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Abstract: This report describes two cases in which pharmacogenomic testing was utilized to 

guide medication selection for difficult to treat patients. The first patient is a 29-year old male 

with bipolar disorder who had severe akathisia due to his long acting injectable antipsychotic. The 

second patient is a 59-year old female with major depressive disorder who was not  responding 

to her medication. In both cases, a proprietary combinatorial pharmacogenomic test was  

used to inform medication changes and improve patient outcomes. The first patient was switched 

to a long acting injectable that was not affected by his genetic profile and his adverse effects 

abated. The second patient had her medications discontinued due to the results of the genetic 

testing and more intense psychotherapy initiated. While pharmacogenomic testing may be  helpful 

in cases such as these presented here, it should never serve as a proxy for a comprehensive 

biopsychosocial approach.  The pharmacogenomic information may be selectively added to this 

comprehensive approach to support medication treatment.  
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Introduction
Patients with mental illness often face a cadre of medication trials before finding a 

regimen that helps. This trial and error system leaves many patients and providers 

frustrated and looking for options to assist in medication selection. Combinatorial 

pharmacogenomic (CPGx) testing has been shown in multiple clinical trials to have 

clinical validity and utility in psychiatry.1–4 Neuropsychiatric medications are metabo-

lized by multiple enzymes and interact with multiple neuropathways in order to attain 

clinical response.5  Pharmacogenomic testing has traditionally made a necessary, but 

flawed, pharmacologic assumption – that only a single CYP450 enzyme is relevant 

for a given medication. This assumption was promulgated because the vast number of 

permutations of genetic effects and metabolic pathways rendered the interpretation of 

test results unfeasible to implement in clinical practice. CPGx was specifically designed 

to address this incongruity by integrating results from over 750 published clinical 

studies, detailed pharmacology, manufacturers’ US Food and Drug Administration 

(FDA)-approved medication labels, and proprietary clinical research to analyze and 

weight the importance of multiple pharmacokinetic and pharmacodynamic genes. 

Four possible phenotypes are designated for genes that are part of the CYP450 sys-

tem: extensive, ultrarapid, intermediate, poor. For a given CYP450 pathway, extensive 

indicates normal metabolism, ultrarapid indicates faster than normal metabolism, 

intermediate indicates slower than normal metabolism, and poor indicates little to no 
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metabolism. Varying activity of individual enzymes within 

the CYP450 system may explain the wide range of blood 

levels for a given medication across patients. We present two 

cases where CPGx was especially helpful in determining the 

appropriate medications for these patients. Northwest Center 

for Community Mental Health has waived the requirement 

to obtain institutional review board approval for anonymous 

case reports.

Case presentations and outcome
Case 1
This patient was a 29-year old male with a diagnosis of 

bipolar 1 disorder, most recent episode manic, severe with 

psychotic features. His recent manic symptoms included 

agitation, paranoia, irritable mood, and decreased sleep. He 

presented to the outpatient community mental health center 

in January 2014 for follow-up. While he was psychiatrically 

stable, he presented with severe akathisia. There was no 

known family history of psychiatric illness. Substance use 

history included current occasional alcohol use and past 

cannabis use. He was a nonsmoker. Past medical history was 

unremarkable, except for a history of vitamin D deficiency. 

The patient’s current medication regimen was risperidone 

long acting injectable 100 mg every 2 weeks. This dose was 

achieved cautiously over a period of many months because he 

had been only partially responsive to 50 mg every 2 weeks. 

The patient did have some mild akathisia at the 50 mg dose, 

but it was not bothersome at that time. He was also receiv-

ing lithium extended-release (ER) 1,200 mg at bedtime, but 

was chronically non-adherent to the medication and blood 

level determinations. Previous  medication  trials included 

olanzapine, aripiprazole,  quetiapine, asenapine, haloperidol, 

divalproex, and  bupropion, all with little efficacy or signifi-

cant adverse effects. 

In order to address his complaints of restlessness, pro-

pranolol immediate release was initiated at 20 mg twice daily 

and titrated to 40 mg twice daily. While receiving propranolol 

at this dose, his pulse ranged from 46–64 beats per minute, so 

further increases were deemed unwise despite partial resolu-

tion of akathisia. A trial of benztropine was also attempted, 

but did not help. As part of routine practice at the clinic, phar-

macogenomic testing was available to patients based on their 

clinical presentation, provider preference, and patient will-

ingness. Due to the significant history of failed medications 

and the severity of his previous manic symptoms,  GeneSight 

Psychotropic pharmacogenomic testing was ordered. Gen-

eSight Psychotropic (Assurex Health, Mason, OH, USA) uses 

CPGx to classify 38 commonly prescribed antidepressant 

and antipsychotic medications into three advisory categories 

based on the level of adverse gene-drug interaction. The three 

categories are “use as directed” (green), “use with caution” 

(yellow), and “use with increased caution and more frequent 

monitoring” (red). At the time of the testing of the patient, six 

genes were included yielding a report that provides combi-

natorial, integrated genetic information. These genes include 

pharmacokinetic genes (CYP2D6, CYP2C19, CYP2C9, 

CYP1A2) and  pharmacodynamic genes (SLC6A4, HTR2A). 

The following alleles may be detected CYP1A2 -3860G>A, 

-2467T>delT, -739T>G, -729C>T, -163C>A, 125C>G, 

558C>A, 2116G>A, 2473G>A, 2499A>T, 3497G>A, 

3533G>A, 5090C>T, 5166G>A, 5347C>T; CYP2B6 *1, 

*4, *6, *9; CYP2C19 *1, *2, *3, *4, *5, *6, *7, *8, *17; 

CYP2C9 *1, *2, *3, *4, *5, *6; CYP2D6 *1, *2, *2A, *3, *4, 

*5, *6, *7, *8, *9, *10, *11, *12, *14, *15, *17, *41, gene 

duplication; CYP3A4 *1, *13, *15A, *2; HTR2A -1438G>A; 

SLC6A4 L, S. 

Table 1 reports the patient’s specific genotype for each 

of the six genes tested. Interestingly, the patient’s GeneSight 

Psychotropic profile (see Figure 1) showed that many of the 

medications that had been tried were classified in the yellow 

or red categories. Based on these results, risperidone long 

acting injectable (yellow category) was discontinued and pali-

peridone long acting injectable (green category) was initiated. 

Lithium was continued. Paliperidone was titrated to 156 mg 

every 3 weeks and his akathisia reduced significantly over 

the next few months while his symptoms remained managed. 

Case 2
This patient was a 59-year old woman who presented to 

the community mental health center in April 2014 with a 

complaint of severe depression. Her symptoms included 

depressive ruminations, passive death wish, low energy, poor 

sleep, and suicidal ideations. The patient had a family his-

tory significant for a completed suicide and she had a child 

with depression and a history of self-injurious behavior.  Her 

past medical history was significant for a total hysterectomy 

with oophorectomy, obstructive sleep apnea, type 2 diabetes, 

urinary incontinence, hyperlipidemia, allergic rhinitis, and 

Table 1 Patient 1 genotype results

Gene Genotype Expected phenotype

CYP2D6 *4 / *5 Poor metabolizer
CYP2C19 *1 / *17 Ultrarapid metabolizer
CYP2C9 *1 / *1 Extensive metabolizer
CYP1A2 ‑163C>A ‑ A/A, 5347C>T ‑ T/T Ultrarapid metabolizer
SLC6A4 L / S Moderate response
HTR2A G / G Reduced activity
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a cerebrovascular accident (CVA) over 10 years ago with 

residual left hemiparesis. Her current medications included 

trazodone 100 mg po (orally) qhs (every night), gabapentin 

300 mg po qhs, glimepiride 2 mg po qday, ranitidine 150 mg 

po bid (twice daily), and atorvastatin 40 mg po qhs. Her 

previous psychiatric medication trials included sertraline, 

duloxetine, desvenlafaxine, and aripiprazole all with minimal 

efficacy. The patient was diagnosed with major depressive 

disorder and treatment with citalopram was initiated. 

Initially, the patient responded to citalopram, but after 

2 months, efficacy decreased and lithium was added as an 

augmenting agent. The addition was moderately effective, 

but the patient continued to have passive death wish and 

depressive ruminations. Citalopram was discontinued and 

nortriptyline was initiated at 10 mg at bedtime. This lower 

dose was chosen due to the patient’s history of CVA. After 

1 month, lithium and nortriptyline blood concentrations 

were ordered and were 0.6 mEq/L and 0 ng/mL respectively. 

Patient endorsed current adherence with her medications 

evidenced by her lithium concentration, but did have a history 

of non-adherence. Pharmacogenomic testing was ordered to 

 determine if the patient’s genetic profile could be contributing 

to the lack of efficacy of her medications. Additionally, the 

genetic results had the potential to explain the discrepancy 

between the patient’s nortriptyline serum levels and her claim 

that she was adherent with the medication. 

Table 2 reports the patient’s specific genetic genotype for 

each of the six genes tested. Many of the patient’s previous 

medications were in the yellow or red category, including 

the nortriptyline she was currently receiving (Figure 2). 

Antidepressants

Use with caution
Use with increased caution

and with more frequent
monitoring

Desvenlafaxine (Pristiq®)

Asenapine (Saphris®)

[1]: Serum level may be too high, lower doses may be required. [6]: Use of this drug may increase risk of side effects.

[7]: Serum level may be too low in smokers.

[9]: Per FDA label, this medication is contraindicated for this
      genotype.

[8]: FDA label identifies a potential gene-drug interaction
      for this medication.

[2]: Serum level may be too low, higher doses may be required.

[3]: Difficult to predict dose adjustments due to conflicting 
      variations in metabolism.
[4]: Genotype may impact drug mechanism of action and 
      result in reduced efficacy.

Chlorpromazine (Thorazine®)[3,7] Aripiprazole (Abilify®)[1,6,8]

Haloperidol (Haldol®)[1,6]

Iloperidone (Fanapt®)[1,6,8]

Thioridazine (Mellaril®)[3,6,7,9]

Clozapine (Clozaril®)[3,7,8]

Fluphenazine (Prolixin®)[1]

Olanzapine (Zyprexa®)[3,7]

Perphenazine (Trilafon®)[3,7,8]

Quetiapine (Seroquel®)[1]

Risperidone (Risperdal®)[1,8]

Thiothixene (Navane®)[2,7]

Lurasidone (Latuda®)

Paliperidone (Invega®)

Ziprasidone (Geodon®)

Vilazodone (Viibryd®)

Amitriptyline (Elavil®)[3,8] Bupropion (Wellbutrin®)[1,6]

Clomipramine (Anafranil®)[3,7,8]

Desipramine (Norpramin®)[1,6,8]

Duloxetine (Cymbalta®)[3,7,8]

Fluoxetine (Prozac®)[1,6]

Imipramine (Tofranil®)[1,6,8]

Mirtazapine (Remeron®)[3,7]

Nortriptyline (Pamelor®)[1,6,8]

Paroxetine (Paxil®)[1,4,6,8]

Selegiline (Emsam®)[2,7]

Citalopram (Celexa®)[3,4]

Doxepin (Sinequan®)[3,8]

Escitalopram (Lexapro®)[3,4]

Fluvoxamine (Luvox®)[3,7,8]

Sertraline (Zoloft®)[4]

Trazodone (Desyrel®)[1]

Venlafaxine (Effexor®)[3]

Use as directed

Use as directed

Antipsychotics

Use with caution
Use with increased caution

and with more frequent
monitoring

Figure 1 Patient 1 GeneSight Psychotropic results.
Note: Reproduced with permission ©2016 Assurex Health Inc.
Abbreviation: FDA, US Food and Drug Administration. 
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Figure 2 Patient 2 GeneSight Psychotropic results.
Note: Reproduced with permission ©2016 Assurex Health Inc.

Antidepressants

Use with cautionUse as directed
Use with increased caution

and with more frequent
monitoring

Use as directed

Antipsychotics

Use with caution
Use with increased caution

and with more frequent
monitoring

Fluphenazine (Prolixin®)

Lurasidone (Latuda®)

Paliperidone (lnvega®)

Ziprasidone (Geodon®)

Bupropion (Wellbutrin®)

Desvenlafaxine (Pristiq®)

Selegiline (Emsam®)

Vilazodone (Viibryd®)

Amitriptyline (Elavil®)[2] Desipramine (Norpramin®)[2]

Duloxetine (Cymbalta®)[2,7]

Fluoxetine (Prozac®)[2,4]

Fluvoxamine (Luvox®)[2,4,7]

Mirtazapine (Remeron®)[2,7]

Nortriptyline (Pamelor®)[2]

Paroxetine (Paxil®)[2,4]

Venlafaxine (Effexor®)[2]

Citalopram (Celexa®)[2,4]

Clomipramine (Anafranil®)[2,7]

Doxepin (Sinequan®)[2]

Escitalopram (Lexapro®)[2,4]

Imipramine (Tofranil®)[3]

Sertraline (Zoloft®)[4]

Trazodone (Desyrel®)[2]

Asenapine (Saphris®)[2,7] Aripiprazole (Abilify®)[2]

Chlorpromazine (Thorazine®)[2,7]

Clozapine (Clozaril®)[2,7]

Haloperidol (Haldol®)[2]

Iloperidone (Fanapt®)[2]

Olanzapine (Zyprexa®)[2,7]

Perphenazine (Trilafon®)[2,7]

Risperidone (Risperdal®)[2]

Thioridazine (Mellari®)[2,7]

Quetiapine (Seroquel®)[2]

Thiothixene (Navane®)[2,7]

[7]: Serum level may be too low in smokers.

[2]: Serum level may be too low, higher doses may be required.

[3]: Difficult to predict dose adjustments due to conflicting 
      variations in metabolism.

[4]: Genotype may impact drug mechanism of action and 
      result in reduced efficacy.

Table 2 Patient 2 genotype results

Gene Genotype Expected phenotype

CYP2D6 *1 / *1 with duplication Ultrarapid metabolizer
CYP2C19 *1 / *1 Extensive metabolizer
CYP2C9 *1 / *1 Extensive metabolizer
CYP1A2 ‑3860G>A ‑ A/A, ‑2467T>DELT ‑ 

DELT/DELT, ‑163C>A ‑ A/A
Ultrarapid metabolizer

SLC6A4 S / S Reduced response
HTR2A G / A Intermediate activity

Nortriptyline was initially increased to 25 mg at bedtime, but 

was stopped after 2 months when there was no evidence of 

efficacy. Further titration of nortriptyline was not performed 

due to her fragile medical state post-CVA and concerns 

about potential risk for falls. Despite probable adherence, 

the increased dose was not supplying adequate blood levels 

(nortriptyline level was still undetectable). The lithium was 

continued, the patient’s psychotherapy was intensified, and 

additional psychosocial interventions such as home visits 

were used. Due to pharmacogenomic testing, the patient’s 

medication regimen was able to be simplified and adverse 

outcomes such as falls were avoided. 

Discussion
Patient 1 had improvement of manic symptoms on high dose 

risperidone, however akathisia complicated treatment and 

adherence. Risperidone is converted to  9-hydroxyrisperidone 

(paliperidone) primarily by CYP2D6 and to a lesser extent by 

CYP3A4. Risperidone and paliperidone plasma concentra-

tions were not obtained in this patient due to testing being 

cost prohibitive. The patient had no functioning CYP2D6 

alleles—making him a quintessential poor metabolizer, which 

in combination with high doses of depot risperidone, likely 

combined to produce akathisia in this patient.  Compounding 

this problem, the patient’s akathisia was treated with pro-
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pranolol, which is also metabolized by CYP2D6, possibly 

contributing to the patient’s low heart rate. When the patient 

was switched to 9-hydroxyrisperidone (paliperidone), he 

achieved efficacy without major side effects. Paliperidone, 

unlike risperidone, is not metabolized by CYP2D6. As such, 

paliperidone concentrations would not be affected by this 

patient’s genetic polymorphism in CYP2D6. In fact, the FDA 

package insert for paliperidone states6, “population pharma-

cokinetics analyses indicated no discernible difference on the 

apparent clearance of  paliperidone after administration of 

oral paliperidone between extensive metabolizers and poor 

metabolizers of CYP2D6 substrates.” Further, paliperidone 

may have a lower risk of akathisia compared to risperidone.7

Some clinicians erroneously believe that depot forms of 

medication are not metabolized by the P450 system. While 

depot medications largely skip first pass metabolism,8 they are 

still ultimately metabolized by CYP enzymes, which inform 

steady-state concentrations.9 Additionally, some studies have 

shown that patients with the G/G genotype at the HTR2A 

gene may have an increased response to risperidone.10–15 So 

while this patient may have had a better response to risperi-

done based on this genotype, dose-related adverse effects 

complicated his treatment highlighting that genes cannot 

be used in isolation to determine medication treatment and 

should be considered in combination. No literature exists 

looking at response to paliperidone and the HTR2A gene. 

Patient 2 was adherent to her medication regimen, but was 

shown to be an ultrarapid metabolizer at CYP2D6 leading to 

lower than expected blood levels. Furthermore, the narrow 

therapeutic index for tricyclic antidepressants makes patients 

who receive them ideal candidates for pharmacogenomic 

testing. Even at low doses, a patient who is a poor metabo-

lizer for a given substrate medication could have higher 

than anticipated serum levels which may lead to toxicity. In 

this case, the patient had increased enzyme activity for the 

primary metabolic pathway for nortriptyline which caused an 

undetectable serum level.  Without a detectable serum level, 

there is no potential for a medication-mediated improve-

ment in symptoms. With pharmacogenomic testing, it was 

determined that the low level could be attributed to increased 

enzyme activity and not necessarily poor adherence.  Serum 

level monitoring of tricyclic antidepressants provides clinical 

information for a snapshot in time.  However, combining this 

strategy with pharmacogenomic testing can provide a more 

complete picture of the disposition of the medication, enable 

more accurate dosing, and most importantly give insight into 

possible future treatment strategies. 

Using CPGx to guide medication selection for the cases 

presented here was valuable and informative. Patients who 

have failed medications due to ineffectiveness or adverse 

events and have been deemed treatment-resistant may ben-

efit from CPGx. GeneSight Psychotropic has shown clinical 

validity and clinical utility in clinical trials, but also cost 

effectiveness.16 When used appropriately and in combina-

tion with clinical judgment, pharmacogenomic testing can 

be a powerful tool in selected circumstances to help patients 

achieve wellness.
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