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A Brief History of Medicines
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Past, Present, and Future of Precision Medicine

Present

discovery, validation product development clinical adoption

Managing response variability

Targeting genetic drivers of disease

Modifying the genome
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Labeling for New Drugs

Actionable biomarker: labeling includes a specific prescribing recommendation that is included in one of the following label sections: 
1)Boxed Warning, 2) Indications and Usage, 3) Dosage and Administration, 4) Contraindications, or 4) Warnings and Precautions.
Biomarkers may be any genomic biomarker or other selected protein biomarker that are used for patient selection.

PMID: 30175278
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Notable CDER Approvals 2018 
(Total Novel Drug N=59)

Drug Disease or Condition Biomarker Use

Patisiran*, Inotersen* Polyneuropathy of hereditary transthyretin-mediated amyloidosis N/A N/A

Tezacaftor* + ivacaftor Cystic fibrosis Responsive CFTR variant Patient Selection

Migalastat* Fabry disease Amenable GLA variant Patient Selection

Ivosidenib* Relapsed or refractory AML Susceptible IDH1 mutation Patient Selection

Binimetinib*, encorafenib* Metastatic melanoma BRAF V600E/K mutation Patient Selection

Dacomitinib* Metastatic NSCLC EGFR exon 19 deletion or L858R Patient Selection

Larotrectinib* Solid tumors NTRK gene fusion Patient Selection

Gileritinib* Relapsed or refractory AML FLT3 mutation Patient Selection

Lorlatinib* Metastatic NSCLC ALK gene rearrangement Patient Selection

Talazoparib* Advanced  or metastatic breast cancer Germline BRCA mutation Patient Selection

Afatinib Metastatic NSCLC Non-resistant EGFR mutation Patient Selection

Amifampridine* Lambert-Eaton myasthenic syndrome NAT2 genotype Dosing

6-MP/TG/AZA ALL/acute nonlymphocytic leukemia TPMT/NUDT15 genotype Dosing

Avatrombopag* Thrombocytopenia in adult patients with chronic liver disease 
who are scheduled to undergo a procedure

FVL Warning

Lofexidene* Opioid withdrawal symptoms CYP2D6 genotype Informational

Elagolix* Severe pain associated with endometriosis SLCO1B1 genotype Informational

* New molecular entity



Managing Response Variability



7

Managing Response Variability

Multimodal PK High VariabilityNTI

Race Effects Safety

For more information see: Guidance for Industry - Clinical Pharmacogenomics: Premarket Evaluation in 
Early-Phase Clinical Studies and Recommendations for Labeling
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM337169.pdf
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Characterizing Genetic Effects on Response Post-Approval

• Ivosidenib was approved for the treatment of relapsed or refractory AML with a 
susceptible IDH1 mutation

• Patients with more co-occurring mutations tended to have lower response rates
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Incorporating Pharmacogenomic Markers into Prescribing 
Recommendations in the Post-Marketing Setting
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(Selected Examples)
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Incremental Enhancements to Improve Benefit-Risk
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Incremental Enhancements to Improve Benefit-Risk

PURIXAN 2/20/18
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Pharmacogenetic Testing

Goals: Reliable tests, resources to support clinical validation and 
interpretation of results



Genetically Targeted Therapies
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Molecular Enrichment Approaches

Evaluate a single 
molecular 
alteration 

Evaluate each 
alteration in 
separate trials

Group similar 
alterations for 
single trial

Enroll all patients 
with clinical disease

Highly enriched trial design
Highly targeted drug
Minimal molecular 

heterogeneity in disease

Less enriched trial design
Less targeted drug
All or most molecular 

alterations expected to 
respond
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Migalastat

• Fabry disease is a rare X-linked disease caused by 
hundreds of different mutations in the gene encoding 
alpha-galactosidase A (aGalA), GLA

• Migalastat is a small molecule chaperone that binds 
aGalA, allowing it to traffic to lysosomes to break down 
glycosphingolipids

• Patients with “amenable” variants, based on in vitro 
response in a HEK-293 cell system, were enrolled in 
clinical trials

 Indicated for the treatment of adults with a confirmed 
diagnosis of Fabry disease and an amenable 
galactosidase alpha gene (GLA) variant based on in 
vitro assay data

.  .  .
GALAFOLD 8/10/18
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Migalastat

• Are the consequences of individual 
mutations sufficiently well understood?

• Dose the in vitro assay directly measure the 
function of the human protein affected by 
the disease?

• Is the drug’s mechanism well-understood 
and consistent with the mechanism of 
disease?

• Are clinical data from both drug-responsive 
and -nonresponsive mutations available?

• Has the assay been formally validated?
• Are raw instrument data available so that 

results can be recreated?

Weaver (DARS); Durmowicz, et al. Ann Am Thorac Soc 2018.
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Tissue Agnostic Drug Development

• Traditional cancer drug development paradigm
– Based on tumor type, e.g.,

• Previously untreated pancreatic cancer
• HCC after previous sorafenib treatment

– Based on a biomarker within a tumor type, e.g.,
• HER-2 positive breast or gastric cancer
• RAS wild-type colorectal cancer

Lemery, et al. NEJM 2017
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Larotrectinib

• Tropomysin receptor kinase inhibitor

• Antitumor activity in cells with constitutive 
activation of TRK proteins resulting from gene 
fusions

• Efficacy based on data from patients with 
NTRK1/2/3 gene fusions enrolled in three 
single-arm trials

• Indicated for adults and children with solid 
tumors that have NTRK gene fusion (without 
known acquired resistance mutation), are 
metastatic/nonresectable, have no alternative

VITRAKVI 11/20/18 
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/210861s000lbl.pdf

N ORR
Soft tissue sarcoma 11 91%
Salivary gland 12 83%
Infantile fibrosarcoma 7 100%
Thyroid 5 100%
Lung 4 75%
Melanoma 4 50%
Colon 4 25%
GIST 3 100%
Cholangiocarcinoma 2 SD, NE
Appendix 1 SD
Breast 1 PD
Pancreas 1 SD

N ORR
ETV6-NTRK3 25 84%
TPM3-NTRK1 9 56%
LMNA-NTRK1 5 40%
Inferred ETV6-NTRK3 3 100%
IRF2BP2-NTRK1 2 CR, PR
SQSTM1-NTRK1 2 PR, PR
PDE4DIP-NTRK1 1 PR
PPL-NTRK1 1 CR
STRN-NTRK2 1 PR
TPM4-NTRK3 1 CR
TPR-NTRK1 1 PR
TRIM63-NTRK1 1 PR
CTRC-NTRK1 1 SD
GON4L-NTRK1 1 NE
PLEKHA6-NTRK1 1 SD
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Considerations for Tissue Agnostic Drug Development

• Establishment of indication-defining biomarkers

• Differences in mutations and resistance mechanisms across cancers
– BRAF and MEK inhibitors in BRAF V600 colorectal cancer

• Design of clinical trials
– Available therapies, unmet medical need, magnitude of benefit, size of patient 

population

• Companion diagnostic development

Lemery S, et. al. N Engl J Med. 2017;377(15):1409-1412.
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Genetically Targeted Technologies/Therapies

CRISPR/Cas9

Antisense (mipomersen, inotersen)
Splice-altering (eteplirsen, nusinersen)
siRNA (patisiran)
microRNA
mRNA replacement

Aptamers (pegaptinib)
CpG/TLR

DNA

RNA

Protein
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History of Oligo IND/NDA Submissions and 
NDA Approvals

1992

1st ASO  
submissions

1998 2004  2013 2016

fomivirsen 
approval

1st siRNA 
submission

1995   1996

1st  CpG
submission

mipomersen 
approval

nusinersen 
approval

defibrotide
approval

eteplirsen
approval

2010  

1st antagomir 
submission

1st  aptamer
submission

pegaptanib 
approval

2017

volanesorsen

patisiran

inotersen

Courtesy of Xuan Chi (OND, DCRP) and PTCC Oligonucleotide Subcommittee 2018
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Synthetic Oligonucleotides
Unique Challenges

• Nonclinical pharmacology
– Animal toxicology – target may not be conserved
– PK – primate models to estimate exposure and dosage

• Clinical pharmacology
– Organ impairment – renally cleared, some hepatically targeted
– Drug interactions – endo/exonuclease metabolism, limited interaction potential
– QT – unlikely to interact with HERG
– Immunogenicity – recognized as non-self, anti-drug antibodies can develop

• Safety
– Thrombocytopenia (consistent, moderate vs. severe, sporadic)
– Immune-mediated AEs
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N-of-1

https://www.sciencemag.org/news/2018/10/tailormade-drug-developed-record-time-may-save-girl-fatal-brain-disease



The Future
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Complex, innovative trials
EHRs
Telemedicine

Interventions

Analytics

Measurements

Collection

Gene therapy
RNAi

Precision medicines
Regenerative medicine

Artificial intelligence
Machine learning 

Modeling and simulation
Systems

Data lakes

Omics
Wearables
Surrogates
PROs
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Summary

• Technological advancements have facilitated the translation of 
pharmacogenetics and paved the way for development of targeted 
therapies

• FDA has communicated via guidance to industry current thinking on 
emerging technologies and continues adapting to the changing landscape

• Further understanding genomic and other mechanisms of disease will give 
rise to an increasing number of complex and personalized treatment 
modalities
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