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Abstract
Background

Patients with treatment-resistant major depressive disorder (MDD) remain a common clinical challenge.
Methods

This 6-week, randomised, open-label, rater-blinded trial evaluated once-daily extended-release quetiapine fumarate (quetiapine XR; 300 mg/day) as add-on to ongoing antidepressant and quetiapine XR monotherapy (300 mg/day) compared with add-on lithium (0.6–1.2 mmol/L) in patients with treatment-resistant MDD. Primary efficacy measure: change in Montgomery Åsberg Depression Rating Scale (MADRS) total score from randomisation to week 6 with a pre-specified non-inferiority limit of 3 points on the MADRS. 
Results

At week 6, both add-on quetiapine XR (n=231) and quetiapine XR monotherapy (n=228) were non-inferior to add-on lithium (n=229); least squares means (LSM) differences (97.5% CI) in MADRS total score changes were -2.32 (-4.6, -0.05) and -0.97 (-3.24, 1.31), respectively. LSM MADRS total score change was numerically greater at day 4 for both quetiapine XR groups (add-on and monotherapy; p<0.01) compared with add-on lithium. At week 6, the differences between groups for the secondary endpoints of MADRS response (≥50% reduction in total score), MADRS remission (total score ≤10, add-on quetiapine XR only) and Clinical Global Impressions (‘much’/‘very much’ improved) were numerically similar. Overall tolerability was consistent with the known profiles of both treatments. 
Limitations

Limitations included the open-label study design (although MADRS and laboratory measurements were performed by treatment-blinded raters) and relatively short study duration with no assessments in the continuation phase.
Conclusions

Add-on quetiapine XR (300 mg/day) and quetiapine XR monotherapy (300 mg/day) are non-inferior to add-on lithium in the management of patients with treatment-resistant MDD.
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1. Introduction
Major depressive disorder (MDD) is severely disabling and requires effective treatment to reduce symptoms and improve quality of life. However, first-line antidepressants (AD) do not always achieve an adequate response and are often associated with a delayed onset of therapeutic efficacy (Bauer et al., 2007; Machado-Vieira et al., 2008). Treatment-resistant depression (TRD) is typically defined as an inadequate response (partial or no response) to AD therapy of adequate dose and duration (Bauer et al., 2007; Fava, 2003; Machado-Vieira et al., 2008; Nemeroff, 2007) and may occur in up to 50% of patients in clinical practice depending on the definition of TRD (Bauer et al., 2007; Thase and Rush, 1997).
Alternative strategies for TRD include switching therapy within or out of the current AD class, combination therapy with an AD with a different mechanism of action, augmentation of the first-line AD with other agents and combination of the initial AD with psychotherapy (Bauer et al., 2007).
In 2007, the World Federation of Societies of Biological Psychiatry Task Force on unipolar depressive disorders recommended lithium as the first-choice augmentation strategy in treating patients with TRD (partial or non-response to initial AD therapy) (Bauer et al., 2007). Lithium is a well-documented augmentation strategy for patients with TRD receiving a broad spectrum of ADs including tricyclic ADs (Joffe et al., 1993; Katona et al., 1995) and selective serotonin reuptake inhibitors (SSRIs) (Baumann, 1996; Katona et al., 1995; Zullino and Baumann, 2001). Alternative augmentation strategies have been described for use in patients with TRD; however, there is a need for studies using add-on lithium as an active control (Bauer et al., 2007). 
Increasingly, attention has turned to the atypical antipsychotics as an alternative augmentation strategy in the treatment of depression (Berman et al., 2007; Papakostas, 2009; Shelton, 2007; Thase, 2009). Extended release quetiapine fumarate (quetiapine XR) and aripiprazole are approved by the US Food and Drug Administration (FDA) as add-on treatments to AD therapy in adult patients with MDD. Quetiapine XR is also approved as add-on treatment for major depressive episodes in patients with MDD who have had suboptimal response to AD monotherapy in Europe. 
In a Phase III study in patients with MDD and an inadequate response to ≥1 AD, quetiapine XR as add-on to AD therapy significantly improved Montgomery Åsberg Depression Rating Scale (MADRS) scores compared with placebo from as early as week 1 (Bauer et al., 2009). Furthermore, add-on quetiapine XR improved multiple depressive symptoms in two comparable studies in patients with MDD and an inadequate response to AD treatment (Bauer et al., 2009; El-Khalili et al., 2010). Quetiapine XR monotherapy is not currently licensed in Europe or the USA for the treatment of patients with MDD; however, two studies have demonstrated clinical activity (Cutler et al., 2009; Weisler et al., 2009).
Although questions remain, the AD effects of quetiapine may be partly explained by its interaction with the dopamine, serotonin and norepinephrine neurotransmitter systems. Both quetiapine and its major human metabolite, norquetiapine, have moderate-to-high affinity for the dopamine D2 and serotonin 5-HT2a receptors. In addition, norquetiapine is a potent inhibitor of the norepinephrine transporter (Jensen et al., 2008; Nyberg and Widzowski, 2010).

This study was performed to evaluate the short-term clinical efficacy and tolerability of quetiapine XR either as add-on to ongoing AD treatment or as monotherapy compared with add-on lithium in patients with TRD.
2. Methods
2.1. Study design
This was a 6-week, randomised, international, multicentre, open-label, rater-blinded trial (NCT00789854) comparing three treatment regimens in patients with MDD who had exhibited an inadequate treatment response after ≥4 weeks of treatment with an AD. The study was conducted at 107 non-primary care sites in Australia, Austria, Belgium, Bulgaria, Germany, Hungary, Italy, Portugal, Romania, Slovakia, Spain and the UK. Patients were enrolled between 6 November, 2008 and 17 August, 2009.

The study was performed in accordance with the Declaration of Helsinki, the International Conference of Harmonisation (ICH), Good Clinical Practice guidelines and applicable regulatory requirements. Written informed consent was obtained from all patients.  

2.2. Objectives
The primary objective was to evaluate the efficacy of add-on quetiapine XR and quetiapine XR monotherapy compared with add-on lithium in patients with TRD. Additionally, the efficacy of add-on quetiapine XR and quetiapine XR monotherapy compared with add-on lithium was evaluated in subsets of patients resistant to one and two previous ADs.
2.3. Patients
Male or female in- or out-patients aged 18-65 years with a Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) diagnosis of MDD (single or recurrent episode), with the duration of the current episode of MDD being at least 42 days but not more than 18 months, were eligible for inclusion in the study. The diagnosis was confirmed by the Mini International Neuropsychiatric Interview (MINI) (Sheehan et al., 1998). Patients were required to have Stage I or II TRD (defined as: Stage I – failure of ≥1 adequate trial of one major class of AD; Stage II – failure of adequate trials of two different classes of major AD) (Thase and Rush, 1997) and have a MADRS total score ≥25. During the current depressive episode, patients with Stage I TRD must have shown an inadequate response to treatment with an SSRI (citalopram, escitalopram, paroxetine, sertraline) or venlafaxine at the recommended maximum dosage (Bauer et al., 2007), while patients with Stage II resistance must have shown an inadequate response to two ADs from two different classes, the most recent of which must have been an AD listed for patients with Stage I TRD. An inadequate response was defined as not achieving remission from depressive symptoms after receiving at least a minimum effective dose of an AD with ≥1 dose increase for ≥28 days prior to the study.

Key exclusion criteria included: any DSM-IV Axis I disorder other than MDD within 6 months before randomisation; any DSM-IV Axis II disorder significantly impacting the patient’s current psychiatric status; serious suicidal or homicidal risk (in the investigator’s opinion); a suicide attempt within the previous 6 months; substance or alcohol abuse or dependence within 6 months before randomisation; evidence of clinically relevant disease; clinically significant deviation from reference range in clinical laboratory results; concomitant use of any medication or supplement that may induce or inhibit P450 and P3A4 enzymes taken in the 14 days before randomisation; treatment with an SNRI other than venlafaxine; treatment with venlafaxine at a maximum dose >225 mg/day; pregnant or lactating females. Patients could not have received mood stabilisers, other antipsychotics or psychoactive drugs within 7 days of randomisation, monoamine oxidase inhibitors, anxiolytic drugs or hypnotics within 14 days before randomisation or an antipsychotic depot injection within two dosing intervals before randomisation. Patients were permitted to receive psychotherapy if it had been ongoing for ≥90 days before randomisation.
2.4. Treatment
Eligible patients were randomised to one of three treatment arms (in a ratio of 1:1:1) on day 1 using a computer-generated randomisation list and an interactive web-response system. Treatments were administered in an open-label fashion; only personnel performing MADRS rating evaluations were blinded to the patients’ study treatment.
Patients who were randomised to add-on treatment continued their usual AD and received add-on quetiapine XR (target dose: 300 mg/day) or add-on lithium carbonate (target plasma level: 0.6–1.2 mmol/L). Quetiapine XR and lithium were administered orally once daily. Patients randomised to quetiapine XR monotherapy discontinued their current AD treatment (no later than day 7) and switched to quetiapine XR (target dose: 300 mg/day). Quetiapine XR was titrated at 50 mg on days 1–2, 150 mg on days 3–4 and 300 mg on days 5–43. The titration period between doses could be extended for up to a maximum of 3 additional days, provided that a dose of 300 mg/day was reached by day 8. If tolerability problems persisted after this period, the dose could be reduced to 200 mg/day. A further reduction of 50 mg was accepted only in exceptional cases (e.g. severe sedation).
Lithium was initiated at 450 mg on days 1–2, increasing to 900 mg on days 3–43. Lithium plasma levels were measured on days 8, 22 and 43 and the dose adjusted to reach the target plasma level of 0.6–1.2 mmol/L. Patients receiving add-on therapy continued to receive the same dose of SSRI/venlafaxine as at enrolment.
2.5. Efficacy evaluations
The primary efficacy assessment was change from randomisation to week 6 in MADRS total score (Montgomery and Åsberg, 1979). Secondary assessments included: MADRS response and MADRS remission rates at week 6 (defined as a MADRS total score ≤10, with additional cut-offs of ≤8 and ≤12 also analysed); proportion of patients with a Clinical Global Impressions-Improvement (CGI-I) (Guy, 1976) score of ‘much’/‘very much’ improved at week 6; change in CGI-Severity (CGI-S) total score at week 6; change from randomisation in MADRS total score on day 4 and day 8 and MADRS item 4 (sleep quality) at week 6. MADRS score raters were independent, not permitted to have access to any other data concerning the patient and must have remained blinded with respect to the study treatment to which the patient had been randomised.  

Post hoc analysis was performed on the change from randomisation to week 6 in MADRS total score in the add-on lithium group according to plasma lithium levels.
2.6. Patient-reported outcomes
Patient-reported outcomes (at randomisation and week 6) included Beck Depression Inventory (BDI) (Beck et al., 1961), pain (visual analogue scale, VAS) (Detke et al., 2002), anxiety (VAS and State-Trait Anxiety Inventory) (Kindler et al., 2000), quality of life (Short-Form Health Questionnaire, SF-36 and EuroQoL Health Utility Index, EQ-5D) (Feeny et al., 1995; Ware, Jr. and Sherbourne, 1992) and Work Productivity and Activity Impairment: General Health (WPAI:GH) scales.
2.7. Safety and tolerability evaluations
The intensity, severity and causality of adverse events (AEs; observed by the investigator or site staff, spontaneously reported by the patient or reported following open questioning at each visit) were recorded throughout the study. Laboratory measurements, including routine haematology and liver enzymes, creatinine, bilirubin, glucose (fasting) and lipids (fasting), were performed at enrolment and at week 6. Vital signs and body weight were recorded at enrolment, randomisation and visits 4, 5 and 6. Clinically significant changes in weight (≥7%) were also monitored. Clinically relevant changes in glucose and lipids were defined as glucose, ≥126 mg/dL; total cholesterol, ≥240 mg/dL; triglycerides, ≥200 mg/dL; high-density lipoprotein (HDL)-cholesterol ≤40 mg/dL; low-density lipoprotein (LDL)-cholesterol, ≥160 mg/dL.
2.8. Statistical analysis
The upper limit of a two-sided 97.5% confidence interval (CI) for the difference between treatment groups in change from randomisation in MADRS total scores at week 6 was used to evaluate non-inferiority of add-on quetiapine XR and quetiapine XR monotherapy compared with add-on lithium. A pre-specified non-inferiority limit of 3 points  on the MADRS scale was employed to assess non-inferiority.

 If non-inferiority was established, tests for superiority for the comparisons of add-on quetiapine XR and quetiapine XR monotherapy versus add-on lithium were performed. Both comparisons were tested for superiority using  = 0.025 and not  = 0.05 because of multiplicity.  
Three patient populations were employed: first, the modified intent-to-treat (MITT) population, comprising all randomised patients who received study medication and had a MADRS assessment at randomisation and ≥1 valid MADRS assessment post-randomisation; second, a per-protocol (PP) population, who completed the study with no significant protocol violations or deviations affecting efficacy; and third, the safety population, who received ≥1 dose of study medication.

The PP population was used for the primary non-inferiority analysis following ICH guidelines on statistical principles and the MITT population was used for superiority testing and evaluation of secondary efficacy variables. Patients in the add-on lithium group were excluded from the PP population if, at visit 6, lithium plasma concentration levels remained outside the pre-specified limits of 0.6–1.2 mmol/L.  
An analysis of covariance (ANCOVA) model was used to analyse the change from randomisation to week 6 in MADRS total score using the last observation carried forward approach for missing data. The model included treatment and stratification as fixed effects, centre as a random variable and MADRS total score at randomisation as a covariate.

An ANCOVA model was used to analyse the change in patient-reported outcomes from randomisation to week 6 (except WPAI:GH, which used an analysis of variance). Scores in each test at randomisation were used as a covariate.

The sample size was based on an expected difference in the change in MADRS total score between the three treatment groups of 3 points and a standard deviation (SD) of 9 points. For 80% power, 192 evaluable patients per treatment group would be required. It was assumed from previous studies that 4% of all patients would not be evaluable and therefore approximately 600 patients should be randomised to obtain 192 patients in each study group.

3. Results
3.1. Patient population
Overall, 777 patients were enrolled and 688 patients randomised (add-on quetiapine XR, 231; quetiapine XR monotherapy, 228; add-on lithium, 229). The MITT population comprised 675 patients (add-on quetiapine XR, 229; quetiapine XR monotherapy, 225; add-on lithium, 221). The PP population comprised 472 patients (183, 180, 109 add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium, respectively). Sixty-six patients (28.8%) in the add-on lithium group with a lithium plasma concentration outside the 0.6–1.2 mmol/L range were excluded from the PP population. All 688 randomised patients received ≥1 dose of randomised study treatment and were included in the safety population.

In total, 131 patients discontinued the study and 557 completed the study (Fig. 1). Reasons for discontinuation are shown in Fig. 1.
Table 1 details patient baseline clinical status; baseline characteristics were well matched across the treatment groups.

3.3. Study treatment
At study entry, 63.7, 64.0 and 69.7% of patients were receiving treatment with an SSRI and 36.2, 38.2 and 32.6% of patients were receiving treatment with venlafaxine in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. In addition, 9.2, 5.3 and 8.1% of patients were receiving an AD other than those listed above in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. The mean (SD) daily dose of study medication was 242 (54) mg, 238 (60) mg and 882 (212) mg in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. The mean plasma lithium concentration on days 8, 22 and 43 was (mmol/L [SD]): 0.641 (0.223), 0.668 (0.235) and 0.682 (0.249), respectively.
Titration of quetiapine XR to 300 mg/day was achieved by 94.7% of patients, after which the dose could be adjusted down if tolerability problems persisted to the lowest dose of 150 mg/day. In total, 64% of patients remained on 300 mg/day throughout the study period. 
3.3. Efficacy
At week 6, add-on quetiapine XR and quetiapine XR monotherapy were not inferior to add-on lithium: least squares means (LSM) differences (97.5% CI) in change from randomisation in MADRS total scores were -2.32 (-4.6, -0.05) and -0.97 (-3.24, 1.31), respectively (PP analysis; Fig. 2). Adjusting for multiple comparisons, superiority testing of the primary efficacy variable demonstrated no significant difference for add-on quetiapine XR or quetiapine XR monotherapy compared with add-on lithium, where LSM differences (97.5% CI) in change from randomisation in MADRS total scores were ‑1.64 (‑3.5, 0.23; p = 0.0489) (not significant due to multiplicity, which requires p < 0.025) and ‑0.67 (-2.6, 1.27; p = 0.4368), respectively (MITT analysis; Fig. 3). Numerical improvements in MADRS total scores were noted at days 4 and 8 for both add-on quetiapine XR and quetiapine XR monotherapy compared with add-on lithium, and also at day 22 for add-on quetiapine XR. LSM changes in MADRS total scores were numerically greater for add-on quetiapine XR at day 4 (‑3.64 [-4.26, ‑3.02]; p < 0.01), day 8 (-7.66 [-8.61, -6.72]; p < 0.01) and day 22 (-12.7 [-11.5, -13.9]; p < 0.0001) and for quetiapine XR monotherapy at day 4 (‑3.57 [-4.20, ‑2.94]; p < 0.01) and day 8 (-7.27 [-8.22, -6.31]; p < 0.05) compared with add-on lithium (day 4: -2.54 [‑3.17, ‑1.92]; day 8: -6.0 [-6.95, -5.05]; day 22: -9.87 [-8.66, -11.1]) (MITT analysis; Fig. 3).
A subgroup analysis of non-inferiority according to stage of treatment resistance at week 6 demonstrated that add-on quetiapine XR was non-inferior to add-on lithium in patients with either Stage I (LSM difference -2.46 [97.5% CI -5.48, 0.56]) or Stage II TRD (LSM difference -1.59 [97.5% CI -5.32, 2.13]). Quetiapine XR monotherapy proved non-inferior to add-on lithium in patients with Stage II TRD (LSM difference -2.41 [97.5% CI -5.94, 1.13]) but not Stage I TRD (LSM difference 0.78 [97.5% CI -2.18, 3.75]).

In a post hoc analysis in patients in the add-on lithium group, the reduction in mean MADRS total score at week 6 in patients with a plasma lithium level within the concentration limits (0.6-1.2 mmol/L; n = 109) was greater than in patients with a plasma lithium level outside the concentration limits (<0.6 mmol/L, n = 108; >1.2 mmol/L, n = 4; Fig. 4); LSM difference (95% CI) in change from randomisation between patients within and outside the concentration limits in MADRS total score was -3.08 (-5.43, -0.72; p < 0.05).
MADRS response rates (≥50% reduction in MADRS total score from randomisation to week 6) were 52.4%, 50.7% and 46.2% for add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium, respectively. Pairwise comparisons of response rates revealed no differences between the groups (p = 0.6912, add-on quetiapine XR vs add-on lithium; p = 0.3197, add-on lithium vs quetiapine XR monotherapy; p = 0.9569, add-on quetiapine XR vs quetiapine XR monotherapy). MADRS remission rates (MADRS total score of ≤10 at week 6) were 31.9%, 23.6% and 27.1% in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. Pairwise comparisons of remission rates revealed no differences between the groups (p = 0.6496, add-on quetiapine XR vs add-on lithium; p = 0.5474, add-on lithium vs quetiapine XR monotherapy; p = 0.3504, add-on quetiapine XR vs quetiapine XR monotherapy).
At week 6, the mean change (SD) from randomisation in CGI-I score was -1.85 (1.34), -1.54 (1.24) and -1.58 (1.32) for add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium, respectively. The proportion of patients judged by the investigator to be ‘much’/‘very much’ improved was 66.8%, 61.8% and 60.2% for add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium, respectively. Overall, there was an improvement in CGI-S scores for all treatment groups (LSM difference [95% CI] -0.16 [‑0.36, 0.05]; p = 0.1324 and 0.04 [-0.16, 0.25]; p = 0.6740 for the add-on quetiapine XR and quetiapine XR monotherapy groups, respectively). 

Sleep quality, assessed by MADRS item 4 (reduced sleep), was numerically improved in both the add-on quetiapine XR and quetiapine XR monotherapy groups compared with the add-on lithium group (LSM difference [95% CI] -0.77, [-1.02, ‑0.51]; p < 0.0001 and -0.59 [-0.86, -0.32]; p < 0.0001 for both groups vs add-on lithium, respectively).
3.4. Patient-reported outcomes
No differences between the quetiapine XR groups and the add-on lithium group were observed in patient-reported outcomes (Table 2).
3.5. Tolerability
The overall incidence of AEs was 67.1%, 66.7% and 51.5% in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. Most AEs were mild-to-moderate in severity; the most common AEs (incidence >5% in any group) are presented in Table 3. SAEs were reported by 5 patients (2.2%) receiving add-on quetiapine XR, 4 patients (1.8%) receiving quetiapine XR monotherapy and 1 patient (0.4%) receiving add-on lithium. The number of patients who discontinued treatment due to an AE was 23 (10.0%), 28 (12.3%) and 18 (7.9%) in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. The most common (occurring in  ≥1% of patients) AEs leading to discontinuation were somnolence (5 patients [2.2%]), fatigue (4 patients [1.7%]), sedation (3 patients [1.3%]) and depression (3 patients [1.3%]) in the add-on quetiapine XR group; somnolence (6 patients [2.6%]), sedation (6 patients [2.6%]), vertigo (4 patients [1.8%]), fatigue (3 patients [1.3%]), dizziness (3 patients [1.3%]) and nausea (3 patients [1.3%]) in the quetiapine XR monotherapy group; and vomiting (6 patients [2.6%]), nausea (3 patients [1.3%]) and diarrhoea (3 patients [1.3%]) in the add-on lithium group.

AEs potentially related to diabetes mellitus were reported in 2 patients (0.9%) in the add-on quetiapine XR group, no patients in the quetiapine XR monotherapy group and 5 patients (2.2%) in the add-on lithium group. None of these AEs were reported as an SAE or led to discontinuation of treatment.
AEs potentially related to somnolence that were reported during the study were somnolence, sedation, fatigue and lethargy. The incidences of these AEs were 17.7%, 20.2% and 3.9% for somnolence; 11.3%, 10.5% and 1.3% for sedation; 16.9%, 16.2% and 6.1% for fatigue; and 0.0%, 0.9% and 0.4% for lethargy in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. None of these AEs were classed as an SAE and the majority were of mild-to-moderate severity. AEs potentially related to suicidality were reported in 5 patients (2.2%) in the add-on quetiapine XR group, 6 patients (2.6%) in the quetiapine XR monotherapy group and 6 patients (2.6%) in the add-on lithium group. No AEs were classed as potentially related to neutropenia and no deaths were reported during the study. 

2.6. Body weight and clinical laboratory assessments
At week 6, mean change in body weight from randomisation was +1.3 kg, +1.0 kg and +0.4 kg and the proportion of patients who experienced ≥7% increase from randomisation was 8.7%, 7.6% and 3.2% in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. The proportion of patients with a potentially clinically relevant shift to elevated fasting glucose levels (≥126 mg/dL) was 1.6%, 3.4% and 5.9% in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. Other clinical laboratory (fasting) assessments of note were potentially clinically relevant shifts to elevated levels of triglycerides (≥200 mg/dL) (in 9.0%, 9.3% and 5.9% of patients, respectively), total cholesterol (≥240 mg/dL) (in 13.1%, 11.9% and 4.2% of patients, respectively) and LDL-cholesterol (≥160 mg/dL) (in 11.5%, 6.8% and 5.1% of patients, respectively). The proportion of patients with a potentially clinically relevant shift to lowered levels of HDL-cholesterol (≤40 mg/dL) was 8.2%, 11.0% and 7.6% in the add-on quetiapine XR, quetiapine XR monotherapy and add-on lithium groups, respectively. No clinically relevant changes in routine haematology evaluations were recorded.  
4. Discussion
This study addresses the under-representation of augmentation studies in patients with refractory MDD with lithium as the active comparator (Bauer et al., 2007) and demonstrates that add-on quetiapine XR is non-inferior to add-on lithium. Although the point estimate of the LSM difference favoured add-on quetiapine XR, superiority was not demonstrated. Add-on quetiapine XR exhibited similar efficacy to add-on lithium according to MADRS total scores; symptom improvement was seen from day 4 and sustained at all timepoints until study end. Early symptom improvement with quetiapine XR has been consistently reported in studies of quetiapine XR in patients with MDD as monotherapy (Cutler et al., 2009; Weisler et al., 2009) or as adjunct therapy (Bauer et al., 2009; El-Khalili et al., 2010), as well as in patients with bipolar depression (Calabrese et al., 2005; McElroy et al., 2010; Thase et al., 2006; Young et al., 2010). As AD therapy typically displays slow symptom improvement, often between 2 and 4 weeks (Machado-Vieira et al., 2008), the reduced costs associated with decreased hospitalisation and a return to productivity represent benefits of a more rapidly acting therapy (Crown et al., 2002; Montgomery et al., 2002). 
Quetiapine XR monotherapy was also non-inferior to add-on lithium and, as observed for add-on quetiapine XR, although the point estimate of the LSM difference favoured quetiapine XR, superiority was not demonstrated. Quetiapine XR monotherapy also exhibited similar efficacy to add-on lithium according to MADRS total scores with symptom improvements as early as day 4 and sustained through to study end.
A subanalysis revealed that add-on quetiapine XR was non-inferior to add-on lithium in patients presenting with both Stage I and Stage II TRD, suggesting that add-on quetiapine XR may be beneficial in a wide range of patients with TRD. Quetiapine XR monotherapy was non-inferior to add-on lithium only in patients with Stage II TRD. 

Other studies investigating augmentation strategies in Europe for the management of patients with TRD have reported similar efficacy outcomes to those reported here. Aripiprazole, as adjunctive treatment to standard AD therapy in patients who had shown an inadequate response to between one and three historical and one additional prospective AD, was shown to be superior to adjunctive placebo for change in MADRS from baseline in three consecutive trials (Berman et al., 2007; Berman et al., 2009; Marcus et al., 2008). Olanzapine, as adjunctive therapy to fluoxetine in patients with TRD (defined as failure to achieve a satisfactory response to two different ADs), resulted in significantly greater MADRS improvement than fluoxetine or olanzapine alone (Thase et al., 2007). However, few studies have been conducted in patients with TRD with lithium as an active comparator (Bauer et al., 2007; Bauer et al., 2010b). 

The non-inferiority of quetiapine XR, as add-on or as monotherapy, compared with add-on lithium, was confirmed through a range of secondary clinical endpoints. Response rates of ≥50% for quetiapine XR (52.4% and 50.7% for add-on quetiapine XR and monotherapy, respectively) in the present study were numerically greater compared with add-on lithium (46.2%) and are similar to those reported in two previous studies of quetiapine XR as add-on to AD therapy in patients with MDD and an inadequate response to AD treatment during their current depressive episode (57.8% and 58.9%) (Bauer et al., 2009; El-Khalili et al., 2010) or as monotherapy in patients with MDD (55.1%) (Cutler et al., 2009). Response rates reported from studies investigating aripiprazole (32.4–46.6%) (Berman et al., 2007; Berman et al., 2009; Marcus et al., 2008), risperidone (46.2%) (Mahmoud et al., 2007), olanzapine (40.4%) (Thase et al., 2007) and lithium (41.2%) (Crossley and Bauer, 2007) as add-on to AD therapy, in patients with MDD and an inadequate response to AD treatment are comparable with the 52% response rate reported in this study.

The remission rates reported in this study, using a cut-off of MADRS total score of ≤10, for add-on quetiapine XR (31.9%) and quetiapine XR monotherapy (23.6%), were similar to that observed with add-on lithium (27.1%) and are consistent with those reported with quetiapine XR as add-on to AD therapy in patients with MDD and an inadequate response to ≥1 AD (40.4%) (Bauer et al., 2009) or as monotherapy in patients with MDD (30.7%) (Weisler et al., 2009). In addition, the remission rate reported in this study with add-on quetiapine XR is similar to those reported with all Step 2 strategies (switching/adjunct therapy/cognitive therapy) following treatment with citalopram monotherapy (30.6%) in the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study, which, unlike the current study, was not randomised and did not employ blinded raters (Rush et al., 2006). In studies investigating other atypical antipsychotics such as aripiprazole, risperidone and olanzapine in patients with MDD and an inadequate response to AD treatment, remission rates range between 24.5% and 36.8% (Berman et al., 2007; Berman et al., 2009; Mahmoud et al., 2007; Marcus et al., 2008; Thase et al., 2007), which are comparable with the outcomes observed in this study. 
Sleep disturbance is a core symptom of MDD and the relief of sleep disturbance symptoms may be an important factor for complete remission of MDD (Mendlewicz, 2009). In this study, add-on quetiapine XR and quetiapine XR monotherapy had a beneficial effect on sleep compared with add-on lithium, shown by the change in MADRS item 4 (reduced sleep) score at week 6.

Quetiapine XR was generally well tolerated in patients with TRD and the tolerability findings were consistent with the known safety profile of quetiapine in other indications (AstraZeneca, 2010). Discontinuation due to AEs was highest in the quetiapine XR monotherapy group, followed by the add-on quetiapine XR group and the add-on lithium group. Consistent with previous acute studies of quetiapine XR monotherapy in patients with MDD (Cutler et al., 2009; Weisler et al., 2009) and add-on quetiapine XR in patients with MDD and an inadequate response to AD treatment (Bauer et al., 2009; El-Khalili et al., 2010), discontinuations due to AEs were most commonly related to somnolence (2.2 and 2.6%) and sedation (1.3 and 2.6%) in the add-on quetiapine XR and quetiapine XR monotherapy groups, respectively and vomiting (2.6%) in the add-on lithium group.
Quetiapine XR as add-on and as monotherapy was associated with weight gain and a higher proportion of patients in these groups experienced ≥7% increase in body weight compared with patients in the add-on lithium group (approximately 8% vs 3%). In addition, potentially clinically relevant shifts to elevated values of total cholesterol, triglycerides and LDL-cholesterol were more common with add-on quetiapine XR compared with add-on lithium. However, more patients reported potentially clinically relevant shifts to elevated fasting glucose levels in the add-on lithium group than in the quetiapine XR groups. This was a 6-week study; however, it is also important to consider long-term tolerability data, particularly with regard to metabolic or haematological events. Quetiapine XR monotherapy has been previously assessed in a long-term (52-week) maintenance study (Liebowitz et al., 2010), which found the tolerability profile of long-term quetiapine XR was similar to that reported in acute studies. When selecting treatment regimens for patients with MDD, any differences in tolerability and efficacy should be balanced.
The main strengths of the current study include the use of the MINI to confirm clinical diagnosis of MDD, the large patient population, which was representative of the general patient population with TRD, and that the treatment groups were well balanced in terms of baseline characteristics. Additionally, by including add-on lithium as a comparator, the study reflects current clinical practice because lithium is the preferred choice for add-on therapy in patients with TRD. Furthermore, dividing patients in the add-on lithium group according to the plasma lithium level increases the assay sensitivity of lithium as the active comparator and supports the conclusions drawn from the non-inferiority analysis, while providing the trial with a ‘pseudo’ placebo group. In addition, allowing the continuation of the patient’s existing AD medication, whilst receiving add-on therapy, closely correlates to a ‘real’ clinical scenario and adds high clinical significance to the results of this study.
Study limitations include the open-label study design (although MADRS and laboratory measurements were performed by treatment-blinded raters) and the relatively short study duration with no assessments in the continuation phase. Assessment of patients’ expectations and satisfaction with their treatment allocation would have provided insights into their perceptions. At the time the protocol for the current study was developed, there were very little clinical trial data or regulatory body guidance on which to base the selection of an appropriate non-inferiority limit. The non-inferiority margin adopted for this study may be considered too wide to be valid. The non-inferiority margin should be less than the difference expected compared to placebo. The mean difference between antidepressants and placebo in the studies submitted for licensing in the EU is 2 points and this difference has been cited as clinically meaningful (Melander et al., 2008; Montgomery and Möller, 2009).  The difference reported between add-on quetiapine XR and placebo in the two large add on studies is 2 points and 2.5 points on the MADRS for the two doses (Bauer et al., 2010a).  The non-inferiority margin adopted should therefore be less than 2 points, otherwise it would suggest that the active treatments were no different to placebo. The advantage observed for add-on quetiapine XR compared to add-on lithium in the present study is a clinically meaningful 2.32 points on the MADRS. This difference is large and suggests that quetiapine XR may have been shown to be superior to lithium if a more conservative and appropriate statistical analysis had been undertaken. 
The difference in MADRS total score between patients with a plasma lithium level within the therapeutic range for lithium (0.6–1.2 mmol/L) and patients outside this range was -3.08 in favour of patients within the range. Some patients with a plasma lithium level outside the therapeutic range for lithium may have benefited from add-on lithium treatment, resulting in a difference in MADRS total score higher than 3 between quetiapine XR and a placebo group. 
Comparison of add-on lithium with the two quetiapine XR arms in parallel required multiplicity of testing; such multiplicity of testing requires p-values below 0.025 to demonstrate clinical significance and that the CI in the primary non-inferiority test must be conducted at the 97.5% rather than 95% level. In this case, the superiority analysis comparing add-on quetiapine XR and add-on lithium revealed a p-value below 0.05 but not below 0.025 in the MITT population (the primary analysis population as stipulated by the US FDA guidelines), meaning that superiority could not be confirmed.
5. Conclusions
In summary, this large multicentre, open-label, randomised study demonstrated that add-on quetiapine XR (300 mg/day) and quetiapine XR monotherapy (300 mg/day) are non-inferior to add-on lithium in the management of patients with TRD. These results demonstrate that quetiapine XR is an important augmentation alternative in the treatment of TRD. Early significant symptom improvement was seen with quetiapine XR (day 4), and the safety and tolerability were consistent with the known tolerability profile of both treatments.
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Table 1

Patients’ clinical status at baseline (MITT population).
	
	Add-on 
quetiapine XR 
(n = 229)
	Quetiapine XR monotherapy 
(n = 225)
	Add-on lithium 
(n = 221)

	DSM-IV diagnosis of MDD, n (%)

	Single episode
	36 (15.7)
	50 (22.2)
	41 (18.6)

	Recurrent
	193 (84.3)
	175 (77.8)
	180 (81.4)

	No. of depressive episodes over lifetime, mean (SD)
	4.4 (7.1)
	3.7 (5.1)
	4.0 (5.5)

	Duration of present episode of MDD, days, mean (SD) 
	190.7 (119.3)
	175.2 (110.8)
	180.3 (119.6)

	Severity rating scale scores
	
	

	MADRS, mean (SD)
	33.2 (5.34)
	33.7 (5.60)
	32.9 (5.20)

	CGI-S, mean (SD)
	4.9 (0.76)
	4.7 (0.69)
	4.7 (0.72)

	Treatment resistance depression stage, 
no. (%) of patients
	
	

	Stage I
	115 (50.2)
	113 (50.2)
	111 (50.2)

	Stage II
	114 (49.8)
	112 (49.8)
	110 (49.8)


CGI-S = Clinical Global Impressions-Severity; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; MADRS = Montgomery Åsberg Depression Rating Scale; MDD = major depressive disorder; MITT = modified intent-to-treat; SD = standard deviation; XR = extended-release.
Table 2

Patient-reported outcomes (MITT population).
	
	Add-on 
quetiapine XR 
(n = 229)
	Quetiapine XR monotherapy 
(n = 225)
	Add-on lithium 
(n = 221)

	BDI 
	
	
	

	Baseline, mean (SD)
	34.54 (10.17)
	34.41 (10.07)
	33.42 (10.35)

	LSM change at week 6
	-13.5 
	-11.7
	-12.2 

	p-value vs add-on lithium 
	p = 0.1881
	p = 0.5821 

	

	Pain VAS score 
	
	
	

	Baseline, mean (SD)
	31.50 (27.60)
	31.90 (27.83)
	32.64 (29.26)

	LSM change at week 6
	-8.03 
	-9.47 
	-8.30 

	p-value vs add-on lithium 
	p = 0.8837 

	p = 0.5829 

	

	Anxiety VAS score 
	
	
	

	Baseline, mean (SD)
	52.93 (27.37)
	53.36 (24.38)
	54.21 (25.34)

	LSM change at week 6
	-23.4 
	-21.2 
	-20.6 

	p-value vs add-on lithium 
	p = 0.2053 

	p = 0.8545 

	

	Anxiety STAI score 
	
	
	

	Baseline, mean (SD)
	42.31 (6.19)
	43.03 (6.00)
	42.58 (5.56)

	LSM change at week 6
	0.014 
	-0.62 
	-0.87 

	p-value vs add-on lithium 
	p = 0.0513 
	p = 0.5584 
	

	Quality of life
	
	
	

	SF-36 mental component scale 

	Baseline, mean (SD)
	25.88 (6.70)
	26.89 (7.28)
	27.07 (7.03)

	LSM change at week 6
	10.77 
	9.59 
	9.66 

	p-value vs add-on lithium 
	p = 0.2560 

	p = 0.9867 

	

	SF-36 physical  component scale 
	
	

	Baseline, mean (SD)
	36.82 (11.58)
	35.18 (11.56)
	36.21 (11.10)

	LSM change at week 6
	5.065 
	5.224 
	4.566 

	p-value vs add-on lithium 
	p = 0.5772 

	p = 0.5303 
	

	EQ-5D 
	
	
	

	Baseline, mean (SD)
	0.41 (0.32)
	0.45 (0.32)
	0.42 (0.32)

	LSM change at week 6
	0.224 
	0.184
	0.208 

	p-value vs add-on lithium 
	p = 0.5427 

	p = 0.3079 

	

	WPAI 
	
	
	

	Baseline, mean (SD)
	632.95 (528.04)
	717.02 (449.30)
	520.03 (358.63)

	LSM change at week 6
	-185 
	-233 
	-299 

	p-value vs add-on lithium 
	p = 0.2726 

	p = 0.5350 
	


BDI = Beck Depression Inventory; EQ-5D = EuroQoL Health Utility Index; LSM = least squares means; MITT = modified intent-to-treat; SD = standard deviation; SF-36 = Short-Form Health Questionnaire; STAI = State-Trait Anxiety Inventory; VAS = visual analogue scale; WPAI = Work Productivity and Activity Impairment; XR = extended-release.

Table 3
Most common adverse events (incidence >5% in any treatment group) (safety population).
	Adverse event, 
n (%)
	Add-on 
quetiapine XR 
(n = 231)
	Quetiapine XR monotherapy 
(n = 228)
	Add-on lithium 
(n = 221)

	Somnolence
	41 (17.7)
	46 (20.2)
	9 (3.9)

	Fatigue
	39 (16.9)
	37 (16.2)
	14 (6.1)

	Dry mouth
	42 (18.2)
	27 (11.8)
	10 (4.4)

	Sedation
	26 (11.3)
	24 (10.5)
	3 (1.3)

	Headache
	14 (6.1)
	21 (9.2)
	24 (10.5)

	Vertigo
	10 (4.3)
	19 (8.3)
	5 (2.2)

	Dizziness
	23 (10.0)
	18 (7.9)
	9 (3.9)

	Weight increased
	14 (6.1)
	13 (5.7)
	4 (1.8)

	Nausea
	7 (3.0)
	7 (3.1)
	22 (9.6)

	Diarrhoea
	5 (2.2)
	4 (1.8)
	16 (7.0)

	Tremor
	6 (2.6)
	4 (1.8)
	28 (12.2)


XR = extended-release.

Figure LEGENDS

Fig. 1. Patient disposition.
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Fig. 2. Non-inferiority of difference on LSM (97.5% CI) change in MADRS total score from randomisation to week 6 (LOCF; PP population).
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Cl = confidence interval; LOCF = last observation carried forward; LSM = least squares means;
MADRS = Montgomery Asberg Depression Rating Scale; PP = per-protocol; XR = extended release.
Non-inferiority limit of 3 points on the MADRS scale score.




Fig. 3. LSM (standard error) change in MADRS total score over time (LOCF; MITT population).
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LOCF = last observation carried forward; LSM = least squares means;
MADRS = Montgomery Asberg Depression Rating Scale; MITT, modified intent-to-treat; XR = extended release.

All p values vs add-on lithium.




Fig. 4. Mean (standard error) change in MADRS total score over time in patients randomised to add-on lithium (LOCF; MITT population). 
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LOCF = last observation carried forward; LSM = least squares means;
MADRS = Montgomery Asberg Depression Rating Scale; MITT = modified intent-to-treat.




