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Introduction

The standard approach to treatment in psychiatry is known as “treatment as usual” (TAU), in which the same types of treatment are administered to a group of patients. TAU often requires numerous dose adjustments and medication changes due to ineffectiveness and/or the occurrence of adverse drug reactions (ADRs). This process is not only time-consuming but also costly. Antipsychotic medications are commonly used to treat various psychiatric disorders such as schizophrenia and mood disorders. Some of the inter-individual differences in efficacy and ADRs observed in psychopharmacotherapy can be explained by genetic variability in the pharmacokinetics and pharmacodynamics of antipsychotics. A better understanding of (in)efficacy and possible ADRs can be achieved by pharmacogenetic analysis of genes involved in the metabolism of antipsychotics. Most psychotropic drugs are metabolized by genetically variable CYP2D6, CYP1A2, CYP3A4, and CYP2C19 enzymes. To demonstrate the utility of pharmacogenetic testing for tailoring antipsychotic treatment, in this paper, we present the case of a patient in whom a pharmacogenetic approach remarkably altered an otherwise intolerant or ineffective conventional TAU with antipsychotics.





Methods

In this case report, we present a 60-year-old patient with psychotic symptoms who suffered from severe extrapyramidal symptoms and a malignant neuroleptic syndrome during treatment with risperidone, fluphenazine, aripiprazole, brexpiprazole, and olanzapine. Therefore, we performed a pharmacogenetic analysis by genotyping common functional variants in genes involved in the pharmacokinetic pathways of prescribed antipsychotics, namely, CYP2D6, CYP3A4, CYP3A5, CYP1A2, ABCB1, and ABCG2. Treatment recommendations for drug–gene pairs were made according to available evidence-based pharmacogenetic recommendations from the Dutch Pharmacogenetics Working Group (DPWG) or Clinical Pharmacogenetics Implementation Consortium (CPIC).





Results

Pharmacogenetic testing revealed a specific metabolic profile and pharmacokinetic phenotype of the patient, which in retrospect provided possible explanations for the observed ADRs. Based on the pharmacogenetic results, the choice of an effective and safe medication proved to be much easier. The psychotic symptoms disappeared after treatment, while the negative symptoms persisted to a lesser extent.





Conclusion

With the case presented, we have shown that taking into account the pharmacogenetic characteristics of the patient can explain the response to antipsychotic treatment and associated side effects. In addition, pharmacogenetic testing enabled an informed choice of the most appropriate drug and optimal dose adjustment. This approach makes it possible to avoid or minimize potentially serious dose-related ADRs and treatment ineffectiveness. However, due to the complexity of psychopathology and the polypharmacy used in this field, it is of great importance to conduct further pharmacokinetic and pharmacogenetic studies to better assess gene–drug and gene–gene–drug interactions.
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Introduction

Antipsychotics are used to treat various psychiatric disorders, including schizophrenia, bipolar disorder, and major depression (1). Most antipsychotics are metabolized in the liver, primarily by cytochrome P450 (CYP) enzymes, particularly CYP2D6, CYP3A4, CYP1A2, and CYP2C19. These enzymes exhibit considerable genetic polymorphism, which leads to significant inter-individual differences in response to antipsychotic drugs (2). In particular, CYP2D6 plays an important role in the metabolism of approximately 40% of antipsychotics (3). Differences in enzyme activity can be attributed to genetic variability and lead to variations in drug or metabolite concentration and response to treatment. In a study conducted in Norwegian patients, the effects of CYP2D6 variations on exposure to the active substance of risperidone and aripiprazole were quantified. The results showed that the CYP2D6 genotype has a significant impact on the metabolism of risperidone and aripiprazole. Specifically, intermediate metabolizers showed an approximately 1.4-fold increase and poor metabolizers a 1.6-fold increase in the active moiety of risperidone and aripiprazole compared to normal metabolizers (4). Given the narrow therapeutic window of risperidone and the relatively long half-life of aripiprazole, these patients are more likely to experience dose-related adverse drug reactions (ADRs) (5).

It is important to note that ADRs are among the top 10 causes of mortality and morbidity in industrialized countries (6). Approximately one in 10 adult emergency department visits in the United States from 2009 to 2011 were attributed to adverse effects of psychotropic drugs (7). In addition, treatment resistance to pharmacotherapy is relatively common in psychiatry. Approximately 30% of patients with schizophrenia and related disorders meet the criteria for a treatment-resistant disorder (8). This suggests that there are different subgroups of schizophrenia spectrum disorders defined by their response to therapy. This concept was originally introduced by Kane (9), who focused on patients who exhibit resistance to most antipsychotic medications. However, further studies have shown that pharmacokinetic factors play a crucial role in medication efficacy, especially in conjunction with poor adherence to treatment, which leads to subtherapeutic plasma levels in approximately one-third of cases (10). Poor adherence to psychopharmacotherapy is a common problem affecting approximately half of patients with severe psychiatric disorders. The main factors contributing to poor adherence include lack of insight, ineffectiveness of treatment, and the complexity of taking multiple medications (polypharmacy) (11). Although the exact impact of side effects on treatment adherence remains unclear, they significantly influence a psychiatrist’s decision-making process in medication selection (12).

In this case report, we discuss a therapeutic challenge we encountered in a 60-year-old female patient with psychosis. She suffered from severe extrapyramidal ADRs when she was treated with risperidone and fluphenazine. In addition, during treatment with aripiprazole, brexpiprazole, and olanzapine, she developed an incipient malignant neuroleptic syndrome with potentially life-threatening complications that required admission and treatment in the intensive care unit. After her physical condition had improved, her psychosis remained active, and there was an urgent need for treatment. However, the selection of an appropriate antipsychotic became extremely difficult after these complications. Ultimately, our dilemma was effectively resolved through the use of pharmacogenetic analysis.





Case description

A 60-year-old woman was referred to a psychiatric outpatient clinic for the first time by her general practitioner (GP) in March 2019 due to observed psychotic symptoms. She had not received psychiatric treatment in the past, was a non-smoker, denied abusing psychoactive substances, and stated that she had no family history of psychiatric disorders. Delusions of persecution and auditory hallucinations were observed, and low-dose risperidone treatment was initiated, initially at 1 mg/day, and at a subsequent visit, the dose was increased to 2 mg/day. The results of a clinical–psychological examination showed a pattern consistent with chronic psychosis, while a CT scan of the head revealed no structural abnormalities, and only minimal atrophy of the frontal cortex was noted. She attended regular check-ups over a period of approximately 2 years. At subsequent visits, she reported that she was only partially compliant with the prescribed medication. She also described symptoms that were interpreted as possible extrapyramidal ADRs but not confirmed. For example, she expressed a feeling of stiffness by stating, “When I was on the medication, even sitting down on a chair became extremely difficult for me”.

In July 2022, she was voluntarily admitted to the psychiatric intensive care unit at the University Psychiatric Clinic Ljubljana. This decision was triggered by her own call to the emergency services, in which she expressed her concern that she was in danger. She exhibited delusions of persecution and auditory and possibly cenesthetic hallucinations, accompanied by disorganized behavior. Standard laboratory tests of blood and urine revealed no significant abnormalities. A clinical–psychological examination confirmed these observations; however, a more comprehensive assessment of cognitive function was not possible due to the severe formal thought disorder, suggesting an acute exacerbation in the context of a most likely long-standing psychosis. During a 4-week hospitalization, treatment with risperidone was gradually resumed, and the dosage was gradually escalated to 9 mg/day due to a lack of clinically evident improvement in terms of positive symptoms. Following an insufficient response despite the increased dose, the decision to augment the treatment was taken, and fluphenazine was initiated informed by the understanding that further escalation of the risperidone dose, without available pharmacogenetic data or plasma levels for risperidone and paliperidone, would be unreasonable due to the fact that higher doses are reportedly not superior in terms of efficacy (13). Subsequently, there was a remission of positive symptoms. On discharge, she was prescribed risperidone at a daily dose of 9 mg, divided into two doses, together with fluphenazine at a dose of 10 mg per day, also divided into two doses. At the time of discharge, there were no clinically recognizable extrapyramidal symptoms (EPSs) or akathisia.

After her discharge in August 2022, the patient was readmitted to our clinic in October 2022 after neighbors, who had heard her cries for help, initiated an emergency response that led to a forced entry into her apartment. There was a total of 51 days between her discharge and re-admission. She reported that she was unable to move or get out of bed for 2 days and was not even able to get food. The description suggested possible severe EPSs from the prescribed antipsychotic. She stated that she had been taking the medication regularly. A subsequent examination in the psychiatric emergency room revealed no signs of acute psychosis. The neurological examination revealed bradykinesia and rigidity with a positive cogwheel sign. Due to the rigidity noted, the dose of fluphenazine was reduced on admission and discontinued the next day. In addition, the dose of risperidone was reduced to 6 mg/day on admission and gradually reduced to 2 mg/day divided into two doses over the following 3 days, with biperiden being introduced simultaneously at a dose of 4 mg/day divided into two doses. On the second day of this treatment, respiratory distress occurred, characterized by tachypnea with a respiratory rate of 20 breaths/min, tachycardia, and no fever. Auscultation revealed diffuse crackles and bronchial breathing. Blood oxygen saturation dropped to 80%, and she was drowsy but continued to respond to direct verbal contact. She was urgently referred to an internal medicine emergency department, where laboratory tests revealed elevated inflammatory markers and an elevated white blood cell count. A chest X-ray showed infiltrates in the right lung, which led to the diagnosis of pneumonia. Empirical antibiotic therapy, consisting of amoxicillin with clavulanate and azithromycin, was initiated immediately. After 10 days of antibiotic treatment, her symptoms improved, she no longer required oxygen therapy, and a normalization of laboratory parameters was observed.

During this time, her mental state deteriorated, marked by a recurrence of acute psychosis characterized by considerable disorganization and delusions of persecution. Due to persistent EPSs at a low risperidone dose, aripiprazole was initially prescribed at a dosage of 5 mg/day and later increased to 10 mg/day, while risperidone was gradually discontinued. At this time, she was concomitantly receiving biperiden at a dosage of 6 mg/day for persistent bradykinesia, hypomimia, and rigidity, with pharyngeal and laryngeal muscle involvement observed, resulting in dysphagia and dysphonia. She also exhibited marked restlessness and an inability to keep still. Nursing staff documented increasing psychomotor agitation leading to insomnia, while she reported significant subjective complaints suggestive of possible iatrogenic akathisia, with a Barnes Akathisia Rating Scale of 9/9. Lorazepam was introduced at a dose of 1 mg three times daily and later 2 mg twice daily. Aripiprazole was replaced by brexpiprazole at a dose of 1 mg, which was chosen because of its lower incidence of akathisia (14). Subsequently, olanzapine was introduced at a dose of 5 mg to better manage the still-pronounced symptoms of acute psychosis while avoiding a possible exacerbation of EPSs.

Despite the change in antipsychotic therapy and the introduction of lorazepam as well as continued treatment with biperiden, both the akathisia and the pronounced rigidity escalated the next day. Subsequently, all antipsychotic medications were temporarily discontinued, as an incipient neuroleptic malignant syndrome was suspected, which was confirmed by the elevated creatine kinase and myoglobin levels detected. In addition, acute respiratory distress occurred again, accompanied by a drop in blood oxygen levels, fever, and elevated inflammatory markers. An infection with the H1N1 subtype of the influenza A virus was diagnosed. She was treated with oseltamivir and later empirically with amoxicillin with clavulanate, as secondary bacterial pneumonia was suspected, probably due to aspirations related to the persistent dysphagia. Her physical health continued to deteriorate, and she was transferred to a specialist infectious disease clinic for intensive care and continued treatment. A chest X-ray revealed infiltrates in the left basal and right hilobasal area and right middle lobe, while sputum analysis was positive for Enterobacter cloacae and Staphylococcus aureus. It is important to note that the chest X-ray exhibited right-sided lobar infiltrates in both cases of pneumonia, providing further credence to the notion of aspiration, considering the intricacies of the tracheobronchial anatomy.

After her physical condition had stabilized, psychiatric treatment was continued in our clinic. A dopamine transporter scintigraphy (DAT scan) revealed no evidence of presynaptic dopaminergic dysfunction, confirming the clinical suspicion that the observed extrapyramidal symptoms were indeed iatrogenic. The overall time course of treatment is summarized in Figure 1.




Figure 1 | Time course of the treatment. EPS, extrapyramidal symptom. Created with  BioRender.com.



Given the complicated clinical presentation and increased susceptibility to the development of EPSs, we hypothesized that a specific pharmacokinetic profile could explain these ADRs. Based on the pharmacokinetic pathways of the majority of prescribed drugs causing ADRs (Figure 2), pharmacogenetic testing was performed by analyzing common functional variants in CYP2D6, CYP3A4, CYP1A2, CYP3A5, ABCB1, and ABCG2.




Figure 2 | Pharmacokinetic pathways of risperidone, brexpiprazole, aripiprazole, fluphenazine, and olanzapine. Metabolites in bold are the major metabolites of designated drugs. CYP2D6, cytochrome P450 Family 2 Subfamily D Member 6; CYP3A4/5, cytochrome P450 Family 3 Subfamily A Member 4/5; CYP2C8, cytochrome P450 Family 2 Subfamily C Member 8; CYP1A2, cytochrome P450 Family 1 Subfamily A Member 2; ABCB1, ATP-binding cassette sub-family B member 1; ABCG2, ATP-binding cassette super-family G member 2; UGT1A4, Uridine 5′-diphospho-glucuronosyltransferase Family 1 Subfamily A Member 4; UGT2B10, Uridine 5′ diphospho-glucuronosyltransferase Family 2 Subfamily B Member 10; FMO3, flavin monooxygenase 3. The figure was created with BioRender.com and was inspired based on Whirl-Carrillo et al. (15) and Soria-Chacartegui et al. (16).







Methods

For pharmacogenetic testing, the patient’s DNA was isolated from the cellular residue (leukocytes) from a peripheral blood sample collected in ethylenediaminetetraacetic acid (EDTA)-containing vacutainer tubes using the E.Z.N.A. The uniformity in an individual’s genetic makeup, regardless of the cell type—be it cells from peripheral blood or liver cells—ensures that genetic analysis conducted using peripheral blood is applicable for studying hepatic enzyme genes.

SQ Blood Kit II (Omega Bio-Tek, Norcross, GA, USA) was used according to the manufacturer’s instructions. The presence of CYP2D6 gene deletion (*5) or duplication (*xN) was tested using long-range PCR (Long-Range PCR, Biotechrabbit GmbH, Berlin, Germany). Analysis of ABCB1 2677T>G/A polymorphisms was determined by using an allele-specific PCR performed in three separate amplification reactions with a set of allele-specific primers as described by Kurzawski et al. (17). The CYP2D6*5, xN and ABCB1 2677T/G/A amplicons were visualized after agarose gel electrophoresis. All other genetic variants (CYP1A2*1F; CYP3A4*1B, *22; CYP3A5*3, *6, *7; CYP2D6*3, *4, *6, *8, *9, *10, *14A/B, *17, *41; ABCB1 1236C>T, 3435C>T; and ABCG2 421C>A, 34G>A) were analyzed using commercial KASP SNP Genotyping Assay kits (LGC Group, Middlesex, UK), which enable the detection of products using fluorescence. All analyses were performed in duplicate in the presence of appropriate negative and positive controls for all genotypes and additional control samples.





Results

As demonstrated in Figure 2, the majority of the prescribed atypical antipsychotics (risperidone, aripiprazole, and brexpiprazole) are predominantly metabolized via CYP2D6 and CYP3A4, while olanzapine is metabolized via CYP1A2 and, to a lesser extent, via CYP2D6. Fluphenazine, a typical antipsychotic, is also metabolized via CYP2D6. According to the literature and pharmacokinetic pathways, CYP3A5, ABCB1, and, ABCG2 could also contribute to a patient’s treatment response (15). The results of genotyping of CYP1A2, CYP3A4, CYP3A5, CYP2D6, ABCB1, and ABCG2 polymorphisms are presented in Table 1.


Table 1 | Summary of the genotyping results and the patient’s phenotypes.



The genotyping results indicated the presence of genetic variations leading to altered drug metabolism. The presented patient is a carrier of one polymorphic CYP2D6*41 allele and is therefore considered a normal metabolizer (NM) for CYP2D6. However, CYP2D6*41 polymorphism may result in lower enzyme activity. The patient is also an ultra-rapid metabolizer (UM) for CYP1A2 (homozygous for CYP1A2*1F) and could therefore be susceptible to decreased drug efficacy since this phenotype causes increased enzyme activity resulting in faster inactivation of active compounds. The patient is a carrier of two polymorphic CYP3A5*3 alleles with zero CYP3A5 activity and is therefore a poor metabolizer (PM). However, this phenotype is the most prevalent in the European population and is considered a “normal/expected” variation. None of the analyzed polymorphisms in CYP3A4 (*1B and *22) were found. Analysis of the ATP-binding cassette (ABC) transporters confirmed the presence of ABCB1 1236T>C, 3435T>C, and 2677T>G/A, but not ABCG2 402 A>C and 34G>A polymorphisms.





Discussion

In the case presented, our patient suffered from severe EPSs while being treated with several antipsychotics. This was aggravated by pneumonia, which probably developed as a result of aspiration due to EPS-related dysphagia. An incipient neuroleptic malignant syndrome was also suspected. We were able to explain the patient’s response to the prescribed antipsychotics to some extent by her pharmacogenetic profile.

Risperidone was the first antipsychotic prescribed to the patient. During her first treatment with risperidone, she reported symptoms that were retrospectively interpreted as EPSs. These were also observed later, at the time of her second hospitalization. In terms of efficacy, risperidone was not sufficiently effective even when the dose was increased to 9 mg/day, so fluphenazine had to be added to the treatment regimen. Risperidone has a lower potential to cause EPSs compared to typical antipsychotics. The major metabolic pathway of risperidone is 9-hydroxylation, with conversion to 9-hydroxyrisperidone (paliperidone) catalyzed by CYP2D6 and CYP3A4. This metabolite is equipotent to risperidone in terms of dopamine receptor affinity and therefore contributes to the overall therapeutic effect of risperidone (18). The relationship between risperidone dosage and the occurrence of EPSs is directly proportional; i.e., as the risperidone concentration increases, the likelihood of EPSs increases as well (19). The relatively high dose of risperidone, especially coupled with the addition of fluphenazine, in itself, could account for EPSs. Risperidone and fluphenazine can of course have additive effects due to their similar roles as D2 antagonists, increasing the risk of ADR-like tremors, rigidity, and anticholinergic symptoms (e.g., dry mouth and blurred vision). Other potential additive side effects like QT prolongation or sedation were not observed. While it is important to consider how these drugs affect each other’s metabolism, specific interactions between risperidone and fluphenazine are not well-established (20). However, in this specific case, the pharmacogenetic profile offers further insight into the mechanism of both inefficacy and the curiously delayed presentation of EPSs, as no EPSs were reported at discharge following her first hospitalization, but she later presented with severe EPSs.

There are currently no recommendations for dose adjustment of risperidone in the CYP2D6*1/ *41 genotype (NM). However, the reduced enzyme activity suggests that drug–gene interactions may cause the occurrence of ADRs during risperidone treatment, although no clinically relevant associations have been demonstrated to date (21). It is known that plasma concentrations of 9-hydroxyrisperidone are reduced in carriers of CYP2D6*41, implying higher plasma concentrations of the parent compound leading to higher plasma concentrations of the parent drug (4, 21). Due to lower polarity, risperidone can cross the blood–brain barrier more effectively than 9-hydroxyrisperidone, which may explain the development of ADRs associated with the central nervous system and thus EPSs (22).

In addition, several studies have shown that the response to treatment with risperidone could also be explained by ABCB1 polymorphisms. ABCB1 encodes glycoprotein P (P-gp), which is involved in the absorption, distribution, and excretion of risperidone (23). Xing et al. reported that the 1236TT genotype is associated with a better response to risperidone treatment (24), while a study by Mi et al. (2016) showed that carriers of the C allele ABCB1 1236T>C had a significantly higher total EPSs incidence rate than TT carriers when treated with risperidone. They observed similar risperidone treatment outcomes for GT or GA carriers of ABCB1 2677T>G/A compared to other genotype carriers (25). In addition, they used a haplotype analysis to show that C-G-C carriers (3435T>C-2677T>G/A-1236T>C) were more likely to suffer from tremors than non-carriers. A lower response to long-acting intramuscular risperidone in 1236 CC, 3435 CC, or 2677GG carriers (2677T>G/A) was also reported by Ganoci et al., but they did not observe any effects of ABCB1 polymorphisms on risperidone exposure (26). However, not all studies have confirmed these findings, so the results should be interpreted with caution. Nevertheless, both EPSs and a partial response to risperidone treatment could possibly be explained by considering the genotypes of the patient (CYP2D6*41 and ABCB1 1236CC, 2677GA, 3435CC with a C-G-C haplotype).

When speculating on the role of CYP2D6 *41 in risperidone and aripiprazole treatment, it is important to note that the assignment of phenotypes is based on the assessment of the impact of a particular allele on metabolism. The current classification attributes only a minor effect of the CYP2D6*41 allele on the CYP2D6 metabolic activity (0.5). However, some studies have reported that CYP2D6*41 reduces the activity of the enzyme to a much greater extent as agreed and confirmed by the Clinical Pharmacogenetics Implementation Consortium (CPIC) and Dutch Pharmacogenetics Working Group (DPWG). For example, Jukić et al. (27–29) demonstrated that the activity score for the CYP2D6*41 allele is more likely close to 0.18, particularly when risperidone, aripiprazole, or venlafaxine are used (0.14, 0.26, and 0.21, respectively), and is not equal to 0.5 as assumed by the current classification. Similar results were observed in a study by Haslemo et al. (29), who found that the score for residual enzyme activity was only 9.5% (0.095) when venlafaxine was administered. This was also confirmed by Jin et al. (30), who demonstrated that the CYP2D6*41 allele has a significant effect on the metabolic activity of CYP2D6, regardless of the urinary, plasma, or salivary phenotyping method used, and has a similar or greater effect on CYP2D6 enzyme activity than CYP2D6*10. In our previous case report, we also observed that a patient with CYP2D6*1/ *41 genotype responded unfavorably to treatment with risperidone, aripiprazole, and venlafaxine, although she was treated with the standard doses recommended for NM (31). In view of these data, the patient presented could be classified as IM and not NM. Regardless of the speculation, with a CYP2D6 *1/ *41 genotype defined as NM, treatment recommendations for risperidone, aripiprazole, or brexpiprazole do not apply to our patient. Furthermore, not all studies are conclusive regarding the role of ABCB1 polymorphisms in risperidone/aripiprazole treatment. Therefore, more studies are needed to further investigate the role of these polymorphisms in the pharmacokinetics of antipsychotics. Finally, it is important to emphasize that other less common or rare variants of pharmacogenes could also play an important role in altered metabolism and response to treatment but were not analyzed in our patient.

In addition to risperidone, fluphenazine was added to the treatment regimen during the first hospitalization. We believe that there may have been a gradual increase in the concentration of risperidone and fluphenazine in the 2 months prior to the patient’s re-admission, which may have subsequently led to dose-related EPSs. These ADRs could also in part be due to decreased CYP2D6 activity and impaired metabolism of risperidone and fluphenazine. This could theoretically lead to a slower increase and delay in achieving the steady state of the active metabolite, paliperidone. Since both molecules possess nearly equivalent antipsychotic activity, their sum trough concentrations represent the active moiety accounting for both efficacy and ADRs. It is possible that both the initial inefficacy and subsequent delayed EPSs could in part be due to a delayed increase in paliperidone concentrations and consequently delayed increase in the active moiety.

However, it is important to note that the psychotic symptoms had improved after the combination therapy was prescribed and that the therapy was still effective at the time of her second admission, as at that time she did not present with psychotic symptoms but rather with severe extrapyramidal ADRs and psychotic symptoms only reappeared after the discontinuation of fluphenazine and dose reduction of risperidone. At this point, the possibility of dopamine supersensitivity psychosis was carefully considered. However, the improvement rather than exacerbation of extrapyramidal ADRs with the reduction in D2 antagonist dosage, in contrast to the typical trajectory observed with tardive phenomena, suggests that an underlying clinically relevant postsynaptic supersensitivity may be less probable (32).

On her second admission, a new treatment regimen was introduced due to the severe EPSs. She was given aripiprazole but developed severe akathisia at a dose of 10 mg, which led to additional symptomatic therapy with lorazepam. Due to persistent ADRs, aripiprazole was replaced by brexpiprazole, and later, olanzapine was introduced. Soon, all antipsychotic medications were temporarily discontinued due to the suspicion of an incipient neuroleptic malignant syndrome and later pneumonia. It is therefore important to note that while the patient was receiving antibiotics, the antipsychotic treatment was paused. This minimizes the potential interactions between the antibiotics and the enzymes that metabolize antipsychotics. It is also important to consider that the inflammatory mediators associated with pneumonia can affect the activity of CYP enzymes, thereby impacting the adverse drug reactions of antipsychotics. Nonetheless, in this specific case, the side effects occurred prior to the development of pneumonia.

The patient’s pharmacogenetic properties may partly explain the response to aripiprazole, brexpiprazole, and olanzapine. All are atypical antipsychotics, of which aripiprazole and brexpiprazole are metabolized primarily via CYP2D6 and CYP3A4, whereas olanzapine is metabolized via CYP1A2 and to a lesser extent via CYP2D6 (21, 33). There are evidence-based pharmacogenetic recommendations for the CYP2D6–aripiprazole and CYP2D6–brexpiprazole gene–drug pairs, but only for the PMs. These recommendations state that patients with a CYP2D6 PM phenotype should not be administered more than 10 mg/day or 300 mg/month (68%–75% of the normal maximum dose of aripiprazole) or, in the case of brexpiprazole, only half the normal dose (21). There are no pharmacogenetic recommendations available for the olanzapine–CYP2D6 drug–gene pair. However, olanzapine metabolism may also be impaired to some extent in carriers of the CYP2D6*41 allele.

Both aripiprazole and its active metabolite dehydroaripiprazole are substrates of P-gp (34). According to the literature, the relationship between patients’ ABCB1 genotypes and the occurrence of ADRs cannot be confirmed. Belmonte et al. reported a significantly lower clearance of aripiprazole, together with lower AUC0−t and Cmax of dehydro-aripiprazole in subjects with ABCB1 1236TT genotype compared to 1236CC genotype carriers. They also showed that although the ABCB1 SNPs studied had no significant effect on the AUC0−t or Cmax of aripiprazole, the rs1045642 T allele, the rs2235048 C allele, and the rs1045642–rs2235048–rs1128503–rs2032582 T-C-T-A haplotype were significantly associated with decreased sympathetic activity in these patients (35). Both findings suggest that patients with the 1236TT genotype may be more sensitive to aripiprazole and consequently more susceptible to developing ADRs. In contrast, in a study by Ivaschenko et al., an association between the ABCB1 3435 CC genotype and more pronounced akathisia was observed in adolescents treated with antipsychotics for acute psychotic episodes (36) Again, not all studies agreed or were able to demonstrate the role of ABCB1 in the pharmacokinetics of aripiprazole (37), and these results must also be interpreted with caution. In this particular case, the described akathisia could theoretically be attributed not only to the direct consequences of aripiprazole’s intrinsic activity but also to the withdrawal akathisia resulting from the reduction in risperidone dosage. The subsequent substitution of risperidone with aripiprazole in the receptor–antagonist complex may induce a net effect akin to the reduction of the antagonist dosage, offering an alternative perspective on the etiology of the observed akathisia.

In contrast, studies on olanzapine and ABCB1 may support the observed response to some extent. ADRs were suspected with olanzapine, but it was later found that higher doses were required. In terms of olanzapine efficacy, Bozina et al. (38) reported that the T allele and TT genotype of G2677T (rs2032582) are associated with better response to olanzapine treatment in female schizophrenic patients. A better clinical response, as measured by the PANSS, was also observed by Yan et al. in the T allele of ABCB1 C3435T (rs1045642) (39). In addition, both variants together with the C1236T T allele form the ABCB1 TTT haplotype, which is associated with higher olanzapine concentrations. Patients with this haplotype may require lower doses of olanzapine than carriers of the non-TTT haplotype to achieve the desired response (40). Since our patient is a carrier of alleles 3435 C and 2677 G, a lower efficacy of olanzapine could be expected as a consequence of the ABCB1 variations. However, this does not explain ADRs induced after olanzapine initiation in our patient. As not all studies were significant or concordant, these results should also be taken with caution. Since CYP1A2 is the main metabolic enzyme involved in olanzapine metabolism and our patient was homozygous for the CYP1A2*1F polymorphism, it is more likely that the response to olanzapine treatment or the need for higher doses is related to this polymorphism, which is located in the promoter region of CYP1A2 gene and increases the inducibility of the gene and thus its expression (41). This leads to increased olanzapine metabolism and a poorer response to treatment.

Based on the pharmacogenetic results, it was decided to reintroduce olanzapine, with careful titration to a daily dose of 20 mg. Over the following weeks, the signs of psychotic disorganization gradually diminished. Persecutory ideation no longer occurred, but a notable degree of negative symptomatology persisted, characterized by avolition, diminished interest in social interactions, and blunted affect. No EPSs or akathisia was reported, and no additional treatment with biperiden or lorazepam was required. Following this improvement, the patient was discharged, and treatment continued in our outpatient service.





Conclusions

The use of a pharmacogenetic profile in the context of personalized psychopharmacotherapy simplifies the process of selecting the right drug and the optimal dosage. The conventional approach to psychopharmacotherapy, characterized by numerous trials and errors, is not only time-consuming but often leads to polypharmacy, medication switching, and the development of ADRs.

As this case report shows, the occurrence of ADRs with the potential for life-threatening complications could be attributed to pharmacogenetic factors. The case report demonstrates the importance of pharmacogenetic testing as a cornerstone of precision psychiatry to improve treatment efficacy, prevent potential ADRs, and promote overall patient wellbeing.
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