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Objective: To evaluate the clinical value of early partial symptomatic improvement in
predicting the probability of response during the short-term treatment of bipolar depression.
Methods: Blinded data from 10 multicenter, randomized, double-blind, placebo-controlled trials
in bipolar I or II depression were used to determine if early improvement (≥20% reduction in
depression symptom severity after 14 days of treatment) predicted later short-term response or
remission. Sensitivity, specificity, efficiency, and positive and negative predictive values
(PPV, NPV) were calculated using an intent to treat analysis of individual and pooled study data.
Results: 1913 patients were randomized to active compounds (aripiprazole, lamotrigine,
olanzapine/olanzapine–fluoxetine, and quetiapine), and 1456 to placebo. In the pooled positive
studies, early improvement predicted response and remissionwith high sensitivity (86% and 88%,
respectively), but rates of false positives were high (53% and 59%, respectively). Pooled negative
predictive values for response/remission (i.e. confidence in knowing the drug will not result in
response or remission)were 74% and 82%, respectively, with low rates of false negatives (14% and
12%, respectively).
Conclusion:Early improvement inan individual patientdoesnot appear tobe a reliable predictor of
eventual response or remission due to an unacceptably high false positive rate. However, the
absence of early improvement appears to be a highly reliable predictor of eventual non-response,
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suggesting that clinicians canhave confidence inknowingwhenadrug isnot going toworkduring
short-term treatment. Patients who fail to demonstrate early improvement within the first two
weeks of treatment may benefit from a change in therapy.

© 2010 Elsevier B.V. All rights reserved.
1. Introduction

Depressive symptoms dominate the lifetime symptom
course for most individuals with bipolar disorder, occurring
3–4 timesmore frequently thanmanic symptoms (Kupka et al.,
2007; Post et al., 2003; Judd et al., 2002). Persistent depressive
symptoms are associated with high rates of disability, func-
tional and occupational deficits (Kessler et al., 2006; Judd et al.,
2005; Calabrese et al., 2004; Bauer et al., 2001), greater risk for
recurrence (Perlis et al., 2006), and an increased rate of suicide
(Calabrese et al., 2004).

When using traditional antidepressant medications, the
conventional belief is that true antidepressant effects (in contrast
to nonspecific effects of treatment or a placebo response) do not
occur until after several weeks of treatment (Gelenberg and
Chesen, 2000). This belief originally stemmed from the use of
pattern analysis in the 1980s, in which more patients receiving
active medication than placebo displayed treatment response
patterns characterized by a delay of 3 weeks ormore in the onset
of initial improvement (Quitkin et al., 1987, 1984). Thesefindings
led to the belief that trials of antidepressants required 4–6 weeks
of exposure, a practice that may contribute to treatment non-
adherence for individuals experiencing little to no benefit shortly
after antidepressant initiation. However, the conclusions derived
from use of pattern analysis methodology have been challenged
by other investigators who found evidence for a gradual
alleviation of depressive symptoms in a step-wise fashion that
begins as early as 1–2 weeks after starting antidepressant
treatment (Katz et al., 1997, 1996–1997). Survival analytic
techniques have also been applied to short-term randomized
controlled trials of major depressive disorder by Stassen and
colleagues (Stassen et al., 1999, 1996, 1993) and suggest that the
conditional probability of achieving response or remission in
patients experiencing early improvement is high.

More recently, a published meta-analysis of 47 double-
blind, placebo-controlled antidepressant trials in major de-
pressive disorder concluded that benefit does occur within the
first 2 weeks of treatment (Posternak and Zimmerman, 2005).
A separate meta-analysis of selective serotonin reuptake
inhibitor (SSRI) antidepressants confirmed that an early
response within the first week of SSRI administration is not
necessarily a placebo response (Taylor et al., 2006).

With the establishment that true onset of antidepressant
action occurs early in the treatment course, itwashypothesized
that cliniciansmaybeable tomake rational treatmentdecisions
after as little as two weeks of treatment (Szegedi et al., 2003;
Nierenberg et al., 1995). In a randomized, controlled trial
comparing mirtazapine and paroxetine in patients with major
depression, Szegedi et al. (2003) reported that an improvement
of only 20% in depression severity within the first 2 weeks of
treatment is a clinically useful predictor of later outcome. Early
improvement has also been shown to predict stable response
and stable remission (i.e. response or remission criteria met at
Week 4 of treatment and at all subsequent assessments) with
high sensitivity. Even with cognitive behavioral therapy, early
improvement has been found to be a highly sensitive predictor
of later response in patients with mild major, minor and
subsyndromal depression (Tadić et al., 2010). Perhaps themost
clinically meaningful finding to arise from these studies is the
observation that patients who fail to achieve early improve-
ment within the first 2 weeks will have little chance of
achieving response or remission with continued treatment
(Szegedi et al., 2009, 2003).

To our knowledge, the predictive value of early improvement
has never been studied in bipolar depression. It is problematic to
extrapolate findings from unipolar depression to bipolar depres-
sion, given the differences in phenomenology, illness course, and
response to treatment (Muzina et al., 2007; Akiskal, 2005). For
instance, though standard antidepressants have proven to be
efficacious in treating unipolar depression, their efficacy in
bipolar depression is inconclusive, with one large, randomized,
placebo-controlledeffectiveness studyfindingantidepressants to
confer no additional benefit when added to a mood stabilizer
comparedwith amood stabilizer alone (Sachs et al., 2007). Given
that depression is the leading cause ofmorbidity andmortality in
patientswith bipolar disorder, if the premisewere true that early
improvement is a sensitive indicator of later outcome, there
would be great clinical value in being able to predict treatment
non-response as early as possible so that alternative treatments
could be instituted. A factor complicating the exploration of early
improvement in bipolar depression is the wide array of
medications with diverse mechanisms of action that are
prescribed for the treatment of acute depressive episodes. The
current study therefore assessed whether early improvement is
predictive of short-term treatment outcome in bipolar depres-
sion across a variety of different pharmacologicmechanisms and
examined whether the predictive accuracy differs by the
individual drug treatment. We hypothesized that (1) early
improvement would be a sensitive predictor of later short-term
response and remission across all antidepressant treatments and
that (2) patients who did not exhibit early improvement would
be unlikely to respond or remit to treatment 7–10 weeks later.

2. Method

2.1. Inclusion of studies

A pooled analysis was conducted on the individual drug data
from 10, multi-center, randomized, double-blind, placebo-
controlled trials in 3369 patients with bipolar I or II disorder
experiencingamajordepressiveepisode.At the time this analysis
was planned, these 10 studies represented the extent of available
large-scale clinical trials undertaken in bipolar depression. The
manufacturers of each respective compound were contacted for
participation andeach agreed to release the requesteddata for an
independent analysis. The raw data for each trial were
individually submitted by the study sponsors to a data
management infrastructurewithin thebipolardisorders research
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center at Case Western Reserve University for analysis. Each of
the studieswas approved by the institutional reviewboard of the
participating site. Table 1 describes the study designs of all trials
included in the analysis.

In summary, the following compounds were evaluated:

1. Aripiprazole; 2 studies of bipolar I depression conducted over
8 weeks (Thase et al., 2008).

2. Lamotrigine; 1 study of bipolar I depression conducted over
7 weeks (Calabrese et al., 1999); 2 studies of bipolar I
depression conducted over 8 weeks (Calabrese et al., 2008);
1 studyof bipolar I and II depression conductedover 10 weeks
(Calabrese et al., 2008); 1 study of bipolar II depression
conducted over 8 weeks (Calabrese et al., 2008).

3. Olanzapine and olanzapine–fluoxetine combination (OFC); 1
study of bipolar I depression conducted over 8 weeks (Tohen
et al., 2003) [olanzapine and OFC data were pooled];

4. Quetiapine; 2 studies of bipolar I and II depression conducted
over 8 weeks (Thase et al., 2006; Calabrese et al., 2005).

2.2. Statistical analyses

The mean change from baseline to study endpoint (last
observation carried forward; LOCF) in the Montgomery-Asberg
Depression Rating Scale (MADRS) total score was the primary or
key secondary endpoint and available for analysis in all studies
(Montgomery andAsberg, 1979). The LOCFprinciplewas applied
in determining outcome status in order to account for the
negative effects of treatment discontinuation due to lack of
efficacy or loss of previous symptom improvement. An individual
and combined analysis of the predictive effect of early improve-
ment on endpoint response and remission was performed on all
Table 1
Summary of randomized, double-blind, placebo-controlled trials of bipolar I or II de

Drug and author Study
duration

Bipolar
subtype

Symptom thre
entrance criter

Studies separating from placebo
Lamotrigine Calabrese et al. (1999) 7 weeks Type I Minimum scor

17-item HAM-

Olanzapine–fluoxetine Tohen et al. (2003) 8 weeks Type 1 Minimum scor
MADRS

Quetiapine Thase et al. (2006) 8 weeks Type I
and II

Minimum scor
17-item HAM-

Quetiapine Calabrese et al. (2005) 8 weeks Type I
and II

Minimum scor
17-item HAM-

Studies failing to separate from placebo
Aripiprazole Thase et al. (2008) 8 weeks Type I Minimum scor

17-item HAM-
Aripiprazole Thase et al. (2008) 8 weeks Type I Minimum scor

17-item HAM-
Lamotrigine Calabrese et al. (2008) 10 weeks Type I

and II
Minimum scor
17-item HAM-

Lamotrigine Calabrese et al. (2008) 8 weeks Type I Minimum scor
17-item HAM-

Lamotrigine Calabrese et al. (2008) 8 weeks Type II Minimum scor
17-item HAM-

Lamotrigine Calabrese et al. (2008) 8 weeks Type I Minimum scor
17-item HAM-
active agents and their corresponding placebo arms. However,
active drug did not separate from placebo in all of the studies.
Therefore, additional comparisons were made across the
following four groups: agents in trials that separated from
placebo on the MADRS (4 positive studies), agents in trials that
failed to separate from placebo (6 negative/failed studies) and
the corresponding placebo arms for the positive and negative/
failed studies.

The primary aim of these post-hoc analyses was to deter-
mine whether early improvement to a treatment for depres-
sive episodes in bipolar disorder predicts later response or
remission at acute study endpoint (7–10 weeks). Early
improvement was defined by ≥20% reduction from baseline
in theMADRS Total Score atWeek 2. An improvement of≥20%
after the first 2 weeks of treatment has been identified as the
most accurate cut-off for predicting later responseor remission
in major depression and schizophrenia, as it balances sensi-
tivity and specificity while optimizing the negative predictive
value for later response/remission (Kemp et al., 2010; Kinon
et al., 2008; Szegedi et al., 2003). Response at study endpoint
was defined as ≥50% reduction in baseline MADRS Total
Score, and remission was defined as MADRS Total Score≤10
at endpoint.

2.3. Operating characteristics

Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), andefficiencywere calculated.
For those instances in which studies with different study drugs
were pooled, aweighted analysis using LOCFwas conducted. In
this case, weighting was performed using the number of
patients contributed per study drug. For example, if Drug A
pression.

shold
ia*

Dose
(daily)

Number
randomized

Percentage response/
remission

e≥18 on
D

50 mg LTG: 129 LTG 50 mg: 48.0/37.5
200 mg PBO: 66 LTG 200mg: 54.0/46.0

PBO: 29.0/21.5
e ≥20 on OLZ: 5–20 mg OLZ:370 OLZ: 39.0/32.8

OFC: 6/25–12/50 mg OFC: 86 OFC: 56.1/48.8
PBO:377 PBO: 34.0/24.5

e ≥20 on
D

300 mg QUE: 341 QUE 300mg: 60.0/51.6
600 mg PBO: 168 QUE: 600mg: 58.3/52.3

PBO: 44.7/37.3
e ≥20 on
D

300 mg QUE: 361 QUE: 300mg: 58.0/52.9
600 mg PBO: 181 QUE: 600mg: 58.0/52.9

PBO: 36.1/28.4

e ≥18 on
D

5-30 mg ARI: 186 ARI: 43.2/30.2
PBO: 188 PBO: 39.0/27.8

e ≥18 on
D

5–30 mg ARI: 187 ARI: 44.6/25.7
PBO: 188 PBO: 44.3/29.0

e ≥18 on
D

100–400 mg LTG: 103 LTG: 45.1/NA
PBO: 103 PBO: 49.0/NA

e ≥18 on
D

200 mg LTG: 133 LTG: 46.0/NA
PBO: 124 PBO: 39.3/NA

e ≥18 on
D

200 mg LTG: 111 LTG: 54.1/NA
PBO: 110 PBO: 45.7/NA

e ≥18 on
D

200 mg LTG:131 LTG: 45.5/NA
PBO: 128 PBO: 44.0/NA
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contributed 100 individuals, Drug B contributed 200 indivi-
duals, andDrug C contributed 500 individuals to the calculation
of sensitivity, then the final value for sensitivity was a
combination of 12.5% of Drug A's sensitivity plus 25% of Drug
B's sensitivity plus 62.5% of Drug C's sensitivity. Weighting by
individual study drug and unweighted analyses yielded similar
findings.

Sensitivity is calculated by dividing the number of endpoint
responders/remitters who demonstrated early improvement
by the total number of endpoint responders/remitters. Speci-
ficity is calculated by dividing the number of endpoint non-
responders/non-remitters who did not demonstrate early
improvement by the total number of non-responders/non-
remitters at study endpoint.

The PPV represents the probability thatpatientswill achieve
a response if they show early improvement. It may be thought
of as “knowing that the drug is working”. It is calculated as the
number of true positives (patients who showed early improve-
ment and responded at endpoint) divided by the number of
patients categorized as positive (all patients who showed early
improvement). The NPV represents the probability that a
patient will not achieve a response if they do not show early
improvement. Itmay be thought of as “knowing that the drug is
not working”. It is calculated as the number of true negatives
(number of patients who did not show an early improvement
and did not respond at endpoint) divided by the total number
of patients categorized as negative (all patients who did not
show early improvement). Efficiency represents the propor-
tion of patients for which the early improvement metric
correctly identified the response or remission status at study
endpoint.

It should be noted that the operating characteristics just
describeddonot adjust for chanceagreement. Inorder to adjust
for chance, including the varying rates of response and
remission among the individual drug trials, three separate
chance-corrected operating characteristics were calculated
(Kraemer, 1992). These included a chance-corrected measure
of sensitivity, κ(1,0), a chance-corrected measure of specificity,
κ(0,0), and Cohen's κ (Cohen, 1960),which is a chance-corrected
measure of efficiency. The interpretation of chance-corrected
operating characteristics has been outlined by Landis and Koch
(1977), where it is suggested that 0.6 to 0.8 is “substantial”, 0.4
to 0.6 is “moderate”, and 0.2 to 0.4 is “fair”.

3. Results

Across the 10 studies, 1913 patients were randomized to
active drug and 1456 patients were randomized to placebo. The
results of individual trials with regards to efficacy, reasons for
dropout, and tolerability have beenpublished in detail elsewhere
(Calabrese et al., 2008, 2005, 1999; Thase et al., 2008, 2006;
Tohen et al., 2003).

3.1. Rates of early improvement

With early improvement defined as ≥20% reduction from
baseline in MADRS Total Score at Week 2, 60% of patients on
active compounds (n=1155) fulfilled this criterion compared
to 47% of patients receiving placebo (n=683). Pooled positive
studies had broadly similar rates of early improvement
(lamotrigine, 54%; olanzapine and OFC, 69%; and quetiapine,
75%;) as pooled negative studies (aripiprazole, 68%; and
lamotrigine 44%) and placebo from pooled positive (54%) and
negative (44%) studies (see Fig. 1).

3.2. Predictive value of early improvement

Table 2 presents sensitivity, specificity, PPV and NPV for
prediction of response and remission. Early improvement
predicted later response (≥50% reduction in MADRS Total
Score at study endpoint) with moderately high sensitivity
across all studies (75%), indicating that patients who achieve
response or remission will typically demonstrate ≥20%
improvement within the first 2 weeks of treatment. This
finding was similar in examination of the pooled positive
studies (77–88%), and negative/failed studies (63–81%), in-
cluding the corresponding placebo arms (69–80%). The
sensitivity was lowest among the four pooled negative studies
of lamotrigine (63%). Similarly, early improvement predicted
later remission (MADRS Total Score ≤10) with a moderately
high sensitivity for all combinations of pooled study arms (63–
89%), with the sensitivity lowest in the pooled negative studies
of lamotrigine (63%). Additionally, the chance-corrected sen-
sitivity characteristics for response and remission were
moderate for pooled positive trials (52%/58%) but only fair for
pooled negative trials (35%/37%). Similar to the unadjusted
values, the chance corrected sensitivity was lowest in the
pooled negative studies of lamotrigine.

The rate of false negatives was variably low across pooled
positive and negative studies. The rate of false positives for
response and remission was high across all active study arms
(28–64%), but was numerically highest in the pooled positive
studies of olanzapine/OFC, pooled positive studies of quetia-
pine, and the pooled negative studies of aripiprazole. A false
positive occurs when a patient demonstrates early improve-
ment but does not go on to respond or remit to treatment. The
pooled analysis of all active agents demonstrated a nominal
specificity of 57% for prediction of response and 53% for
prediction of remission. Specificity values were similar for
analysis of pooledpositive andnegative studies. Across all trials,
early improvement was more sensitive than specific for
predicting later response or remission as indicated by the
smaller chance-corrected specificity (28%/16%) values in
comparison with the chance-corrected measurements of
sensitivity (38%/32%). Chance-corrected specificity values
consistently demonstrated that the specificity for early im-
provement to predict later response was greater than the
specificity to predict later remission. Chance-corrected speci-
ficity did not differ appreciably between pooled positive (25%/
17%) and pooled negative (26%/18%) studies.

Approximately 68% (range 54–72% across drugs) of indivi-
duals who exhibited early improvement to an active drugwent
on to have a positive response at study endpoint. The
probability of achieving remission in thosewith early improve-
mentwas56%across all drugs studied(ranging from44 to62%).
A high NPV for response and remission was consistently
observed for pooled positive and negative trials across each
compound studied (68–86%). Pooled positive studies demon-
strated similar NPVs for response/remission (lamotrigine, 74%/
83%; olanzapine and OFC, 77%/86%; quetiapine, 71%/79%) as
pooled negative studies (aripiprazole, 74%/81%; lamotrigine
68%/76%) and the placebo arm from pooled positive (83%/90%)
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Fig. 1. MADRS = Montgomery-Asberg Depression Rating Scale; OFC = olanzapine–fluoxetine combination.
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and negative (74%/80%) studies. The NPV's indicate that
patients who fail to demonstrate at least a 20% reduction in
depressive severity after 2 weeks of treatmentwere unlikely to
meet response or remission criteria later in the course of
treatment.

As reflected by the Cohen's κ ( (.5,0)), early improvement
predicted later response with greater chance-corrected effi-
ciency (23–46%) than it predicted later remission (20–44%).
The chance-corrected efficiency for all trials was fair, with the
exception of the positive lamotrigine study, for which it
reached a moderate level.

Fig. 2 illustrates rates of response at study endpoint by early
improvement status for the pooled studies of aripiprazole,
lamotrigine, olanzapine/olanzapine–fluoxetine, and quetiapine.
Table 2
Operating characteristics of early improvement* in MADRS total score to predict la

Arm Outcome Prevalence Sensitivity Specificity PPV

All Studies Active Resp/Rem .52/.39 .75/.70 .57/.53 .68/
All Studies Placebo Resp/Rem .45/.36 .67/.62 .70/.65 .64/
Pooled Positive Studies Resp/Rem .55/.42 .86/.88 .47/.41 .66/
Pooled Negative Studies Resp/Rem .47/.36 .70/.71 .60/.56 .61/
Positive Studies

Lamotrigine (1) Resp/Rem .51/.42 .77/.81 .69/.65 .72/
Olanzapine/OFC (1) Resp/Rem .50/.34 .86/.88 .48/.41 .62/
Quetiapine (2) Resp/Rem .58/.46 .88/.89 .42/.36 .68/

Negative Studies
Aripiprazole (2) Resp/Rem .54/.36 .81/.83 .43/.41 .54/
Lamotrigine (4) Resp/Rem .48/.35 .63/.63 .72/.66 .67/

Placebo Arms Pooled
Placebo Pooled
Positive (4)

Resp/Rem .38/.25 .80/.81 .62/.56 .56/

Placebo Pooled
Negative (6)

Resp/Rem .44/.34 .69/.70 .68/.64 .63/

*Improvement of ≥20% reduction in MADRS Total Score at Week 2.
MADRS=Montgomery-AsbergDepressionRating Scale;NPV=negative predictive val
Rem= Remission (MADRS Total score≤ 10); Resp= Response (≥50% reduction in
corrected specificity; κ(.5,0) = chance corrected efficiency.
4. Discussion

This article represents a comprehensive analysis of the
clinical utility of early partial symptomatic improvement to
predict later outcomes in the acute treatment of bipolar
depression. Building upon prior observations of early improve-
ment in major depressive disorder and schizophrenia, this
study provides for the first time an estimate of the predictive
value of early improvement in bipolar depression by pooling
data from 10 placebo-controlled trials of four different agents,
representinga total of 3369bipolarpatientswhoreceivedacute
treatment for a major depressive episode.

Improvement was observed in at least half of patients
within the first 2 weeks of treatment with all four compounds
ter response or remission.

NPV False
Positives

False
Negatives

Efficiency κ(1,0) κ(0,0) κ(.5,0)

.56 .72/.80 .43/.47 .25/.30 .66/.60 .38/.32 .28/.16 .32/.21

.50 .72/.75 .30/.35 .33/.38 .69/.64 .38/.31 .36/.22 .37/.26

.52 .74/.82 .53/.59 .14/.12 .68/.61 .52/.58 .25/.17 .34/.26

.47 .70/.77 .40/.44 .30/.29 .65/.61 .35/.37 .26/.18 .30/.24

.62 .74/.83 .31/.35 .23/.19 .73/.72 .49/.59 .43/.35 .46/.44

.44 .77/.86 .52/.59 .14/.13 .67/.57 .55/.61 .25/.15 .34/.23

.54 .71/.79 .58/.64 .32/.46 .69/.60 .51/.55 .23/.15 .32/.24

.44 .74/.81 .57/.60 .19/.17 .60/.56 .41/.47 .16/.13 .23/.20

.50 .68/.76 .28/.34 .37/.37 .68/.65 .33/.34 .37/.23 .35/.27

.38 .83/.90 .38/.44 .20/.19 .69/.62 .57/.59 .29/.18 .39/.27

.50 .74/.80 .32/.36 .31/.30 .68/.66 .40/.43 .34/.24 .37/.31

ue;OFC=olanzapine–fluoxetine combination; PPV=positive predictive value.
MADRS Total socre); κ(1,0) = chance-corrected sensitivity; κ(0,0) = chance-
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studied in bipolar depression. Overall, four distinct findings
emerged in our analysis, each of which was consistent with a
large meta-analysis of early improvement involving unimodal
antidepressants in major depressive disorder (Szegedi et al.,
2009). First, more than half of patients demonstrated at least
20% improvement inMADRSTotal ScorebyWeek2. Second, the
NPVs for response and remission were high, indicating that
patients who fail to demonstrate at least a 20% reduction in
depressive severity after 2 weeks of treatment are unlikely to
meet response or remission criteria later in the course of
treatment. Third, early improvement predicted later response
or remission with high sensitivity, indicating that the large
majority of patients who ultimately achieve response or
remission will display measurable improvement within the
first 2 weeks of treatment. Fourth, a high rate of false positives
was observed across all studies, indicating that early improve-
ment in bipolar depression may not be stable or enduring, and
cannot be reliably used to predict later response or remission to
acute treatment.

Of the above findings, the most clinically useful predictor to
emerge from this analysis may be the reliably high NPVs. This
indicates that the absence of early improvement during the first
2 weeks of treatment is a highly reliable predictor of subsequent
lack of response and remission at study endpoint. Applied to
usualpractice, thesedata suggest that clinicians could confidently
initiate a medication change after 2 weeks of treatment in the
absence of early improvement. Such a strategy diverges from
conventionalpractice inwhich trials areprolonged for asmanyas
6–12 weeks to optimize any potential for response. The ability to
predict outcomeearly in the course of treatmentmay shorten the
length of an unsuccessful treatment trial, and has the potential to
decreasemorbidity and riskof suicide fromprotracteddepressive
symptoms (Szegedi et al., 2003). It should be pointed out that
prospective comparisons are still needed to determine if patients
without early improvement will benefit from altering the
treatment regimen compared with those who continue the
same treatment.

The predictor of at least 20% improvement within the first
2 weeks was chosen because it has been reported to be a
clinically meaningful change that is easily recognizable by
clinicians. Itwas also found to be a reliable and sensitive indicator
for sustained improvement in studies of unipolar depression.
Overall, the predictive value of early improvement appears less
consistent and less robust in trials of bipolar depression
compared to unipolar major depression. In this bipolar cohort,
early improvement predicted later response and remission with
high sensitivity (75%/70%), a value lower than in unipolar
depression where the sensitivity was found to be greater than
90% (Szegedi et al., 2009, 2003).

We assessed the predictive potential of early improvement
for each compound individually, in all studies combined, and
then in subsequent secondary analysis of pooled positive and
negative trials. Data from the pooled positive studies appear to
better predict endpoint response/non-response, suggesting
that heterogeneity in the design and conduct of studies—
whichmay ultimately lead to the failure of an active compound
to separate from placebo—may also affect the predictive
accuracy of the early improvement analyses.

The predictive accuracy was notably reduced in the pooled
negative/failed studies of lamotrigine (n=4), forwhich the rates
of early improvement and sensitivity values were lowest. The
dosing schedule for lamotrigine is slower than the other drugs
studied inorder tominimize the risk of serious rash, thuspatients
did not show improvement untilWeek 3 (Calabrese et al., 2002).
This may have inhibited our ability to predict eventual outcomes
by Week 2. For these reasons, a longer initial trial may be
necessary to thoroughly assess the potential for response to
lamotrigine. Interestingly, the positive and negative pooled trials
for lamotrigine exhibited the lowest rate of false positives for all
agents assessed in these studies. On the other hand, the highest
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false positive rates occurred with aripiprazole, olanzapine/
olanzapine–fluoxetine, and quetiapine. These agents have a
wider variety of potential side effects that may have contributed
to an artificial perception of early response as measured by
MADRS Total score improvement at Week 2. For instance, the
early soporific effects of quetiapine and olanzapine/olanzapine–
fluoxetine and the early activating effects of aripiprazole may
have contributed to a higher rate of false positives if these effects
were not later accompanied by an improvement in other core
symptoms of depression.

Confirming the work of other authors in major depressive
disorder, the predictive values generated from placebo-treated
patients appear remarkably similar topatients receiving anactive
drug treatment (Szegedi et al., 2009; Stassen and Angst, 1998).
The absence of early improvement remained a highly reliable
predictor of non-response and non-remission, regardless of
whether the patient was receiving an active drug or placebo.
Moreover, the probability of falsely predicting response/remis-
sion was higher among patients receiving active compounds
(43%/47%) than among those receiving a placebo (30%/35%).

We believe a distinguishing feature of the present analysis as
comparedwithpreviously published studies is the use of chance-
corrected operating characteristics to adjust for chance agree-
ment in sensitivity and specificity that occurs with random
testing. Failure to assess the chance-corrected quantities may
lead to overstating the operating characteristics of early
improvement as a predictor of later response or remission.
Consistentwith this premise, eachof the chance-correctedvalues
were lower than theunadjusted sensitivity and specificity values.
However, the pooled positive studies continued to demonstrate
better sensitivity in comparison with the pooled negative trials,
particularly for the olanzapine/OFC, quetiapine, and positive
lamotrigine trials.

The majority of chance-corrected sensitivity measurements
fellwithin themoderate rangeof 0.4 to 0.6 as described by Landis
and Koch (1977), even despite the heterogeneity of medications
studied in this analysis. One exception was the pooled negative
trials of lamotrigine, for which the chance-corrected sensitivity
ranged from 0.33 to 0.34. Although the chance-corrected
sensitivity values identified that early improvement for the
prediction of remissionwasmost sensitive in the olanzapine/OFC
trials, chance-corrected specificity values for each of the trials
were similar, with the largest values occurring in the positive
lamotrigine trial (43%/35%). It should be noted that when
utilizing the chance-corrected calibrations, a test that optimizes
chance-corrected sensitivity also optimizes the negative predic-
tive value of a test. Likewise, a test that optimizes chance-
corrected specificity also optimizes the positive predictive value
of a test (Kraemer, 1992). Again, the better chance-corrected
sensitivity and negative predictive values occurred in the pooled
positive trials of all agents studied.

Limitations of the present analysis include not investigating
the predictive value of early improvement for a range of
timepoints (i.e. ≥20% improvement at week 1, 3, or 4) or
different MADRS cutpoints (i.e. ≥15, 25, or 30% reduction in
MADRS Total Score atWeek 2). In trials of schizophrenia, there is
some evidence that early response thresholds and predictive
accuracy increase over time (i.e. fromWeek 1 toWeek 4) (Chen
et al., 2009). In support of this finding, a post hoc analysis of the
aripiprazole bipolar depression studies showed that early
improvement at Week 3 was a slightly stronger predictor of
later response or remission than Week 2, although the area
under the receiver operating characteristics curves for both
time points was similar and clinically meaningful (Kemp et al.,
2010). Also, our study was not designed to examine whether a
symptom-specific or global evaluation is the most appropriate
metric for evaluating early improvement as thesedatawere not
available. Future investigations of early improvement may be
strengthened by employing an individual item-analysis, as one
study recently identified that non-early improvers with
major depressive disorder have at least a 3-fold higher risk
of developing later treatment-emergent suicidal ideation
(Seemüller et al., 2010).

Thedata are limitedby the acutenature of the trials; thuswe
do not know if improvement is maintained or accelerated
beyond 8 weeks, or whether early improvement may predict
outcomes experienced at a later point in time. As this analysis
was performed solely on trials of bipolar depression, it does not
provide any information on the predictive effect of early
improvement in states of bipolar mania, for which limited data
exist (Ketter et al., 2010; Kemp et al., in press).

Although early improvement analyses of unipolar depres-
sion originating from naturalistic samples appear to replicate
those derived from randomized controlled trials (Henkel et al.,
2009), it should be noted that each of the trials included in this
report were conducted for the purposes of regulatory approval,
and employed strict inclusion and exclusion criteria. It is
unknown whether these results can be generalized to natural-
istic samples, suchaspatients receiving theseagentswhenused
in combination with other psychotropic medications, a com-
mon occurrence in the treatment of bipolar disorder (Goldberg
et al., 2009; Baldessarini et al., 2008). Additionally, dosing
regimens in clinical practice may differ from those used in
clinical trials. If the dose of a drug is titrated at a much slower
pace, it may affect the rapidity of improvement and alter the
positive and negative predictive value of the early improve-
ment metric.
4.1. Conclusion

Patients with bipolar disorder experience tremendous
burden from chronic depressive symptoms and recurrent
depressive episodes. As a field, we need more knowledge
aboutwhat treatments aremost effective for bipolardepression
and how to better tailor treatment approaches for individual
patients. This includes improved identification of reliable
predictors of treatment efficacy. The current study suggests
that while early improvement is not a reliable predictor of
ultimate response or remission, the lack of early improvement
is an important prognostic indicator, and should be utilized to
avoid sustained trials of ineffective treatments.
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