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Abstract

:

This research studies the dose–plasma level (PL) relationship of second-generation antipsychotics, together with the treatment outcomes achieved, in seriously ill people with schizophrenia. An observational, prospective, one-year follow-up study was carried out with patients (N = 68) with severe schizophrenia treated with paliperidone three-month (PP3M) or aripiprazole one-month (ARIM). Participants were divided into standard-dose or high-dose groups. PLs were divided into “standard PL” and “high PL” (above the therapeutic reference range, TRR) groups. The dose/PL relationship, and severity, hospitalizations, tolerability, compliance, and their relationship with doses and PLs were evaluated. There was no clear linear relationship between ARIM or PP3M doses and the PLs achieved. In half of the subjects, standard doses reached PLs above the TRR. The improvements in clinical outcomes (decrease in clinical severity and relapses) were related to high PLs, without worse treatment tolerability or adherence. All participants remained in the study, regardless of dose or PL. Clinical severity and hospitalizations decreased significantly more in those patients with high PLs. Considering the non-linear dose–PL relationship of ARIM and PP3M in people with severe schizophrenia, PLs above the TRR are linked to better treatment outcomes, without worse tolerability. The need in a notable number of cases for high doses to reach those effective PLs is highlighted.
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1. Introduction


Antipsychotic medications (APs) are an effective treatment for schizophrenia for patients who need continuous long-term treatment [1,2,3,4,5,6,7]. The high prevalence of non-adherence is associated with relapses and hospital (re)admissions [8,9,10,11] and suicide risk [12,13,14]. Second-generation antipsychotics (SGAs) have shown to be more effective and tolerable than first-generation antipsychotics (FGAs) [15,16]. While the use of SGA has already been recommended worldwide [5,6,11,16], there is a debate about the use of long-acting injectable (LAI) APs to improve adherence and treatment outcomes compared to oral APs [17,18,19,20,21]. LAI APs are considered an effective treatment strategy for improving compliance [9,11,18,20] and reducing psychiatric hospitalizations [22,23,24,25,26], being more effective than oral APs [5,7,17,18,19,20,22,23,24,25,26], especially in patients with poor compliance and relapses [20,27,28,29]. Observational data do not suggest significant differences between aripiprazole LAI and paliperidone LAI regarding the main clinical outcomes (hospitalization, symptom improvement, discontinuation) in head-to-head real-world comparisons [30,31].



The effectiveness of APs is related to the achievement of optimal plasma levels (PLs) [32,33,34,35]. Indeed, the quantification of PLs (“pharmacotherapeutic monitoring”) is considered a way for precision medicine to guide routine practice and improve treatment decisions [36,37,38,39]. Nevertheless, its usefulness in clinical practice is not clear, given the interindividual variability in the pharmacokinetics of APs, and in the dose–PL–response relationship [40,41,42].



An issue that is also discussed is the use of high doses of APs (those that exceed the recommended/licensed) in complex, seriously ill, or treatment-resistant patients. Although clinical guidelines state that there is no reason for the use of high doses [43,44], there are some arguments related to individual patient pharmacokinetic differences supporting the rationale behind their use [45,46]. What is certain is that high doses of APs in the treatment of schizophrenia are often prescribed because of the poor response to standard treatment [47,48,49,50,51]. Conversely, there is little to support pharmacodynamic differences as an explanation for the use of high doses [45,46,49,50,51]. Moreover, robust data on the adverse effects of high doses are still lacking [45,46,47,48,49,50,51].



These reasons support that it is necessary to know the PLs achieved with the different doses and their relationship with effectiveness, compliance, tolerability, and safety, especially in patients with poor progress. This study researches the dose–PL relationship of the most recently marketed antipsychotics in their long-acting injectable formulations: aripiprazole one-month (ARIM) [52,53,54] and paliperidone three-month (PP3M) [55,56,57,58]. The objectives here are to find the relationship between the doses prescribed in clinical practice and the PLs of ARIM and PP3M in severely ill people with schizophrenia; to ascertain which doses reach therapeutic PLs; and to find out which PLs are linked to better treatment outcomes and whether they involve worse tolerability, safety, or compliance.




2. Materials and Methods


An observational, prospective, one-year follow-up study was conducted on people over 18 years old with schizophrenia (ICD 10, F-20) who were seriously ill (defined as scoring ≥ 5 on the Clinical Global Impression-severity (CGI-S) scale), receiving treatment with stabilized doses of PP3M or ARIM for at least one year (in “steady-state” PLs) before study enrollment (N = 68). The decision to prescribe to patients ARIM or PP3M, or standard or high doses, had been made by the clinicians who were treating them.



Participants were included in two groups: “standard-dose” (licensed) and “high-dose” (above licensed: PP3M > 525 mg/3 months or ARIM > 400 mg/month). PLs were divided into therapeutic reference ranges (TRRs), or “standard range” (PP3M: 20–60 ng/mL; ARIM: 150–250 ng/mL) and “high range” (above TRRs). Of the 68 subjects, 22 were on PP3M standard doses, 21 on PP3M high doses, 12 on ARIM standard doses, and 13 on ARIM high doses. Patients were selected from each group randomly (stratified randomization).



The subjects’ gender, age, length of illness, previous AP treatments, weight, smoking habit, and concomitant medications were recorded. Patients treated with high doses were aiming to achieve clinical stabilization due to a lack of effectiveness after months of treatment with lower doses. PLs and the relationship between doses and PLs were determined. Treatment compliance and its relationship with dose and PLs were evaluated. To assess effectiveness, the CGI-S scale was administered (by the clinicians who treated the participants during the study, not by the study team members), and hospital admissions were recorded, comparing both with the previous year; the relationship of treatment outcomes with AP doses and plasma levels was also studied. The different doses and PLs, and changes in hospitalizations, CGI-S scores, and laboratory alterations, were compared to determine if a relationship exists between them. To assess tolerability and safety, reported adverse effects (AEs), and also weight, blood count, biochemistry, and prolactin levels, were collected. The relationship between both doses and PLs was also determined.



Blood extractions were performed after fasting at the lowest PLs, immediately before the administration of the next dose of either PP3M or ARIM. In all cases, the site of LAI administration was gluteal. Quantification of 9-hydroxyrisperidone and aripiprazole in serum was performed using liquid chromatography/mass tandem. To measure prolactin, participants had a 30 min rest before blood extraction. A specialized laboratory conducted the measurement of drug levels to ensure that levels were accurate.



A descriptive analysis of the sociodemographic and clinical variables of the sample was performed. For the analysis between treatment groups, χ2 was used for categorical variables and Student’s t-test for quantitative paired data. Blood level data were eligible for parametrical testing given that they followed a normal “gaussian” distribution. The confidence interval was established at 95%. For data processing, the “R Development Core Team” program (v 3.4.1) MASS Package (v 7.3-45) was used. In addition, considering the design as a cohort study (comparing the frequency of occurrence of the event “high plasma levels” between two groups, standard dose and high dose, with the latter considered the exposure group), the relative risk was calculated to see how many more times the event “high plasma levels” tended to occur in the high-dose group compared to the group not exposed (standard dose).




3. Results


The sample was made up mostly of middle-aged (48.1 [18.3]-year old) men (76.5%). All participants studied identified as male/male or female/female, with a 15.7 (7.9)-year length of illness. All of them had received prior antipsychotic treatment: 38 patients had been treated with oral antipsychotics (9 clozapine (578.6 [110.4] mg), 6 risperidone (7.9 [1.3] mg), 5 olanzapine (26.1 [7.2] mg), 7 aripiprazole (32.9 [9.4] mg), 5 paliperidone (12.3 [2.2] mg), and 6 with others); 30 patients had been treated with LAI antipsychotics (6 LAI risperidone (56.2 [6.3] mg/14 d), 11 LAI paliperidone (221.3 [30.1] mg/28 d, 9 LAI aripiprazole (706.9 [101.7] mg/28 d, and 4 with other LAI). There were no differences between the type of AP or dose related to these variables. No significant changes in weight or smoking habits during follow-up were found (Table 1).



The dose/PL ratio is shown in Table 2, with the dispersion of the dose values and PLs, and trend lines, in Figure 1 and Figure 2. Although some relationships do exist between ARIM and PP3M doses and plasma levels, they are not clearly linear. Figure 1 and Figure 2 show the trend line to judge this relationship. Indeed, the dose/PL correlation was not linear, especially with ARIM. In more than half of the subjects with standard doses, PLs above the TRR were reached (Table 3), mainly with PP3M. Some participants with high doses did not achieve high PLs, mainly with ARIM; in a few cases, standard doses did not achieve TRRs. The relative risk (RR) for “high PLs” in the “high dose” group compared to the “standard dose” group was approximately double (relative risk (RR) for high doses/high levels = 1.8; RR PP3M = 2.2; ARIM RR = 2.3).



All participants remained in the study regardless of the AP, the dose, or the PL. The severity of illness decreased after 12 months of follow-up, somewhat more frequently in subjects with greater severity, but they were mainly those receiving high doses. Hospitalizations decreased almost exclusively in those subjects with high plasma levels (Table 4). No significant differences (no relationships) were found between the concrete different doses and PLs, changes in hospitalizations, CGI-S scores, and laboratory alterations/side effects, so no PL was identified at which an improvement in these measures is seen (or no further improvement is seen).



More than 25% of people studied reported adverse effects, although none were serious or led to a change in AP. Side effects were not generally more frequent in the high-dose or in the high-PL groups (only for parkinsonism in patients on PP3M). The anticholinergic effects were related to concomitant medication use (p < 0.01) (Table 1). Alterations in laboratory tests (>20% over normal range) were found in almost two-thirds of participants, although without severity or a need to change treatment. The most common were elevations in lipids (found in 2/3 of participants) and prolactin (always in subjects with PP3M, and related to high levels; p < 0.05). Blood count, glucose, and hepatic function elevations were found in almost 20% of people (Table 1). These were not twice the upper limit of normal and they were not related to the kind of AP or to the dose (standard or high), although a few of them were related to high PLs. Both the percentage of patients with adverse effects and that of patients with laboratory test alterations decreased during follow-up.



Concomitant medications (psychotropic drugs) were prescribed in more than 50% of participants, with benzodiazepines, antidepressants, and other oral APs (mainly used as hypnotics) being the most common. The use of these medications decreased during the follow-up and was not linked to the AP used, doses, PLs, or outcomes (Table 1). Antiparkinsonian medications were used much more with PP3M, although without regard to dose or PLs.



No differences were found in these outcomes concerning gender, age, weight, or tobacco consumption (no significant relationships were encountered).




4. Discussion


4.1. Therapeutic Monitoring of SGA LAIs


SGA LAIs are a group of medications widely used in patients with schizophrenia and in a considerable number of complex cases at high doses [16,45,46,47,48,49,50,55]. For these reasons, awareness of the PLs achieved with the different doses prescribed and their relationship with the treatment outcomes of this profile of patients [16,46,47,48,49,52,53] is essential for optimizing their use [1,7,9,27,33,59], especially taking into account the lack of data [32,33,34,35,36,37,38,39].



Therapeutic drug monitoring has been proposed to estimate both response and toxicity in a given patient, but its usefulness has been called into question since studies with APs have yielded contradictory results [33,37,38,39,40,41], given the interindividual variability in pharmacokinetics [37,40,41,42]. In studies with seriously ill people, a curvilinear relationship was found between olanzapine doses and PLs, but not with risperidone [37,40,55,56]. It has also been observed that PLs vary due to factors such as sex, age, weight, dose, or smoking habit, but without explaining the differences in PLs between patients [41,60]. A greater correlation has been found between receptor occupancy and PLs than with the dose [36,37,40]. What seems clear is that PLs provide better therapeutic guidance than doses [36,37,38,39,40,41,42].



Doses and Plasma Levels of Aripiprazole and Paliperidone LAI


A retrospective evaluation of SGA-LAI levels found a surprisingly high incidence of PLs below the TRR in more than half of the subjects, despite maintaining the recommended dose, which implies that they may be underdosed in routine clinical practice [40]. Nevertheless, TRRs have been defined for oral preparations, and it is possible that for LAIs they may be different [32,33,34,35,36,37]. A meta-analysis of 20 APs exploring whether higher doses were appropriate for some people showed that doses higher than the licensed may, on average, not provide greater efficacy; for some APs, however, high doses could be tried because their dose–response curves did not stabilize [37,38,39]. In contrast, for APs with clearly increasing dose–response curves, high doses might be more effective [32,37,40,52,61]. Dose–response relationships in specific populations, such as treatment-resistant patients, are likely to differ [37,40].



A study with ARIM [62] found that the effective dose was 463 mg/4 weeks. Regarding paliperidone one-month, the effective dose was 120–150 mg/4 weeks [56,57,58]. In randomized studies evaluating pharmacokinetic profiles, higher peak PLs were found after dosing in the deltoid than in the gluteal [33,63]. A debate is open on whether LAI SGAs injected in the deltoid versus the gluteal muscle are therapeutically equivalent [64]. In our study, all participants were injected in the gluteal muscle, so this is not a possible cause of the different plasma levels reached.



Few studies have shown a correlation between dose and PLs with ARIM [41,62]. Our research did not find a clear linear correlation, and seems to indicate more of a correlation with PP3M than ARIM (Figure 1 and Figure 2). Moreover, the relative risk of achieving high PLs in the high-dose group was only about twice that of the standard-dose group.



The evidence of a relationship between PLs and clinical effectiveness and side effects is scarce [52,55,65], albeit under discussion [38,52]. Two studies found a relationship between increased ARIM PLs and antipsychotic response [41,51,66], as we found not only with ARIM but also with PP3M, while another reported better cognitive performance in subjects with high aripiprazole PLs [63]. On the other hand, high PLs are considered unlikely to increase adverse effects [41,48,51,52]



Regarding factors influencing aripiprazole levels, studies investigating age, gender, weight, and PLs did not show a clear correlation [41,60], and we did not find any relationship.



Regarding the influence of co-medications, studies have shown an increase after treatment with paroxetine, a decrease with carbamazepine and valproate, and no influence of escitalopram, haloperidol, or clozapine. They have also shown that simultaneous treatment with CYP3A4 inducers and CYP2D6 inhibitors did change PLs [40,41,51]. We found no influence of concomitant treatment with antidepressants and oral APs on PLs.



At any rate, the findings of this research question the linear kinetics of ARIM and PP3M in this profile of people. Indeed, in a notable percentage of cases, standard doses reached PLs higher than the TRRs, so most participants studied had PLs above the TRR, which has to be highlighted. It can thus be assumed that these people, all of whom were seriously ill, required PLs above the TRRs for clinical stabilization. It must be remembered that to support the rationale behind high-dose therapy, an argument is that an insufficient amount of antipsychotic might not have a sufficient effect due to individual pharmacokinetic differences [45,46,47,48,49].





4.2. Plasma Levels and Response (Treatment Compliance, Effectiveness, Tolerability, and Toxicity)


In our study, clinical severity, measured with the CGI-S, decreased after one year of follow-up. This decrease was more frequent in those participants with greater severity, but who were also those most frequently achieving high PLs. Moreover, the decrease in hospitalizations was almost exclusively in those patients with PLs above the TRR. Summing up, the effectiveness of high PLs was greater than with standard levels, without affecting therapeutic compliance, and the possible need for high PLs to achieve clinical improvement in many people with severe schizophrenia has to be pointed out.



Lastly, it is noteworthy that tolerability was good and, although more than 25% of subjects reported some AEs, none were serious or involved a need for a treatment change. Moreover, the tolerability and safety of high doses and PLs are similar to those of standard doses and levels (adverse effects were only higher in the group with high PLs of PP3M for Parkinsonism). Excessive changes in laboratory tests (considered to be >20% over the upper limit of normality, a very strict criterion) were found in almost three-quarters of participants, although without severity (none twice the upper limit of normal) or the need to change treatment. The elevation of lipids (cholesterol or triglycerides) was found mainly in patients with PP3M, regardless of the dose or PLs. Prolactin elevation was always linked to PP3M, and related to high PLs. This finding is not striking, given the well-known relationship between paliperidone and prolactin elevation (and even its decrease with aripiprazole) [51,52,67,68]. Concomitant medications have no influence on tolerability or safety.



These results raise the need to confirm the PLs achieved in clinical routine with the different doses prescribed, especially in people with clinical severity, poor adherence, and multiple relapses and hospitalizations. Furthermore, it should also be considered whether a good number of these patients require PLs above TRRs (possibly suitable only for less-severe populations or those without previous AP treatment failures), especially given that the tolerability of high PLs seems to be similar to the tolerability of standard (TRR) plasma levels.



Although the likelihood and intensity of most Aps’ adverse effects increase with dose, others are not dose-related [41,44,47,60,65]. While some studies have found more extrapyramidal side effects and elevated prolactin with high-dose SGA treatment than with standard doses, others have even reported less parkinsonism and fewer dropouts due to AEs [46,47,48,49,50]. Regarding aripiprazole, in one study subjects with higher PLs scored lower on an akathisia scale [65]. The available data do not provide conclusive evidence in this regard, and although several studies point to a good tolerability and safety of high-dose therapy [45,46,52,57], others did not show a clear association between PLs and AEs [50,51,52,67], a finding in line with our study.



In our study, there were no significant differences in safety or tolerability between standard and high PLs of both antipsychotics, which is important in order to test increases above standard doses to achieve effective levels and thus better clinical results without the risk of serious adverse effects [46,51,67,69] or reduced safety [70,71]. Moreover, the research shows that concomitant medications did not increase AEs.



We state that high plasma levels are linked to better treatment outcomes and without worse tolerability or safety. The most common alterations, as expected, were elevations in lipids and prolactin (this was significantly related to high PP3M PLs), but without clinical relevance.




4.3. Limitations and Strengths


Some limitations of this research need to be pointed out. This was an open-label study under pragmatic conditions. The study’s participants were already being treated with APs, so treatment was not assigned randomly but based on clinical criteria. This design has the risk that the two study groups (subjects with standard doses and subjects with high doses) are not homogeneous in terms of sociodemographic and clinical profiles. An attempt was made to minimize this potential bias by randomly selecting the participants from each cohort (stratified randomization).



In this study, we dichotomized our data into low and high doses/low and high PLs, instead of evaluating these as continuous variables, considering the methodological risks of this choice. We are aware of the fact that analyzing the data by running a linear regression/correlational analysis on them to determine if a relationship exists could be a valuable alternative. In any case, both analyses can help to propose a new TRR for ARIM and PP3M, based on identifying which PLs show improvements in hospitalization and CGI score, and also to determine at which PLs an increase in AEs is seen.



All the people in our study were rated as severely ill by the CGI-S, so the results may not be generalizable to populations that are not severely ill. Furthermore, the sample size was relatively small as it was conditioned by precisely this specific profile. Moreover, unmeasured factors related to the underlying clinical decision to treat a patient with ARIM or PP3M, or with standard or high doses, are a limitation of observational studies such as this.



We used the CGI-S to measure a clinically meaningful change in severity, which is a non-specific instrument and a potential limitation. No formal adverse-effect assessment scales were applied, with an ad hoc questionnaire designed by the study researchers for the evaluation of side effects used instead.



As for the strengths, our research provides a perspective of real-world results based on routine clinical practice, and it is the first study that measures the relationship of different doses with PLs of the most recently used LAI APs in people with severe schizophrenia. Moreover, it also assesses the treatment compliance, effectiveness, and tolerability of different doses and PLs. The number of PL quantifications of doses of these SGA LAIs above the licensed amount (half of the participants, 34) is also remarkable; to the best of our knowledge, there is no published study in this regard.





5. Conclusions


Given that AP treatment effectiveness is related, among other factors, to the achievement of optimal plasma levels, the search for the relationship between doses and PLs, and clinical response, is a step towards precision medicine in people with schizophrenia [72]. This is especially important for the most severe or “resistant” to treatment [73], who are frequently prescribed high doses to achieve clinical improvement, and also for the most recent LAI antipsychotics, which are increasingly used. The knowledge of these relationships can better guide practice and improve individualized treatment.



This study shows the PLs achieved with different doses and their relationship with the effectiveness and tolerability in patients with poor evolution. It was found that there was no clear linear relationship between doses of ARIM or PP3M and PLs; moreover, in many cases, standard doses, and not only high doses, achieved plasma levels above the TRR. In addition, improvements in treatment outcomes in people with severe schizophrenia were shown to be related to PLs above the established therapeutic ranges, without worse safety, tolerability, or compliance.



For this reason, one of the conclusions of the study is the proposal that the established TRRs for patients with clinical severity, multiple relapses, and previous antipsychotic treatment failures should be revised. These new TRRs could be related to those PLs that showed greater treatment effectiveness in our study. The data we have here could be used to help find what that revision should be. It is also necessary to remember that on the one hand, the TRRs were defined for oral preparations and may be different for LAIs, and on the other, the TRR values may be based more on North American than on European populations, as studied here.



Lastly, most of the study participants can be considered “treatment-resistant”, and were candidates for treatment with clozapine. Our findings make it possible to consider ARIM and PP3M, at PLs above the TRR, as a possible alternative for them, being safer, more tolerable, and more adherent [74].



Nevertheless, these preliminary findings have to be confirmed with studies with a larger number of subjects. It should also be determined whether they are related more to pharmacokinetic than to pharmacodynamic variables. If this is not the case, a subsequent genotyping study could be useful (e.g., with “drug response” research studying DRD3, CYP3D6, CYP219, and CYP1A2 genes) [75,76,77].
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Figure 1. Doses and plasma levels of aripiprazole one-month (ARIM), and trend line (The blue arrow indicates the maximum therapeutic level). 
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Figure 2. Doses and plasma levels of paliperidone tree-month (PP3M), and trend line (The blue arrow indicates the maximum therapeutic level). 
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Table 1. Sample clinical characteristics.






Table 1. Sample clinical characteristics.





	N: 68
	Base/Previous Year
	1-Year Follow-Up





	CGI-S scale scores
	5.4 (1.2)
	4.7 (1.1) *



	N# hospitalizations [X(SD)]
	0.4 (0.2)
	0.2 (0.1) **



	Hospitalizations (% yes)
	17.6
	11.4 **



	Weight kg. [X(SD)] $
	85.5 (21.3)
	82.1 (18.6)



	Tobacco use (% yes) $
	76.5
	72.8



	Concomitant medications (%). Any.
	57.3
	45.6 **



	Antidepressants
	34.2
	29 *



	Mood stabilizers
	11.4
	11.4



	Benzodiazepines
	38.2
	34.2 *



	Other oral antipsychotics
	29
	27.3



	Antiparkinsonians (Biperiden)
	38.2
	35.3



	Other medications (with possible interactions)
	11.4
	11.4



	Laboratory test alterations (>20% normal range ⱡ) (%). Any.
	68.4
	57.3 **



	Blood count
	17.6
	18.2



	Glucose
	18.2
	19.1



	Lipids (cholesterol or triglycerides)
	68.4
	60.8 *



	Hepatic function
	22.8
	20.9



	Renal function
	2.2
	2.2



	Cystatine C
	4.4
	4.4



	Prolactin
	45.6 (57.3% HL)
	38.2



	Reported adverse effects (%). Any.
	29
	22.8 **



	Parkinsonism
	20.9 (91.2% PP3M)
	19.1 *



	Sedation
	9.1
	8.8



	Akathisia
	4.4
	4.2



	Anticholinergic effects
	19.1
	18.2



	Sexual disfunction
	18.2
	17.6



	Other
	10.5
	10.5



	Blood pressure out of range (% yes)
	9.5
	9.1







X: mean; SD: standard deviation; HL: high levels; *: p < 0.05; **: p < 0.01. $: no differences between AP or dose; ⱡ: none twice the upper limit of normal. 













 





Table 2. Doses and plasma levels of PP3M and ARIM.
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	N: 68
	





	PP3M (N = 43)
	



	Doses [X(SD)]
	781.4 (114.2)



	Plasma levels [X(SD)]
	110.3 (32.1)



	Plasma level/dose ratio
	0.1



	PP3M standard doses (N = 22)
	



	Doses [X(SD)]
	511.5 (183.5)



	Plasma levels [X(SD)]
	41.6 (12.9)



	Plasma level/dose ratio
	0.1



	PP3