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         Relationships of Potential Interest  
 
I am a full time employee of the Mayo Clinic 
 
The Mayo Clinic has a small equity interest in a company 
which is named AssureRx Health.  
 
AssureRx has licensed intellectual property from the Mayo 
Clinic and I am one of the inventors of this intellectual 
property.  
 
AssureRx Health has built a web-based electronic 
interface to support pharmacogenomic decision making in 
clinical practice.  
 
 



My Objectives 

 
•To review how pharmacogenomic testing is currently being used 
in clinical practice at the Mayo Clinic 
 

•To discuss how “clinical utility” should be assessed when 
practicing individualized medicine 
 
 



The Implementation of Psychiatric Pharmacogenomic 
Testing at Mayo 

• CYP2D6 clinical genotyping initiated in February 2003 
and results were included in the EMR. 
 

• Mayo Medical Laboratories began offering CYP2D6, 
CYP2C19, and CYP2C9 genotyping in April 2004.  
 

• Pharmacogenomic testing became regularly used in the 
psychiatric practice by 2006.  
 

• Introduction of the algorithmic panel report with 
subsequent initiation of a series of clinical utility studies in 
2009. 
 



Consider a CYP 450 Profile. A 43 Year Old Caucasian 
woman is being considered for an SSRI.   

Should this variant be routinely used? 

 
Definitely Yes    3% 
Probably Yes    13% 
Probably Not    38% 
Definitely Not    16% 
Don’t Know or No Opinion  31% 



Consider a CYP 450 Profile. A 43 Year Old 
Caucasian woman is being considered for an 
SSRI.  Should this variant be routinely used? 

Related Questions: 
 

1. What is CYP 450 Profile? 
2. Why is this woman receiving an SSRI? 
3. What variant is being considered? 
4. What does “routinely” mean?  



What gene variants are included in a typical algorithmic genotyping 
profile to guide the selection and dosing of antidepressants and 

antipsychotic medications? 

CYP2D6  12 variants and indels 
CYP2C19  5 variants     
CYP2C9  3 variants 
CYP1A2  6 variants 
SLC6A4  3 variants and indels 
HTR2A  3 variants 
HTR2C  1 variant 
 

An important concept is that many variants are included in clinical algorithms 

 



Is knowing that a Patient has Impaired CYP 2D6 
Metabolic Capacity Actionable? 

This is a very different question than : 
 
Are the results of a pharmacogenomic algorithm designed to 

provide physician guidance on the selection and dosing of 
antidepressant medication actionable? 
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Is knowing that a Patient has severely impaired 
CYP2D6 Metabolic Capacity Actionable? 

• Would you give this patient Prozac, Paxil, or Effexor? 
• Would you give this patient Norpramin or Tofranil? 
• Would you give this patient Haldol or Risperidol? 
• Would you give this patient Strattera? 
• Would you give this patient codeine? 

 
• Would you give this patient Celexa, Lexapro, or Luvox? 
• Would you give this patient Cymbalta or Pristiq? 
• Would you give this patient Zyprexa or Geodon? 
• Would you give this patient Concerta? 
 
 



A Pharmacogenomic Report with 
 Decreased Metabolic Capacity 



A pharmacogenomic report illustrating impaired 
2D6 and 2C19 metabolism 





What level of evidence is needed for 
wider clinical adoption? 

• In the past, the standard of a prospective 
randomized clinical trial (RCT) has been the 
necessary condition to justify adoption. 
 

• However, the nature of the questions being 
addressed in testing many relatively uncommon 
variants raise the issue of whether pragmatic 
clinical trials (PCT) in “real world” settings 
should be considered as an alternative to RCTs. 



What types of studies should be considered to 
evaluate clinical utility?  

(as opposed to concerns for safety) 

• Retrospective studies of clinical practice 
 

• Prospective studies in “real world” practice 
settings (i.e. pragmatic clinical trials} 



A Retrospective Study the Psychiatric 
Consultation Practice at the Mayo Clinic 

• Reviewed the care of 2390 patients from 2006-2010 
 

• 19% of the consultation practice patients were tested 
 

• 58% of the more seriously treatment resistant patients 
were provided pharmacogenomic testing 

                                                                
                                      Rundell et al, 2011 Translational Psychiatry     

 
 

 



Two Prospective PCT Outpatient Studies 

• Hamm Clinic in St. Paul 
– Proof of Principe (n=60) 
– 31.2% reduction in depressive symptoms with testing 

versus 7.2% reduction without testing  (p < .02) 
 

• Mayo Health System in La Crosse, Wisconsin 
– Replication Study (n = 200) 
–  44.8% reduction in depressive symptoms with testing 

versus 26.4% reduction without testing (p < .001) 

            Hall-Flavin et al, under review 

 



Conclusion: Decision support algorithmic  
   reports will accelerate the   
   implementation of clinical testing 
 

• Initial laboratory reports that only reported genotypes and 
predicted phenotypes were assessed by clinicians as not 
being very helpful. 
 

• Recognition of the need to develop a clinical algorithm led 
to the creation of a new approach to reporting results. 
 

• An improved strategy of reporting has proven to be to 
“sort” the available psychotropic medications into 
categories that clinicians perceive to be useful. 



Questions and Comments 



 Carbamazepine and Steven Johnson Syndrome: An 
example of rapid adoption in psychiatry  

• Asian patients were shown to have a higher 
risk of skin reactions if they had an HLA-B 
*1502 allele. 
 

• On December 12, 2007, the FDA issued a 
warning stating that in at risk patients of Asian 
ancestry genotyping was necessary prior to 
prescribing carbamazepine. 

 



Antiepileptic Black Box Warning 

 Serious Dermatologic Reactions and HLA-B*1502 Allele 
 Serious and sometimes fatal dermatologic reactions, including toxic epidermal 

necrolysis (TEN) and Stevens-Johnson syndrome (SJS), have been reported 
during treatment with antiepileptics. These reactions are estimated to occur in 1 
to 6 per 10,000 new users in countries with mainly Caucasian populations, but 
the risk in some Asian countries is estimated to be about 10 times higher. 
Studies in patients of Chinese ancestry have found a strong association between 
the risk of developing SJS/TEN and the presence of HLA-B*1502, an inherited 
allelic variant of the HLA-B gene. HLA-B*1502 is found almost exclusively in 
patients with ancestry across broad areas of Asia. Patients with ancestry in 
genetically at-risk populations should be screened for the presence of HLA-
B*1502 prior to initiating treatment with antiepileptics. Patients testing positive 
for the allele should not be treated with antiepileptics unless the benefit clearly 
outweighs the risk. 



Mayo Clinic Response 

• A new laboratory test was available within 
one month 

• Physician education was not addressed 
using an institution-wide strategy 

• An electronic prompt in the medication 
ordering software is still not in place 
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