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Abstract

Background—Studies have reported liver injury as a consequence of antipsychotic treatment. 

Very heavy alcohol drinking (ten or more drinks/day for men and eight for women) also causes 

liver injury. This study aims to evaluate liver injury with quetiapine extended release (XR) in very 

heavy drinking alcohol-dependent (AD) patients.

Methods—Two hundred and eighteen AD patients, 18–65 years of age, received 12 weeks of 

quetiapine XR or placebo treatment in a dose-escalated manner reaching the full dose of 400 

mg/day during week 4. Blood chemistry and hematology were assessed at baseline (W0), post-
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titration at the end of week 3 (W4), week 8 (W8), and end of week 12 (W13). Patients were further 

grouped as GR.1 (no liver injury, ALT ≤40) and GR.2 (pre-existing liver injury, ALT >40) within 

each treatment. Drinking history, fasting blood glucose concentration (FBG), and lipid panel were 

used as covariates in the analyses.

Results—Liver injury and total drinks and average drinking measures from the Timeline follow-

back questionnaire (TLFB) were highly associated. No significant exacerbation in liver injury was 

observed in patients treated with quetiapine XR in GR.2. Liver injury as determined by elevated 

alanine aminotransaminase (ALT) was reported in a few patients in GR.1 who received quetiapine 

XR; however, the occurrence was low, and the level of liver injury was not significant. FBG and 

lipid measures showed some elevation, but did not show any significant association with liver 

injury.

Conclusion—Quetiapine XR did not show any significant exacerbation of liver injury in very 

heavy drinking alcohol-dependent patients with pre-existing liver injury. Frequency and severity of 

new liver injury cases in quetiapine XR-treated patients without any pre-existing liver injury was 

also low. Study findings support medical management of AD patients with heavy drinking profile 

using quetiapine XR formulation.

1 Introduction

Efficacy of the older antipsychotic medications and their side effects have been matters of 

major concern [1]. Quetiapine is a dibenzothiazepine derivative acting as an antagonist of 

various neurotransmitter receptors in the brain [2]. It has been approved by the US Food and 

Drug Administration for treating bipolar disorder, schizophrenia, and depression either as 

monotherapy or as an add-on medication [3, 4]. Several recent studies have reported 

quetiapine to be a safer atypical second-generation antipsychotic drug [5, 6]. Case reports 

and some clinical trials have reported liver injury in patients treated with quetiapine; 

however, clinical studies have reported only mild liver injury to date [7–9]. Nevertheless, 

liver injury due to the extended-release formulation of quetiapine in a large clinical study has 

not been reported previously.

Alcohol drinking itself has several hazardous effects, and liver injury is one of the well-

known consequences [10]. A large proportion of patients with bipolar and schizophrenia 

conditions report higher susceptibility to heavy alcohol drinking due to a shared genetic 

predisposition [11, 12]. Dual diagnosis is based on observations in a clinical population of 

patients suffering from both substance and mental disorders [13]. These disorders could be 

more persistent, severe, and treatment resistant than in patients with a single diagnosis of 

disorder [14, 15]. Recently, studies have reported a reduction in alcohol drinking markers in 

quetiapine-treated compared with placebo-treated alcoholics [16], i.e., alcohol craving and 

consumption and psychiatric symptoms in dually diagnosed alcoholics [17]. Thus, 

understanding the effects of quetiapine on the liver becomes much more important in 

understanding compliance with the drug that could benefit patients who drink heavily and 

are undergoing treatment for a mental disorder requiring quetiapine XR.

Quetiapine does not interact with the alcohol-metabolizing CYP enzyme CYP2E1, hence it 

does not have an additive or synergistic effect with alcohol consumption [18], although it 

Vatsalya et al. Page 2

Clin Drug Investig. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



does not necessarily mean that it might not dysregulate metabolism or would not cause 

injury in liver. However, drug safety recommendations for quetiapine include taking 

appropriate clinical assessments for liver problems before prescribing [19]. Therefore it 

isimportant to evaluate the incidence and level of liver injury due to the interaction of heavy 

alcohol drinking (in patients who are already predisposed to liver injury) and treatment with 

Quetiapine XR, which remains a gap both in scientific knowledge and in medical 

management. Antipsychotic drugs have shown altered lipid profile levels [20], with reports 

about causing clinically relevant elevations in the lipid panel, primarily in triglycerides [21], 

which could contribute to the severity of liver injury [22]. Hyperglycemia and weight gain 

have also been reported with second-generation antipsychotics as further adverse effects [8, 

23, 24].

Furthermore, hepatic insufficiency has been shown to increase the blood concentration and 

half-life of quetiapine [25]; therefore, dose adjustment might become necessary in patients 

who show some level of hepatic impairment [26] to reduce non-compliance with treatment 

[27]. We postulated that this drug formulation would show better safety outcomes in patients 

with predisposed liver conditions. Thus, we aimed to examine the level and incidence of 

liver injury in two groups of heavy alcohol drinking patients who received 13 weeks of 

quetiapine XR treatment, one who had pre-existing liver injury, and another who had 

susceptibility to liver injury but did not have pre-existing liver injury. In addition, we also 

examined the role of BCG and lipid measures, and demographic measures in liver injury. We 

anticipated that the continued laboratory tests and examination during the course of the 

treatment would validate the changes.

2 Patients and Methods

2.1 Study Participant Population

This study is one of the investigational arms of a larger multisite protocol 

(ClinicalTrials.gov: NCT#00498628) that was funded by the National Institute on Alcohol 

Abuse and Alcoholism (NIAAA) and was approved for publication under the NIAAA 

protocol CSP-1027. The Institutional Review Board of each of the sites that participated in 

this study approved recruitment and treatment of the patients under this multisite 

investigation.

This study was a double-blind, placebo-controlled, parallel-group design with two treatment 

arms: quetiapine XR as an active drug and placebo as a control. Inclusion criteria in this 

study included: diagnosis of alcohol dependence (using the Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition), age between 18 and 64 years, ten or more 

alcohol units/per day for men and eight or more alcohol units/per day for women (a standard 

drink contains 14 g of pure alcohol) for at least 40 % of the last 60 days of the 90-day 

drinking assessment (Time-line Follow-back; TLFB), 0.00 breath alcohol level at the time of 

consent, and 1.5 × 109/L or more absolute neutrophil count. Other study inclusion criteria 

included ALT elevation <3X the upper normal range of the ALT. Primary exclusion criteria 

were use of another psychoactive drug within the last year, positive urine screen for drugs, 

participation in another pharmacological/ behavioral study within the last 3 months, lifetime 

diagnosis of major depression or eating disorder, use of antidepressants (last 30 days) and 
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antipsychotics (last 14 days) before randomization, and Clinical Institute Withdrawal 

Assessment of Alcohol score ≥10.

These patients were advised to not drink during the study as part of the medical 

management; however, the study was aimed to observe a reduction in alcohol consumption 

as an effect of treatment, therefore no other direct intervention was used. We further note 

that these patients did not show any overt clinically relevant presentation of liver injury.

2.2 Procedures and Assessments

The active drug, quetiapine XR (Seroquel XR® AstraZeneca, Wilmington, DE, USA), was 

provided to the participants for 3 months in 50- and 200-mg tablets with identical matching 

non-active pills for the placebo group titrated with a full dose of 400 mg/day [28] (in a dose-

escalating manner reaching a plateau phase during week 4). Blood chemistry and clinical 

and subjective assessments were analyzed at baseline (0 W), end of week three (4 W), at 

week eight (8 W), and end of week 12 (13 W). All individuals received medical 

management that included assessment of medication side effects, participant education, and 

advice on drinking [29]. Study participants showed optimal compliance and patients who 

received active drug, quetiapine XR, reported overall adequate compliance as well of 96.1 % 

during the maintenance period. The average quetiapine dose received was 327.7 mg during 

the study (including the titration phase period), therefore no further validation of dose 

exposure was performed.

2.3 Data Collection, Statistical Paradigm, and Analysis

Individual demographics, namely age (years), sex (male or female), weight (kg), and 

drinking history patterns were collected at the time of baseline assessments and included in 

this study to estimate their role as baseline characteristics and potential factors in the 

quetiapine XR pharmaco-dynamics. For liver injury assessment, blood chemistry for ALT 

and aspartate aminotransaminase (AST) were evaluated at each time-point. Similarly, lipid 

panel including triglycerides and fasting blood glucose concentration (FBG) tests were also 

performed.

We used ALT as a reference for liver injury due to its usefulness in the evaluation of damage 

in hepatic tissue and management of liver injury (Medline Plus-National Institutes of Health, 

2014). ALT is more specific for hepatic injury, and mildly elevated levels of ALT could be 

an indication of serious underlying conditions [30]. Thus, ALT was used as the primary 

marker for liver injury in this patient population and 40 µl was used as the upper limit of 

normal (no liver injury, GR.1); and >40 µl at baseline as elevated liver injury (GR.2) to study 

liver injury-based groups separately within each treatment arm (Fig. 1). Recent TLFB 

measures [31] developed from the raw data examination included total drinks in the past 90 

days (TD90), number of drinking days past 90 days (NDD90), average drinks per drinking 

day in past 90 days (DPD90), and heavy drinking days (defined as five or more drinks per 

day for a man and four or more drinks per day for a woman) in the past 90 days (HDD90).

Demographic and drinking history measures were evaluated using univariate analysis. Liver 

enzymes were evaluated as the primary dependent measures. Association of liver injury and 

drinking history was performed using a linear regression model. Changes in liver injury 
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markers were assessed using repeated measures analysis of variance (ANOVA) across the 

time-point measures. Age, weight, and recent and lifetime drinking history measures were 

included as covariates, and post-hoc analysis was performed to evaluate confounding factors 

on the outcomes. Lipid panel and FBG were evaluated for their association with liver injury 

at each time-point, and whether or not their association was contributing to liver injury in 

addition to drinking history. F-statistics is the test statistic for the ANOVA approach to test 

the significance of the model or the components in the model, which in our study was 

needed to estimate the association between the measures of a subdivided population.

Data analysis platforms used in this study were SPSS 22.0 version (IBM, Chicago, IL, USA) 

and MS Office Excel 2013 (MS Corporation, Redmond, WA, USA). Statistical significance 

was set at p ≤ 0.05. Specific significances or trend levels are mentioned individually 

wherever needed.

3 Results

3.1 Patient Characterization and Drinking History

One hundred and seventy-nine men and 45 women were randomized in this study and 218 

started the treatment (Table 1). There were no significant differences in the demographic 

measures between the treatment arms and subgroups (Table 1). Frequency of heavy drinking 

days (HDD90) showed a significant (p = 0.029) treatment by sex interaction, with lower 

values observed in the placebo male group compared to the males of the active drug group. 

In the placebo group, none of the female participants exhibited liver injury at the baseline.

3.2 Association of Liver injury with Drinking History

TD90 and AvgDPD90 showed a robust association with baseline liver enzymes (ALT and 

AST) in the quetiapine-treated patients (p < 0.01), suggesting liver injury likely due to the 

drinking profile at baseline. Other drinking measures did not show any association with liver 

injury in the quetiapine-treated patients.

3.3 Evaluation of Liver injury by Treatment and Time

Baseline ALT was 2.5-fold higher in the GR.2 (baseline elevated-ALT group) than the 

patients with ALT in the normal range (GR.1) in both the treatment arms. Based on the study 

design, we observed expected significant main effect of ALT in the liver injury group (Gr.2) 

between each treatment arm (Fig. 1a). Only 67 % of the participants who had baseline 

elevated ALT levels in the quetiapine arm continued to show elevated ALT by the end of 

titration (4 W). This decrease was at 33 % during steady-state in the same group (8 W); 

however, there was a slight increase up to 50 % at the end of steady phase (13 W). 

Importantly, there was a significant decrease in ALT levels in quetiapine-treated patients in 

GR.2.

Compared to baseline, fewer participants showed elevated ALT levels at the subsequent 

time-points in the quetiapine arm who had baseline liver injury (Fig. 1a and Suppl. Fig 1). 

Even the sub-group who exhibited baseline elevated liver injury (GR.2) and received 

placebo, showed a lower frequency of liver injury (Suppl. Fig. 1). Repeated ANOVA 
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analysis of the quetiapine-administered elevated liver injury group patients showed robust 

significant differences, adjusted R2 = 0.442 (p = 0.001), in ALT levels during the medication 

time-course (Fig. 1a). Furthermore, there was a significant ALT difference between the Gr. 1 

and Gr. 2 quetiapine-treated patients across all the time-points, F(3, 82) = 10.437, p ≤ 0.01 

(Fig. 1a), between GR.1 and GR.2. In post-hoc analysis, this significance was observed in 

GR.1, in which there was an increase in the number of participants with elevated ALT at 

later time points, although overall, the mean ALT values were not clinically relevant. Body 

mass index (BMI) did not show any augmentation of results. Thus, quetiapine XR showed 

an effect by elevating liver injury markers over the time course, but still within the normal 

range, and clinically these elevations were not important.

Placebo group participants showed a similar drop both in ALT levels and in number of 

participants exhibiting ALT elevation (Suppl. Fig. 1). During the titration phase, minor 

elevation of ALT was observed in patients with no pre-existing liver injury in the placebo 

arm, although not clinically significant. This elevation was comparable to the level of liver 

injury in the same cohort in the quetiapine arm (Fig. 1a). No specific finding was observed 

in liver injury by time in the placebo group. No significant quetiapine XR versus placebo 

treatment differences in AST levels were observed. In the quetiapine group, AST levels were 

lowered through each phase and did not go above the upper limit of the normal range in GR.

1 patients (Fig. 1b).

We assessed the distribution of patients on quetiapine who showed ALT elevation at each 

time-point during the course of treatment using a Chi-squared test (Table 2). There was a 

moderate increase in probability (albeit only showing a trend level of significance)/

likelihood of liver injury at 8 W in GR.2 patients (with baseline liver injury) treated with 

quetiapine when compared with the same cohort of the placebo arm (Table 2). We conducted 

the same assessment on GR.1 patients without pre-existing liver injury and a moderate 

increase in the likelihood of liver injury was observed at 8 W only in quetiapine-treated GR.

1 patients (Table 2) compared to the same cohort of the placebo arm. At week 4 (4 W) or 

week 13 (13 W) we did not find any such changes in the distribution in both the analyses. 

Furthermore, these elevations were not clinically significant in that they required no medical 

management. Further, we also reviewed the role of lipid markers on blood glucose 

concentration. There was no statistical significance determined using weight as a covariate 

in the analyses.

3.4 Role of Lipid Profile

Among the GR.2 patients (those with baseline high ALTs), triglycerides were approximately 

1.5-fold higher at baseline in each treatment arm (Fig. 2a). In all quetiapine-treated patients, 

there was a significant elevation in triglycerides during the study period, with mild elevation 

at 4 W (titration end) and 13 W (end of medication at steady dose) in both groups of the 

quetiapine arm. However, when we conducted a linear regression analysis to estimate the 

association between triglycerides and liver injury markers, ALT and AST independently, we 

did not find any significant correlations at any given timeline with quetiapine treatment. 

Other lipid markers were not clinically significant.
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3.5 Role of Glucose

There was a significant difference between the Gr.2 and Gr.1 treatment effect on FBG levels, 

p = 0.037 (Fig. 2b). However, we did not find any significant association between the FBG 

level and liver injury (as assessed by ALT) at any time points. We also tested BCG as a 

covariate in the elevated ALT group (GR.2) using repeated ANOVA by treatment and time to 

evaluate augmentation of results; however, FBG did not show any augmentation of the 

results.

4 Discussion

Study results supported our primary aim that a quetiapine XR formulation did not exacerbate 

liver injury in patients with pre-existing liver injury. Notably, there was a decrease in ALT 

levels from baseline in the elevated ALT group (Gr.2) of the active drug (quetiapine XR) arm 

(Fig. 1). This gave support for the fact that the drug was well tolerated in these patients. We 

also found liver marker ALT elevated above normal levels in a few patients who otherwise 

had normal liver enzymes at the pre-treatment stage (GR.1). However, this increase was 

observed only in a small fraction of patients (Table 2) and this increase was mild (Suppl. 

Fig. 1). In our study, quetiapine XR could be compared with a placebo-level incidence of 

hepatotoxicity with an indistinguishable effect from placebo in ALT levels at the 

corresponding course of treatment. Drug-induced liver injury (DILI) is described as liver test 

abnormalities due to the pharmacological action of the drugs administered, and it accounts 

for 7–15 % of the cases of acute liver failure in the USA and Europe alone, leading to 

withdrawal of approved drugs [32, 33]. DILI is a common consequence of medications [34], 

and we noticed a mild form of it in our study too.

One study in patients with major depression did not report any liver injury in any of the 

quetiapine XR-treated patients [21]; however, none of the patients in that study were alcohol 

dependent, drinking heavily, or had any clinical determination of pre-existing liver injury. In 

our study, the significance of the incidence in liver injury as new cases was observed only at 

the end of titration (Table 2); however, this was moderate and limited to new liver injury 

cases. Among the patients with pre-existing liver injury, the significance of incidence was 

moderate; however, it was not significantly different to the placebo arm. Therefore, our 

results show the likeliness of such an observation (in liver injury) is most probable after 

titration or when the dose level is ascending (Fig. 3). Oxcarbazepine [35] and baclofen [36] 

have also shown a low hepatic impact; it is to be noted that the patients were detoxified prior 

to treatment in the oxcarbazepine study, and patients in the baclofen study drank relatively 

less at baseline assessment compared to our study cohort. Gabapentin and pregabalin 

treatment for neuropathic pain has been reported in a few cases to cause liver injury [37, 38]; 

however, one review concludes it to be safe in mild alcoholic liver disease [39]. In this 

context quetiapine XR provides therapy in an alcohol-drinking population where hepatic 

injury is likely, and interaction of the treatment could potentially result in liver injury or 

exacerbation of ongoing liver injury.

Heavy drinking is a well accepted cause of liver injury. Appropriate assessment of drinking 

history as a potential risk factor should be accounted for in estimating the risk of 

exacerbation in pre-existing liver-injury during treatment with quetiapine XR. Assessment of 

Vatsalya et al. Page 7

Clin Drug Investig. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the drinking profile followed up with routine blood chemistry in order to identify liver injury 

in patients who report heavy drinking during the intake may be useful to develop a treatment 

plan to estimate the potential interaction of drugs in such patients.

Investigations into the second generation antipsychotics have shown nonalcoholic steatosis 

of the liver in animal models [40]. An elevated lipid panel has been reported with quetiapine 

XR treatment [41], which was observed in our study as well (primarily in triglycerides); 

however, we did not find any significant correlation with liver injury during the treatment 

course. We also found a similar elevation in FBG [42]; however, this was also not associated 

with the liver injury. Such laboratory findings on lipid panel and blood glucose levels could 

be valuable in making decisions for prescribing quetiapine XR.

Our study had some limitations. One limitation was that we did not include continued 

alcohol drinking as a covariate in the analyses for treatment and liver injury; however, the 

injury was not significantly different from that of the placebo group. Our study objective was 

to monitor the overall level of injury from the treatment along with drinking. Moreover, 

drinking assessment during the treatment did not change much [28]. Furthermore, our study 

was not intended to investigate liver injury of individual effects of drinking as a factor, 

which would not have improved the results. There were threefold more men in this study 

than women, though since this occurred in all the groups evenly, this did not affect the 

analysis; however, conducting a sex-difference analysis was not optimal. There was a limited 

enrolment of females that restricted analysis as to potential sex differences in our study. A 

few patients did not continue with the study (less than 5 %). Moreover, tests for some 

patients were unavailable in this investigation, and we could not include these patients in the 

analysis.

Results from our investigation provided valuable information on the safety of a susceptible 

liver condition with quetiapine XR treatment that could be compared with reports on liver 

safety assessment with other antipsychotics in previously published studies (Table 3) either 

with quetiapine or other second-generation drugs. This qualitative analysis supports the use 

of quetiapine XR in patients who are vulnerable to liver injury due to heavy drinking (Table 

3).

To monitor changes in patients with a susceptible liver state, time-course laboratory analyses 

are needed before and during treatment. One larger clinical study supported obtaining 

baseline liver injury before using antipsychotic therapy [43]; however, their patients did not 

have any susceptibility to liver injury. Our study corroborates the significance of evaluating 

patients by identifying predisposition in liver condition by screening them before treatment. 

Therefore pre-treatment screening could help patients who have underlying liver disease 

[44] or who exhibit vulnerability in liver condition in obtaining appropriate antipsychotic 

treatment.

5 Conclusions

In this study, alcohol-dependent patients susceptible to liver injury were treated with 

quetiapine XR and investigated for medication safety. Exacerbation of liver injury in 
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quetiapine XR-treated alcohol-dependent patients (with pre-existing liver injury) was not 

significant; also new cases of liver injury in patients treated with quetiapine XR, who did not 

have pre-existing liver injury, were not higher in incidence or severity as reported from other 

studies. Quetiapine XR causes elevation in lipid panel and blood glucose concentrations; 

however, this was not clinically significant and not associated with liver injury. Quetiapine 

XR could prove to be a safer medication for patients with predisposed liver injury due to 

heavy alcohol drinking. Routine laboratory assessment for liver, lipid panel, and blood 

glucose could enhance the safety of treatment with quetiapine XR.
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Key Points

Exacerbation of liver injury in quetiapine XR-treated alcohol-dependent 

patients (with pre-existing liver injury) was not significant; furthermore, 

new cases of liver injury in patients treated with quetiapine XR who did not 

have pre-existing liver injury were not higher in incidence or severity as 

reported in other studies.

Quetiapine XR causes elevation in lipid panel and blood glucose 

concentration, however, this was not clinically significant and not 

associated with liver injury.

Quetiapine XR could be a safer medication for patients with predisposed 

liver injury due to heavy alcohol drinking.

Routine laboratory assessment for liver, lipid panel, and blood glucose 

could enhance the safety of treatment with quetiapine XR.
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Fig. 1. 
Assessment of liver injury markers during the study period. a ALT assessment. #Elevated 

group patients showed robust differences R2 = 0.442 in ALT levels during the medication 

time-course at p = 0.001. *Significant contrast in the treatment course between the baseline 

elevated and non-elevated groups of the quetiapine arm F(3,82) = 10.437, p < 0.01 (F 
statistics). **There was a significant Time × Treatment × Liver-injury group interaction. b 
AST assessment. There was no significant elevation in association determined between AST 

levels through the treatment course of the quetiapine arm. Time by Treatment repeated 

analysis of variance statistical test was used. Data are presented as mean ± standard error. 

*Statistical significance was set at p ≤ 0.05. Non-elevated group from baseline. Gr.2 elevated 

group from baseline. Q in Quetiapine treatment group. P in Placebo treatment group. ALT 

normal range 6–40 IU/L; AST normal range 10–34 IU/L

Vatsalya et al. Page 13

Clin Drug Investig. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Serum triglyceride and fasting blood glucose evaluation of study participants by Time and 

Treatment. Within the quetiapine arm, triglyceride levels were higher in patients with 

baseline liver injury, and showed significant between-subjects effects at each time-point, p = 

0.041, when TD90 was co-varied. *Significant time × treatment effect in observed in 

glucose level in quetiapine arm, p = 0.054, post hoc test showed an effect at 13 W. Time by 

Treatment repeated analysis of variance statistical test was used. Data are presented as mean 

± standard error. *Statistical significance was set at p ≤ 0.05. Gr.1 Non-elevated group from 

baseline. Gr.2 Elevated group from baseline. Q in Quetiapine treatment group. P in Placebo 

treatment group. Triglycerides: normal <150, borderline-high range 150–199, high 

triglycerides range 200–499, and very high triglycerides ≥500. Normal fasting blood glucose 

(FBG) range was 60–115 mg/dl
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Fig. 3. 
Evaluation of liver injury by incidence and level during the study period. “Total” shows 

records included in the study from the baseline number of participants at each study phase. 

Data presented as Mean ± SE
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Table 1

Patient demographics and timeline for last 90 days for drinking history collected at baseline by treatment arm 

and sex

Measures Quetiapine XR Placebo

Males (n = 78) Females (n = 29) Males (n = 101) Females (n = 16)

Age (years) 45.6 ± 10.5 47.0 ± 7.6 44.5 ± 9.1 47.6 ± 10.0

Height (cm) 170.87 ± 29.2 168.57 ± 33.1 168.91 ± 36.3 175.59 ± 8.6

Weight (kg) 85.63 ± 17.6 85.78 ± 20.0 87.02 ± 21.9 80.20 ± 24.3

Recent drinking history (TLFB90)

    Total drinks (TD90)* 1296.7 ± 499.4 1023.3 ± 367.0 1227.9 ± 497.1 919.0 ± 395.9

    Number of drinking days (NDD90)* 81.0 ± 14.3 83.4 ± 9.4 78.9 ± 14.3 80.7 ± 15.0

    Average drinks/day (AvgDD90)*) 16.3 ± 6.0 12.4 ± 4.9 15.8 ± 6.5 11.5 ± 4.6

    Number of heavy drinking days (NDD90)* 71.0 ± 19.2 74.4 ± 17.2 61.7 ± 23.2 80.7 ± 11.2

Data presented as mean ± standard deviation. Statistical significance was set at p ≤ 0.05

*
There was a significant treatment × sex interaction in TD90, AvgDPD90 and HDD90 drinking measures. Statistical significance at p ≤ 0.05
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Table 2

Assessment of elevation of ALT by treatment during the study course at four (4 W), eight (8 W) and 13 weeks 

(13 W) in patients

Timeline Pearson’s Chi-square Likelihood ratio

(A) GR.2 Patients with elevated ALT at baseline

4-week 0.680 (p = 0.410) 0.685 (p = 0.408)

8-week 5.279 (p = 0.071) 5.351 (p = 0.069)

13-week 1.778 (p = 0.411) 1.826 (p = 0.401)

(B) GR.1 Patients with normal ALT at baseline

4-week 0.142 (p = 0.707) 0.142 (p = 0.706)

8-week 4.8 (p = 0.029) 5.221 (p = 0.022)

13-week 0.190 (p = 0.663) 0.189 (p = 0.664)

p-value that does not support relevance of the elevation is depicted in bold

A: Analysis was conducted in patients with baseline elevated ALT receiving different study treatment (active drug vs. placebo). Chi-square test was 
conducted between treatment and frequency of all patients with elevated or non-elevated ALT at each time-point

B: Analysis was conducted in patients with baseline normal ALT receiving a different study treatment (active drug vs. placebo). Chi-square test was 
conducted between treatment and frequency of all patients with elevated or non-elevated ALT at each time-point. Statistical significance was set at 
p ≤ 0.05

At 4-week and 13-week, likelihood of occurrence of ALT elevation did not reach any significant probability between the quetiapine and placebo 
sub-arms in either group (A [GR.2] vs. B [GR.1]). At 8-week, there was moderate probability of ALT elevation between the quetiapine and placebo 
sub-arms that was significant, however it was similar in both the groups (A [GR.2] vs. B [GR.1])

Clin Drug Investig. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vatsalya et al. Page 18

Ta
b

le
 3

H
ep

at
ot

ox
ic

ity
 r

ep
or

t f
ro

m
 p

ub
lis

he
d 

ar
tic

le
s 

of
 s

ec
on

d-
ge

ne
ra

tio
n 

an
tip

sy
ch

ot
ic

 d
ru

gs
 in

 h
um

an
 s

ub
je

ct
s.

 O
ur

 s
tu

dy
 w

as
 c

on
du

ct
ed

 in
 p

at
ie

nt
s 

w
ho

 w
er

e 

ac
tiv

el
y 

dr
in

ki
ng

 a
nd

 h
ad

 a
 h

ea
vy

 d
ri

nk
in

g 
pr

of
ile

St
ud

y
D

ru
g 

an
d 

do
se

T
re

at
m

en
t 

po
pu

la
ti

on
(b

as
el

in
e 

liv
er

 s
ta

tu
s)

N
ew

he
pa

to
to

xi
ci

ty
in

ci
de

nc
e 

%

L
ev

el
 o

f 
L

iv
er

in
ju

ry
 r

ep
or

te
d

(A
LT

 I
U

/l)

P
at

ie
nt

s 
ac

ti
ve

ly
dr

in
ki

ng
 (

ye
s/

 n
o)

K
ur

z 
et

 a
l. 

[4
5]

C
lo

za
pi

ne
 (

19
3.

7 
m

g/
d)

16
7 

Pa
tie

nt
 (

no
rm

al
liv

er
 te

st
s)

W
1–

6:
 (

18
/5

9)
 3

0.
5%

;
W

13
–1

8:
 (

7/
59

) 
11

.9
%

;
W

1–
6:

 6
9.

5 
±

 2
8.

1
W

13
–1

8:
 6

2.
35

 ±
 2

0.
6

(o
nl

y 
w

ith
 li

ve
r 

in
ju

ry
)

N
o

A
ta

so
y 

et
 a

l. 
[4

3]
O

la
nz

ap
in

e 
(1

4.
8 

m
g/

d)
33

 P
at

ie
nt

s 
(n

or
m

al
liv

er
 te

st
s)

4 
W

: (
4/

33
) 

12
.1

%
4 

W
: 2

7.
8 

±
 1

4.
4

24
 W

: 2
4.

5 
±

 1
4.

3
(a

dj
us

te
d 

ov
er

al
l m

ea
n)

N
o

A
ta

so
y 

et
 a

l. 
[4

3]
R

is
pe

ri
do

ne
 (

2.
9 

m
g/

d)
29

 P
at

ie
nt

s 
(n

or
m

al
liv

er
 te

st
s)

4 
W

: (
3/

29
) 

10
.3

%
4 

W
: 2

0.
6 

±
 1

3.
9

24
 W

: 2
6.

7 
±

 1
4.

0
(a

dj
us

te
d 

ov
er

al
l m

ea
n)

N
o

A
ta

so
y 

et
 a

l. 
[4

3]
Q

ue
tia

pi
ne

 (
24

4 
m

g/
d)

48
 P

at
ie

nt
s 

(n
or

m
al

liv
er

 te
st

s)
4 

W
: (

4/
48

) 
8.

3%
4 

W
: 2

3.
2 

±
 1

4.
0

24
 W

: 2
6.

1 
±

 1
3.

9
(a

dj
us

te
d 

ov
er

al
l m

ea
n)

N
o

W
an

g 
et

 a
l. 

[2
1]

Q
ue

tia
pi

ne
 X

R
(5

0–
30

0 
m

g/
d 

tit
ra

te
d)

15
7 

Pa
tie

nt
s 

(n
or

m
al

liv
er

 te
st

s)
N

on
e 

re
po

rt
ed

N
on

e 
re

po
rt

ed
N

o

Pr
es

en
t S

tu
dy

(C
SP

-1
02

7)
Q

ue
tia

pi
ne

 X
R

(5
0–

40
0 

m
g/

d 
tit

ra
te

d)
78

 P
at

ie
nt

s 
(n

or
m

al
liv

er
 te

st
s)

4 
W

: 7
/ 7

6 
(9

%
);

8 
W

: 1
0/

 7
1 

(1
4%

);
13

 W
: 9

/ 6
3 

(1
4%

).

4 
W

: 6
6.

0 
±

 1
0.

2;
8 

W
: 5

0.
8 

±
 3

.0
;

13
 W

: 8
2.

7 
±

 2
8.

1
(O

nl
y 

w
ith

 li
ve

r 
in

ju
ry

)

Y
es

Pr
es

en
t S

tu
dy

(C
SP

-1
02

7)
Q

ue
tia

pi
ne

 X
R

(5
0–

40
0 

m
g/

d 
tit

ra
te

d)
29

 P
at

ie
nt

s 
(c

on
fi

rm
ed

liv
er

 in
ju

ry
)

4 
W

: 1
9/

 2
8 

(6
8%

);
8 

W
: 9

/ 2
7 

(3
3%

);
13

 W
: 1

2/
 2

4 
(5

0%
).

4 
W

: 5
7.

1 
±

 3
.6

;
8 

W
: 7

0.
0 

±
 6

.9
;

13
 W

: 6
2.

2 
±

 5
.3

(O
nl

y 
w

ith
 li

ve
r 

in
ju

ry
)

Y
es

m
g 

m
ill

ig
ra

m
, d

 d
ay

, W
 w

ee
ks

, C
SP

 C
lin

ic
al

 S
tu

dy
 P

ro
to

co
l

Clin Drug Investig. Author manuscript; available in PMC 2017 November 01.


	Abstract
	1 Introduction
	2 Patients and Methods
	2.1 Study Participant Population
	2.2 Procedures and Assessments
	2.3 Data Collection, Statistical Paradigm, and Analysis

	3 Results
	3.1 Patient Characterization and Drinking History
	3.2 Association of Liver injury with Drinking History
	3.3 Evaluation of Liver injury by Treatment and Time
	3.4 Role of Lipid Profile
	3.5 Role of Glucose

	4 Discussion
	5 Conclusions
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1
	Table 2
	Table 3

