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S1. SUPPLEMENTARY INTRODUCTION 
S1.1. Oral Paliperidone Pharmacology   
The pharmacology of oral paliperidone has been reviewed in detail in a prior review article [13]; this supplementary introduction provides only a brief summary so that the pharmacology of long-acting (LAI) paliperidone can be better understood. 
Leucht’s meta-analyses [8,14] reported similar antipsychotic properties in terms of positive and negative symptoms for paliperidone and its parent compound, risperidone. Despite clinical similarities, pharmacodynamic differences may make paliperidone less able to penetrate the blood-brain barrier, compared to risperidone [15,16]. Lower paliperidone levels in the brain, compared to risperidone, may account for paliperidone’s lower levels of efficacy and toxicity [17].
S1.1.1. Pharmacodynamics of Oral Paliperidone 
The pharmacodynamic effects of paliperidone are mainly explained by the blocking of neurotransmitter receptors centrally as well as in the periphery. Table 1 [18-23] provides in vitro neurotransmitter receptor affinities for paliperidone. Its considerable affinity for D2 receptors accounts for its antipsychotic effect as well as side effects, including extrapyramidal symptoms (EPS) and hyperprolactinemia, as reported by secondary evidence [8, 14]. Furthermore, severe hyperprolactinemia (>100 ng/ml) may be observed in a substantial proportion of patients, more specifically for the LAI formulation [24]. In oral paliperidone, EPS are more frequently found in patients receiving doses higher than 9 mg/day [25], while these motor adverse reactions (ADRs) may be more frequent in all doses of LAI formulations [26-28]. Symptoms like sedation and appetite increase may be explained by the affinity for H1 receptors. Paliperidone appears to have less affinity for α1 blockade than risperidone [13]; this probably explains its lower potential for causing peripheral ADRs such as orthostatic hypotension, sexual problems and urinary symptoms. For oral paliperidone, urinary incontinence appears to be rare [29] and orthostatic hypotension happens mainly on high doses, >12 mg/day [30]. Finally, QTc prolongation is linked to heart potassium channel blockade [22] but paliperidone appears to have lower affinity for this receptor (3-4 times lower) and there are no published cases definitively associated with torsades de pointes; this is different from risperidone [13].
S1.1.2. Pharmacokinetics of Oral Paliperidone
There is no published data for the metabolic pathway of the LAI paliperidone formulation; all the data comes from studies using the oral formulation [31-33] which was comprehensively reviewed in a prior article [13] and summarized in Table 2. The package instruction describes bioavailability of 28% for the extended-release (ER) oral formulation [34], but the published studies only cover an immediate-release (IR) oral formulation which has never been marketed and provided bioavailability of 80% [31]. Based on the IR formulation studies (see Table 2), it appears that approximately 25% of oral paliperidone is metabolized mainly by CYP3A4 while the other 75% is eliminated in urine as paliperidone, of which approximately half is by glomerular filtration and the other half by excretion by an unknown renal transporter [13]. Paliperidone is a substrate of the p-glycoprotein (P-gp) [16], but its relevance for paliperidone elimination is not well understood. Carbamazepine, an inducer of CYP3A4 (and P-gp), is a definitive inducer of oral paliperidone [35]; adding clinical doses of carbamazepine requires multiplying the oral paliperidone dose by 3 to obtain the same plasma concentrations [13]. Based on that, we know that under induction the pharmacokinetics of oral paliperidone is remarkably different.  It is roughly estimated that under carbamazepine induction, ¾ of the paliperidone is metabolized by CYP3A4 and only ¼ is eliminated in the urine unchanged [13]. Our limited knowledge of the effects of inducers and inhibitors on oral paliperidone has been previously reviewed [13]. There are no studies on the effect of pregnancy on paliperidone, but pregnancy is associated with increases of the glomerular filtration rate (GFR) and CYP3A4 [36]; therefore, it is possible that pregnancy may increase paliperidone clearance from the body. 
The reader needs to understand that our limited knowledge of metabolism from the IR formulation of oral paliperidone cannot be perfectly extrapolated to the LAI paliperidone formulation, since oral paliperidone suffers first-pass metabolism, while LAI paliperidone does not. As a matter of fact, the lack of first-pass metabolism is probably crucial in understanding the therapeutic drug monitoring (TDM) differences between oral and LAI risperidone [4].  
S1.1.3. TDM of Oral Paliperidone
As paliperidone is one of the newest antipsychotics, TDM data is limited [13]. The  Arbeitsgemeinschaft für Neuropsychopharmakologie und Pharmakopsychiatrie (AGNP) [1,2] adopted for paliperidone the therapeutic reference range of risperidone (20-60 ng/mL), which seems to reasonably reflect steady-state levels for oral paliperidone in clinical studies [35,37-40]. The narrow therapeutic index of paliperidone [41] (calculated by dividing the upper by the lower reference range limit, 60/20=3) implies in practice a high propensity to induce dose-related ADRs. The ratio calculated by dividing the steady-state-condition plasma concentration (C) by the oral daily dosage (D) is called the C/D ratio and provides a measure of oral paliperidone clearance. In the systematic review of oral paliperidone, we obtained 3 C/D ratios: 1) 4.09 ng/ml/mg/day (6 studies with a total sample of 221 non-Korean adult patients) who were not geriatric; 2) 2.59 ng/ml/mg/day (2 studies including 100 Korean adult patients, which is compatible with problems in the Korean formulation); and 3) 6.89 ng/ml/mg/day (1 study of 15 elderly Japanese patients), which suggested that geriatric patients may need only about half of the oral paliperidone dose [13].  
S2. SUPPLEMENTARY METHODOLOGICAL ASPECTS 
S2.1. Quality of Clinical Design
Taking into account the methodological limitations of the available TDM data for PP1M, we computed a weighted mean PP1M C/D ratio based only on studies providing enough information to warrant steady state conditions (≥8 months, i.e., 9 injections) (Table 4). We were not able to compute ratios when median values of PP1M concentrations were provided and when dose PP1M dosage information was lacking, but we tried to obtain them from the authors. All studies were reviewed by the first and last authors to obtain and/or calculate these ratios. TDM ratios are somewhat contaminated due to the intake of CYP inhibitors or inducers and/or renal impairment. The extent of the contamination appears to us relatively small since the prevalence of taking inducers or inhibitors or suffering from renal impairment was probably small. Lastly, five studies provided area under the curve (AUC) data; four for PP1M [49,54,56,57] and one for PP3M [47] (Table 3). This evidence is frequently used to estimate drug clearance and probably has a linear relationship with C/D ratios under repeated dosing calculated from TDM studies [64]. Nevertheless, AUC values were not included in further calculations.
S2.2. Analytical Quality of the Laboratory
Quality issues regarding the laboratory mainly refer to two issues: the type of applied method and method validation as described in Table 3. The most common methods were liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) in eleven studies [3,47,49-57], and high performance liquid chromatography tandem mass spectrometric methods (HPLC-MS/MS) in three studies [39,58,60]. One study did not provide any information on the analytical method [59]. All researchers except those from three studies [51,58,59] reported that analytical methods were validated; in six studies the authors referred to previously published analytical articles [39,47,54-57,60]. 
S2.3. Additional aspects of quality for TDM PP1M and PP3M studies  
Data on the quality of TDM studies is particularly limited. In some cases the authors were willing to provide us additional information that was not published [3,39,50,51,59,60]. Researcher awareness concerning DDIs due to the intake of drugs affecting paliperidone metabolism has not been particularly high; ten studies did not provide information on co-medications [3,47,52-59], whereas in two cases a minimal number of patients received co-medications with inhibiting or inducing properties [39,50]. Only in three studies were no inducers or inhibitors reported [49,51,60]. Additionally, renal impairment has been ignored by researchers; only one study excluded patients with renal deficits based on biochemical analyses [60]. There is only one case report of a PP1M-medicated female patient undergoing hemodialysis due to end-stage renal failure; in this case clinicians considered half of the recommended dosage, which was well tolerated [65]. 
There is only one study addressing the effect of genetic variants on paliperidone metabolism [39], which focuses on CYP2D6 polymorphism; according to our knowledge of oral paliperidone pharmacokinetics [13]; this polymorphism should not have clinically relevant effects. 
S2.4. Statistical Details
The theoretical framework of our combined analysis in this and previous systematic reviews [4,13] is based on Shapiro [66], who proposed the term “combined analysis” for systematic reviews of naturalistic studies which usually include heterogeneous samples. Thus, it is more precise to refer to our systematic review of TDM papers with a combined analysis to obtain mean paliperidone palmitate C/D ratios as a combined analysis. In the calculation of mean C/D ratios, the mean of each study was weighted by its size. 
Although there is no study investigating equivalence between oral paliperidone and PP1M, we transformed PP1M dose to oral dose by dividing the LAI dose by the number of days of the dosing interval. This method has previously been applied to risperidone LAI [67] and has also been used in three TDM studies of PP1M [39,50,58]. The 28-day dosing interval provides the following equivalence: 1) 25 mg: 0.89 mg/day, 2) 50 mg: 1.76 mg/day, 3) 100 mg: 3.57 mg/day, and 4) 150 mg: 5.36 mg/day.
S2.5. Half-life: a neglected issue
Half-life (t1/2) is usually defined as the time required to reach half of the concentration after drug discontinuation in a patient who has already reached steady state.  After two half-lives only ¼ of the concentration is left and after 3 half-lives only 1/8 is left.  According to a textbook, after 5 and 7 half-lives approximately 95% and 99%, respectively, is eliminated [68]. Half-life not only influences drug elimination after drug withdrawal, but also the time needed to reach steady-state; most authors agree that at least five half-lives are required to reach steady state. 
S2.6. Steady state
To our knowledge, there is no consensus regarding establishment of steady-state concentrations for PP1M. The literature uses vague terms such as “therapeutic drug levels” and “apparent steady state” [46, 69-72]. Although some claim that steady state can already be noted after the second injection, the marketer data [43,49] indicates that steady state is reached after 8-9 months. Similarly, the AGNP guideline provides a range of 25-49 days for the t1/2 of PP1M [1], which appears wide to us, although we suspect that its upper range may not be high enough. If we assume that 5 half-lives of 49 days each may be required for steady state in some patients; this adds up to 245 days, or less than 9 months.
Additional reasons to believe that steady state for PP1M is not reached before the 5th injection are the following. 1) The marketer suggests a switch from PP1M to PP3M after 120 days of maintenance treatment [48], so we think that perhaps after the 4th month fluctuations of paliperidone levels might be expected to be less spectacular. 2) Long-term data from repeated measures shows that steady-state conditions are not reached before the 5th injection or even longer [50,51]. Therefore, in this systematic review we used the criterion of 8 months, (i.e., after the 9th injection), to reach steady state.
Even when patients’ levels have reached steady state, some fluctuations are expected between maximum, usually called peak, and minimum, usually called trough, concentrations. Although it has not been well studied, it is reasonable to think when a patient is nearly due for the next injection, close to 1 month for PP1M, the concentrations should probably be trough concentrations. 
The LAI compounds have not been well studied, but their half-life and time to steady-state are probably functions of the absorption and elimination rates.  It is usually thought that these LAI compounds follow flip-flop kinetics which means that the absorption is slower than the elimination, and half-life is mainly influenced by the rate of absorption [72,83].   
S3. SUPPLEMENTARY INFORMATION ON LIMITATIONS
When drawing conclusions, readers should be aware of the limitations of: 1) aspects of methodology related to this TDM review, 2) the TDM data themselves and 3) the pharmacokinetic assumptions applied when reviewing the TDM data. 
S3.1. Limitations on the methodology used for the TDM review
We have previously provided detailed information on limitations regarding the methodology we developed to review TDM data [4]. These shortcomings refer to 1) terminology, 2) blindness, and 3) peculiarities of the systematic reviews of TDM studies.  
S3.1.1. Terminology
This review tries to use a systematic approach to calculate mean values for some pharmacokinetic ratios, which is close to the concept of meta-analysis. The estimated C/D ratios from TDM studies provided in this review fit better with the concept of combined analysis rather than with meta-analysis. This type of analysis was developed by Shapiro to describe a systematic review of naturalistic studies and provide a mean outcome that may be based on a much more heterogeneous sample [66]. 
S3.1.2. Blindness
One of the major concerns of epidemiologists is that the biases of the researchers may influence the outcome of the data; nevertheless, TDM data are less exposed to so-called detection bias, given the blindness of TDM analyses and blindness toward the future use of the TDM data to our computations of C/D ratios. TDM laboratories provide the results of drug concentrations based on analytical procedures that are relatively independent of human judgment.  In addition, the laboratory staff can never be 100% sure that a drug will be identified in the blood sample since absolute non-compliance (not taking the drug at all) is not uncommon in psychiatric patients. An additional level of blindness refers to the C/D ratios which were calculated by the authors of this systematic review using published data. We calculated PP1M C/D ratios in 9/11 of the articles (and rechecked the other two), since the original articles did not describe these ratios. Therefore, it is very likely that some of article authors did not know that C/D ratios can be calculated with their data nor did they know they would be used in this systematic review. 
S3.1.3. Quality of the systematic reviews of TDM studies  
As previously reported in another TDM review [4], controlling the relevant pharmacokinetic variables influencing drug metabolism is very essential when reviewing this evidence. 
S3.2. Limitations of the TDM data
S3.2.1. Other formulations
There is no published TDM data after repeated dosing in clinical samples taking PP3M.  In addition, the approval process for the PP6M formulation was taking place as this review was being written; thus, no evidence is available. 
S3.2.2 PP1M formulation
It has been a while since the PP1M formulation was introduced in the market, but its marketer has published very little of the large TDM database that they acquired from the randomized clinical trials used for the approval process. In the absence of that evidence, clinicians pursuing a better understanding of PP1M TDM when treating PP1M-medicated patients have to consider naturalistic studies. As Table 4 describes, the number of studies available to calculate mean C/D ratios is relatively small and the studies are not always free of confounders. Nevertheless, with all of their limitations, these are the only TDM studies available.   
S3.3. Limitations of the pharmacokinetic assumptions used to review the TDM data
When reviewing available TDM studies, we made three major pharmacokinetic assumptions concerning: 1) the steady-state concentrations used for the PP1M formulation, 2) the time interval once steady state has been reached, and 3) dosing. 
S3.3.1. Steady state for the PP1M formulation
There is no consensus regarding the establishment of PP1M steady-state concentrations in the literature. When PP1M was first introduced in the market, there were claims that steady state could already be noted after the second injection. However, the marketer’s data [43,49] indicates that steady state will not be reached until 8-9 months have passed. There are now more reasons to consider this a reasonable time interval than previously reported (See Supplementary Section S2.6).
The limited data published derives mainly from naturalistic studies, which do not always provide information on the number of injections applied (See Tables 3 & 4). Nevertheless, these studies seem to reflect steady-state conditions and we encourage clinicians to take them into account. 
S3.3.2. Once steady state has been reached, the time interval since injection is not important
The published TDM articles tend to ignore the time span between the injection and the collection of the blood samples. From the pharmacokinetic point of view, the ideal point for collecting TDM for LAI formulations would be before the next PP1M application. On the other hand, the published literature suggests that PP1M provides TDM with slightly more fluctuations than oral paliperidone. This is in alignment with simulation data, which reported smaller steady-state, peak-to-trough, plasma-concentration ratios for oral paliperidone compared to PP1M (1.47 vs. 1.56) [84]. On the other hand, this notion goes counter to the hypothesis of Ereshefsky and co-workers [80], who proposed that any LAI antipsychotic formulation has substantially lower variability in the serum concentrations than the oral formulation, presumably due to a better controlled and constant absorption rate together with the circumvention of first-pass metabolism. This seems not to apply for PP1M, potentially due to the absorption issues oral paliperidone has [13]. Nevertheless, more detailed data and better understanding of pharmacokinetic mechanisms will be needed before providing more definitive suggestions to clinicians.
S3.3.3. Limitations on dosing calculations
The package insert [44] suggests that patients on oral paliperidone should be switched to the following PP1M equivalent doses: 1) 3 mg/day to 25-50 equivalents every month, 2) 6 mg/day to 57 equivalents every month, 3) 9 mg/day to 100 equivalents every month, and 4) 12 mg/day to 150 equivalents every month.  When applying Castberg and Spigset’s method [67], the 28-day dosing interval provides the following equivalences: 1) 25 mg: 0.89 mg/day, 2) 50 mg: 1.76 mg/day, 3) 100 mg: 3.57 mg/day, and 4) 150 mg: 5.36 mg/day. To our knowledge there are no clinical studies testing whether or not any of these equivalences are correct.
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