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From Bench to Bedside: Molecular Oncology's 
Role in Personalized Cancer Diagnosis and 
Treatment

Lori Ramkissoon, PhD
Lori.Ramkissoon@unchealth.unc.edu
May 8, 2024
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Learning Objectives

• Review advancements in the laboratory 
methods used to detect molecular biomarkers 
in oncology specimens

• Illustrate how molecular biomarkers have 
been integrated into diagnostic algorithms for 
certain cancer types

• Discuss the contributions of molecular 
oncology in treatment strategies

21

Conventional treatment options 
for cancer patients

Surgery
• Resection

• Biopsy
• Fine needle aspirations

Chemotherapy
• Cytotoxic

• Neo-adjuvant or Adjuvant

• Maintenance regimens

Radiation
• External

• Internal

22
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Advancement in treatment 
options

Conventional Treatments Precision Medicine

Surgery

Chemotherapy

Radiation Targeted Small 
Molecules

Immunotherapies

Monoclonal 
Antibodies

23

Prior to 
Cancer Diagnosis After Cancer Diagnosis Post 

Treatment

Am I at 
increased 

risk for 
cancer?

Do I have 
cancer? What 

type of 
cancer?

What is the 
expected 

course of my 
cancer?

Will my 
cancer 

respond to 
this drug?

Should I 
receive a 
normal or 

lower dose?

How’s my 
cancer 

responding to 
this 

treatment?

Will my 
cancer 

come back?

Biomarkers guiding cancer care

Natl Compr Canc Netw. 2019

Risk 
Assessment

Diagnosis Prognosis
Predicting 
Treatment 
Response

Pharmaco-
kinetics

Monitoring 
Treatment 
Response

Recurrence
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Molecular biomarkers in 
cancer

25

What are biomarkers?

Biomarker Example

Physiological biomarker Blood pressure

Inflammatory biomarker C-reactive protein

Prostate cancer biomarker PSA

Molecular biomarker EGFR

Somatic mutational biomarker KRAS G12D

Germline mutational biomarker BRCA1

Tumor agnostic biomarker TMB, MSI, NTRK

Immune biomarker PDL1

Biomarker: “cellular, biochemical or molecular alterations 
that are measurable in human tissues, cells, or fluids”

26
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How are molecular biomarkers used in 
oncology? 

27

• Currently more than 800 biomarker recommendations are 
included in NCCN Guidelines

NCCN Guidelines and biomarkers
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NCCN recommendations for biomarker 
testing in non-small cell lung cancer

Adapted from genetechnology.com and NCCN guidelines. 

29

NCCN biomarkers in colorectal cancer
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Biomarker landscape in solid & 
hematologic cancers

Tumor agnostic biomarkers in solid tumors: Fusions (NTRK), TMB, MSI

Thyroid
ALK, HRAS, NRAS, 
BRAF, TERT, RET

Melanoma
BRAF, KIT, NRAS, 
ROS1, ALK

Breast
PI3KCA, ERBB2, BRCA1, 
BRCA2, MLH1, MSH2, MSH6, 
PMS2, CDK4/6

Colorectal
BRAF, KRAS, NRAS, ERBB2, 
MLH1, MSH2, MSH6, PMS2

Hematologic
ABL, FLT3, IDH1/2, KRAS, 
PDGFRA, WT1, KIT 

Lung
EGFR, ALK, ROS1, RET, 
BRAS, KRAS, HER2

Ovarian/Cervical
BRCA1, BRCA2, MLH1, 
MSH2, MSH6, PMS2

Prostate
BRCA1, BRCA2, PTEN, AR, 
MLH1, MSH2, MSH6, PMS2

Brain: MGMT, IDH1/2, pTERT,
1p/19q co-deletion

31

§ Patients with metastatic or advanced solid tumors if there are 
genomic biomarker–linked therapies for that disease approved by 
the relevant regulatory agency (FDA)

§ Patients with metastatic or advanced solid tumors if there are 
clearly defined resistance markers for a treatment being 
considered. 

Chakravarty D et al. J Clin Oncol (2022) 40:1231-1258. 
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Detecting molecular 
biomarkers in cancer

33

Types of genomic alterations that define 
cancer biomarkers
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Driver versus passenger alterations

35

Gain-of-function versus Loss-of-function 
alterations

• Targetable mutations are typically GAIN OF FUNCTION 
mutations in oncogenes that encode for SIGNALING 
MOLECULES
• GAIN OF FUNCTION mutations are frequently heterozygous 

(only one copy needs activated to drive the pathway)

• There is generally a very limited number of mutations that 
can activate a protein

• GAIN OF FUNCTION mutations tend to be recurrent among 
individuals

• LOSS OF FUNCTION mutations typically occur in 
TUMOR SUPPRESSOR GENES

• Mutations tend to be LOSS OF FUNCTION, which 
requires BIALLELIC mutation 

- You need to lose BOTH copies to eliminate normal 
protein function

• Because many different mutations can result in loss of 
function, there is typically a much broader spectrum of 
clinically significant mutations in tumor suppressor 
genes

36
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Single
variant

Single
gene

Small
gene

panels Exome

Large
gene

panels Genome

• Does the assay cover the required genes and portions of genes?

• What variant types can the assay detect?

• Does the assay detect variant types required given the clinical indication for testing (single nucleotide 
variants, insertion-deletion, copy number gain/loss, gene rearrangements)?

• What are sample requirements?

• What is the expected turnaround time and cost?

Finding the right assay

37

Methodologies to detect cancer 
biomarkers
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Methodologies to detect cancer 
biomarkers

39

Methodologies are often combined to 
identify biomarkers

HER2 biomarker testing in invasive breast cancers

40

UNC Lineberger Cancer Network Presented on May 8, 2024

For Educational Use Only



21

Methodologies are often combined to 
identify biomarkers

HER2 biomarker testing in invasive breast cancers

CEP17
ERBB2

NCCN Guidelines Version 2.2024 Invasive Breast Cancer; Wolff AC et al. J Clin Oncol 2018;36:2105-2122

41

Goals
• High throughput, cost 

effective multiplexed 
sequencing assay with deep 
coverage

• Target clinically actionable 
regions important for all 
tumor types

Challenges
• Huge infrastructure costs
• Bioinformatic barriers
• Longer turnaround times

Overview of comprehensive genomic 
profiling 

42
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Nesline et al. Oncol Ther 2024 Mar 19.

Comparison of single gene testing versus 
comprehensive genomic profiling

One or more tests ordered individually or 
simultaneously, but performed separately

• PCR – defined regions for a limited number of 
mutations in EGFR, KRAS or BRAF

• FISH – known rearrangements in ALK, RET, 
ROS1 or MET amplification

• IHC – known expression patterns or 
percentage of positive cells; loss of protein 
expression

One test ordered following negative SGT results or instead of 
SGT
• DNA sequencing – simultaneously evaluate all major 

genomic variant types (mutations, copy number 
alterations, rearrangements) in oncogenes recommended 
for testing that have FDA-approved targeted therapies, as 
well those with emerging and potential clinical 
significance

• RNA sequencing – for known and novel rearrangements

• Microsatellite status and Tumor mutation burden – 
immunotherapy biomarkers

Single gene testing (SGT) Comprehensive Genomic Profiling

43

Cancer biomarker testing can be performed 
on a liquid or tissue biopsy

44
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Tissue acquisition: What material is 
available for testing?  

45

Nat Rev Clin Oncol. 2017 Sep;14(9):531-548

Liquid biopsy:  source of circulating tumor 
DNA (ctDNA) 

• ctDNA:  component of cell-free DNA 
which is tumor related

• Cell-Free DNA Blood Collection 
Tubes:  specialized tubes required 
allow for isolation of plasma DNA up to 
14 days after sample collection

46

UNC Lineberger Cancer Network Presented on May 8, 2024

For Educational Use Only



24

ctDNA varies among tumor types

Bettegowda C et al. Sci Transl Med. 2014 Feb 19; 6(224): 224; 
Zill OA et al. Clin Cancer Res. 2018 Aug 1;24(15):3528-3538.

47

Liquid biopsy and tumor tissue 
concordance

Iams WT et al. JAMA Netw Open. 2024 Jan 2;7(1):e2351700
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Tumor Biopsy Liquid Biopsy

Advantages and disadvantages of tumor versus 
liquid biopsy

Adapted from Corcoran et al Nature Medicine 2020

Non-invasive

Short half-life (<2 h)

Compatible with 
longitudinal 
monitoring

Representative of 
tumor heterogeneity

Histological 
evaluation

Tumor 
microenvironment 

analysis

Clinical gold 
standard

• Surgery/needle biopsy
• Risk of complications
• Difficult to repeat & 

expensive
• Possible sampling bias
• Highly sensitive
• Longer TAT

• Blood draw
• Minimal complications
• Easy & repeatable
• Quick & cost-efficient
• Less sampling bias
• Rapid TAT
• False negatives
• Detection of CHIP

49

ü May be used in clinical practice when results 
impact treatment.
ü May be used in clinical scenarios first where 

time to result is clinically important
ü Aggressive tumor type
ü No available tissue or biopsy not feasible

ü Collect when tumor progressing (not regressing)
ü Confirm testing if pathogenic variants of cancer 

susceptibility genes identified

ü Negative tests should prompt tissue testing

ESMO Guidelines: Advanced cancer 
genotyping recommendations

Liquid Biopsy Best Practice

Adopted from Pascual et al. Annals of Oncology, 2022 
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• Which testing methodology will most 
efficiently detect the recommended 
biomarkers (see table) in lung cancer? 

1. Individual FISH assays to interrogate each 
biomarker

2. Hotspot DNA gene sequencing panel
3. DNA and RNA sequencing assay

Poll everywhere question #2:

Recommended Testing

ALK rearrangements

BRAF mutations

EGFR mutations

ERBB2 (HER2) mutations

KRAS mutations

MET exon 14 skipping mutations 

MET amplification

NTRK 1/2/3 rearrangements

RET rearrangements

ROS1 rearrangements

51

52

UNC Lineberger Cancer Network Presented on May 8, 2024

For Educational Use Only



27

• Which testing methodology will most 
efficiently detect the recommended 
biomarkers (see table) in lung cancer? 

1. Individual FISH assays to interrogate each 
biomarker

2. Hotspot DNA gene sequencing panel
3. DNA and RNA sequencing assay

Poll everywhere question #2: Answer

Recommended Testing

ALK rearrangements

BRAF mutations

EGFR mutations

ERBB2 (HER2) mutations

KRAS mutations

MET exon 14 skipping mutations 

MET amplification

NTRK 1/2/3 rearrangements

RET rearrangements

ROS1 rearrangements

53

NCCN recommendations for biomarker 
testing in non-small cell lung cancer

Adapted from genetechnologycom and NCCN guidelines. 
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Guidelines and other resources assist with 
biomarker and test interpretation

NCCN Guidelines – Non-Small Cell Lung Cancer Version 5.2024, 4/30/24 

55

Guidelines and other resources assist with 
biomarker and test interpretation

NCCN Guidelines – Non-Small Cell Lung Cancer Version 5.2024, 4/30/24 
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Biomarker approved therapies for NSCLC

NCCN Guidelines – Non-Small Cell Lung Cancer Version 5.2024, 4/30/24 

57

• 326 consecutive treatment 
naïve patient with a new 
diagnosis of metastatic 
NSCLC

• Patients with molecular test 
results available before first 
line therapy (available group) 
had significantly longer 
overall survival

Availability of molecular biomarker testing 
in NSCLC impacts overall survival

Aggarwal C et al. JCO Precis Oncol 2023 Jul:7:e2300191
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Molecular biomarkers 
are refining 
classification of tumors

59

Evolution of hematologic malignancy 
classification

French-American-British (FAB) Classification System

60
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Evolution of hematologic malignancy 
classification

2001

61

Evolution of hematologic malignancy 
classification

2008
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Evolution of hematologic malignancy 
classification

63

Impact of molecular testing in myeloid 
malignancy classification
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Impact of molecular testing in myeloid 
malignancy classification

65

Molecular biomarkers are increasingly 
incorporated into neuro-oncology

66
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Evolution of molecularly classified CNS 
tumors

67

HISTOLOGY

IDH

ATRX

1P/19Q

CDKN2A/B

TERT, EGFR 
and/or +7/ -10

H3.3 G34R/V

H3 K27M

INTEGRATED
DIAGNOSIS

Or CDKN2A/B loss

68
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Molecular biomarkers 
guide treatment 
decisions

69

Biomarker approved therapies for 
metastatic NSCLC

Chaft JE et al. Nat Rev Clin Oncol. 2021 Sep;18(9):547-557 
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Precision oncology approvals by FDA 
continues to expand

Suehnholz SP et al. Cancer Discov. 2024 Jan 12;14(1):49-65.

71

Why are Matched Therapies Important?

Kris MG et al. JAMA 2014 May 21;311(19):1998-2006. 
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In a patient with newly diagnosed colon cancer, testing determined 
that the tumor had microsatellite instability (MSI) or was MSI-high.  
Which of the following treatment strategies is indicated for MSI-high 
status?

1. A combination therapy of cetuximab and irinotecan.
2. Monotherapy with a TRK inhibitor.
3. Targeted therapy with a BRAF inhibitor
4. Initiation of therapy with a PD-1 or PD-L1 immune checkpoint 

inhibitor.

Poll everywhere question #3:

73
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In a patient with newly diagnosed colon cancer, testing determined 
that the tumor had microsatellite instability (MSI) or was MSI-high.  
Which of the following treatment strategies is indicated for MSI-high 
status?

1. A combination therapy of cetuximab and irinotecan.
2. Monotherapy with a TRK inhibitor.
3. Targeted therapy with a BRAF inhibitor
4. Initiation of therapy with a PD-1 or PD-L1 immune checkpoint 

inhibitor.

Poll everywhere question #3:

75

DNA Mismatch Repair and Microsatellite 
Instability

• During DNA replication, errors occur in microsatellite regions
• Short repetitive DNA sequences (1-6 base pairs) or tandem repeats

• Multi-protein complex corrects these single base pair mismatches and 
small insertion-deletion errors

• Failures to repair these errors during replication leads to expansion of 
repeats and genomic instability = microsatellite instability

76

UNC Lineberger Cancer Network Presented on May 8, 2024

For Educational Use Only



39

Anti-PD-1/L1 therapies reactivate T cell activity

• MSI-High/dMMR tumors 
generate neoantigens 
which are recognized by 
the immune system

• Tumor cells also express 
PD-L1 to inhibit T-cell 
activity

• Immune checkpoint 
inhibitors reactive T-cell 
activity 

He Y et al. Int J Biol Sci 2022; 18(7):2821-2832

Anti-PD-1/L1 therapies reactivate T cell 
activity

77

Tumor agnostic immune checkpoint inhibitor 
approval

•  2017 approval for adult and 
pediatric patients with 
unresectable or metastatic 
solid tumors
• microsatellite instability-

high (MSI-H) or mismatch 
repair deficient (dMMR) 

• progressed following prior 
treatment

Ros J et al. Cancers (Basel). 2023 Aug 24;15(17):4245.
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Additional FDA-approved tumor agnostic 
targeted therapies

Gouda MA et al. Clin Cancer Res. 2023 Aug 1;29(15):2753-2760

• NTRK1, NTRK2, NTRK3 transmembrane tyrosine kinases that are important for neuronal development 
• Fusions detected in 1.6% of profiled cases
• NTRK fusions can be targeted using Larotrectinib and Entrectinib

• Tumor mutation burden (TMB) reflects the number of genetic alterations in the genome of cancer cells
• Calculated using data from NGS of either tissue or plasma, mutations per megabase (mut/MB)
• 10 mut/mb as for defining indication of pembrolizumab

• BRAF V600E can be targeted by using inhibitors of BRAF and MEK
• Detected in 3% of AACR Project GENIE (version 13) pan-cancer cohort
• Dabrafenib and Trametinib received FDA approval for BRAFV600E-positive solid tumors

• RET fusion-positive samples were identified in 1.5% of 25,972 tumors profiled for structural variants
• Selpercatinib, ATP-dependent selective RET inhibitor, approved by FDA for solid tumors with RET fusions

79

Targeted therapy 
success story
Chronic Myeloid Leukemia

80
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Visualization of first chromosome 
translocation

Nature volume 243, pages290–293 (1973)

81

Genomic rearrangement results in 
oncogenic fusion gene

• Exchange of genetic material 
between chromosome 9 and 
chromosome 22 produces 
novel oncogenic fusion gene
• BCR::ABL1 creates a 

constitutively active tyrosine 
kinase

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/bcr-abl-fusion-gene
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Understanding mechanism of BCR::ABL1 
transforms care for CML patients

Mughai TI & Goldman JM. Front Biosci. 2006. 11:209-220. 

• 2001 Phase I clinical trial
• 98% had complete hematologic response
• 54% had cytogenetic response

• Imatinib is the first FDA approved drug to 
counteract molecular defect = targeted therapy

83

Combining molecular methods to 
diagnosis and monitor CML

Normal Abnormal

Ph

der(9)

ABL1
BCR

ASS1

Diagnosis On treatment Remission

84
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• Incorporating precision medicine into oncology 
treatment strategies improves patient outcomes 
across multiple cancer types
• More matched therapies are on the way

• Testing for genomic or molecular biomarkers can be 
performed on tumor tissue or via a liquid biopsy
• Use of single gene tests versus broad, multi-gene panel 

options

• Increased detection of molecular biomarkers 
leading to approval of more targeted therapies

Summary

85

Questions?
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