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Learning Objectives

•1. Understand the current landscape of tumor 
genomic profiling in oncology.
•2. Learn about societal factors affecting oncologist-

driven genetic testing.

•3. Understand fundamental biological perspectives 
about targeted therapies, challenges, and forthcoming 
advances.



Precision Medicine in Cancer: One term, with many definitions

• One perspective, for oncology, from ASCO:

“Precision medicine is an approach to disease prevention and treatment that 
accounts for variability in the genes, environment, and lifestyle of each 
person.

Precision medicine approaches to identifying variability in genetics include 
the use of multiple testing techniques, including immunohistochemistry, 
fluorescence in situ hybridization, chromogenic in situ hybridization, flow 
cytometry, and next-generation sequencing. 

These techniques are used either in combination or individually to identify 
molecular abnormalities in a patient's DNA with the hopes of identifying 
therapeutic targets.”

Ref: JL Ersek et al. Implementing Precision Medicine Programs and Clinical Trials in the Community-
Based Oncology Practice: Barriers and Best Practices. ASCO Education Book 38, 2018



ASCO Provisional Clinical 
Opinion statement (2022)

What is Precision Oncology: 
“…the use of molecular 
biomarkers to aid in the 
diagnosis, prognosis, or 
treatment of cancer…”







We are fully immersed in the era of targeted therapy…

• …but [and] most of us trained before it took hold (even not so long ago).

• We are all learning as the field evolves…

• …and the field is evolving rapidly.

• My experience as a member of the ASCO Scientific Committee for GI 
Cancers (Non-colorectal track): 2012-15 – the scientific content became a 
completely different playing field within 5-10 years. 
• February 2, 2021 Press Release: ”ASCO Names Advance of the Year: Molecular 

Profiling Drives Progress in Gastrointestinal Cancers”.



• ASCO Developmental Therapeutics 2022-25: A whole new ballgame. 
• New strategies, new tactics (e.g. ADCs, antibody drug conjugates).

• State of the field: our ability to identify molecular alterations in tumors has 
matured a lot; we are trying to catch up in identifying strategies and tactics that 
affect those critical molecular targets in a way that leads to improved overall 
survival and quality of life in patients with cancer.



CRC, colorectal cancer; NSCLC, non–small-cell lung cancer.
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Frequency of known and standard care drivers in major cancer types in the American Association for 

Cancer Research (AACR) GENIE dataset



Published in: Debyani Chakravarty; Amber Johnson; Jeffrey Sklar; Neal I. Lindeman; Kathleen Moore; Shridar Ganesan; Christine M. Lovly; Jane Perlmutter; Stacy W. Gray; Jimmy Hwang; 

Christopher Lieu; Fabrice André; Nilofer Azad; Mitesh Borad; Laura Tafe; Hans Messersmith; Mark Robson; Funda Meric-Bernstam; Journal of Clinical Oncology 2022 401231-1258.
DOI: 10.1200/JCO.21.02767    Copyright © 2022 American Society of Clinical Oncology

Disease-specific approvals of drugs targeting driver alterations
(the ‘first wave’)
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‘Second wave’: Tumor-agnostic approvals
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Table 1: Targeting mutations in cancer
J Clin Invest DOI: 10.1172/JCI154943  2022



Figure 1: Targeting mutations in cancer

J Clin Invest DOI: 10.1172/JCI154943   2022

Emerging patterns: Increasing numbers of drugs in the same 
category, same or nearly the same molecular target



Figure 2: Targeting mutations in cancer

J Clin Invest DOI: 10.1172/JCI154943

Chemotherapeutics: Reports of its death have been greatly exaggerated!
New ways to deliver it represent a current strategy: ADCs



Targeting mutations in cancer. Figure 3 in: 

J Clin Invest DOI: 10.1172/JCI154943

Rise of the Resistance – Cancer and its Molecular Pathway(s) 
find a way, with rare if any exceptions



The American Cancer Society Cancer Action Network (ACS CAN): 
example of nationwide advocacy efforts expand insurance coverage of 
comprehensive biomarker testing

https://www.fightcancer.org/what-
we-do/access-biomarker-testing







The percent of patients 
getting standard-of-
care tumor genetic 
testing: improving but 
not yet 100%

From: KRAS testing of patients with metastatic colorectal 
cancer in a community-based oncology setting: a 
retrospective database analysis. Carter et al., 2015.

https://jeccr.biomedcentral.com/articles/10.1186/s13046-015-0146-5
https://jeccr.biomedcentral.com/articles/10.1186/s13046-015-0146-5
https://jeccr.biomedcentral.com/articles/10.1186/s13046-015-0146-5


The percent of patients getting standard-of-care 
tumor genetic testing: improving but not yet 100%
• 20,000+pts, retrospective, 2013-2018
• “as of June 30, 2018, the rate of test results was 

only 46% for NRAS, 56% for KRAS, and 46% 
for BRAF. 

• “As of December 31, 2017, the rate of MMR/MSI 
testing was 59%.”

• Higher documented testing rates were associated 
with younger age, lower Eastern Cooperative 
Oncology Group performance status, and 
commercial insurance.

JNCI Cancer Spectr. 2022 Dec. Iyer et al.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9664970/


New models for how we help patients with 
solid tumor malignancies

• We need to do a lot better – for most advanced and metastatic solid 
tumor malignancies, treatment is given with palliative-intent, as 
currently available forms of treatment do not have potential for 
inducing cure.

• Exceptional Responders – are exceptional.
• NCI definition: “…someone who had a partial or complete response to a 

treatment that would be effective in less than 10% of similar patients. The 
duration of an exceptional response is one that lasts at least three times 
longer than the median response time.”

• But there is hope…
• The next frontier of clinical trial strategies in solid tumors
• Informed by advances in molecular diagnostics, understanding of molecular 

drivers of cancer, and also non-molecular aspects of solid tumor biology that 
can be targeted effectively.

Ref from NCI: https://www.nih.gov/news-events/news-releases/study-exceptional-responders-yields-clues-cancer-potential-

treatments#:~:text=The%20study%20defined%20an%20exceptional,than%20the%20median%20response%20time.



Precision Medicine: highlighting the opportunities

•Efficacy: How well do they work
•Evolving questions, pending answers
•To date, widely variable, even with the 

same target & *same drugs* in 
different cancer types



An evolving question
• NCI-MATCH as a paradigm 

for current and future strategies

https://www.cancertherapyadvisor.com/home/ca
ncer-topics/general-oncology/molecular-
alteration-cancer-treatment-risk-nci-match/2/ 
Accessed 5/10/22
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An evolving question
• NCI-MATCH as a 

paradigm for current 
and future strategies

https://www.cancertherapyadvisor.com/home/cancer-topics/general-oncology/molecular-alteration-cancer-treatment-risk-nci-match/2/ Accessed 5/10/22

https://www.cancertherapyadvisor.com/home/cancer-topics/general-oncology/molecular-alteration-cancer-treatment-risk-nci-match/2/


The Value, in the economic sense: What am I getting 

• ‘Comprehensive’ vs ‘Limited’ Tumor Genomic Profiling
• What should I order?
• When should I order it?

• ‘Bundling vs ‘a la carte’ testing – which approach is more 
cost-effective?

• What information do you ‘need’ to make a practical clinical 
decision in 2023, 2024, and beyond – now and for future 
lines of treatment, on or off trial?



To test more or not to test more: What are the 
options, and how do we decide what to use?

• Itemization of testing

• Limited gene panels

• Comprehensive genomic profiling

Some questions:

• Is the testable biomarker linked to a therapeutic drug that has been 
approved for treatment of this patient’s disease?

• Is the testable biomarker linked to a therapeutic drug available at your 
or a reasonably distanced center on clinical trial?



Value vs. Action: Mutually exclusive?

Ref: JR Trosman et al. 
From the Past to the 
Present: Insurer 
Coverage Frameworks 
for Next-Generation 
Tumor Sequencing. 
Value in Health, 21(9): 
1062-1068, 2018
 



NGTS feature
Conflict with the current insurance 

coverage framework

1.Dual utility: clinical and research
Applies to both “medically necessary” 
and “experimental/investigational” 
categories [15], [16]

2.Informing enrollment in clinical trials

Clinical trial is a guideline-
recommended setting for cancer 
treatment, and is therefore both 
“medically necessary” and 
“experimental/investigational” [13], [32
]

3.Comparative cost of NGTS, relative 
to single-gene testing

Cost is not a formal factor of coverage 
framework [19], [39]

4.“Sequencing pathway” utility—serial 
use over time

Typically focused on one technology 
and one point in disease 
trajectory [6], [19]

5.Inherent evolutionary nature of 
evidence for tumor sequencing tests

Conflicts with the linear trajectory of 
evidence development and binary 
coverage decision [16], [19]

6.Informing pan-cancer use of drugs
Conflicts with medical necessity 
definition for a specific 
indication [6], [16], [19], [39]

7.“Many-genes-to-many-drugs” utility
Conflicts with the one-marker-one-drug 
evaluation of medical 
necessity [6], [19], [39]

8.Integrative utility based on 
compound analysis of 
mutations

Sequencing is considered a 
“bundle” of individual gene 
tests [15], [16]

Table 1. Features of 
NGTS conflicting with 
the current insurance 
coverage framework
NGTS, next-generation 

tumor sequencing.

Ref: JR Trosman et al. From the 
Past to the Present: Insurer 
Coverage Frameworks for Next-
Generation Tumor Sequencing. 
Value in Health, 21(9): 1062-
1068, 2018

 

https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605
https://www.sciencedirect.com/science/article/pii/S1098301518322605


Precision Oncology: what is the financial cost 
for testing?

Centers for 
Medicare & 
Medicaid 
Services

Cms.gov

Accessed 5/10/22



What are the national guidelines for financial coverage?

Accessed 5/10/22



What are the national guidelines for financial coverage?

Accessed 5/10/22



What are the national guidelines for financial coverage?

Accessed 5/10/22



What are the national guidelines for financial coverage?

Accessed 5/10/22



What are the national guidelines for financial coverage?
• Cms.gov:

• Indications and Limitations of Coverage
B. Nationally Covered Indications

• 1. Somatic (Acquired) Cancer

• Effective for services performed on or after March 16, 2018, the Centers for Medicare & Medicaid 
Services (CMS) has determined that Next Generation Sequencing (NGS) as a diagnostic laboratory 
test is reasonable and necessary and covered nationally, when performed in a Clinical Laboratory 
Improvement Amendments (CLIA)-certified laboratory, when ordered by a treating physician, and 
when all of the following requirements are met:

• a. Patient has:
either recurrent, relapsed, refractory, metastatic, or advanced stage III or IV cancer; and

• not been previously tested with the same test using NGS for the same cancer genetic content, and

• decided to seek further cancer treatment (e.g., therapeutic chemotherapy).

• b. The diagnostic laboratory test using NGS must have:Food & Drug Administration (FDA) approval 
or clearance as a companion in vitro diagnostic; and,

• an FDA-approved or -cleared indication for use in that patient’s cancer; and,

• results provided to the treating physician for management of the patient using a report template to 
specify treatment options.



What are the national guidelines for financial coverage?
• Cms.gov:

• 2. Germline (Inherited) Cancer

• Effective for services performed on or after January 27, 2020, CMS has determined that 
NGS as a diagnostic laboratory test is reasonable and necessary and covered nationally for 
patients with germline (inherited) cancer, when performed in a CLIA-certified laboratory, 
when ordered by a treating physician and when all of the following requirements are met:

• a. Patient has:
ovarian or breast cancer; and,

• a clinical indication for germline (inherited) testing for hereditary breast or ovarian cancer; 
and,

• a risk factor for germline (inherited) breast or ovarian cancer; and

• not been previously tested with the same germline test using NGS for the same germline 
genetic content.

• b. The diagnostic laboratory test using NGS must have all of the following:
FDA-approval or clearance; and,

• results provided to the treating physician for management of the patient using a report 
template to specify treatment options.



Potential financial toxicities and implications for patients. A case example – 47 yr old woman 
with stage IV CRC; her oncologist orders NGS via an in-house limited panel.

Dr. Lou,

I do see a charge for molecular testing for 9/14/2020. There are three tests. Colorectal NGS panel, RNA fusion testing and MSI testing.

Colorectal panel is $1,815, Fusion $1,228 and MSI $1,509.

The total bill was $4,552.

XXXX Healthcare covered the MSI testing, but not the NGS or fusion testing.

I called XXXX Healthcare today and the reason for denial is that multi gene genetic panels are and deemed investigational under this patient’s plan. The test is 
also not considered medically necessary for this patient by UHC. 

REMARK CODES

6B: PAYMENT FOR THIS SERVICE IS DENIED. BASED ON THE INFORMATION PROVIDED AND THE CLINICAL REVIEW, THIS SERVICE IS NOT 
CONSIDERED MEDICALLY NECESSARY.

CLAIM ADJUSTMENT REASON CODES

50: THESE ARE NON-COVERED SERVICES BECAUSE THIS IS NOT DEEMED A ''MEDICAL NECESSITY'' BY THE PAYER.

The denial can still be appealed. Who would be the best person to help with the appeal information? I can create a template that will need to be filed in with 
additional information. I can email the template out to be reviewed and completed.



Controversies in Precision Oncology

• Inequities in access between high-income and low-
income countries

•What is the cost-to-benefit ratio?

•Rapidly evolving technology – making a choice 
becomes less simple.



Summary: Principal issues and ongoing questions 
that are being addressed in the field

• Tumor genomic testing in patients with metastatic or advanced solid 
tumors has become extremely more sophisticated over the past 
decade.

• Transition from tumor type-specific panels to evaluating targets 
across tumor types (‘tumor agnostic’ approach).

• Challenges and questions:
• When should we order it?
• What assay(s) should we order?
• How do we interpret the results?

• The end goal is to be able to tailor therapy based on these results to result in overall 
improvement for patients suffering from cancer, ideally focused on improvements in 
overall survival.



The “Liquid Biopsy”: State-of-the-Art or ’Not 
ready for Prime Time Player?”

• cfDNA (cell-free) vs. ct (circulating tumor) DNA

• What is it good for?
• Diagnosis-- MCDE

• Prognosis – MRD in solid tumor oncology?

• Borrowing the concept of Minimal Residual Disease (MRD) from 
hematologic malignancies
• Does this translate well to solid tumors, and will the test be proven to be 

meaningful for clinical decision-making?



The “Liquid Biopsy”: State-of-the-Art or ’Not 
ready for Prime Time Player?”

• Sensitivities and specificities compared to tissue-based tumor profiling.
• Increased concordance, near or exceeds 90%.

• Helpful tool when there is insufficient amount of tissue for testing.

• It can be detected; how should it be interpreted?

• Ongoing trials designed to address this
• E.g. COBRA, adjuvant assessment following resection of early-to-mid stage colon 

cancer



Cancer Discovery
Volume 13, Issue 10
1 October 2023

https://aacrjournals.org/cancerdiscovery/issue/13/10


Quality of assays: Are the results true?
• Another way of stating: Are the results accurate enough that you have 

confidence using this information to institute clinical decision-making for your 
patients?

• CLIA certification: Tumor genomic sequencing should take place in a clinical 
pathology lab setting that has been certified.

• Emerging questions and controversies: 

• Tissue or Liquid-based assessments – or both?

• When do you order the test, and using which specimen?

• Order when the patient needs it, or order it in advance.

• Use the pre-treatment biopsy or surgical sample, or wait-and-see if 
further biopsies/surgical specimens will be available?

• Some or all of the above?



Tumor-agnostic approvals in the U.S.:
A Growing Category of Actionable Targets

•Definition of tumor agnostic: Approval of a drug for 
any tumor containing a biomarker target, independent 
of anatomic site of origin of that metastatic cancer.

• The current examples:
• TMB-High
•Mismatch repair (dMMR)
•Neutrotrophic tyrosine receptor kinase (NTRK) 

fusions



Hot off the press! 

• On October 20, 2023, the Food and Drug Administration granted accelerated 
approval to entrectinib (Rozlytrek, Genentech Inc.) for pediatric patients 
older than 1 month with solid tumors that have a neurotrophic tyrosine 
receptor kinase (NTRK) gene fusion
• without a known acquired resistance mutation, 
• are metastatic or where surgical resection is likely to result in severe morbidity, 
• and have progressed following treatment or have no satisfactory standard therapy. 

• In August 2019, FDA granted accelerated approval to entrectinib for pediatric 
patients 12 years of age and older for this indication

Source: AACR FDA Approval Alert, October 24, 2023



Tumor-agnostic approvals in the U.S.:
A Growing Category of Actionable Targets

• Do we have proof that utilizing the drug for actionable targets 
improves PFS and OS in every tumor type covered by the FDA 
approval?

• Spoiler alert: No, we do not.



When does potential off-label use justify wider-scale 
comprehensive genomic profiling for an individual 
patient’s tumor?

• Evolving field of understanding molecular blueprints of Rare 
Tumors

• Genomic profiling is identifying molecular subsets of more 
common tumors, and further sub-stratifying tumors that 
were already considered less common or even Rare.

• How does tumor genomic profiling affect these cases?
• ASCO Provision Clinical Opinion 2022: ”Multigene testing 

may also assist in treatment selection by identifying 
additional targets when there are few or no genotype-
based therapy approvals for the patient’s disease.”



One conclusion on what to do…

•…and the story is still being written as we await results 
of current and forthcoming molecular biomarker-
driven trials.

•ASCO Provision Clinical Opinion 2022: “For treatment 
planning, the clinician should consider the functional 
impact of the targeted alteration and expected 
efficacy of genomic biomarker-linked options relative 
to other approved or investigational treatments.”



Common questions from patients 

• A well-informed patient – regardless of the source – will likely be aware of 
our ability to order tumor genomic profiling, and will ask if you don’t 
bring it up.

• If you bring it up first, they may or may not already be aware, but they 
will depend on us for judging the approach (which assay(s), which tests, 
and how to interpret the information).

• A central message I state to patients is that doing tumor genomic profiling 
does not guarantee a valid drug for treating their cancer will be identified.

• In fact, far from it…but that answer may change, and quickly, in the 
coming years with rapid advances in testing and clinical trial results.



An approach to genomic testing and decision-
making factors

• If I test, what will I do with this information, and why am I ordering the 
test.

• Can a target or set of targets be identified

• Is the target ‘actionable’
• The target is identifiable with great accuracy using a readily available and 

orderable test, with high sensitivity and specificity, and the material to be tested 
is available.



An approach to genomic testing and decision-
making factors

• Is the tumor type ‘target-rich’; and what does that even mean?

• Does a drug, or set of drugs, exist that will ‘hit’ that target
• Have those drugs been proven to work when in the human setting

• Have the drugs already been tested in humans in well-designed rational clinical 
trials

• Have the results shown benefit in PFS, OS, and/or QOL for patients eligible for 
clinical trials, and possibly ‘real world’ clinical populations as well?

• Financial coverage of these targeted drugs: What is the cost to the patient 
(symptoms and adverse physical events attributable to the treatment, as well as 
the potential for financial toxicity.



Immuno-Oncology

• The next frontier…and also it is already here.

• Many aspects:
• Therapeutics

• Molecular diagnostics

• Molecular biology of cancer

• Tumor microenvironment
• Immune infiltration

• Immunoscore (e.g. for colorectal cancer)

• If a tumor is ‘hot’ or ‘cold’ may determine how well immunotherapeutics work.



The future of Precision Oncology



Making the undruggable…druggable

• RAS is the prototype.

• Recent reports 2020-21 of small molecule inhibitors having activity in 
patients with tumors harboring G12C variant of the oncogene KRAS.



The story of targeting RAS is still evolving, and 
more real(istic) than ever before

• The first direct KRAS inhibitor, Sotorasib, was 
approved for use in NSCLC expressing G12C-mutant 
KRAS was approved by the US FDA on Friday May 28, 
2021.

•But like BRAF in melanoma vs. CRC, one size does not 
fit all:
• ORR in NSCLC for KRAS G12C cases: 30-40%
• ORR in CRC for KRAS G12C cases: <10%.



MG Fakih et al. N Engl J Med 2023. DOI: 10.1056/NEJMoa2308795

Progression-free 

Survival as Assessed by 

Blinded Independent 

Central Review 

(Intention-to-Treat 

Population).

Presented at #ESMO23



Precision Oncology is still relatively in its infancy: 
Are we doing a good job of Creating the Next 
Generation of Molecular Oncologists?

• We can no longer practice oncology in isolation and without at least a 
basic understanding of the underlying molecular biology that drives 
cancer genesis and also evolution of drug resistance. 

• Many of the terms previously used in cancer research labs are now 
well integrated with clinical jargon.

• We now have a generation of Clinical Cancer Biologists whose job 
description entails grasping, if not mastering, biologic principles as 
they apply to direct patient care.



The future of Precision Oncology

• Are our trainees in the oncologic sciences, both clinically and in the 
lab, learning the nuances of interpretation of NGS correctly, or is their 
expectation that NGS is the end goal, rather than a means to 
uncovering targets for individually tailored treatment options?  

• And are we conveying the fact that identification of a putative target 
does not absolutely equate to a corresponding drug working 
effectively? 

• This is one of the great challenges that our field faces now and in the 
years to come: 
• understanding what Precision Oncology is, and what it is not, 
• how accurate analysis is performed, and most importantly when to use the 

results to help our patients in daily practice. 



In Sum…

• The opportunities

• Precision oncology and impact on improved survival
• An evolving question, not one size fits all

• The Controversies like cost

• Today’s learning objectives may have different answers and approaches over the next 
few years.

• 1. Understand the current landscape of tumor genomic profiling in 
oncology.

• 2. Learn about societal factors affecting oncologist-driven genetic 
testing.

• 3. Understand fundamental biological perspectives about targeted 
therapies, challenges, and forthcoming advances.



Thank you for your attention!

• I welcome any questions or comments.

@cancerassassin1

• Emil-lou@umn.edu
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