
The diagnosis and treatment journey 
for people with solid tumors changed 
significantly over the past 25 years.  
It started with the recognition of cancer 
as a genetic disorder. This revolutionary 
characterization of cancer has advanced 
both treatments and diagnostics. 
Essentially, each change in treatment,  
each newly discovered biomarker, has 
required a transformation in diagnostics. 

For example, in 1998, trastuzumab, 
a monoclonal antibody used to treat 
metastatic breast cancer characterized 
by HER2 overexpression, along with a 
diagnostic assay to detect HER2, received 
FDA approval. This was the “first targeted 
cancer drug to use the drug-diagnostic  
co-development model.”1

Identifying Genetic Drivers of Solid Tumors: 
A paradigm shift in diagnostics and patient treatment

Twenty-five years forward, robust 
diagnostic capacity and flexibility that 
provide oncologists, pathologists, and 
lab directors the complete genomic 
picture of solid tumors, is essential 
for treatment decision-making. 
Comprehensive genomic profiling (CGP) 
that aligns patient care with current 
treatments, clinical trials, and emerging 
therapies—all specific to biomarkers 
—makes real the promise of precision 
medicine to drive better outcomes.

How we got here:  
Moving from chemotherapy to immunotherapy 
The paradigm shift of cancer as a genetic disorder led to further understanding of the altered 
proteins, disrupted biochemical pathways, and the disarrangement of the normal functioning  
of cancer cells in their microenvironment. 

Scientists worked to consider how cancers interrupt the normal activity of the immune system. 
One advancement was the identification of CTLA-4 as a protein that puts the “brakes” on the 
immune system. From there, James Allison’s Nobel prize-winning work developed an antibody to 
CTLA-4 that allows T cells to persist in killing cancer tumor cells.2 FDA approval of anti – CTLA-4 
checkpoint blockade therapy (ipilimumab) to treat metastatic melanoma in 2011 was hailed as a 
“therapeutic breakthrough in cancer immunotherapy.”3 

Another Nobel recipient, Tasuku Honjo, worked on the PD-1 protein found on T cells and PD-L1 
found in higher than normal amounts on some cancer cells. He developed a blockade human 
anti – PD-1 antibody named nivolumab and by 2018 over a dozen tumors had been approved 
for treatment with PD-1 blockade therapy. FDA approval has been given for nivolumab use in all 
microsatellite instability-high (MSI-H) cancers, no matter origin of their tumors.4 As Honjo stated 
in his Nobel acceptance, “Clearly, PD-1 blockade treatment has brought a paradigm shift in cancer 
therapy due to its efficacy over a wide range of tumors; durability of its effects in those who 
respond; and importantly...few adverse effects compared with previous treatments.”4  



New research techniques lead to new therapies

In 2022, the FDA issued 28 regular approvals, 9 accelerated 
approvals, and 2 conversions from accelerated to full approvals, 
primarily for solid tumors.5

Innovative research techniques contributed to these approvals. 
For instance, the hit-to-lead process employing high-throughput 
screening identified a small molecule for the “undruggable”  
KRAS mutation. KRAS is mutated in 22% of all cancer patients, 
including pancreatic cancers (61%), colon cancer (33%), and lung 
cancer (17%).6 Two medications approved recently, sotorasib 
(LumakrasTM) and adagrasib (Krazati®), target the KRAS G12C 
mutation. This success stimulated research on other “undruggable” 
targets like the tumor suppressor p53. Treatments to restabilize  
p53 proteins with the Y220C mutation are underway.7

Another innovative treatment, neoadjuvant therapy with an immune 
checkpoint inhibitor, resulted in a complete clinical response in 
one solid tumor clinical trial. The New England Journal of Medicine 
reported that 12 patients with locally advanced rectal cancer were 
treated with dostarlimab before any other treatment—no surgery 
or chemoradiotherapy. All 12 patients showed no evidence of tumor 
during a 5- to 25-month follow-up.8

Genomic markers driving precision medicine

This fundamental change in cancer treatment means that precision 
medicine—targeting the genomic changes in cancer cells—is now 
the norm. Formerly defined by anatomical location, genomic markers 
(biomarkers) now describe solid tumors and inform their treatment, 
making precision medicine available for all solid tumors of any 
tissue type at any point in the treatment journey. Since the location 
of the cancer does not matter in the same way that treatment and 
biomarkers do, these tumor-agnostic (also called tissue-agnostic) 
therapies (microsatellite instability, tumor mutational burden, and 
NTRK fusions) all require new diagnostic tools.9

Clinical benefit from one or a combination of precision medicine 
therapies, in many different cancer types—melanoma, gastric,  
or lung, for example—is now achievable. 

The rapidly evolving influx of targeted therapies, diagnostic 
approvals, and clinical trials could understandably challenge 
and exceed the time and energy capacity of many physicians 
and health systems.10-13 Comprehensive Genomic Profiling 
(CGP) provides the detailed information to facilitate 
treatment decision-making.  
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Advances in standards of care point to the need for a  
broad oncology diagnostic tool: Comprehensive Genomic Profiling (CGP).

CGP is a next-generation sequencing (NGS) tool offering a more 
streamlined option for testing multiple biomarkers at one time. In 
this way, CGP can reduce the complexity and fragmentation that could 
negatively impact treatment and caregiving.

Comprehensive Genomic Profiling: 
One test fills many needs

One test conserves biopsy tissue  
In just one test, an expanded CGP panel detects information across hundreds of genes. Assessing both rare  
and prevalent biomarkers with just one biopsy sample increases the chances of finding cellular changes that  
are treatable for thyroid, colorectal, bladder, melanoma, breast, gastrointestinal, ovarian, and prostate solid 
tumor cancers. 

One test finds many treatable alterations quickly  
By assessing all biomarkers at once, CGP finds more actionable and treatable alterations and molecular 
signatures. CGP allows for multiple biomarkers to be tested at once, which can reduce the amounts of sample 
required and potentially provide faster results.

One test identifies RNA fusions  
Juxtaposing 2 different genes during chromosomal rearrangement can result in fusion genes. Fusion genes play 
a significant role in tumorigenesis, yet rapid and accurate identification of fusions has been challenging and 
often limited to testing for only one fusion gene at a time. 

Next-generation sequencing CGP provides in-depth analysis with broad genomic coverage. For example,  
in one study of 3,218 advanced solid tumors diagnosed over a 2-year period (2019-2021), NGS CGP found that 
217 (6.7%) harbored RNA fusions. Of those, 64 (29%) were actionable, matching targeted therapies, and 69 (31%) 
matched one or more basket clinical trials.17

Using NGS CGP gives patients who otherwise might not have an available treatment the opportunity to obtain 
targeted therapy through approved precision medicine or available clinical trials.

One test compared to single-gene and small hotspot panel testing   
Research shows the limitations of single-gene and small hotspot panels. In one prospective study involving 
10,000 patients with refractory cancer, small hotspot panel testing missed 81% of actionable mutations.18

In terms of identification differences, in one study of NSCLC, colorectal cancer (CRC), and melanoma solid tumors, 
NGS identified additional targetable alterations in 44% of the NSCLC tumors, 22% of the CRC,  
and 14% of the melanomas.19

Likewise, in a study of 521 patients with solid tumors who were tested with a hotspot assay and a CGP assay,  
214 (41%) had at least one actionable gene alteration that had not been identified in the hotspot assay.  
Of those 214 patients, 19% underwent matched therapy and had significantly improved overall survival 
compared with those treated with unmatched therapy.20

One test identifies many molecular signatures   
Unlike smaller assays, CGP delivers information on 2 FDA-approved biomarkers that both the National 
Comprehensive Cancer Network® (NCCN®) and the European Society for Medical Oncology (ESMO)  
recommend testing for tumor mutational burden (TMB) and microsatellite instability (MSI).21,22



Tumor Mutational Burden (TMB)

TMB “…is a numeric index that expresses the number of mutations per megabase (muts/Mb) harbored by  
tumor cells....”23 High TMB is defined as having greater than or equal to 10 muts/Mb. Across tumor types and  
tissues, studies have found between 10% and 26% with high TMB.24-26

The Phase II Keynote-158 study using pembrolizumab monotherapy on recurrent or metastatic solid tumors  
across multiple tissues found that those with TMB ≥175 mutations/exome treated with immunotherapy 
showed clinical improvement and improved outcomes versus chemotherapy.27

High-TMB has been described as a “predictive biomarker, potentially indicating a high rate of response  
to immunotherapy.”23

Microsatellite Instability (MSI)

The National Cancer Institute defines MSI as “[A] change that occurs in certain cells (such as cancer cells) in 
which the number of repeated DNA bases in a microsatellite (a short, repeated sequence of DNA) is different 
from what it was when the microsatellite was inherited.” A change rate of 30% or more is considered MSI-High 
(MSI-H).28 The FDA has approved MSI-H status as a threshold to treat solid tumors with checkpoint inhibitors.  

TMB and MSI: key biomarkers in evaluating immunotherapy treatments
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Research on patient outcomes when using CGP

Aligns with standard of care

In 2018, Medicare and Medicaid confirmed 
the need for next-generation comprehensive 
testing for Medicare recipients in their 
National Coverage Policy Document.31 
Among other cancers, NCCN guidelines 
recommend NGS for cancers of the breast, 
central nervous system, colon and rectum, 
esophagus and esophagogastric junction, 
gastric, gastrointestinal stromal, melanoma, 
NSCLC, ovarian, pancreatic, prostate,  
small bowel, soft tissue, and thyroid.32,33

Identifies potential eligibility for 
matched clinical trials

CGP data can determine patients’ eligibility 
for clinical trials. Many trials now assign 
treatments based on molecular profiles of 
tumors rather than histology. For example, 
the Tumor-Agnostic Precision Immuno-
Oncology and Somatic Targeting Rational for 
You (TAPISTRY) clinical trial (NCT0458945) 
is a Phase II trial for patients with solid 
tumors. The participants “...will be treated 
with a drug or drug regimen tailored to their 
NGS assay results at screening. Participants 
will be assigned to the appropriate cohort 
based on their genetic alteration. Treatments 
will be assigned on the basis of relevant 
oncogenotype…” 34

Navigates constantly emerging 
therapies beyond the current 
standard of care 

With CGP, the physician receives the  
most up-to-date information about their 
patient’s solid tumor(s). The right laboratory 
will also provide information about matching 
treatments—both those approved and those 
in clinical trials—that enable precision 
treatment to begin as soon as possible. 

One study compared the degree of matching tumor biomarkers to treatment on outcomes for patients. Patients with gynecological  
and breast cancer solid tumors underwent CGP.  A matching score looked at the percentage of biomarkers targeted by treatment over  
total pathogenic alterations. Those patients whose tumors had a matching score greater than 40% had higher overall response rates  
and progression-free survival.29 
 
In another study, patients with colorectal cancer had next-generation CGP for a targeted clinical trial. Median overall survival was 
significantly longer for patients receiving the targeted treatment instead of standard treatment.30

NSCLC patient journey: individual single gene tests or multi-gene panels compared to CGP 35-40

Comparison between a potential journey of a patient receiving in-house CGP with that of a patient receiving single-gene testing. Example illustrates single-gene 
based on an NSCLC patient. Test times and tissue requirements for the NSCLC example complied from test menus offered by various medical laboratories.
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8 important requirements for a CGP solid tumor diagnostic laboratory 

It is important to note that not all laboratories provide the same CGP.   
Choose a solid tumor diagnostic laboratory that offers the following:

Broad test menu  
A CGP solid tumor diagnostic laboratory that provides robust and flexible testing for over 500 genes.  
The laboratory must have the capacity to perform NGS for MSI and TMB. 

Clear, concise reports   
Reports that are understandable and present FDA-cleared, guideline-based treatment options that match 
actionable molecular targets. The reports should describe emerging genes and provide clear guidance for 
possible treatment options.

Optimized turnaround time  
Rapid turnaround that can deliver a report within 14 days

Clinical trial information  
Detailed intelligence on potential clinical trials that can be pursued to provide as many options  
as possible for patients. 

Access to experts   
Professional consultation with laboratory oncologists and pathologists to assist practitioners in  
decision-making based on laboratory results. These experts should be able to connect patients and 
physicians with clinical trial sponsors and clinical research organizations. There should be an easily  
accessed toll-free number for timely consultations.

Comprehensive health plan access  
In-network status with most health plans, including Medicare and private payers. Patient financial 
assistance programs should be part of the laboratory’s offerings.

Block retrieval services  
Since CGP uses less tissue and conserves the sample, your lab must have up-to-date, digitally stored 
intelligence on all available and emerging treatments. When a sample is not available, it is important to have  
a laboratory that offers biopsy sample retrieval services.

Capability to interact with your EHR system   
Your lab should help you work more effectively by simplifying the workflow, whether you are ordering tests, 
arranging for expert consultation, or investigating treatment options. 



Solid tumor treatment guided only by histology and tumor location is quickly becoming part of the past.  
Understanding the genetic nature of cancer and the drivers of unrestricted cell growth allows for new treatments  
and new diagnostic tools. Precision medicine targeting genomic changes in cancer cells is the new norm. 

This paradigm shift in our understanding has led to tumor-agnostic treatments requiring new diagnostic tools that  
can identify biomarkers, but the momentum of change and research advances are taxing the time and reserves of 
many physicians and health systems. 

Benefits of using a comprehensive diagnostic laboratory  
with state-of-the-art solid tumor CGP include:

Visit QuestDiagnostics.com/SolidTumor 
to learn more about how we can 
keep you at the forefront of rapid 
advancements in cancer care.

Linking genetic findings with current standards of care

Helping physicians navigate emerging treatments 

Saving time and conserving biopsy samples 

Easing the burden on healthcare providers by providing information on clinical trials 

1

3

2

4

Quest Advanced® Oncology offers CGP with a comprehensive menu of solid 
tumor solutions to help clinicians find the best treatment plan and care for 
patients with solid tumors

Precision medicine’s promise made possible 

http://www.QuestDiagnostics.com/SolidTumor


References
1.   Jørgensen JT. Twenty years with personalized medicine: past, present, and future of individualized pharmacotherapy. Oncologist. 2019;24(7):e432-e440. doi:10.1634/theoncologist.2019-0054  
2.   Allison JP. Immune checkpoint blockade in cancer therapy. The Nobel Prize. 2018. Accessed April 24, 2023. https://www.nobelprize.org/uploads/2018/10/allison-lecture.pdf
3.   Mansh M. Ipilimumab and cancer immunotherapy: a new hope for advanced stage melanoma. Yale J Biol Med. 2011;84(4):381-389.  
4.   Honjo, T. Serendipities of Acquired Immunity, The Nobel Prize. 2018. Accessed May 3, 2023. https://www.nobelprize.org/uploads/2018/10/honjo-lecture.pdf
5.  Jones C. The best of 2022: FDA approvals and the breakthroughs that enabled them. American Association for Cancer Research. December 30, 2022. Accessed April 24, 2023.   

https://www.aacr.org/blog/2022/12/30/the-best-of-2022-fda-approvals-and-the-breakthroughs-that-enabled-them/ 
6.  Huang L, Guo Z, Wang, F, et al. KRAS mutation: from undruggable to druggable in cancer. Sig Transduct Target Ther. 2021;6(1):386. doi:10.1038/s41392-021-00780-4  
7.  Hertzberg R, Pope AJ. High throughput screening: new technology for the 21st century. Curr Opin Chem Biol. 2000;4(4):445-451. doi:10.1016/s1367-5931(00)00110-1  
8.  Cercek A,  Lumish M, Sinopoli J, et.al. PD-1 blockade in mismatch repair–deficient, locally advanced rectal cancer. N Engl J Med. 2022;386(25):2363-2376 doi:10.1056/NEJMoa2201445  
9.  Seligson ND, Knepper TC, Ragg S, et al. Developing drugs for tissue-agnostic indications: A pradigm shift in leveraging cancer biology for precision medicine. Clin Pharmacol Ther. 

2021;109(2):334342. doi:10.1002/cpt.1946
10. Park JJH, Hsu G, Siden EG, et al. An overview of precision oncology basket and umbrella trials for clinicians. CA Cancer J Clin. 2020;70(2):125-137. doi:10.3322/caac.21600  
11. Ribeiro TB, Ribeiro A, Rodrigues LO, et al. U.S. Food and Drug Administration anticancer drug approval trends from 2016 to 2018 for lung, colorectal, breast, and prostate cancer. Int J Technol 

Assess Health Care. 2020;36(1):20-28. doi:10.1017/S0266462319000813  
12. Schram AM, Reales D, Galle J, et al. Oncologist use and perception of large panel next-generation tumor sequencing. Ann Oncol. 2017;28(9):2298-2304. doi:10.1093/annonc/mdx294  
13. Sicklick JK, Kato S, Okamura R, et al. Molecular profiling of cancer patients enables personalized combination therapy: the I-PREDICT study. Nat Med. 2019;25(5):744-750. doi:10.1038/

s41591019-0407-5  
14. US Food & Drug Administration. Hematology/oncology (cancer) approvals & safety notifications. Updated February 9, 2021. Accessed December 1, 2020. https://www.fda.gov/drugs/resources-in-

formation-approved-drugs/hematologyoncology-cancer-approvals-safety-notifications
15. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology. Accessed February 10, 2021. https://www.nccn.org/professionals/physician_gls/default.aspx
16. PierianDx. Genomic knowledgebase for clinical next generation knowledge. Accessed March 1, 2020. https://www.pieriandx.com/genomic-knowledgebase
17. Piening B, Dowdell A, Meng R. et.al. Pathogenic fusion detection in solid malignancies utilizing RNA-DNA based comprehensive genomic profiling (CGP) testing. J Clin Oncol. 2022;40   

(16 suppl):3078-3078. doi:10.1200.JCO.2022.40.16_suppl3078  
18. Zehir A, Benayed R, Shah RH, et al. Mutational landscape of metastatic cancer revealed from prospective clinical sequencing of 10,000 patients. Nat Med. 2017;23(6):793-713. 
 doi:10.1038/nm.4333 
19. Merlin JL, Gilson P, Husson M, et al. Targeted PCR vs NGS for molecular diagnostic in solid tumors and liquid biopsies. How to choose in real-life. J Clin Oncol. 2020;38(15 suppl):e15576. 

doi:10.1200/JCO.2020.38.15_suppl.e15576   
20.Kopetz S, Mills Shaw KR, Lee JJ, et al. Use of a targeted exome next-generation sequencing panel offers therapeutic opportunity and clinical benefit in a subset of patients with advanced  

cancers. JCO Precis Oncol. Published online March 8, 2019. doi:10.1200/PO.18.00213  
21. National Comprehensive Cancer Network. NCCN guidelines. Accessed April 17, 2023. https://www.nccn.org/professionals/physician_gls/default.aspx
22. European Society for Medical Oncology. Clinical practice guidelines. Accessed April 17, 2023. https://www.esmo.org/guidelines  
23. Lawlor RT, Mattiolo P, Mafficini A, et al. Tumor mutational burden as a potential biomarker for immunotherapy in pancreatic cancer: systematic review and still-open questions. Cancers (Basel). 

2021;13(13):3119. doi:10.3390/cancers13133119  
24. Shao C, Li G, Huang L, et al. Prevalence of high tumor mutational burden and association with survival in patients with less common solid tumors. JAMA Netw Open. 2020;3(10):e2025109. 

doi:10.1001/jamanetworkopen.2020.25109  
25. Riviere P, Goodman A, Okamura R, et al. High tumor mutational burden correlates with longer survival in immunotherapy-naïve patients with diverse cancers. Mol Cancer Ther. 2020;19(10): 2139-

2145. doi:10.1158/1535-7163.MCT-20-0161   
26. Chalmers ZR, Connelly CF, Fabrizio D. et al. Analysis of 100,000 human cancer genomes reveals the landscape of tumor mutational burden. Genome Med. 2017;9(1):34. doi:10.1186/s13073017-

0424-2
27. Cristescu R, Aurora-Garg D, Albright A, et al. Tumor mutational burden predicts the efficacy of pembrolizumab monotherapy: a pan-tumor retrospective analysis of participants with advanced 

solid tumors. J Immunother Cancer. 2022;10(1):e003091. doi:10.1136/jitc-2021-003091  
28. National Cancer Institute.  NCI dictionary of cancer terms. Accessed April 17, 2023. https://www.cancer.gov/publications/dictionaries/cancer-terms/def/msi-h-cancer
29. Charo L, Eskander R, Sicklick J. et al. Real-world data from a molecular tumor board: improved outcomes in breast and gynecologic cancers patients with precision medicine. JCO Precis Oncol. 

2022;6:e2000508. doi:10.1200/PO.20.00508  
30. Nakamura Y, Yamashita R, Okamoto W. et al. Efficacy of targeted trials and signaling pathway landscape in advanced gastrointestinal cancers from SCRUM-Japan GI-SCREEN: a nationwide  

genomic profiling program. JCO Precis Oncol. 2023;7:e2200653. doi:10.1200/PO.22.00653
31. Centers for Medicare & Medicaid Services. MolDX: Next-generation sequencing for solid tumors. Updated June 17, 2021. Accessed April 18, 2023. https://www.cms.gov/medicare-coverage-data-

base/view/lcd.aspx?lcdId=38045&ver=14
32. South Carolina Blue Cross Blue Shield. Medical policies: Genetic cancer susceptibility panels using next generation sequencing - CAM 265. Updated April 2022. Accessed April 17, 2023   

https://www.southcarolinablues.com/web/public/brands/medicalpolicy/external-policies/genetic-cancer-susceptibility-panels-using-next-generation-sequencing/
33. National Comprehensive Cancer Network. NCCN guidelines. Accessed April 17, 2023. https://www.nccn.org/professionals/physician_gls/default.aspx
34. Hoffmann-Laroche. Tumor-agnostic precision immuno-oncology and somatic targeting rational for you (TAPISTRY) platform study. U.S. National Library of Medicine. Accessed April 17, 2023. 

https://clinicaltrials.gov/ct2/show/NCT04589845
35. Mayo Clinic Laboratories. EGFR gene, targeted mutation analysis, 51 mutation panel, tumor. Accessed May 11, 2023. www.mayocliniclabs.com/test-catalog/overview/614665
36. ARUP Laboratories. EGFR mutation detection by pyrosequencing. Accessed January 19, 2021. https://ltd.aruplab.com/Tests/Pub/2002440
37. Abbott Molecular. Vysis ALK break apart FISH probe kit. Accessed May 11, 2023.
 https://www.molecular.abbott/us/en/products/oncology/vysis-alk-break apart-fish-probe-kit
38. NeoGenomics Laboratories. MET Exon 14 deletion analysis. Accessed May 11, 2023. www.neogenomics.com/test-menu/met-exon-14-deletion-analysis
39. Geisinger. BRAF mutation analysis, PCR. Accessed May 11, 2023. www.geisingermedicallabs.com/catalog/details.cfm?tid=1740
40. Geisinger. KRAS mutation analysis, PCR. Accessed May 11, 2023. www.geisingermedicallabs.com/catalog/details.cfm?tid=1638
41. Piening BD, Dowdell AK, Weerasinghe R, et al. Comprehensive genomic profiling in patients with advanced cancer in a large US healthcare system. Poster presented at: Association for Molecular 

Pathology (AMP) 2020; November 16-20, 2020; virtual meeting.

Image content features models and is intended for illustrative purposes only.

QuestDiagnostics.com

Quest, Quest Diagnostics, any associated logos, and all associated Quest Diagnostics registered or unregistered trademarks are the property of Quest Diagnostics.   
All third-party marks—® and TM—are the property of their respective owners.  © 2023 Quest Diagnostics Incorporated.  All rights reserved. 06/2023


