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Overview 
• Personalized Cancer Medicine – Somatic 

– Personalized Medicine Clinical Service 
– Clinical Genomics Action Committee (CGAC) 
– Outcomes research initiatives 

 
• Personalized Cancer Medicine – Germline 

– Preemptive Therapeutic Risk Mitigation Panel 
– CYP2C19 – voriconazole 
– CYP2D6/CYP2C19 – antidepressants 
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Personalized Cancer Medicine Group 
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Personalized Cancer Medicine Group: 
 

Integrating Somatic Genomics into Patient Care 



Personalized Medicine Clinical Service 
Who Has My Back? 

• When an MRI is ordered 
‒ Radiologists can reveal the relevance of a T1- vs. T2-

weighted MRI  
 

• When a biopsy is ordered  
‒ Pathologists understand the role of specific stains 
 

• What happens when an genetic test is ordered? 
‒ Clinicians can be on their own for interpretation and 

patient care application 

Borrowed from Dr. Howard McLeod 



Numerous Mutations are Predictive of Drug Response 

Sharma SV, et al. Nat Rev Cancer 2007;7:169–81 

EGFR (epidermal growth factor receptor) 



Lung Adenocarcinoma 
Guardant 360 Assay 

Test Reports Can Be Complex 



Moffitt’s Personalized Medicine Clinical Service (PMCS) 

Personalized Medicine Clinical Service (PMCS) Tumor Genome Analysis Workflow 

• Review somatic results daily (~950 in 2016) 
‒ Foundation One 
‒ Foundation One Heme 
‒ Foundation ACT 
‒ Guardant 
‒ Genoptix 
‒ Review other results by request 

• Weekly meeting to discuss difficult cases  
‒ Attending  
‒ Personalized Medicine Fellows  
‒ Medical Fellows 
‒ Pathologist  
‒ Solid Tumor Oncologist 
‒ Hematology Oncologist 

Knepper et al. The Oncologist, 22(2):144-151, 2017 



Todd Knepper 





CGAC Database to Discretely Curate Results 

Data on ~ 2,400 patients have been curated in the CGAC Database 

Richard Lu & Jamie Teer 



CGAC Database Provides Tools for Interpreting Results 



CGAC Database Provides Tools for Interpreting Results 

Data from Total Cancer 
Care (comprehensive 
research study) 
 
Over 120,000 patients are 
enrolled 



Somatic Genetic Test EHR Interpretation 



Example of a Somatic Personalized Medicine Note 



Clinical Genomics Action Committee (CGAC): 
Monthly Molecular Tumor Board 

Tumor Genome Analysis Workflow Clinical Genomics Action Committee (CGAC) 

Knepper et al. The Oncologist, 22(2):144-151, 2017 
Christine Walko, CGAC Lead 



Implementation and Outcome Studies are Needed 



Quantitation of Targetable Somatic Mutations 

• Initial project investigated the percent 
of patients with somatic test results 
who were eligible for on-label 
treatment & off-label treatment 
 

• FDA Table of Pharmacogenomic 
Biomarkers in Drug Labeling utilized to 
identify drugs associated with genomic 
markers 

‒ ‘Usage & Indication’ section lists 
genomic variant and cancer type 
 

• Only included solid tumor patients 

 Table 1. Patient characteristicsa (n=1,072)  
Age  
     Median (years) 62 
     Range (years) 18-91 
Gender  n (%)  
     Female 532 (49.6) 
     Male 540 (50.4) 
Raceb  n (%) 
     Not reported/Unknown 359 (33.5) 
     Reported 713 (66.5) 
          White      634 (88.9) 
          Black      36 (5.0) 
          Other      24 (3.4) 
          Asian      8 (1.1)     
          East Asian Indian      7 (1.0) 
          American Indian      4 (0.6) 
Number of prior treatments n (%) 
     Not reported/Unknown 369 (34.4) 
     Reported 703 (65.6) 
          0      18 (2.6) 
          1      267 (38.0) 
          2      167 (23.7)  
          3      102 (14.5) 
          4      54 (7.7) 
          5+      95 (13.5) 
Test platformc n (%) 
     Total 1131 
          Foundation One      465 (41.1) 
          Foundation One Hemed      85 (7.5) 
          Guardant 360      175 (15.5)  
          TruSight Solid Tumor Panel      406 (35.9)  

Vela et al. Pharmacotherapy, Accepted 



Drug 
FDA Approved 

Cancer Type 
Genomic Variant 

Eligible for 
On-Label 

Drug, % (n)a 

Consideration 
for Off-Label 
Drug, % (n)b 

Alectinib, certinib, 
crizotinib 

NSCLCc ALK fusion 2.5 (6/239) 0.1 (1/833) 

Dabrafenib, 
vemurafenib 

Melanoma BRAFV600E 30.1 (28/93) 3.9 (38/979) 

Cobimetinib, 
trametinib 

Melanoma BRAFV600E/V600K 30.1 (28/93) 3.9 (38/979) 

 Olaparib Ovarian BRCA1/BRCA2d 0 (0/2) 0.5 (5/1070) 
Cetuximab Colorectal EGFR amplificatione 1.9 (1/53) 7.5 (48/639) 

Afatinib, erlotinib, 
gefitinib 

NSCLC EGFR Exon 19 deletion 10.9 (26/239) 0.6 (5/833) 

Afatinib, erlotinib, 
gefitinib 

NSCLC EGFRL858R 8.4 (20/239) 0.1 (1/833) 

Osimertinib NSCLC EGFRT790M 8.8 (21/239) 0.2 (2/833) 
Ado-trastuzumab, 

lapatinib, pertuzumab 
Breast ERBB2 amplificatione 12.0 (11/92) 1.8 (11/600) 

Trastuzumab 
Breast, Gastric, 

Gastroesophageal 
ERBB2 amplificatione 11.6 (11/95) 1.8 (11/597) 

Eligibility for On-Label & Off-Label Drug 

Vela et al. Pharmacotherapy, Accepted 



• 92 (8.6%) unique patients were eligible for at least one on-label drug  
 

• Off-label use of at least one drug could be considered in 103 (9.6%) 
unique patients  
 

• 175 (16.3%) unique patients eligible for an on-label or off-label drug  
 

• Follow up outcome studies needed  
‒ In the process of a large data-mining project to determine what 

drugs patients received and associated PFS 
‒ Health care utilization and costs 

Vela et al. Pharmacotherapy, Accepted 



Personalized Cancer Medicine Group: 
 

Integrating Germline Genomics into Patient Care 



 
Preemptive Therapeutic Risk Mitigation Panel 
• Identify those genetically predisposed to adverse affects:  

‒ Reduce untoward drug effects 
‒ Improve the quality of patient care 
‒ Enhance value 

• Determine optimal therapeutic interventions and guide 
treatment decisions 

• Meet national cancer risk screening guidelines 
• Assist in diagnosis of inherited cancer syndromes  

‒ Sustainable value in Genetic Counseling Program 
 

  
 



WHY A DRUG MITIGATION RISK PANEL…. 
Parameter Breast Cancer Ovarian Cancer Lymphoma 

Total Patients 3,067 1,820 3,647 

% of Patients Not 
Receiving Regimen 66% 60% 61% 

Total Patients 
Receiving Regimen 1,034 722 1,438 

No Toxicity 79% 67% 46% 

Toxicity 21% 33% 54% 

Neuropathy 6% 9% 13% 

Cardiomyopathy 13%** 21%** 29%** 

Both 2% 3% 12% 

**Cardiomyopathy likely overestimated due to data-mining techniques (ICD-9 codes)** 

Work by Neil Mason 



MAJORITY OF TOXICITIES OCCUR WITHIN A 
YEAR OF TREATMENT 
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TOXICITIES INCREASE COSTS AND PATIENT 
ENCOUNTERS 

Work by Neil Mason 
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PHASE 1 Quality Improvement Pilot 
• New to Moffitt patients 

– 200 Breast Cancer 
– 200 Ovarian Cancer 
– 200 Lymphoma 

• Preemptive panel will contain: 
‒ Arrhythmia and Cardiomyopathy (67 genes) 
‒ Charcot-Marie-Tooth (42 genes) 
‒ Bone Marrow Syndromes (39 genes) 
‒ Hereditary Cancer – Targetable Variants (30 genes) 

‒ BRCA1/2, PALB2, etc – PARP inhibitors 
‒ Lynch Syndrome – Immunotherapy 

‒ Hereditary Thrombophilia (5 genes) 
‒ Malignant Hyperthermia (2 genes) 

• Develop models for consenting patients & disseminating results 
– Measure if patients are informed & if clinicians are informed 



Familial Cardiomyopathy and Risk of 
Anthracycline-Induced Cardiotoxicity 

Major Findings  References 

Autosomal dominant mutations (e.g., 
MYH7, TNNT2, LMNA) are associated with 
familial cardiomyopathy syndromes 
 
***Some phenotypes are mild, but can be 
exacerbated by environmental factors*** 

• Morita et al. N Engl J Med. 358, 2008 
• Hougs et al. Eur J Hum Genet. 13, 2005 
• Long et al. J Am Hear Assoc. 9, 2015 
• Pan et al. BMC Med Genet. 16, 2016 
• Yang et al. Gene. 558, 2015 
• Coppini et al. J Am Coll Cardiol. 64, 2014 
• Marsiglia et al. Am Heart J. 166, 2013 
• Zaragoza et al. PloS One. 16, 2016 

Inherited cardiomyopathy syndromes are a 
risk factor for anthracycline-induced 
cardiotoxicity 

• Van den Berg et al. Eu J Heart Fail. 12, 2010 
• Shipman et al. JCO. 29, 2011 
• Wasielewski et al. Open Heart. 18, 2014 
• Young et al. Ann Oncol. 22, 2011 

Approaches for monitoring and preventing 
anthracycline-induced cardiotoxicity 

• Kalam et al. Eur J Cancer. 49, 2013 
• Conway et al. BMC Cancer. 366, 2015 
• Vejpongsa et al. J Am Coll Cardiol. 64, 2014 



Major Findings  References 

Inherited neuropathies are a risk 
factor for vincristine-induced 
neurotoxicity 

• Nakamura et al. Neurogenetics. 13, 2012 
• Orejana-Garcia et al, J Am Podiatr Med Assoc. 93, 2003 
• Kalfakis et al, Neurology. 59, 2002 
• Hildebrandt et al. Ann Oncol. 11, 2000 
• Graf et al. Cancer. 77, 1996 
• Chauncey et al. JAMA. 254, 1985 
• Chhibber et al, Pharmacogenomics J. 14, 2014 
• Baldwin et al. Clin Cancer Res 18, 2012 
• Hertz et al Clin Cancer Res 2016 

Inherited neuropathies are a risk 
factor for taxane-induced 
neurotoxicity 
 

• Martino et al. Gynecol Oncol. 97, 2005 
• Boora et al. J Neurol Sci. 357, 2015 
• Beutler et al. Ann Neurol. 76, 2014 
• Hertz et al. Clin Cancer Res. In press, 2016 
• Chhibber to al. Pharmacogenomics J. 14, 2014 
• Baldwin et al. Clin Cancer Res. 18, 2012 

Inherited Neuropathies and Risk of  
Chemotherapy-Induced Neurotoxicity 

***Inherited neuropathies may be asymptomatic,  
but exacerbated by chemotherapy***  



Pharmacogene Variations are  
Predictive of Drug Response and Adverse Effects 

Major Findings  References 

When utilizing a gene panel, >90% 
will have at least 1 actionable result 

• Ji et al. J Mol Diagn. 18, 2016 
• Hussain et al. Clin Pharmacol Ther. 100, 2016 
• Bush et al. Clin Pharmacol Ther. 100, 2016 
• Van Driest et al. Clin Pharmacol Ther. 95, 2014 

 
Significant association between 
CYP2D6 variants and opioid response 
 

• Chang et al. Am Fam Physician. 92, 2015 
• Bell et al. Cancer Control. 22, 2015 
• Trescot et al. Pain Physician. 17, 2014 
• Gong et al. Pharmacogenet Genomics. 24, 2014 
• Lam et al. Forensic Sci Int. 239, 2014 
• Linares et al. Pain Med. 15, 2014 
• Crews et al. Clin Pharmacol Ther. 95, 2014 
• Friedrishsdorf et al. J Opioid Manag. 9, 2013 
• Voelker et al. JAMA. 308, 2012 
• Ciszkowski et al. N Engl J Med. 36, 2009 

Large body of evidence-based data 
for several gene-drug pairs:  
• CYP2D6/CYP2C19-Antidepressants 
• CYP2D6-Antiemetics, Pain control 
• CYP2C19-PPIs/Antifungals 
• RYR1-Anesthetics 



Big Vision: Every new to Moffitt patient eligible for a broad panel 
to identify those at risk of adverse events & utilization of results 
to help guide therapy decisions  

Neuropathy risk 
Cardiotoxicity risk 
Bone marrow ‘opathy’ risk 

Hereditary cancer risk 
Eligibility for PARP inhibitors 
Criteria for immunotherapy 

Drug selection and dosing 
• Pain control 
• Antiemetics 
• Antifungals 
• Anesthesia risks 
• Coagulation risks 



CYP2C19-Voriconazole Implementation 

CYP2C19, 
CYP3A4, CYP2C9 

Yanni et al. Drug Metabolism and Disposition. 38(1) 25-31; 2010  

Antifungal activity 

Less antifungal activity 



Mason et al. J Antimocrob Chemother  70(11): 3124-6, 2015 

Reimbursement for AML induction/re-induction is a bundled care model  



Implementation of CYP2C19 Genotyping to 
Guide Prophylaxis Voriconazole Dosing 

• Launched in September 2016, more 
than 140 patients genotyped 
 

• Recently integrated into AML   
induction PowerPlans 
 

• Outcome study to determine if 
breakthrough fungal infections 
decreased 
 



• Overarching goal is to improve quality of life & decrease 
co-morbidities in a sustainable manner 

 
• Personalizing cancer pain management 

– Scott Mosely & Larisa Cavallari project PIs 
 

• Pharmacogenomic-guided antidepressant prescribing 

Integration of Personalized Medicine into 
Supportive Care Medicine 



Personalized Cancer Medicine 
 Fellowship Program  

• 2 year program 
• Open to PhDs, MDs, PharmDs 
• Excellent opportunities 

– Implementation science (Somatic & Germline) 
– Outcome studies 
– Personalized Medicine clinical rotations 

• Currently have 3 fellows 
– Todd Knepper, PharmD 
– James Saller, MD 
– Cory Vela, PharmD 

• Accepting applications 



Questions? 
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