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Background: Pharmacogenetic analyses can predict interpersonal differences in response to psychopharmacotherapy, which greatly facilitates the selection of the most effective medication at optimal doses. By personalizing therapy in this way, we can minimize adverse drug reactions (ADR) and prevent polypharmacy. Most psychotropic medications are metabolized by the cytochrome P450 enzymes CYP2D6, CYP2C19, and CYPA3A4, which influence drug metabolism and concentration, affecting both efficacy and the occurrence of ADR. The relationships between genetic variations and enzymatic activity allow pharmacogenetic analysis to provide important data for optimal drug selection. The following case report illustrates the impact of pharmacogenetic analysis on the course of pharmacologic treatment in an elderly patient with a major depressive episode.

Methods: We present a case of a 79-year-old patient treated for severe depression with psychotic symptoms. We collected data on treatment selection and response to treatment before and after pharmacogenetic analysis. For pharmacogenetic analysis, common functional variants in CYP1A2, CYP3A4, CYP2B6, CYP2C19, and CYP2D6 were genotyped, and corresponding evidence-based treatment recommendations were prepared.

Results: The patient suffered from lack of efficacy and serious ADR of several medications, resulting in worsening depression and treatment resistance over the course of several months of treatment. Pharmacogenetic analysis provided important insights into the patient’s pharmacokinetic phenotype and allowed us to personalize treatment and achieve remission of the depressive episode.

Conclusion: In the case presented, we have shown how consideration of pharmacogenetic characteristics in an individual patient can improve treatment outcome and patient well-being. Knowledge of the patient’s pharmacogenetic characteristics helped us to personalize treatment, resulting in complete remission of psychopathology. Due to the complexity of psychiatric disorders, the efficacy of combinations of different medications, which are often required in individual patients, cannot be clearly explained. Therefore, it is of great importance to conduct further pharmacokinetic and pharmacogenetic studies to better assess gene-drug interactions in psychopharmacotherapy.
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1. Introduction

Interindividual differences in response to pharmacotherapy play an important part in the treatment of mental disorders. Pharmacotherapy is effective only in a relatively small proportion of patients with mental disorders. In addition to the variable therapeutic effect, ADR of varying intensity often occur. A treatment-resistant form of depression, defined as an inadequate therapeutic response despite adequate treatment with two or more antidepressants, occurs in approximately 30% of patients with depression (1). Similarly, in the treatment of psychotic disorders, only about one-third of patients achieve good long-term remission (2). Additional medications can be used to mitigate the ADR, or if the therapeutic effect is insufficient, combination or augmentation therapy with other medications can be considered. The concomitant use of multiple medications is relatively common, despite the higher risk of ADR. Poor patient adherence to therapy is due, at least in part, to ADR and inadequate therapeutic effect (3). An important determinant of response to therapy is individual pharmacokinetic and pharmacodynamic variability. Common functional variants in genes that code for enzymes, membrane transporters, and therapeutic targets are reflected in interindividual differences in treatment response. Most antidepressants and antipsychotics are metabolized by cytochrome P450 enzymes in the liver, e.g., CYP2D6, CYP2C19, and CYPA3A4. These enzymes were an early focus for clinical use of pharmacogenetics in psychiatry because of the close relationship between genetic variants and enzymatic activity (4). Therefore, pharmacogenetic analysis can provide important data that influence optimal drug selection. Finding the most effective dose with minimal ADR is a critical step toward personalized therapy.

In this case report, we illustrate the importance of considering pharmacogenetic data and recommendations in clinical practice by presenting the case of a patient in whom the application of recommendations successfully changed the course of a previously unsuccessful treatment for a severe depressive episode.



2. Case description

A 79-year-old retired teacher was treated for 164 days at the University Psychiatric Clinic Ljubljana (UPCL) for severe depression with psychotic symptoms. She had no previous history of psychiatric treatment. After the death of her husband, she had been living alone for 10 years. She was physically healthy and did not take any medication regularly. There were no particular problems in her family history, and she did not report any substance use disorder.

The patient’s course of treatment is schematically presented in Figure 1.
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FIGURE 1
 A schematic presentation of the patient’s treatment. Created with Biorender.com.


The first symptoms of depression appeared around 6 months before hospitalization, including anxiety, concerns about her health, lack of will, and anhedonia. Over time, the anxiety and lack of will worsened, her appetite decreased, and she suffered from insomnia. During an outpatient psychiatric evaluation, she was diagnosed with a moderate depressive episode. Initially, she was prescribed escitalopram 10 mg daily, which was switched to mirtazapine due to lack of efficacy. Due to deterioration in daily functioning and self-care, she temporarily moved in with her daughter. After 3 weeks of therapy with 30 mg of mirtazapine daily, improvements in mood, insomnia, and increased energy were noted. However, her concern for her own health and the well-being of her loved ones intensified and gradually took on delusional features. She firmly believed that her digestion had stopped and that something terrible was about to happen to her daughter and grandchildren. In addition to 30 mg of mirtazapine, risperidone was administered at a dose of 0.5 mg three times daily during a follow-up visit. This resulted in increased agitation, despair, a recurrence of decreased willpower, and increased anxiety. The delusional beliefs persisted. Due to the severity of her symptoms, she was admitted to the UPCL.

On admission and for the first few days, she showed marked depressed mood, depressive delusions, delusional interpretations of bodily sensations, and possibly cenesthetic hallucinations. She was, however, fully conscious and oriented, although somewhat suspicious in her interactions. There was no evidence of formal thought disorder, and her cognitive abilities appeared to be intact. She described passive thoughts of death but had no acute suicidal ideation. Initially, therapy was continued with mirtazapine and risperidone. Lorazepam 0.5 mg was additionally prescribed three times daily because of increased anxiety. Motor restlessness was observed and attributed to possible akathisia or depression-related agitation. Other extrapyramidal symptoms (EPS) were also noted: mildly increased muscle tone in the upper limbs and neck, and mild and symmetrical postural tremor. Risperidone was discontinued due to akathisia and EPS. Because of the poor efficacy of mirtazapine monotherapy, combined antidepressant therapy was initiated. A combination of sertraline and olanzapine was introduced. Despite a daily dose of up to 20 mg olanzapine and up to 100 mg sertraline, psychotic symptoms persisted, so aripiprazole was additionally administered. However, as severe akathisia occurred at a dose of 10 mg aripiprazole daily, aripiprazole was replaced by 1 mg brexpiprazole daily. Psychotic symptoms decreased slightly, and she was able to focus on other topics in conversations. At the same time, she continued to receive 75 mg sertraline, 30 mg mirtazapine, 15 mg olanzapine, and 1 mg lorazepam three times daily. Akathisia persisted for several days even at a low dose of 1 mg brexpiprazole daily, but then subsided without a change in medication, resulting in a recurrence of delusions and anxiety. We initiated medication monitoring and found that she had not been taking the prescribed medication, which we attributed to ADR and secondary persecutory delusions. After starting medication monitoring, sertraline 200 mg daily and olanzapine 15 mg daily were confirmed to be ineffective, and brexpiprazole was discontinued because of persistent akathisia. We decided to introduce venlafaxine 75 mg daily. In addition to lorazepam 1 mg three times daily, she also received biperiden 2 mg and olanzapine 20 mg daily. Because of the persistent EPS, a neurologic examination was performed, which revealed mild asymmetric bradykinesia and hypokinesia in the upper limbs (UPDRS stages 1 and 2), Parkinsonian posture, and gait disturbances. Dopamine transporter scintigraphy (DaTSCAN) was performed to confirm presynaptic dopaminergic impairment. The patient had not previously undergone any of the other planned diagnostic tests (CT, EEG) because she had refused them due to her psychotic experiences. Five days after starting venlafaxine 75 mg daily, marked akathisia and reactive worsening of anxiety reappeared. Venlafaxine was therefore discontinued. We temporarily increased lorazepam dose to 1.25 mg in the morning, 2.5 mg in the afternoon, and 2.5 mg in the evening. We also tried amisulpride and gradually increased the dose to 400 mg daily. The dose of sertraline was decreased to 150 mg daily, while mirtazapine was reduced to 15 mg in the evening. Lorazepam was administered regularly, with the dose adjusted to 1 mg three times daily. Nitrazepam 5 mg was introduced for the treatment of insomnia. This also resulted in a slight decrease in anxiety, and akathisia subsided. However, nihilistic and other depressive delusions with bizarre content persisted. With decreased anxiety, a CT brain scan and EEG could be performed, which showed no abnormalities. Laboratory results showed no significant deviations from normal (thyroid hormones, complete blood count, liver function tests, electrolytes, vitamin B12, and folic acid levels). A PET-CT scan with FDG revealed mild diffuse cortical hypometabolism, which was not characteristic of neurodegenerative disease. DaTSCAN excluded parkinsonism due to presynaptic dopaminergic dysfunction. The clinical picture still included depressed mood and depressive delusions. She participated little in ward activities and required considerable assistance with daily activities. In her free time, she tended to withdraw from the company of other patients on the ward.

The examinations performed excluded the differential diagnoses of early-stage dementia or Parkinson’s disease. A clinical psychological examination was performed, but its results were inconclusive because the patient was unable to participate properly. However, based on the low cognitive screening test results (MMSE 25/30, ACE 83/100), some type of dementia syndrome was suspected. The cognitive decline was consistent with the picture of pseudodementia associated with depression.

Due to therapeutic inefficacy of various drug combinations (olanzapine, risperidone, sertraline, mirtazapine, amisulpride) and pronounced ADR with several drugs (aripiprazole, brexpiprazole, risperidone, venlafaxine), a pharmacogenetic analysis was performed.

DNA was isolated from the blood sample collected in EDTA-containing using the E.Z.N.A. SQ Blood Kit II (Omega bio-tek), 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) and the amplicons were visualised after agarose gel electrophoresis. The other genetic variants (CYP1A2*1F; CYP3A4*22; CYP2B6*4, *6, *9; CYP2C19*2, *3, *4A/B, *5, *6, *8, *10, *9, *17; and CYP2D6*3, *4, *6, *8, *9, *10, *14A/B, *17, *41) were analysed using commercial KASPar SNP Genotyping Assay kits (LGC Group), 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.



3. Results and discussion

The patient presented here experienced a plethora of treatment failures, both in terms of inefficacy and ADR (see Figure 1). Based on the list of prescribed drugs and their metabolic pathways, CYP1A2, CYP3A4, CYP2B6, CYP2C19, and CYP2D6 were selected for genotyping for various genetic polymorphisms. Genotyping results and their corresponding phenotypes are shown in Table 1.



TABLE 1 Summary of the genotyping analysis and the patient’s phenotypes.
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Briefly, typical antipsychotics (chlorpromazine, fluphenazine, perphenazine, promethazine, thioridazine), some selective serotonin reuptake inhibitors (SSRIs), and serotonin-norepinephrine reuptake inhibitors (SNRIs) are metabolized predominantly via CYP2D6, whereas the metabolism of atypical antipsychotics (aripiprazole, brexpiprazole, iloperidone, risperidone), noradrenergic specific serotonergic antidepressants (NaSSAs), haloperidol, and venlafaxine is also catalyzed by CYP3A4 (5). Clozapine and olanzapine are metabolized predominantly via CYP1A2 and to a lesser extent via CYP2D6 and CYP3A4, while most SSRIs are metabolized primarily via CYP2C19 (5–7). Finally, CYP2B6 is an important enzyme for the metabolism of sertraline (8).

The presented patient carries two polymorphic alleles (CYP2D6*41, CYP23A4*22) that contribute to lower activity of metabolizing enzymes, which could lead to impaired conversion of drugs into inactive metabolites, resulting in a higher risk of developing ADR. On the other hand, lower activity could also lead to lower drug efficacy if the parent compound needs to be activated via these enzymes. For other CYP enzymes analysed, the patient carries multiple polymorphic alleles (CYP1A2*1F, CYP2C19*17, CYP2B6*4) that result in increased enzyme activity, meaning that the patient could be susceptible to decreased drug efficacy as active compounds are neutralized shortly after drug administration.

Considering the genotypes and phenotypes, many of the treatment-related problems can be explained. Treatment was initiated with the administration of mirtazapine as an atypical tetracyclic antidepressant and risperidone as an atypical antipsychotic. During the course of treatment, mirtazapine proved ineffective, whereas risperidone led to the development of extrapyramidal symptoms (EPS), with akathisia being the most severe. CYP1A2, CYP2D6, and CYP3A4 are responsible for the metabolism of mirtazapine, the latter two being the most important (9, 10). Unfortunately, the lack of efficacy of mirtazapine cannot be explained by the fact that the activity of the crucial metabolizing enzymes was decreased. There is still no strong evidence or pharmacogenetic recommendations for mirtazapine and its gene interactions. Similarly, there are no dose adjustment recommendations for risperidone in CYP2D6*1/*41 (NM). However, decreased CYP2D6 enzyme activity suggests a tendency for drug-gene interactions to cause the occurrence of ADR in risperidone treatment, although no clinically relevant associations have been demonstrated to date (11). Nevertheless, plasma concentrations of 9-hydroxyrisperidone, the equipotent metabolite of risperidone, are known to be decreased in carriers of CYP2D6*41, implying higher plasma concentrations of risperidone (11, 12). Since risperidone is more likely to cross the blood–brain barrier than 9-hydroxyriperidone, this may explain the development of ADR originating from the central nervous system, and thus EPS (13).

When the patient’s treatment was continued, olanzapine also proved ineffective. This may have been because the patient was a CYP1A2*1F/*1F (UM). Carriers of this genotype metabolize olanzapine more rapidly than normal metabolizers, resulting in significantly lower concentrations of the active drug compound in the blood. CYP2D6 and CYP3A4 also contribute to the metabolism of olanzapine, but to a much lesser extent (11).

Sertraline is extensively metabolized in the liver via several different CYP enzymes, CYP2C19 being the most important. However, CYP2B6, CYP2D6, and CYP3A4 also play a role. Slightly lower serum concentrations of sertraline and its active form have been demonstrated in Scandinavian patients with the CYP2C19 *17 allele (14), suggesting that this phenotype may contribute to lower efficacy of sertraline as observed in the presented patient. Currently, there is insufficient evidence and pharmacogenetic recommendations for the CYP2C19*1/*17 phenotype (NM) based on the Dutch Pharmacogenetic Working Group (DPWG), but there are recommendations based on a combination of genotypes for CYP2B6 and CYP2C19 according to the Clinical Pharmacogenetics Implementation Consortium (CPIC). Because the patient carries two alleles (CYP2C19*17 and CYP2B6*4) associated with increased metabolism of sertraline to a less active compound, it is recommended to consider titrating sertraline to a higher maintenance dose or switching to a clinically appropriate alternative antidepressant that is not predominantly metabolized by CYP2C19 or CYP2B6 if a patient does not respond adequately to the recommended initial/maintenance dose of sertraline (15, 16). In addition, lower CYP2D6 and CYP3A4 activity in the presented patient could affect the response to sertraline. However, there is no clear evidence for the clinical relevance of dose adjustments or the occurrence of ADR/efficacy during treatment with sertraline in these phenotypes. Therefore, the patient’s non-response to sertraline treatment is more likely related to increased activity of CYP2C19 and CYP2B6. Knowledge of the patient’s CYP2C19 genotype/phenotype could also explain the ineffectiveness of escitalopram, the first medication prescribed to the patient when she was diagnosed with a depressive episode. CPIC, but not DPWG, provides the explanation that patients carrying the *17 allele may have lower plasma concentrations of escitalopram, indicating increased metabolism of escitalopram to a less active compound and thus a lower likelihood of clinical benefit. If PGx information were available earlier, the patient’s depression could be successfully treated before hospitalization by increasing the escitalopram dose as recommended by the CPIC (8).

Because the patient did not respond well to the above therapy, the medication was changed to aripiprazole, brexpiprazole, and venlafaxine. After the introduction of the new treatment regimen, several ADR occurred that can be explained, at least in part, by the patient’s pharmacogenetic characteristics. All of these drugs are metabolized mainly via CYP2D6. Since the patient was a carrier of the CYP2D6*41 allele, metabolism via this enzyme might be reduced, leading to higher plasma concentrations of the drugs and thus to various ADR (8, 11). Importantly, there are pharmacogenetic recommendations for the CYP2D6-aripiprazole gene-drug pair, but only for the “poor metabolizers” (PM). These recommendations state that patients with a CYP2D6 PM phenotype should not be given more than 10 mg/day or 300 mg/month (68%–75% of the normal maximum dose of aripiprazole) (11). In addition, aripiprazole plasma concentrations may also be elevated due to genetically low CYP3A4 activity, further increasing the risk for the occurrence of ADR (11). Because brexpiprazole is metabolized in a similar manner to aripiprazole, similar consequences in terms of plasma concentrations and possible ADR are expected. Pharmacogenetic recommendations for brexpiprazole state that half the normal dose should be used for CYP2D6 PMs, which is even less compared to aripiprazole (11). In addition, the patient experienced akathisia while taking venlafaxine. The akathisia could possibly be explained by the fact that the patient was a carrier of CYP2D6*41, meaning that venlafaxine was metabolized to a lesser extent to O-desmethylvenlafaxine. Heterozygous CYP2D6*1/*41 are currently classified as NM, so there are no recommendations for patients with this genotype.

However, regardless of the current phenotype classification, several studies reported that allele*41 decreases the activity of the enzyme to a greater extent as agreed between CPIC and DPWG in 2019 (17–19). Indeed, a consensus has been reached that the NM phenotype is assigned when the activity score is between 1.25 and 2.25, whereas a value below 1.25 indicates a IM phenotype (20). According to this consensus, the contribution of the CYP2D6*41 allele to decreased enzyme activity is estimated to be 0.5, implying that the *1/*41 diplotype has a total score of 1.5 and is therefore NM. Doubts about this consensus on scores were recently raised by the group of Jukić et al. (18), who demonstrated that the activity score for the CYP2D6*41 allele is close to 0.18, especially when risperidone, aripiprazole, and venlafaxine are administered (0.14, 0.26, and 0.21, respectively), and is not equal to 0.5 as assumed by the consensus. Similar results were obtained by Haslemo et al. (19), who found in their study of a large patient population that the score for residual enzyme activity was only 9.5% in the case of venlafaxine administration. Considering these data, the presented patient could be classified as IM rather than NM.

Finally, CYP2D6 activity could also be reduced by sertraline, which is a known weak inhibitor of CYP2D6 (21). With a consequent reduction in CYP2D6 activity, the patient’s CYP2D6 phenotype could shift toward IM or even PM. This could increase the likelihood of ADR due to treatment with risperidone, aripiprazole, brexpiprazole, and venlafaxine, all taken concomitantly with sertraline.

Once the pharmacogenetic results were available, the patient’s genetic characteristics were considered when deciding about the new course of treatment. Because certain drugs were selected for which there were no corresponding pharmacogenetic recommendations, their doses were titrated slowly and carefully. Quetiapine, an atypical antipsychotic, is metabolized mainly via CYP3A4 (22). Because of the patient’s decreased CYP3A4 activity, quetiapine was introduced slowly and under close monitoring. We started with a dose of 12.5 mg in the evening and gradually increased it to 75 mg in the evening. Similarly, maprotiline, a tetracyclic antidepressant, was introduced with caution because of its metabolism via CYP2D6 and CYP1A2 (23). We started with an initial dose of 25 mg and gradually increased it to 75 mg daily. In the titration phase, we focused on the joint effects of maprotiline and quetiapine, particularly with regard to the possible anticholinergic ADR and QTc interval prolongation. For the treatment of anxiety, pregabalin, which is metabolized by the liver to a very low extent (24), was administered at a dose of 25 mg in the morning and at noon and 75 mg in the evening. The patient’s mood improved markedly within 4 weeks, and psychotic symptoms disappeared completely.



4. Conclusion

In the case presented, we have shown how consideration of pharmacogenetic characteristics in an individual patient can improve treatment outcome and patient well-being. Treatment without consideration of patients’ pharmacogenetic characteristics resulted in ineffective therapy even at high or maximal doses of antidepressants and antipsychotics. In addition, low doses of some antidepressants and antipsychotics caused the occurrence of serious and complicating ADR. Knowledge of the patient’s pharmacogenetic characteristics helped us to personalize treatment, resulting in complete remission of psychopathology. However, due to the complexity of psychiatric disorders and the combinations of different medications that are often required in individual treatment, response and efficacy cannot be clearly explained. As is often observed in pharmacogenetic studies of cytochrome enzyme gene alleles, some results are consistent with expectations based on previous data from the literature, whereas others aren’t. Therefore, it is of great importance to conduct additional pharmacokinetic and pharmacogenetic studies to better assess gene-drug interactions. This knowledge will help us to adjust dosage and combinations of prescribed drugs to personalize the treatment and increase its safety and efficacy.
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