
© 2017 South et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment 2017:13 3001–3010

Neuropsychiatric Disease and Treatment Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
3001

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/NDT.S139577

Accurately identifying patients who are excellent 
candidates or unsuitable for a medication: a novel 
approach

Charles South1–3

A John Rush4,*
Thomas J Carmody1–3

Manish K Jha1,2

Madhukar H Trivedi1,2,*
1Center for Depression Research 
and Clinical Care, 2Department of 
Psychiatry, 3Department of Clinical 
Sciences, University of Texas 
Southwestern Medical Center, Dallas, 
TX, USA; 4Department of Psychiatry 
and Behavioral Sciences, Duke-
National University of Singapore, 
Singapore; Duke Medical School, 
Durham, NC, USA

*These authors contributed equally 
to this work

Objective: The objective of the study was to determine whether a unique analytic approach – as 

a proof of concept – could identify individual depressed outpatients (using 30 baseline clinical 

and demographic variables) who are very likely (75% certain) to not benefit (NB) or to remit 

(R), accepting that without sufficient certainty, no prediction (NP) would be made.

Methods: Patients from the Combining Medications to Enhance Depression Outcomes trial 

treated with escitalopram (S-CIT) + placebo (n=212) or S-CIT + bupropion-SR (n=206) were 

analyzed separately to assess replicability. For each treatment, the elastic net was used to identify 

subsets of predictive baseline measures for R and NB, separately. Two different equations that 

estimate the likelihood of remission and no benefit were developed for each patient. The ratio 

of these two numbers characterized likely outcomes for each patient.

Results: The two treatment cells had comparable rates of remission (40%) and no benefit 

(22%). In S-CIT + bupropion-SR, 11 were predicted NB of which 82% were correct; 26 were 

predicted R – 85% correct (169 had NP). For S-CIT + placebo, 13 were predicted NB – 69% 

correct; 44 were predicted R – 75% correct (155 were NP). Overall, 94/418 (22%) patients were 

identified with a meaningful degree of certainty (69%–85% correct). Different variable sets 

with some overlap were predictive of remission and no benefit within and across treatments, 

despite comparable outcomes.

Conclusion: In two separate analyses with two different treatments, this analytic approach – 

which is also applicable to pretreatment laboratory tests – identified a meaningful proportion (over 

20%) of depressed patients for whom a treatment outcome was predicted with sufficient certainty 

that the clinician can elect to strongly recommend for or choose to avoid a particular treatment. 

Different persons seem to be remitting or not benefiting with these two different treatments.

Keywords: patient selection, depression, elastic net, analytic approach, treatment response

Introduction
Depression is disabling, common, and heterogeneous with regard to both etiology and 

treatment response. Our treatments are moderately effective,1 but not everyone responds 

to the same treatments in the same way.2–8 This variation in treatment responsiveness 

(response heterogeneity) among depressed patients is thought to reflect etiological 

and biological heterogeneity of the depressive syndrome.7 To address response 

heterogeneity, clinical practice guidelines9–11 are used but clinicians still often need 

to try more than medication(s) to find the most effective, least burdensome selection 

for each patient.5

To date, various efforts to reduce treatment selection uncertainty have made use 

of a range of baseline sociodemographic and clinical features – but with only very 
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modest success – to identify individual patients who would 

do either well or poorly with a particular treatment. These 

studies typically characterize every person in the sample 

using all the baseline variables that differentiate those who 

respond from those who do not based on a single equation 

that weights the predictor variables to maximally differentiate 

these two groups (e.g., refer to the studies by Trivedi et al1 

and Papakostas et al12).

This approach may rest on two potentially dubious 

assumptions. First, the reasons for response may be distinct 

from those that explain non-response to any one medication. 

However, the development of a single predictor equation that 

uses the same variables to predict response and non-response 

implicitly assumes that the same features associated with 

success are also associated with failure. For example, thera-

peutic blood levels, comorbid psychiatric or general medical 

conditions, age, biological subtypes, and other features may 

act differentially to affect the likelihood of good vs poor 

outcomes with any single treatment.

It is entirely possible that each patient has some features 

that favor benefiting from a treatment and other features 

(perhaps overlapping or distinct) that favor not benefiting 

much at all. If different features are associated with no 

benefit and others with great benefit, the ratio of the likeli-

hood of these outcomes derived from the different features 

may be a more accurate way of taking these diverse fea-

tures into account in order to estimate each patient’s likely 

outcome with a specific treatment. These considerations 

lead us to create and evaluate – as a proof of concept – a 

different analytic approach.

A second consideration was the need to make predictions 

upon which the clinician could act. By definition, actionable 

predictions should have a clearly defined outcome (either no 

benefit or remission, e.g.) and the prediction made should 

carry rather low uncertainty, which we defined as at least 

75% correct a priori.13–15 In other words, if either remission 

or no meaningful benefit could be predicted for a particu-

lar patient with a reasonably high certainty, the clinician 

could strongly encourage or actually avoid (for those with a 

high chance of no benefit) a particular treatment. We have 

previously employed analogous approaches with baseline 

neuropsychological tests.13–16

Identifying individuals who have rather certain outcomes 

(either no benefit or remission) will, by necessity, require 

the creation of three groups: 1) quite likely to remit, 2) quite 

likely to not benefit, and 3) insufficiently certain outcomes 

(ie, no prediction). We defined the success of this approach 

by the proportion of patients for whom meaningful outcomes 

(no benefit, remission) could be predicted with substantial 

(actionable) certainty.

To assess the feasibility and potential of this approach – 

as a proof of concept – we chose the Combining Medica-

tions to Enhance Depression Outcomes (CO-MED) trial,17 

from which we selected the escitalopram + placebo and 

escitalopram + bupropion-SR treatment cells as samples 

of opportunity. We chose these two cells because evidence 

suggests that somewhat different patients may be responding 

as the baseline CRP level seems to act as moderator differ-

entiating outcomes between the two cells.18 We viewed two 

cells as sufficient at this early stage.

In short, we developed two predictive equations for 

each patient for each treatment separately using baseline 

variables – one estimating the likelihood of remission and 

the other the likelihood of no meaningful benefit. We used 

the ratio of these two numbers to identify individuals for 

whom action could be taken at baseline given the nature and 

certainty of the prediction.

Methods
Clinical trial registration information
Combining Medications to Enhance Depression Outcomes 

(CO-MED). ClinicalTrials.gov ID: NCT00590863. URL: 

https://ClinicalTrials.gov/ct2/show/NCT00590863. 

Study overview
This report relies on data from the CO-MED trial,17 which 

recruited 665 treatment-seeking participants who, after 

stratification by site, were randomly assigned to three treat-

ments: escitalopram + placebo, escitalopram + bupropion-SR 

combination, and venlafaxine-mirtazapine combination.17 

The analytic sample for this report included only those 

participants who were treated with SSRI monotherapy or 

the bupropion-SSRI combination (n=418). Analyses in this 

report were based only on the acute-phase visits at baseline 

and weeks 1, 2, 4, 6, 8, 10, and 12.

Broad inclusive entry criteria (https://ClinicalTrials.gov/

ct2/show/NCT00590863) aimed to recruit a representative 

group of participants from both psychiatric and primary 

care practices that were chosen to ensure adequate minority 

representation.17 Briefly, participants were treatment-seeking 

patients with nonpsychotic major depressive disorder, diag-

nosed by a clinical interview and the Mini International 

Neuropsychiatric Interview.19 The current depressive episode 

had to be at least 2 months in duration and of at least moderate 
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severity (17-item Hamilton Rating Scale for Depression 

[HRSD
17

] score of at least 16) with either a chronic or recur-

rent course as defined by the DSM-IV.20

All study-related procedures or assessments were com-

pleted after obtaining informed consent from participants. 

The study was conducted in compliance with Declaration of 

Helsinki, and was reviewed and approved by the institutional 

review boards at the University of Texas Southwestern 

Medical Center at Dallas, the University of Pittsburgh Data 

Coordinating Center, and each participating regional center 

and relevant clinical site. Additionally, the study was moni-

tored by an independent data safety and monitoring board.

Medications
Participants were treated using measurement-based care and 

with dosage adjustments based on symptom severity and side 

effects as detailed elsewhere.17

Medications were administered single blind. At the end 

of acute-phase treatment, mean escitalopram dose was 

17.6  mg/day and mean placebo dose was 1.4 pills/day 

in SSRI monotherapy treatment, whereas mean escit-

alopram dose was 14.0 mg/day and mean bupropion-SR 

dose was 324.0 mg/day in bupropion-SSRI combination 

treatment.17

Assessments
At baseline, participants provided sociodemographic infor-

mation. Also at baseline, and at all treatment visits, partici-

pants filled out the 16-item Quick Inventory of Depressive 

Symptomatology – Self-Report (QIDS-SR
16

) scale21 which 

was the primary depression symptom severity outcome mea-

sure in the CO-MED trial. The 16 QIDS-SR items were scored 

from 0 to 3. The total score was calculated from nine domains 

derived from these 16 items, leading to a range of 0–27.21 The 

QIDS-SR
16

 correlates highly (0.86–0.93) with the HRSD
17

.22 

In previous reports, the reported Cronbach’s α of the QIDS-

SR
16

 ranged from 0.86 to 0.87.21–23 Clinicians administered 

the 30-item Inventory of Depressive Symptomatology – 

Clinician-rated (IDS-C
30

) from which the QIDS-C
16

 was 

extracted for making treatment decisions according to the 

measurement-based care approach.1

We selected a modest number of baseline variables 

largely defined by ease of acquisition and suggestions in the 

literature that each might relate to some degree to outcome, 

though none were established moderators of acute treatment 

of depression (e.g., refer to studies by Rush et al,24 Fava 

et al,25 McGrath et al,26 and Stewart et al27). In this proof of 

concept, we were not aiming to conduct a definitive analysis, 

but rather to evaluate an analytic approach.

Data
Thirty baseline measures were selected as potential base-

line explanatory variables in the analysis. These measures 

included all QIDS-SR
16

 items, age, sex, IDS-C
30

 summary 

variables such as anxious features,28 atypical features,27 mel-

ancholic features,29 and several other measures. A full listing 

is given in the Results section. To define the response groups 

of interest, we used the following definitions:

•	 Remission: ascribed when QIDS-SR
16

 scores during the 

last 2 weeks before exit were below 8 in 1 week and 

below 6 in the other week (without regard to order).17

•	 No clinically meaningful benefit: ascribed when less 

than a 30% decrease in QIDS-SR
16

 score occurred from 

baseline to exit.

On the basis of these definitions, the 206 bupropion + 

escitalopram subjects included 82 remitters (39.8%), 45 with 

no meaningful benefit (21.8%), and 79 with neither distinction 

(38.3%), while the 212 escitalopram + placebo subjects included 

85 remitters (40.1%), 46 with no meaningful benefit (21.7%), 

and 81 with neither distinction (38.2%). Note that there were a 

total of 5 participants who remitted but who were also classified 

as substantial non-responders on the basis of our definition (their 

baseline QIDS-SR
16

 score was low enough that less than a 30% 

improvement was needed to achieve remission). For the purpose 

of the analysis, these 5 participants were excluded.

Of the variables considered for analysis, several had a 

small amount of missing data (most were only missing 1 obser-

vation, but the suicide attempt variable had approximately 

3.5% of observations missing). To address missing data 

issues, we utilized multivariate imputation (10 imputations) 

by chained equations30 (via the mice package31 in R 3.3.332). 

After imputing the data, the elastic net33 was used within 

each treatment for each dependent variable (remission and no 

meaningful benefit) to identify subsets of baseline measures 

with predictive power. The elastic net is a regularization 

regression method that functions as a variable selection tech-

nique by shrinking some of the regression coefficients to 0  

and thus removing them from the regression equation; it does 

not suffer from the undesirable statistical consequences of 

more well-known stepwise selection methods, for example, 

biased parameter estimates, artificially small standard errors, 

or severe problems when some of the candidate predictors 

are correlated.34 For each imputed data set, the baseline 

measures were scaled to have a mean of 0  and standard 
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deviation of 1 to allow for comparability across measures, 

and repeated 10-fold cross validation was used to select the 

best elastic net models according to mean squared error. The 

final estimated coefficient values and predicted probabilities 

were determined by averaging the results over all imputed 

data sets. The elastic net was implemented via the glmnet 

package35 in R 3.3.3.32

The primary goal of this method was to identify patient 

membership in the three aforementioned groups: remitters, 

no meaningful benefit, or neither. For any given medication, 

clinicians could more confidently prescribe a medication to 

patients predicted to remit or reject a medication to those 

predicted to have no meaningful benefit. Thus, we propose 

using the ratio of the estimated probability of remission to 

the estimated probability of no meaningful benefit, subject 

to a minimum probability threshold (where NMB  =  no 

meaningful benefit):

	

Predicted Group

No meaningful
( )

( )
(

=

benefit,
P Remit

P NMB
a P NM BB c

Remitter,
P Remit

P NMB
b P Remit c

Neither, Otherwise

)

( )

( )
( )



 















�

where a ratio less than a is necessary to identify someone 

as having no meaningful benefit, a ratio greater than b to 

identify someone as a remitter, and c is the minimum prob-

ability threshold we require to identify someone as a remitter 

or having no meaningful benefit, given that the appropriate 

ratio threshold is met. Assume that a # b.

As an example, suppose that a patient receiving 

escitalopram + bupropion-SR had an estimated probabil-

ity of remission of 0.6 and an estimated probability of no 

meaningful benefit of 0.3. The corresponding ratio value 

would be 0.6/0.3=2. The patient is estimated to be twice as 

likely to remit as to show no meaningful benefit. Given that 

the probability of remission was 0.6, we may be comfortable 

predicting this person to be a remitter. However, consider 

a similar scenario in which the probability of remission is 

estimated as 0.1 and the probability of no benefit is esti-

mated at 0.05. In this case the ratio is still 2, but we may 

not be comfortable labeling this person as a remitter since 

the estimated probability of remission is so low. Thus, it is 

important to set some minimum probability threshold (c) in 

addition to considering the magnitude of the ratio. A grid of 

values for a and b were tested at each value of c to identify 

the optimal cut points. Two values of c were considered 

(0.3 and 0.5).

To evaluate the efficacy of the proposed methodology, 

four adjusted metrics were defined (phrased as “adjusted” 

because they are not defined in the traditional sense, ie, 

remission vs non-remission or response vs non-response). 

Remission and no meaningful benefit – while mutually 

exclusive – are not complementary events, resulting in the 

creation of the “neither” group composed of people with 

some degree of benefit from treatment but not enough to 

achieve remission. The adjusted metrics are as follows:

	

Positive predictive value (PPV):

# True remitters predicted as remitters

Total Predicted remitters# �

	

Sensitivity:

#

#

True remitters predicted as remitters

Total True remitters 	

	

Negative predictive value (NPV):

# True no benefit predictedd as no benefit

Total # Predicted no benefit �

	

Specificity:

# True no benefit predicted as no benefit

Total  # True no benefit

Actionable decisions can be made when the PPV or NPV is 

large for a substantial portion of true remitters or those without 

benefit. Specifically, we considered this to be at least 75% 

PPV and NPV at sensitivities and specificities of at least 20%. 

We chose 20% as a minimum threshold for the proportion of 

patients with low uncertainty as it approximates the 15%–20% 

difference in response rates between antidepressant medica-

tion and placebo (NNT =5–7).9 We operationalized remission 

using the criteria from the protocol used to compile the sample. 

No meaningful benefit was defined a priori as less than a 30% 

reduction in depressive symptoms by study exit.36

Results
The baseline measures considered as explanatory variables 

are given in Table 1. Figure 1 plots the estimated elastic net 

coefficients within each treatment, with coefficients from the 

remission model on the x-axis and coefficients from the no 

meaningful benefit model on the y-axis. Consider point 23, 

which represents the total Cognitive and Physical Functioning 

Questionnaire (CPFQ)37 score. In the escitalopram + bupropi-

on-SR treatment group, this coefficient has a value of −0.37 in 
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the remission model and 0.23 in the non-response model. In 

the escitalopram + placebo treatment, these values were −0.12 

and −0.05, respectively. So, the impact of a one standard devia-

tion increase in CPFQ total score was estimated to decrease 

the probability of non-response in the escitalopram + placebo 

group, whereas it increased the probability of non-response in 

the escitalopram + bupropion-SR treatment group.

Note also that there is a vertical line of points in the 

left plot and a horizontal line of points in the right plot. 

These indicate that in the escitalopram + bupropion-SR 

treatment, there were several variables that were estimated 

to have little to no impact on predicting remission, but they 

did have an impact on predicting non-response. On the 

other hand, in the escitalopram + placebo treatment, several 

variables were estimated to have little to no effect on non-

response, but some were predictive of remission. Visual 

inspection of the plots show that the points are located in 

different positions, further suggesting that the effects are not 

uniform across treatments and remission and no benefit out-

comes. Table 2 serves as a key for identifying the variables. 

Table 1 Baseline means, by treatment

Variable Bupropion + escitaloprama Escitalopram + PBOb

Mean Std dev Minimum Maximum Mean Std dev Minimum Maximum

Age 42.34 13.57 18 73 43.62 12.92 18 74
Sex (female) 69% – – – 64% – – –

Baseline QIDS-SR16 15.61 4.31 5 27 15.22 3.93 5 25

Baseline HRSD17 23.93 4.55 16 36 23.33 4.82 16 36

% chronic depression status 54% – – – 52% – – –

% suicide attempt 12% – – – 6% – – –

% melancholic features 34% – – – 33% – – –

% atypical depression 17% – – – 15% – – –

% anxious features 81% – – – 69% – – –

Baseline cognitive & physical
functioning questionnaire

27.9 6.05 10 42 27.38 5.61 14 41

Baseline work and social 
adjustment scale

27.21 8.79 0 40 26.08 8.71 0 40

Years since onset of first 
episode

18.58 13.61 0 61 19.69 14.37 0 60

# of comorbid psychiatric 
disorders

1.17 1.27 0 4 1.1 1.34 0 4

# of comorbid GMC 
disorders

1.73 1.29 0 4 1.79 1.33 0 4

Notes: aN=200–206; bN=211–212.
Abbreviations: PBO, placebo; GMC, General Medical Condition; QIDS-SR16, 16-item Quick Inventory of Depressive Symptomatology – Self-Rated; HRSD17, 17-item 
Hamilton Rating Scale for Depression.

Figure 1 Estimated regression coefficients for remission and no meaningful benefit models for each treatment. See Table 2 for number explanations.
Abbreviation: PBO, placebo.
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Indices of the variables that were selected by the elastic net 

to be predictive of either remission or no meaningful benefit 

in each treatment group are shown in Table 3.

With respect to prediction, a receiver operator character-

istic analysis found that area under the curve values ranged 

from 0.698 to 0.800 across the treatments and remission and 

no benefit outcomes, suggesting moderate predictive power. 

Figure 2 is a scatterplot showing the predicted probability of 

remission versus predicted probability of non-response for 

the escitalopram + bupropion-SR treatment. The scatterplot 

primarily matches with intuition – that is, most people with 

a larger predicted probability of remission had a smaller 

predicted probability of no meaningful benefit and vice versa. 

Also as expected, the “neither” group was composed of 

patients with relatively small probabilities in both models.

In terms of the efficacy of prediction for each treat-

ment, Table 4 shows the values of the adjusted metrics and 

Table 2 Variable description and key

Variable description Figure 1 key

Age $18 years? (1= yes) 1
Chronic depression (CA6 from MINI) 2
Age at onset of first depression (MA10 from MINI) 3
Suicide attempt? 4
Sleep onset insomnia (QIDS-SR16 #1) 5
Mid-nocturnal insomnia (QIDS-SR16 #2) 6
Early morning insomnia (QIDS-SR16 #3) 7
Hypersomnia (QIDS-SR16 #4) 8
Mood sad (QIDS-SR16 #5) 9
Concentration (QIDS-SR16 #10) 10
Outlook self (QIDS-SR16 #11) 11
Suicidal ideation (QIDS-SR16 #12) 12
Involvement (QIDS-SR16 #13) 13
Energy/fatigue (QIDS-SR16 #14) 14
Psychomotor slowing (QIDS-SR16 #15) 15
Psychomotor agitation (QIDS-SR16 #16) 16
Melancholic features (based on IDS-C30 subset) 
(yes/no)

17

Atypical depression (based on IDS-C30 subset) 
(yes/no)

18

Anxious features (based on HRSD17) (yes/no) 19
Abused before age 18 years (1 or more of 
emotional, physical, sexual) (yes/no)

20

Age (years) 21
Sex 22
Cognitive and physical functioning questionnaire 
(total)

23

Work and social adjustment scale (total) 24
Years since onset of first episode 25
Max of appetite decreased/appetite increased 
(QIDS-SR16 #6 & 7)

26

Max of weight decreased/appetite increased 
(QIDS-SR16 #8 & 9)

27

# of comorbid psychiatric disorders (from PDSQ) 28
# of comorbid GMC disorders (from SCQ) 29

Abbreviations: MINI, Mini International Neuropsychiatric Interview; QIDS-SR16, 
16-item Quick Inventory of Depressive Symptomology – Self-Report; IDS-C30, 30-
item Inventory of Depressive Symptomology – Clinician-rated; HRSD17, 17-item 
Hamilton Rating Scale for Depression; PDSQ, Psychiatric Diagnostic Screening 
Questionnaire; GMC, General Medical Condition; SCQ, Social Communication 
Questionnaire.

Table 3 Index of selected variables in each model setting

Outcome Escitalopram + bupropion Escitalopram + PBO

Remission 1, 14, 22–29 1–29
No meaningful 
benefit

1–2, 4, 9, 15–18, 21–23, 
25–29

2, 7–11, 13, 15, 17, 
19–20, 23, 25–26, 
28–29

Abbreviation: PBO, placebo.

Figure 2 Predicted probability of remission versus predicted probability of no 
meaningful benefit, escitalopram + bupropion treatment.

Table 4 Efficacy of proposed methodology

Treatment
group

c δ1, a δ1. b PPV Sensitivity NPV Specificity

Bupropion + 
escitalopram

0.5 1 2.7 0.846 0.268 0.818 0.200

Escitalopram + 
PBO

0.3 0.45 3.75 0.750 0.388 0.692 0.196

Notes: c refers to minimum probability threshold needed to make a decision 
δ1= ratio of P(remission) to P(substantial non-response); a refers to the largest ratio 
value for which we would not call someone a substantial non-responder; and b refers 
to the smallest ratio value for which we would not call someone a remitter.

PPV
# True remitters predicted as remitters

Total # predict
=    

eed remitters

sensitivity
# True remitters predicted as remitters

Total #
=     

  True remitters 

NPV
True non-responders predicted as non-responders

Total
= # 

  # Predicted non-responders

specificity
# True non-responders predicted as non-respond=     eers

Total # True non-responders   

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; 
PBO, placebo.
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optimal cut points. For reference, Table 5 shows the actual 

counts for the two treatments. Specifically, in the S-CIT + 

bupropion-SR group, 11 subjects were predicted NB, of 

which 82% were correct; 26 were predicted R – 85% cor-

rect (169 had NP). In the S-CIT + placebo group, 13 were 

predicted NB – 69% correct; 44 were predicted R – 75% 

correct (155 were NP). In addition to meeting our criteria for 

clinical meaningfulness in 3 of the 4 model settings, there is 

a very low gross misclassification rate – that is, few actual 

remitters were predicted to have no meaningful benefit and 

vice versa. Between the two treatments, the model fit makes 

an actionable prediction (ie, either a remitter or will have no 

meaningful response) for 94 participants and was correct 

for 73 of them (a 77.7% hit rate). Conversely for the overall 

sample, 258 participants were either remitters or showed 

no meaningful response and 28.3% (73/258) of them were 

correctly identified.

Discussion
Using a modest list of baseline clinical and demographic 

variables in this data set of convenience, we found that we 

could group depressed patients undergoing up to 12 weeks 

of two different antidepressant treatments into three mutu-

ally exclusive groups: remission very likely, no clinically 

meaningful benefit very likely, and no actionable prediction. 

Meaningful predictions were achieved with over 20% of the 

two samples taken together with 69%–85% certainty as to 

either of these two outcomes (no benefit; remission). In addi-

tion, the baseline variables that impacted the prediction of 

remission and no benefit were different within each treatment 

cell, as well as across the two treatment groups. The method 

employed is generalizable and can be applied in other clinical 

trial samples or even open case series, and it can incorporate 

baseline biological and other laboratory findings.

Our results are consistent with the notion that different 

baseline variables seem to contribute to remission as opposed 

to no benefit, and furthermore that different patients – at least 

to some degree – are responding to different treatments. Conse-

quently, baseline predictors would be expected to differ across 

different treatments and across the divergent outcomes.

Others have attempted to identify a set of baseline 

variables that could inform treatment selection.5,13,38–40 

Largely these efforts have resulted in characterizing the full 

sample and have not achieved actionable outcomes in the 

sense of having certain enough predictions to recommend 

clearly for or against a treatment.

The present approach follows on from our previous 

efforts14 in which we first searched for subgroups with more 

certain predictions. This study is the first to separately identify 

factors contributing to two very important and distinct out-

comes – remission and no benefit – that can be used to char-

acterize each patient. As expected, the samples of each were 

divided into three groups. While reasonably certain predictions 

could be made for the subsets of interest, it was just about 1 in 

5 patients, leaving 80% in the “no prediction” group. Whether 

more or fewer patients with different medications and various 

other clinical demographic baseline parameters would result 

in better or worse performance is an open question.

While the proportion for whom an actionable prediction 

could be made was modest, it is still clinically meaningful 

because there are other treatment options for those with no 

benefit. By avoiding this ineffective medication, the overall 

response rate in the remaining 90% of the sample would 

rise by 10%. The other predicted remitters would benefit by 

being reassured to persist for the full trial, where dropout 

rates are 20%–30%.36,41

One way to potentially improve performance so as to 

reduce the uncertainty for, and increase the proportion of, 

Table 5 Actual counts using optimal cut points

Treatment Status Actual # with no 
meaningful benefit

Actual # with neither 
actionable outcome

Actual # 
remitters

Bupropion + 
escitalopram

# Predicted with no 
meaningful benefit

9 2 0

# predicted neither 35 74 60
# predicted remitters 1 3 22
Totals 45 79 82

Escitalopram + 
PBO

# Predicted with no 
meaningful benefit

9 3 1

# predicted neither 33 71 51
# predicted remitters 4 7 33
Totals 46 81 85

Notes: “No meaningful benefit” assigned when patients saw less than a 30% decrease in QIDS-SR16 score from baseline to exit. “Remission” assigned when QIDS-SR16 scores 
during the last 2 weeks were below 8 in 1 week and below 6 in the other week. “Neither” assigned when criteria for substantial non-response and remission not met.
Abbreviation: PBO, placebo.
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those for whom a “rather certain” prediction can be made 

might be to add baseline biomarkers that are germane to the 

pharmacological effects of the particular drug or to the relevant 

biological features of depression. This approach would allow 

for a rapid assessment of a large number of potential biomark-

ers in order to determine which are relevant to either remission 

or no benefit and which are not, and recent literature supports 

the utility of biomarkers in depression research.18,42–44

This study has several limitations. This secondary 

analysis is on a subset of CO-MED trial participants. From 

a computational point of view, the elastic net requires the 

optimization of two tuning parameters; depending on the 

choice of these tuning parameters, the algorithm may be 

more or less conservative with respect to selecting variables. 

Further, the solution to the elastic net path is found via 

optimization and does not result in any tests of statistical sig-

nificance. Therefore, we cannot speak regarding the statistical 

significance of the predictors reported in this analysis; we 

can only say that they were selected by the elastic net to have 

some predictive power.

On the basis of these limitations, findings from this report 

should be considered as a proof of concept that needs further 

testing on samples. It has been employed in a secondary 

analysis of one additional clinical trial,45 but it too had a 

small sample size. Additionally, though the initial sample 

size was reasonable, due to the grouping of patients in three 

groups within each treatment some findings may be driven by 

a small number of patients. The specific clinical findings are 

of limited generalizability and apply only to outpatients with 

chronic or recurrent depression taking either escitalopram or 

a combination of escitalopram and bupropion-SR.

Future work could apply this methodology to other data 

sets – particularly those large enough to allow for a validation 

set. This would give more evidence for reproducibility and 

efficacy of the derived models. Further, more consideration 

should be given to alternate treatment options, that is, how 

should we go about identifying the optimal treatment option 

among several competing choices.

In summary, we have developed and evaluated a flex-

ible, feasible methodology that uses baseline variables to 

identify individuals with a high likelihood of definitive 

outcomes (remission or no meaningful benefit) and that 

enables clinicians to act on a meaningful subset of depressed 

patients to either encourage the use of or avoid a particular 

treatment, thereby enhancing clinical decision-making. The 

results with this approach recommend additional evaluations 

on other data sets including the incorporation of potential 

biomarkers.
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