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Off-Label Use of Drugs

During this presentation I discuss the use of trametinib in 
combination with bevacizumab for the treatment 
of glioblastoma.
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My background and perspective
My clinical training is in Clinical Pathology, Molecular Genetic Pathology, and 
Clinical Cytogenetics.

My research training is classical genetics and cancer genomics.

1/2 of my effort is primarily clinical:

1. Sign out of molecular tests and assay development

2. Co-chair molecular tumor board

3. UNC Health molecular oncology activities 

1/2 of my effort is focused on translational cancer research:

1. Correlative genomic testing for cancer clinical trials

2. New technology development



Glioblastoma (WHO grade IV), IDH wild-type

• S/P resection, radiation therapy with concurrent 

temozolomide

• Follow-up MRI after C1 of maintenance temozolomide 

revealed progression

• Patient experienced significant drop in performance 

status

Case – 60 year-old male w/ GBM

B

Diagnosis

Progression



Genetic Testing – 60 year-old male w/ GBM

B

Clinical Questions
1. Why are there apparently discrepant NTRK2 fusion results?
2. Which assay is correct?

Targeted testing Clinical sequencing Clinical trial sequencing

SQSTM1-NTRK2 Not tested (-) (+)

NF1 (2 inactivating 
mutations)

Not tested (+) Not tested

IDH1/2 mutations (-) (-) (-)

TERT p.C228T (+) (+) (+)

MGMT promotor 
methylation

(+) Not tested Not tested



Outline

I. Genetic considerations for molecular oncology testing

II. Expanded NGS-based tissue assays

III. Liquid biopsy assays

IV. Molecular oncology assay selection
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Somatic vs. germline mutations!

Germline DNA variation
– Heritable genetic changes that are generally found in all cells in the body

– Example: BRCA1/2 mutations in patients with heritable breast and ovarian cancer 
syndrome

– Most cancer cases are not associated with heritable cancer predisposition 
mutations

Somatic DNA mutation
– Acquired genetic changes (e.g., found only in tumor cells)

– Cannot be inherited 

– Example: EGFR mutation in lung cancer
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DNA variation
B• Single-nucleotide variation

• Insertion

• Deletion

• Amplifications or losses

• Gene fusions or rearrangements

• Repeat expansion

• Genomic features (MSI, TMB, LOH)

Attia J et al. JAMA. 2009;301:74 10



https://wellcomecollection.org/articles/WcvK4CsAANQR59Up; accessed 8/11/22
Photography by Ben Gilbert and Thomas Farnetti for Wellcome Collection



N=1

Clinical NGS

Transition to 

NGS

N=millions



Data + Insights = Profit!

Stephens ZD et al. PLoS Biol. 2015;13: e1002195

~1 billion human genomics sequences are estimated by 2025



Data + Insights = Profit!There are a lot of clinical somatic cancer tests available

https://www.ncbi.nlm.nih.gov/gtr/all/tests/?term=target_somatic%5BPROP%5D; accessed 8/11/22

In U.S., there are approximately:
• 1,765 clinical somatic tests
• 131 clinical laboratories



Key trends in clinical molecular oncology testing

1. Move to broader assays that can detect multiple variant 
types and genomic features

2. Increased use of smaller FFPE specimens

3. Increased use of circulating biomarkers requiring more 
sensitive assays

4. Need for more rapid turnaround time
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NGS tissue-based solid tumor panels
B• Most assays designed to be 

applied across multiple tumor 
types cover ~300-600 genes

• Genes selected to include FDA-
approved therapies and 
professional guidelines (NCCN, 
ASCO, ESMO)  

• Turnaround time of ~2 weeks 
from receipt of tissue

• Most assays only test tumor 
tissue
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Variant types detected by tissue NGS panels
B
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Vast majority of assays detect:

– Single-nucleotide variants (SNVs)

– Small insertions and deletions 
(<50 bp)

Many assays detect (but often 
only in a subset of genes and 
with variable performance):

– Amplifications (>6-8 copies) or 
losses (biallelic)

– Gene rearrangements/fusions

Wild-type
(normal)

SNV

Deletion

Insertion

Attia J et al. JAMA. 2009;301:74



Genomic features often detected by tissue NGS panels

B
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Microsatellite Instability (MSI)

– Pattern of hypermutation involving 
changes in the length of short, 
repeated sequences

Tumor Mutation Burden (TMB)

– Number of mutations per Mb

Genomic Loss of Heterozygosity (LOH)

– Measure of genomic instability which 
suggests defective homologous 
recombination repair

National Human Genome Research Institute



Example of an expanded NGS-based tissue assay

https://assets.ctfassets.net/w98cd481qyp0/YqqKHaqQmFeqc5ueQk48w/c35460768c3a76ef738dcf88f8219524/F1CDx_Tech_Specs_072021.pdf accessed: 8/11/22
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B
Substitutions, insertions-deletions, copy-number changes Select gene rearrangements

Tumor mutational burden (TMB)

Microsatellite instability (MSI)

Genomic loss of heterozygosity (LOH) – some tumors



Somatic variant classification= Profit!

AMP, ASCO, CAP Recommendations:  Li MM et al. J Mol Diagn 2017;19:4
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Genetic Testing – 60 year-old male w/ GBM

B

Clinical Questions
1. Why are there apparently discrepant NTRK2 fusion results?
2. Which assay is correct?

Targeted testing Clinical sequencing Clinical trial sequencing

SQSTM1-NTRK2 Not tested (-) (+)

NF1 (2 inactivating 
mutations)

Not tested (+) Not tested

IDH1/2 mutations (-) (-) (-)

TERT p.C228T (+) (+) (+)

MGMT promotor 
methylation

(+) Not tested Not tested



Frequency of NTRK fusions in adult and pediatric tumors

B

Cocco E et al. Nat Rev Clin Oncol. 2018;15:731



The assays use different methods for fusion detection

Assay 1 (NTRK fusion not detected) uses DNA sequencing for fusion detection.
Assay 2 (NTRK fusion detected) uses RNA sequencing for fusion detection.

Detection of some gene fusions (e.g., NTRK) is challenging for DNA 
sequencing approaches.

Hsiao SJ et al. J Mol Diagn. 2019;21:553

NTRK2
breakpoints

DNA
350,700 bp

RNA
2,517 bp



DNA-based NGS assays miss a significant fraction of 

NTRK fusions

PMA P170019/S017: FDA Summary of Safety and Effectiveness Data



• Patient started treatment with 

larotrectinib (Trk inhibitor) on the NCI-

MATCH clinical trial

• Significant response to therapy with 

stable disease

• Resumption of normal activities

Case – 60 year-old male w/ GBM

B



• Progression after 18 months of therapy

• Stereotactic brain biopsy for molecular testing:

Case – 60 year-old male w/ GBM

B

Progression



Molecular Tumor Board – 60 year-old male w/ GBM

B
Clinical Test Result (from diagnosis)
• Two loss-of-function mutations were identified in NF1
• Preclinical data and case reports suggest that NF1 inactivation 

may predict sensitivity to MEK inhibitors

Treatment following progression
• Patient started on trametinib (MEK inhibitor) + bevacizumab 

(VEGF inhibitor)
• Approaching 3 years from original diagnosis with stable disease

Jason Merker, MD, PhD
Molecular Pathology

Ashlynn Messmore, MS, CGC 
Cancer Genetics

Jaime Richardson, BA, RN, BSN
MTB Coordinator

Amber Cipriani, PharmD
Pharmacy

William Kim, MD
Medical Oncology

Shetal Patel, MD, PhD 
Medical Oncology

Lori Ramkissoon, PhD
Molecular & Cytogenetics

Douglas Kirk, BA
LCCC Coordinator



Larotrectinib in patients with TRK fusion-positive solid tumors

B
79% (121/153) objective response rate
• 16% CR
• 63% PR
• 12% SD
• 6% PD

Hong DS et al. Lancet Oncol. 2020;21:531



Key challenges with expanded NGS-based tissue assays

1. Variable performance in detection of amplification, losses, 
and gene fusions.

2. Genomic features may not be comparable across different 
panels (although harmonization efforts are underway).

3. Assay failure rate may be higher in smaller formalin 
specimens. 

4. Turnaround time may not be optimal
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Liquid biopsy definition

Refers to a broad category of minimally invasive test done on 
blood or body fluids in an attempt to provide similar genetic
information to that provided by a tissue biopsy. 

Trends Mol Med. 2010;16:398 33



We will focus on analysis of cell-free DNA 
(cfDNA) in blood

• cfDNA refers to DNA fragments 
in the plasma, which can be 
derived from multiple sources, 
including tumor cells.

• Cell-free, circulating tumor 
DNA (ctDNA) is the subset of 
cfDNA that comes from the 
tumor cells

34
Corcoran RB and Chabner BA. N Engl J Med. 2018;379:1754



Most cfDNA from advanced cancer patients is from white 

blood cells

Razavi P et al. Nat Med. 2019;25:1928 

Source of somatic mutations in cfDNA:
• 53% WBCs
• 30% tumor
• 17% unknown 



Clonal hematopoiesis (CH or CHIP) is major interpretive 

challenge in some ctDNA testing

Coombs CC et al. Cell Stem Cell. 2017;21:374
Leal A et al. Nat Commun. 2020;11:525

• Clonal hematopoiesis broadly 
describes the expansion of blood 
cells with one or more mutations in 
genes associated with hematologic 
cancers.

• Significant challenge to interpret 
and report mutations in these genes 
since WBCs are not routinely 
sequenced.



Clonal hematopoiesis (CH or CHIP) is major interpretive 

challenge in ctDNA testing for prostate cancer

Jensen K et al. JAMA Oncol. 2021;7:107

Advance prostate cancer:
• 19% (13/69) cases demonstrated CHIP
• 10% (7/69) cases demonstrated CHIP in DNA repair genes used for PARPi selection 
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Potential applications of ctDNA analysis

B

Pascual J et al. Ann Oncol. 2022;33:750 



Potential applications of ctDNA analysis

B

Pascual J et al. Ann Oncol. 2022;33:750 

ESMO recommendations on the use of ctDNA assays for patients with cancer:
The level of evidence for the clinical validity of ctDNA assays is such that validated and adequately sensitive 
ctDNA testing (for SNVs and small indels) can be used in routine practice for advanced disease genotyping, 
provided that limitations are understood and taken into account.



Plasma-based testing will miss ~30% of actionable variants

MacKay M. et al. 2022 ASCO abstract #3017
40

1,315 patients with actionable results:
• 63% found in plasma and tissue
• 28% found only in tissue
• 9% found only in plasma

Stage 4 patients:
• NSCLC
• Colorectal
• Breast
• Prostate



Key challenges with plasma-based ctDNA assays

1. Plasma-based ctDNA testing has an appreciable false-
negative rate.

2. Detection of amplifications/losses, gene fusions, and 
genomic features (TMB, MSI, and HRD) is an emerging area.

3. Clonal hematopoiesis (CHIP) may be major interpretive 
challenge when the tumor biomarker overlaps with CHIP 
genes (e.g., prostate cancer)

4. Applications other than therapy selection in advanced 
cancer are specific to cancer type and other clinical 
information
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Practical approach to molecular oncology assay selection

1. Assay content

2. Analytical validity

3. Turnaround time

4. Ordering/billing logistics

5. Other practice-related considerations



Assay content – NGS expanded tissue panel

1) Does the assay cover genes, variant types, and genomic 
features covered by guidelines in my tumor type (e.g., FDA, 
NCCN 2A and above)?

Molecular Abnormality
FDA approval or 
NCCN Category

NTRK gene fusions FDA

MSI-H FDA

TMB-H FDA

ATRX mutation 2A

BRAF fusion and/or mutation 2A

IDH1/2 mutation 2A

TERT promoter mutation 2A

H3F3A mutation 2A

HIST1H3B mutation 2A

Other molecular assays
FDA approval or 
NCCN Category

MGMT promoter methylation 2A

1p19q co-deletion by FISH 2A

NCCN Biomarkers Compendium. CNS Cancers v.1.2022, accessed 8/16/22



Assay content – NGS expanded tissue panel

https://www.tempus.com/oncology/genomic-profiling/ accessed: 8/16/22
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Substitutions, insertions-deletions, copy-number changes Select gene rearrangements – DNA sequencing

Tumor mutational burden (TMB)

Microsatellite instability (MSI)

Genomic loss of heterozygosity (LOH) – some tumors

Gene fusions – RNA exome



Analytical validity – NGS expanded tissue panel

2) Has the assay been reviewed by an independent group for 
analytical validity?

Review prior to assay implementation

FDA-approved or cleared assays

New York State DOH

Laboratory accreditation with NGS-
specific requirements

College of American Pathologists

ISO (International Organization for 
Standardization)

• Precision

• Accuracy

• Reportable Range

• Reference Range

• Analytical Sensitivity (LOD)

• Analytical Specificity

• Calibration/control procedures

• Other performance characteristics

CLIA Validation Requirements:



Turnaround time – NGS expanded tissue panel

3) What is the assay turnaround time?

Considerations

• Usually does not include time for tissue procurement

• Local (courier) vs. national (shipping)

• Calendar vs. business days



Ordering/billing logistics – NGS expanded tissue panel

4) What support is provided to facilitate ordering and billing?

Considerations

• Ease of ordering

• Support for tissue or other 
specimen procurement (request 
and monitoring)

• Support for pre-authorization 
and billing

• Cost to patient and institution

Advances in Patient Safety: From Research to Implementation (Volume 3: Implementation Issues).
Henriksen K et al., editors. Rockville (MD): AHRQ (US); 2005 Feb.



Other practice-related considerations

5) What differentiates your laboratory?

Considerations

• Handling of small specimens (success rate and liquid reflex options)

• Support for other assay needs

• Report format and options for accessing

• Support for challenging case consultation (e.g., molecular tumor board)



Questions to approach to molecular oncology assay selection

1. Does the assay cover genes, variant types, and genomic features 
covered by guidelines in relevant tumor types?

2. Has the assay been reviewed by an independent group for analytical 
validity?

3. What is the assay turnaround time?

4. What support is provided to facilitate ordering and billing?

5. What differentiates your laboratory?



Thank you!


