HAMD-31, OR= 1.17, SE= 0.29,
P = 0.54; MADRS, OR = 1.33, SE = 0.33, P = 0.25) and did not
change after adjusting for baseline severity (HAMD-17,
OR= 1.36, SE= 0.35,P= 0.23;HAMD-31, OR= 1.17, SE= 0.29,
P = 0.54; MADRS, OR = 1.34, SE = 0.33, P = 0.25).

Psychomotor Retardation
Response rates over psychomotor retardation scores are pre-

sented in Supplemental Appendix B http://links.lww.com/JCP/
A734. Response-rate differences tended to decrease slightly as
scores increased from 0 (no retardation, n = 201) to 1 (slight retar-
dation, n = 420) to 2 (obvious retardation, n = 400). Only at scores 3
or greater (interview difficult/stupor, n = 51) were the response-rate
differences larger (10.6–18.5, NNT = 5.4–9.5) compared with the
rest of the sample (6.78–8.30, NNT = 12.0–14.7). We did not use
this cutoff score to conduct additional analyses because the sub-
group was so small.

Sensitivity Analyses
These were conducted post hoc to test the robustness of the

treatment effect in the scale-derived melancholic subgroup. It re-
mained significant sequentially excluding data from each study
(except on HAMD-31 response) and was comparable between bi-
polar types (see Supplemental Appendix B http://links.lww.com/
JCP/A734). There was modest agreement between scale-derived
melancholia at baseline and a week earlier at the screening visit
(78.4%; κ = 0.56). The screening-visit variable also agreed poorly
with the SCID (59.4%; κ = 0.19) and was associated with signif-
icant treatment effects (OR = 1.57–1.58, allP = 0.02). An alternate
scale-derived variable was created with a different algorithm (see
Supplemental Appendix A http://links.lww.com/JCP/A733) to
see if results were sensitive to the method by which the original
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
variable was specified. It had a similar prevalence (47.7%) and
poor agreement with the SCID (61.9%; κ = 0.24), and the re-
sponse rates were nearly identical, with significant effects in
the melancholic subgroup only (see Supplemental Appendix B
http://links.lww.com/JCP/A734).

DISCUSSION
We were able to replicate the pilot study result in that treat-

ment effects were numerically larger in patients with baseline
scale item scores consonant with the DSM melancholic specifier,
although the subgroup-treatment interactions did not reach sta-
tistical significance. Overall, the hypothesis was not clearly
supported—melancholic depression diagnosed with the SCID,
a standard measure, was not associated with larger treatment ef-
fects, and the scale-derived variable had poor agreement with
the SCID. Moreover, there did not appear to be a monotonic rela-
tionship between psychomotor retardation and the response-rate
difference, although the small subgroup with the highest scores
seemed to benefit from lamotrigine over placebo.

Our interpretation is that the scale-derived variable selected
patients who were less likely to respond to placebo, resulting in
somewhat larger treatment effects, but they did not necessarily
meet the SCID melancholic specifier, and we cannot know if they
would have been classified as melancholic with another diagnos-
tic system. Interestingly, the effect of baseline HAMD-17 severity
on response rates, previously reported by Geddes et al,11 seemed
to be more pronounced in the scale-derived melancholic subgroup.
Considering the other depression scales, higher baseline scores per
se did not appear to result in larger treatment effects. Therefore, the
present results have expanded upon the Geddes et al meta-analysis
by suggesting certain scale items are more relevant in this regard.

Several points are pertinent for future research. First, it can-
not be assumed that a melancholic diagnosis made post hoc with
scale items will necessarily agree with the SCID. A notable differ-
ence between measures is that the SCID considers symptoms dur-
ing the entire depressive episode (which may have resolved by the
time of assessment) whereas the scales measure currently active
symptoms.13–16 Second, sum scores from different depression
scales may not always be associated with treatment outcomes
in the same way. A substantial amount of research has examined
whether antidepressant effects are moderated by baseline HAMD-17
sum scores,18 although this study supports the notion that some
www.psychopharmacology.com 317
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FIGURE 1. Response rates (y axis) are presented as proportions with
95% confidence intervals. These were calculated with 3 different
rating scales: the HAMD-17, the HAMD-31, and the MADRS.
Subgroups were (A) nonmelancholic and baseline HAMD-17 ≤ 24
(n = 422); (B) nonmelancholic and baseline HAMD-17 ≥ 25
(n = 171); (C) melancholic and baseline HAMD-17 ≤ 24 (n = 170);
and (D) melancholic and baseline HAMD-17 ≥ 25 (n = 309). In the
subgroup with scale-derived melancholia and HAMD-17 scores
≥ 25, the response-rate differences were between 16.6 (NNT = 6.0)
and 19.9 (NNT = 5.0). PBO, placebo; LTG, lamotrigine.
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items should be weighed more heavily.19 In general, the results re-
inforce the importance of replicating secondary analyses of clini-
cal trials with additional data, using a variety of methods, before
drawing firm conclusions.

Amajor limitation is that therewas only 1 standard assessment
of melancholia that relied on the DSM criteria. Although common,
these criteria have been criticized, often for over-diagnosing melan-
cholia.9,10 It is possible that other diagnostic measures would have
produced different results. Psychomotor retardation was also
assessed with a single item; this part of the analysis was exploratory
and cannot speak to the importance of psychomotor retardation as a
melancholic sign.9,10 Another limitation is that serum lamotrigine
levels were not available, so we cannot rule out the possibility
that some patients were underdosed. It must also be stated that
lamotrigine is not approved to treat acute bipolar depression.
As with most industry-sponsored trials, the extensive list of exclu-
sion criteria limits generalizability. It is also possible that differences
318 www.psychopharmacology.com
by melancholic status would have beenmore pronounced in an in-
patient sample.5 The hypothesis itself could be criticized because
the rationale was that lamotrigine might benefit patients with HPA
axis hyperactivity, but rather than testing this directly, we focused
on a clinical diagnosis known to be associated with HPA axis hy-
peractivity. Having to infer the presence of biological abnormali-
ties from clinical diagnoses, knowing these are unlikely to be
present in every case, is a frustrating limitation that unfortunately
also still pervades much of contemporary psychiatry.
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