

Page 4 of 22

A pilot study of Aripiprazole treatment for antipsychotic induced hyperprolactinaemia in young patients with severe mental illness and learning disabilities
(Short title: Aripiprazole and Prolactin Study)

Investigational medicinal product: aripiprazole
Indication: antipsychotic induced hyperprolactinaemia 
Study design: treat-to-target 
Sponsor: University of Oxford
Protocol identification: EudraCT 2009-011228-73 
Development phase: IV
Study initiation date: 27/4/2011
Date of termination: 31/12/2014
Principal Investigator Professor Guy Goodwin
Clinical Coordinator and contact person: Dr Valeria Frighi (valeria.frighi@psych.ox.ac.uk)
Date of current report: 4/8/2016
Previous reports: 
EudraCT 2009-011228-73 declaration_end_trial_form (11/3/2015)  
Justification for early termination of EudraCT 2009-011228-73 (12/3/2015)
Aripiprazole and Prolactin Study Progress report 26th March 2014
Aripiprazole and Prolactin Study Progress report 18th April 2013
Progress report 25th Jan 2012  



  Synopsis 

Title of study A pilot study of Aripiprazole treatment for antipsychotic induced hyperprolactinaemia in young patients with severe mental illness and learning disabilities 
(Short title: Aripiprazole and Prolactin Study)

Sponsor: University of Oxford

Funder: National Institute for Health Research

Investigators Guy Goodwin, Valeria Frighi, Matthew Stephenson, Alireza Morovat, Anthony James  

Study centres Dept. of Psychiatry, University of Oxford; Oxford Health NHS Foundation Trust; Oxfordshire Learning Disability NHS Trust (now Southern Health NHS Foundation Trust) 

Studied period: 27/4/2011-16/12/2014 (date of first enrolment-date of last completed)

Primary objective To determine whether addition or substitution of aripiprazole to current antipsychotic treatment can normalize prolactin or reduce it to a level sufficient to normalize gonadal function in patients with severe mental illness or learning disabilities with antipsychotic induced hyperprolactinaemia and secondary hypogonadism   
 
Primary endpoint Normalization or reduction of prolactin sufficient to restore normal gonadal function

Methods Antipsychotic treated patients with hyperprolactinaemia potentially suitable for and interested in the study were referred to the research team by collaborating psychiatrists and general practitioners (GPs). Potential participants were sent written information by post and visited at home by the clinical coordinator and/or research nurse for a screening visit. This included further explanation of the study, taking of informed consent,  a medical and drug history, measurement of height and weight for determination of body mass index (BMI), and a fasting blood sample for prolactin, LH, FSH, TSH, 9 am testosterone (in the men), glucose, HbA1c and a full lipid profile. A formal psychiatric and neurological assessment based on widely used diagnostic scales was also carried out.  Written informed consent was given by capacitous patients and by the legal representatives of patients who lacked capacity to consent. 

Aripiprazole was started as add-on therapy to current antipsychotic at a 2.5 mg dose and increased if tolerated until prolactin normalization or reduction with normalization of gonadal function by 2.5 mg steps at monthly intervals. Once a stable dose of aripiprazole was reached participants were seen at six-monthly intervals until the end of the study. 
A clinical and biochemical evaluation similar to the one conducted at the screening visit, was conducted at each follow-up visit. 

Number of patients 35 planned, 15 recruited, 12 completed study

Diagnosis and main criteria for inclusion: patients with severe mental illness and/or learning disability with antipsychotic induced hyperprolactinaemia causing secondary hypogonadism 

Test drug aripiprazole (Abilify)

Dose 2.5-30 mg daily planned (1.5-10 mg used)

Duration of follow-up two years planned (median 6.1 [range 1.5-24] months achieved in those who completed the study)

Criteria for evaluation:

Efficacy: decrease in prolactin levels, normalisation of menses in women, normalisation of testosterone levels in men
 Safety: fasting plasma glucose, HbA1c, lipids, weight; psychiatric and neurological symptoms

Statistical methods:

Efficacy analyses
The clear evidence of subgroups of responders and non-responders forced us to carry out subgroup analysis despite the small number of patients.  
Mann-Whitney U test was used to analyse the differences between the baseline PRL value and the lowest PRL level achieved on addition of aripiprazole in the eight patients on risperidone or paliperidone and in the four patients on amisulpride or sulpiride in whom both baseline and treatment data could be used. 
The Mann-Whitney U test was also used to determine the difference in the percentage change in PRL levels between baseline and maximum aripiprazole dose between patients on risperidone or paliperidone and patients on amisulpride or sulpiride.  
Safety analyses
Paired t-tests were used to compare metabolic parameters at baseline and at maximum aripiprazole dose. The same test was used to compare the total Positive and Negative Syndrome Scale (PANSS) score and the Clinical Global Impression (CGI) score between baseline and at the maximum aripiprazole dose used in each patient. 

Efficacy results:
These are presented for 12 patients because one participant withdrew from study requesting their data not to be used, another participant was withdrawn before full up-titration as it became apparent she was menopausal and thus would have gained no benefit from PRL reduction, and a third participant stopped taking aripiprazole after only three doses, making efficacy evaluation impossible. 
Adjunctive aripiprazole was effective in significantly reducing PRL in all the eight patients on paliperidone or risperidone, p =0.012. Median (range) PRL reduction from baseline to minimum effective dose or maximum tolerated dose of aripiprazole was 57.8 (39.6-71.3)% in these patients.
Normal menses were restored in women on these antipsychotics and normal testosterone was achieved in the only man with low testosterone at baseline who was not obese. 
The effective dose varied widely, between 1.5 and 10 mg. Given the small sample size it was not possible to explore the reasons for such variation. However, one possible explanation supported by our limited data is interaction with other drugs which may either impair (eg fluoxetine) or induce (eg carbamazepine) aripiprazole metabolism.  
No significant changes in PRL were seen in the four patients with hyperprolactinaemia caused by amisulpride or sulpiride. 

Safety results:
Known adverse drug reactions occurred in two patients at an adjunctive aripiprazole dose of 7.5 mg (worsening of sleep disturbance and irritability in one patient and tachycardia in another patient) and of 10 mg (blurred vision in one patient and slightly slurred speech in another patient). The side effects disappeared on drug withdrawal or dose reduction of aripiprazole or of the concomitant antipsychotic. There were no significant changes in weight, fasting plasma glucose or lipids. One patient with type 2 diabetes had a small increase in HbA1c (8 mmol/mol or 0.7%), which was probably related to the study drug.
There were no unexpected adverse drug reactions.

Conclusions:

The study was hampered by difficulties in recruitment and retention of patients. However, it showed that adjunctive aripiprazole is highly efficacious in ameliorating hyperprolactinaemia caused by risperidone or paliperidone but that the dose required for reducing PRL sufficiently to restore normal menses or normal testosterone is very variable. The implication is that the use of a fixed dose approach is unwarranted as aripiprazole treatment requires to be highly individualised and a treat-to-target approach, starting at a very low dose and up-titrating as required and tolerated, is necessary. A dose of 5 mg, most frequently advocated in the recent literature, might be unnecessarily high in some patients and insufficient in others.    

Date of the report: 4/8/2016
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1. LIST OF ABBREVIATIONS AND MEASUREMENTS UNITS
Abbreviations
SMI= severe mental illness; LD= learning disabilities PRL= Prolactin; AP= Antipsychotic; BMI= Body Mass Index; fpg= fasting plasma glucose, TG= triglycerides 
Measurement units:
Prolactin: mU/L 
Testosterone: nmol/L
Glucose, total cholesterol, HDL- cholesterol, LDL- cholesterol, triglycerides= mmol/L

2. ETHICS
The Aripiprazole and Prolactin Study was approved by the local Regional Ethics
Committeee (REC10/H0604/5). It was conducted according to the Declaration of Helsinki. 

Patient information and consent
The study included patients with severe mental illness (SMI) and patients with learning disabilities (LD), of whom one was capable to give informed consent and two were unable to do so. Capacity was assessed according to the guidance contained in the Code of Practice of the Mental Capacity Act 2005 (1). In the capacitous patients, informed consent was obtained at the screening visit. For incapacitous patients, informed consent was given by their legal representative, either at the screening visit (in one case) or before the visit (in the other case). The inclusion of incapacitous patients meant that that the study was conducted in observance with the ethical and legal principle of best interest, by which the interests of the patient always prevail over those of science and society (2).

3. INTRODUCTION

Background
Patients with severe mental illness (SMI) and patients with learning disabilities (LD) are often treated with antipsychotics. In view of their antidopaminergic action, these drugs have the potential to increase prolactin, although to a different extent according to individual compounds (3-5). Hyperprolactinaemia can cause secondary hypogonadism, as shown by menstrual disturbances in women and a low testosterone in men, by inhibiting the pulsatile secretion of the hypothalamic Gonadotropin Releasing Hormone (6). Hypogonadism in turn, by the decrease in circulating sex hormones, can induce symptoms of sexual dysfunction and, in the long-term, decrease bone mass and induce osteoporosis (7,8) with an increased rate of fractures (9,10). 
A low bone mineral density and an increased fracture risk have been documented in patients with SMI and patients with LD (11,12). Although both populations have various risk factors for bone loss, we focussed on hyperprolactinaemia and hypogonadism as we could attempt to treat these with the addition of a drug with a good, well defined safety profile, aripiprazole, an antipsychotic with a partial dopamine agonist action (13,14). At the time we were designing our study, adjunctive aripiprazole had been shown in a clinical trial to decrease PRL in almost 90% of schizophrenic patients with hyperprolactinaemia induced by high dose haloperidol (15).  However, the dose used in that study was fixed and as high as 30 mg whilst we believed a flexible approach, starting at much lower doses, should be investigated. Additionally, because the effect of hyperprolactinaemia and hypogonadism are particularly harmful in people who are still building their bone mass, we initially aimed to study only patients between the ages of 16 to 25 years, namely the time when peak bone mass is achieved. However, the age constraint made recruitment extremely difficult, hence a substantial protocol amendment was introduced, by which the study was open to patients with hyperprolactinaemic hypogonadism from the age of 16 years and above.

Primary aim 
To determine whether addition or substitution of aripiprazole to current antipsychotic treatment can normalize prolactin or reduce it to a level sufficient to normalize gonadal function in patients with severe mental illness or learning disabilities with antipsychotic induced hyperprolactinaemia causing secondary hypogonadism
Primary endpoint
Normalization of prolactin to within the normal range (60-620 mU/L for women and 45-375 mU/L for men) or a decrease in prolactin sufficient to restore normal gonadal function defined as normal menses in women and a testosterone level within the normal range for men (8.4-28.7 nmol/l).

Secondary aim 
To determine whether addition or substitution of aripiprazole to current antipsychotic treatment can improve bone mineral density in patients with low bone mineral density at baseline.
Secondary endpoint
Normalization or improvement in bone density in patients with an abnormal bone scan at baseline following two years of aripiprazole treatment.
The secondary aim and endpoint had to be abandoned during the course of the study due to the protracted duration of recruitment and the consequent impossibility of the required two-years follow-up to examine bone density changes. 

Patients
Patients with severe mental illness or learning disabilities aged 16 years and above with antipsychotic induced hyperprolactinaemia causing secondary hypogonadism

Treatment
Aripiprazole 


4. STUDY OBJECTIVES
Our overarching objective was to do a pilot study to explore drug effectiveness and feasibility of investigating a difficult population, which, if successful, could lead to larger trials

5. INVESTIGATIONAL PLAN

Study design: open-label, treat-to-target pilot study

Treatment: Aripiprazole tablets or oral solution administered at a starting dose of 2.5 mg daily and increased in 2.5-5 mg steps according to efficacy and tolerability and up to a maximum permissible dose of 30 mg daily.  

Patient population: Patients with any type of severe mental illness or with learning disabilities requiring long-term AP treatment, with antipsychotic induced hyperprolactinaemia impairing gonadal function.  Learning disability was defined as an IQ below 70 accompanied by significant impairment of social and adaptive function manifest before the age of 18 years.

Number of patients: Initial target number of recruited patients was 35, with 30 expected to complete the study. However, severe difficulties in recruitment led to a revised target number of recruited patients of 15, agreed by the funders, which was achieved. Of these, 12 patients completed the study. 

Inclusion criteria

Males or Females, aged ≥16 years
Diagnosed with antipsychotic induced hyperprolactinaemia of sufficient severity to induce secondary hypogonadism. This was defined by a raised serum PRL level accompanied by amenorrhoea or oligomenorrhoea (defined as a menstrual cycle length of > 35 days) in women and 9 am testosterone levels below the lower limit of the normal range in men (i.e. < 8.4 nmol/l). 
Stable dose of current regular antipsychotic medication for at least three months prior to study entry. 
Female participants of child bearing potential willing to ensure that they or their partner use effective contraception during the study and for 1 month thereafter 
Able (in the Investigators opinion) and willing to comply with all study requirements.
Willing to allow his or her General Practitioner to be notified of participation in the study.

Exclusion criteria

Pregnancy or breastfeeding
Any significant disease or disorder which, in the opinion of the Investigator, may either put the participants at risk because of participation in the study, or may influence the result of the study, or the participant’s ability to participate in the study.
Plans to donate blood during the study
Participants who have participated in another research study involving an investigational product in the past 8 weeks

Details of treatment

Aripiprazole was started at an oral daily dose of 2.5 mg in the morning following food, to avoid possible nausea and sleep disturbance. Dose up-titration was done in 2.5-5 mg steps at monthly intervals according to efficacy and tolerability. 
In one patient the starting dose was reduced to 1.5 mg due to concomitant treatment with fluoxetine, a potent CYP2D6 inhibitor, as per manufacturer’s instructions. When up-titration was required, the dose was increased by 1 mg to 2.5 mg daily.

Rationale for choice of dose

When the study was initially designed, only one paper had been published on treatment of antipsychotic induced hyperprolactinaemia with adjunctive aripiprazole, and in that study the dose used was as high as 30 mg (15).  Subsequently, other studies were published where smaller doses were used, in particular one trial from Japan, in which aripiprazole was added at 3-6 mg doses (16). Additionally, the investigators’ clinical experience pointed to the possibility of efficacy of a dose as low as 2.5 mg in reducing PRL and restarting menstruation in amenorrhoeic women with antipsychotic induced hyperprolactinaemia (17).  As it was predicted that the study population would have been not only on the antipsychotic causing hyperprolactinaemia, but also very likely on a variety of other drugs, it seemed crucial for safety considerations to keep the aripiprazole dose as low as possible.  

Rationale for choice of study design

A treat-to-target rather than fixed dose strategy was adopted with the aim of exploring the effect of the lowest possible dose, which was then up-titrated in small steps as necessary. This avoided exposure to potentially unnecessarily high doses of aripiprazole, both with the aim of ensuring maximum safety of study participants, and of producing clinical recommendations which could be easily adopted because of their safety. 


Concomitant therapy

Concomitant medication was noted, possible drug interactions were taken into consideration and appropriate action taken as needed. In particular, there was a requirement for current antipsychotic treatment to have been stable for the three months prior to study entry. However, once patients had entered the study, responsible psychiatrists were not asked to keep clinical treatment unchanged, as this would not have been in the patients’ best interest, particularly in view of the planned long duration of the study.  

Compliance with study treatment  

Compliance was assessed in the 12 patients who completed the study at each visit by tablet count or visual inspection of the quantity of liquid left in the bottle when aripiprazole was prescribed as oral solution. Adherence to treatment was very high, namely 100% in 7 patients and between 90% and 98% in the remaining 5 patients.

6. EFFICACY AND SAFETY VARIABLES

Efficacy measures. 

Efficacy was assessed by measuring PRL, enquiring about menses in women or measuring 9 am testosterone in men after a minimum of one month since the introduction of aripiprazole or after a dose increase. Blood for biochemical measurements was drawn in the fasting state and prior to the patient taking any morning medication, including aripiprazole. In men, blood was drawn at 9 am, which is the time of peak testosterone secretion and the time on which the laboratory testosterone normal range is based.

Safety measures

Patients were asked at each visit to report the appearance of any new symptoms, or the deterioration in any previous symptom, that had occurred since either the introduction of aripiprazole or after a dose increase.
Neurological and psychiatric variables were assessed at each visit by standard scales, namely Barnes akathisia, Simpson-Angus, DISCUS (Dyskinesia Identification System: Condensed User Scale), PANSS (Positive and Negative Syndrome Scale), and CGI (Clinical Global Impression) scale (18-22).
Metabolic variables were also assessed at each visit, by measuring weight, fasting plasma glucose, HbA1c, total, HDL- and LDL-cholesterol and triglycerides.  

Biochemical methods

Prolactin, testosterone, TSH, FSH and LH were measured by immunoassays on a Bayer Advia Centaur autoanalyser.  Glucose, triglycerides and total and HDL cholesterols were measured by linked enzymatic assays on a Bayer Advia 2400 autoanalyser. All specimens with a prolactin value of greater than the upper limit of normal were checked for the presence of macroprolactin by polyethylene glycol precipitation.  If a significant amount of macroprolactin was found to be present, monomeric prolactin concentration was calculated and reported.


7. DATA QUALITY ASSURANCE 
At the beginning of the study, training sessions were attended by the study clinical coordinator, who was the also the study doctor, and the research nurse for the use of the psychiatric and neurological safety assessment scales. A trained psychiatrist of learning disabilities was associated with the study and helped with the assessment of two LD patients. 
The biochemical analyses were performed in an accredited laboratory at the local hospital.  The performance of assays were routinely monitored 12-hourly by internal quality control checks at three different analyte concentrations, and also by participation in national external quality assurance schemes.  Furthermore, for each new lot of assay reagents, the performance of the assay was monitored to ensure that there was no significant bias in the results.

8. STATISTICAL METHODS PLANNED IN THE PROTOCOL AND DETERMINATION OF SAMPLE SIZE 
8.1 Statistical and Analytical Plans 
It was planned to assess the differences in serum PRL from baseline by Mann-Whitney or
 t-test depending on the distribution of the obtained data. As the distribution of PRL was
not normal, the Mann-Whitney test was used. 
It was also planned to calculate an average percentage reduction of PRL at each dose
change stage, along with an overall percentage reduction from baseline to normalisation
or reduction of PRL sufficient to restore gonadal function. 
The analyses planned for the secondary endpoint, namely the changes in bone mineral
density between baseline and after two years aripiprazole treatment were not carried out
as the endpoint was retired.   


8.2  Determination of sample size

At the time this study was designed, normalization of prolactin with addition of aripiprazole had only been attempted in an eight-week study in schizophrenic patients on high dose haloperidol (15) Shim et al, 2007). The results were highly positive, and we wished to confirm them in a younger age group, comprising also of patients with a learning disability, using smaller aripiprazole doses than the 30 mg used in the published study and also investigating the metabolic safety of aripiprazole added to other antipsychotics. Moreover, we wished to investigate whether prolactin normalization on aripiprazole treatment could also improve bone mineral density.  As there were no studies similar to the one we were proposing,   given the total lack of data, ours would be a pilot study. The study was deemed a pilot also because it was meant to investigate the feasibility of involving a difficult population. The results would have informed the decision of carrying out the larger trials which would have been necessary before major efforts to intervene in the whole relevant population should be made. 
Pilot studies are designed to establish statistical power and sample size calculations (23). A ballpark figure of 30 patients is generally recommended, although sometimes this is not achieved. At the time of design of the study we aimed to recruit 35 patients so to have 30 completing the study, allowing for a 12.5% drop-out rate as seen in the study by Shim et al (15).


9. CHANGES IN THE CONDUCT OF THE STUDY OR PLANNED ANALYSES 

Changes made during the conduct of the study were the following:

1) The inclusion criterion of patients with antipsychotic induced hyperprolactinaemia and 
secondary hypogonadism age 16-25 years was amended to patients with antipsychotic
induced hyperprolactinaemia and secondary hypogonadism age 16 years and above.  

2) Patients unable to give informed consent were included, provided informed consent was
given by their legal representative.

3) The starting dose of aripiprazole was lowered to 2.5 mg daily and the up-titration
schedule was changed to 2.5 mg per dose increase

4) Patients using aripiprazole both as adjunctive and substitution therapy were included.

5) The recruitment target was reduced to 15 patients 

6) The duration of follow-up was reduced from a total of two years to a minimum of six
months and maximum of 2 years.

7) The secondary endpoint, namely the change in bone mineral density after two years
aripiprazole treatment was removed.

Changes 1-4 are documented in the substantial protocol amendment dated 21/12/2011
(protocol version 2). Most of these changes were aimed at facilitating recruitment, and
increasing the scientific value of the study.  The reduction in the starting dose and in the
up-titration dose were due to the publication of a study showing efficacy of adjunctive
aripiprazole at doses of 3 to 6 mg (16) and to the investigators’ clinical experience (17). 
Changes 5-7 (annual progress report dated 18/4/2013 and substantial protocol amendment
dated 3/2/2014, protocol version 3) were made necessary by the unexpected difficulties in 
recruitment, which also resulted in a lengthy duration of the process.

10. STUDY PATIENTS 
10.1 DISPOSITION OF PATIENTS (Appendix 1)
A total of 70 patients (33 with SMI and 37 with ID) were referred to the study due to known or suspected hyperprolactinaemia. Of these, 55 patients did not enter the study because eight patients refused and one legal representative refused for the person he represented to enter the study, 11 had normal prolactin, 21 did not have hypogonadism (7 had normal periods, 14 had normal testosterone), 8 had causes of hypogonadism other than hyperprolactinaemia (3 were post-menopausal, 5 had primary gonadal failure), in 4 gonadal status could not be determined at entry or would have been impossible to determine during the study (3 were on sex hormone and one required sex hormones treatment), and 2 had serious concomitant illness (uncontrolled diabetes mellitus). 
A total of fifteen patients were recruited. 
10.2 RECRUITED PATIENTS
Of the 15 recruited patients, one patient withdrew consent after six months in the study, for no apparent reason, giving no reason for withdrawal and requesting their data not to be used in the study (on consultation with the sponsor, the request was granted). Another patient was excluded after two months in the study as it appeared she was menopausal and therefore did not meet the inclusion criterion of hyperprolactinaemic hypogonadism. A third patient withdrew from the study after only three doses of aripiprazole, before outcome data could be collected. 
Therefore, outcome data is available for 12 patients.
11. EFFICACY EVALUATION 
11.1 DATA SETS ANALYSED 

Patients included in the efficacy analysis were the 12 participants in whom PRL levels
had been measured after addition of aripiprazole up to the minimum effective dose or the
maximum tolerated dose and who had not withdrawn consent for using their data.
Appendix 2 is the whole dataset used for efficacy evaluation. 

11.2. ANALYSIS OF EFFICACY
It should be emphasized here that the primary endpoint of the study was normalization or reduction of prolactin sufficient to restore normal gonadal function (regular menses in women and testosterone within the normal range in men). Therefore, up-titration of aripiprazole was stopped when normal menses or testosterone within the normal range were achieved, even if the PRL level had simply been reduced rather than normalised.

Prolactin levels
Efficacy was analysed by comparing baseline PRL values to the lowest PRL values achieved on aripiprazole treatment. Appendix 2 is a table containing the data used to determine treatment efficacy. As the distribution of the data was not normal, the Mann-Whitney U test was used. 
As a first step, analyses were done by comparing the baseline PRL to the lowest achieved PRL level on aripiprazole in the whole patient group. The difference between these two values was significant at p=0.004.
However, it was self-evident that the eight patients on risperidone or paliperidone had a different response to aripiprazole compared to the four patients on amisulpride or sulpiride. Hence, despite the very small size of the dataset, it was found necessary to carry out the same analyses also by subgroup. The difference between the baseline PRL and the lowest achieved PRL level on aripiprazole remained significant at p=0.012 in the patients on risperidone or paliperidone but not in those on amisulpride or sulpiride. Additionally, the median (range) percentage difference between the baseline PRL and the lowest achieved PRL level on aripiprazole was -57.8% (-39.6% - -71.3%) in patients on risperidone or paliperidone and -19.8% (-44.4%- 3.6%) in patients on amisulpride or sulpiride (p=0.028 between the two groups). 

Menstruation

Normal menses were restored in three women on risperidone at an aripiprazole dose of 2.5, 5 and 7.5 mg respectively and in one woman on paliperidone at a dose of 1.5 mg daily. The reason for starting with such a low dose of aripiprazole, and probably also for the efficacy of this dose in lowering PRL and restoring menses, was concomitant treatment with fluoxetine at 40 to 60 mg doses.  
In another woman on risperidone, a dose of 10 mg aripiprazole achieved a 71% reduction in PRL from 3013 mU/L to near normal, 864 mU/L. However, the patient developed blurred vision on this dose, which was reduced to 7.5 mg daily within a few days, thus not allowing enough time for menses to return. The dose reduction eliminated the side effect but then PRL rose slightly to 1033 mU/L and the patient remained amenorrhoeic.
In one woman on amisulpride, aripiprazole up to a dose of 7.5 mg did not reduce PRL and the patient remained amenorrhoeic with troublesome galactorrhoea. 

Testosterone levels

Although PRL was completely normalised by aripiprazole at a dose of 2.5 mg in two men on risperidone, testosterone levels were not. Both men were obese, showing that the likely cause of hypogonadism in these patients was not the hyperprolactinaemia but the obesity, which can create a virtually indistinguishable biochemical picture.
In another man on risperidone, with a normal BMI, aripiprazole at a dose of 7.5 mg decreased PRL by 40% to 602 mU/L and restored testosterone to the low end of the normal range. 
Testosterone was not normalised in any of the three men on amisulpride or sulpiride

11.3 EFFICACY CONCLUSIONS

Although the study was severely limited by its small sample size, some conclusions can be drawn. The most important is that the addition of low dose aripiprazole can reduce PRL and restore normal menses or testosterone levels in patients with risperidone or paliperidone induced hyperprolactinaemia and hyperprolactinaemic hypogonadism. Additionally, the variability of the minimum effective dose, both in women and men implies that a treat-to-target, rather than a fixed dose approach should be used. Treatment should be started with a very low dose such as 2.5 mg or even lower in patients on potent CYP 450 inhibitors, and up-titrated according to response. 
Another important conclusion is that hyperprolactinaemia induced by benzamides does not respond to the addition of aripiprazole, which confirms the findings of another previous small study (24).    

Given the sample size, it was impossible to establish with any certainty the reasons for the need of individualised dosing of aripiprazole in patients with risperidone or paliperidone induced hyperprolactinaemia. Nevertheless, one factor could be interaction with other drugs such as fluoxetine, which inhibits aripiprazole metabolism, or carbamazepine, which instead induces it. 
Another explanatory factor could be the dose of the antipsychotic causing hyperprolactinaemia. However, despite the limitations of the study, we did not find this to be the case. For instance, a patient on 6 mg risperidone responded satisfactorily to 2.5 mg aripiprazole, while another patient on 2 mg risperidone required 5 mg aripiprazole. Nevertheless, in the individual patient, reduction of the antipsychotic causing the hyperprolactinaemia reduces PRL levels, as shown by three patients in our study.
Another predictive factor for the aripiprazole dose required to reduce PRL in patients with risperidone or paliperidone induced hyperprolactinaemia, could be the PRL level in itself. Again, this was not the case in our study, as we found no correlation between baseline PRL levels and the effective aripiprazole dose nor between the maximum percent change in PRL from baseline and the aripiprazole dose used to achieve it. 

In summary, despite its limitations, our study has confirmed that adjunctive aripiprazole reduces PRL levels in patients with risperidone or paliperidone induced hyperprolactinaemia but it is ineffective when the hyperprolactinaemia is due to benzamides.
The study has shown that the effective aripiprazole is highly variable, that it can be very low and that an individualised treat-to-target rather than fixed-dose approach is required. The reasons for this variability require further studies.

12. SAFETY EVALUATION

Safety analyses include all the patients who entered the study, took at least one dose of aripiprazole and did not withdraw permission to use their data, thus 14 patients.

Safety was evaluated by assessing metabolic parameters and neurological and psychiatric status at each clinic visit and by direct questioning of the patients about any potential new symptom or exacerbation of any previous symptom since the introduction of aripiprazole or any dose increase.  
Known adverse drug reactions occurred in two patients following up-titration of aripiprazole to 7.5 mg (worsening of sleep disturbance and irritability in one and tachycardia in another one) and in a third patient following up-titration to 10 mg (blurred vision). Aripiprazole was withdrawn in the first two patients and reduced to 7.5 mg in the other patient. Symptoms disappeared in all cases.
Another patient was found to have a minimal slurring of his speech after aripiprazole had been up-titrated to 10 mg during a switch-over from risperidone. Speech returned to normal on decreasing the risperidone dose whilst maintaining aripiprazole at 10 mg.
One patient withdrew from the study after three doses of aripiprazole 2.5 mg daily on which he reported a different sleep-related symptom for each dose (a bad dream, hypersomnia, insomnia).  
There were no significant changes in weight, fasting plasma glucose, HbA1c or lipids in the group as a whole. However, one patient with well controlled type 2 diabetes had an increase in HbA1c (from 53 to 61 mmol/mol or 7.0 to 7.7%) between baseline and an aripiprazole dose of 5 mg.  In this case, aripiprazole was stopped on grounds of lack of efficacy (an increase in dose was unwarranted as the total antipsychotic load would have exceeded the maximum permitted dose according to the British National Formulary), as well as safety, although the patient had previously had similar HbA1c results before the trial. It was not possible to measure HbA1c again at the optimal time for doing so, namely approximately three months after drug withdrawal. However, a measurement taken by the patient’s GP at a later date showed a return of HbA1c to the latest value before the trial.

There were no adverse changes in the mental state of any of the patients, no cases of akathisia, no deterioration of extrapyramidal symptoms, and no serious adverse drug reactions. In particular, there was no deterioration in the PANSS and there was a statistically significant improvement in the Clinical Global Impression scale between the baseline and the end of trial visit (mean score 3.5 vs 2.8, p= 0.025). 
One patient had a serious adverse event, as she required hospitalisation due to severe depressive symptomatology.  However, this was not related to either the introduction or up-titration of aripiprazole, and the drug was continued. The SAE was reported according to regulatory requirements. 
Adverse events are tabulated in Appendix 3. 

12.1 SAFETY CONCLUSIONS

As no serious adverse drug reactions occurred during the trial, we consider aripiprazole treatment safe. Nevertheless, several treatment emergent symptoms and signs occurred, which were definitely or probably related to either aripiprazole itself or to the addition of aripiprazole to another antipsychotic. Therefore, in combination treatment, caution should be exercised, particularly as the aripiprazole doses associated with side effects were relatively low at 5 to 10 mg, i.e. much lower than the maximum dose of 30 mg. 
Additionally, adjunctive aripiprazole did not consistently alter metabolic parameters in patients who were not diabetic at baseline, and therefore we considered it safe. However, we excluded from the trial patients with poorly controlled diabetes and the only well controlled diabetic patient we recruited had a small increase in HbA1c, which was probably related to the addition of aripiprazole. Therefore, close metabolic monitoring should be performed when using aripiprazole in diabetic patients, even if well controlled. 


13. DISCUSSION AND OVERALL CONCLUSIONS

The study has shown that the addition of aripiprazole can reduce prolactin and restore normal menses or testosterone levels in patients with risperidone or paliperidone induced hyperprolactinaemia and hyperprolactinaemic hypogonadism but not in patients with benzamide induced hyperprolactinaemia, and that the minimum effective dose is highly variable and can be very low. 
Whilst these findings confirm published reports on decrease of PRL levels (15, 16, 24-27) this is the first study to explore efficacy of aripiprazole doses as low as 2.5 mg or less.  This is an important addition to current knowledge given that in the real world, patients with psychiatric disorders or learning disabilities are often treated with other drugs beside the antipsychotic causing the hyperprolactinaemia. Therefore, for safety and tolerability, it is crucial to keep the dose of any additional medication as low as possible. The clinical corollary to our findings is that patients requiring treatment of antipsychotic induced hyperprolactinaemia should be given adjunctive aripiprazole at an initial dose of 2.5 mg daily, or even lower in case of concomitant treatment with potent CYP 450 inhibitors, and that aripiprazole should then be up-titrated according to response. In our study we assessed this by measuring PRL, enquiring about menses in women or measuring 9 am testosterone in men after approximately a minimum of one month since the introduction of aripiprazole or after a dose increase.
The addition of aripiprazole to other antipsychotics was safe as there was no deterioration in extrapyramidal symptoms or in the mental state, which, in fact, was overall improved. However, the occurrence of some treatment emergent symtoms and signs at doses of 5-10 mg, should prompt clinicians to use as small doses as possible when using aripiprazole as adjunctive antipsychotic.  
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15. LIST OF APPENDICES
1) Disposition of patients in the study
2) Efficacy of aripiprazole as expressed in percentage and absolute change in PRL levels.
3) Treatment emergent symptoms and signs
4) Weight, Body Mass Index, HbA1c, fasting plasma glucose, and lipids at baseline and at maximum aripiprazole dose


Appendix 1. Disposition of patients in the study.
	
70
Patients referred due to known or suspected hyperprolactinaemia


	
	

	
55
patients excluded
Refusal: 8 patients, 1 legal representative
Normal PRL: 11
Normal periods: 7
Menopause: 3
On sex hormones: 3
Requiring sex hormones: 1
Normal testosterone: 14
Primary gonadal failure: 5
Uncontrolled diabetes: 2


	   
	

	
15
patients recruited


	   
	

	1 patient withdrew from study without giving reason, requesting their data not to be used
1 patient withdrew before outcome data could be collected
1 patient was withdrawn due to not meeting inclusion criterion


	   
	

	Outcome data available for 12 patients
Safety data available for 14 patients




Appendix 2. Efficacy of aripiprazole as expressed in percentage and absolute change in PRL levels. Menstrual status in women and testosterone levels in men in relation to PRL levels at baseline and after addition of aripiprazole 
	ID
	A
	Relevant concomitant 
therapy
	PRL 
1
	PRL 
2
	% change
	Absolute change
	Mens 1
	Mens
2
	Testo 1
	Testo 2

	1
	7.5
	risperidone 2 mg daily + 
25 mg two weekly 
	3113
	955
	-69%
	-2158
	0
	1
	
	

	8
	10
	risperidone 3 mg daily
	3014
	864
	-71%
	-2150
	0
	U
	
	

	9
	2.5
	risperidone 2 mg daily
	589
	356
	-40%
	-233
	
	
	6.5
	9.1

	10
	2.5
	risperidone 6 mg daily
clozapine 200 mg daily
	538
	241
	-55%
	-297
	
	
	2.9
	4.4

	11
	7.5
	risperidone 3 mg daily
carbamazepine 1200 mg daily
	1003
	602
	-40%
	-401
	
	
	6.1
	8.4

	12
	5
	amisulpride 1000 mg daily
	664
	529
	-20%
	-135
	
	
	3
	2.4

	13
	5
	risperidone 2 mg daily
	818
	308
	-62%
	-510
	0
	1
	
	

	14
	7.5
	sulpiride 800 mg
	480
	390
	-19%
	-90
	
	
	4.7
	5.8

	17
	5
	amisulpride 800 mg
fluoxetine 10 mg daily
	2558
	3015
	18%
	457
	0
	0
	
	

	18
	7.5
	sulpiride 400 mg
quetiapine 25 mg
	882
	490
	-45%
	-392
	
	
	6.2
	6.5

	19
	1.5
	paliperidone 75 mg monthly
fluoxetine 40 mg daily
	2103
	1122
	-47%
	-981
	0
	1
	
	

	20
	2.5
	risperidone 3 mg daily
	2466
	1406
	-43%
	-1060
	0
	1
	
	



ID= patient identification code
A= aripiprazole dose on which maximum change in PRL level occurred
Relevant concomitant therapy= concomitant medication affecting prolactin (i.e. antipsychotics) or aripiprazole serum concentration (fluoxetine, carbamazepine)
1= baseline parameters
2= same parameters at aripiprazole dose on which maximum change in PRL level occurred 
% change=  change between PRL 1 and PRL 2 as a % of PRL 1
Absolute change= change between PRL 1 and PRL 2 in mU/L
Mens= menstruation (0=amenorrhoea/oligomenorrhoea; 1= regular; U= unknown)
Testo= 9 am serum testosterone 
Measurement units: PRL= mU/L; testosterone= nmol/L

Appendix 3.   Treatment emergent symptoms and signs 
	ID
	Age
 (y)
	Sex
	A 
	Other AP
	Symptoms/signs
	Action in study
	Resolution of symptoms/signs
	Relationship 
with A

	8
	25
	F
	10 
	Risperidone 3
	Blurred vision
	A decreased to 7.5 mg
	Yes
	definite

	8
	25
	F
	5  
	Risperidone 3
	Hospitalisation for severe depression
	None except for reporting
	Yes
	unrelated

	11
	50
	M
	10
	Risperidone 3
	Slightly slurred speech
	None 
	Yes, on reduction of risperidone
	probable (as total antipsychotic load)

	12
	49
	M
	5
	Amisulpride 1000
	Increase in HbA1c of 8 mmol/mol (0.7%)
	A stopped
	Yes
	probable

	15
	37
	M
	2.5 
	Amisulpride 400
	1st dose: bad dream; 2nd dose: hypersomnia; 3rd dose: insomnia
	Patient stopped A and withdrew from study
	Unclear
	unrelated

	17
	17
	F
	7.5
	Amisulpride 800
	Increased irritability and worsening of insomnia
	A stopped 
	Yes
	definite

	18
	53
	M
	7.5
	Sulpiride 400, quetiapine 25
	Tachycardia
	A stopped
	Yes
	definite


ID= patient identification code
A= aripiprazole (mg daily)
Other AP= concomitant antipsychotic (mg daily) 







Appendix 4. Weight (kg), Body Mass Index (BMI) , HbA1c (mmol/mol and %), fasting plasma glucose (FPG), total cholesterol (Total C) , HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C), triglycerides (TG) (mmol/L) at baseline and at maximum aripiprazole dose.	

ID= patient identification; Dose= maximum aripiprazole dose in mg daily; 1= baseline parameters; 2= same parameters at maximum aripiprazole dose
NS for comparisons (paired t-tests) between baseline value and value at maximum aripiprazole dose for each parameter 
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