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Abstract

Comprehensive biomarker testing is a crucial requirement for the optimal treat-

ment of advanced‐stage non–small cell lung cancer (NSCLC), with emerging rele-

vance in the adjuvant treatment setting. To advance its goal of ensuring optimal

therapy for persons diagnosed with lung cancer, the American Cancer Society

National Lung Cancer Roundtable (ACS NLCRT) held The Summit on Optimizing Lung

Cancer Biomarkers in Practice in September 2020 to align its partners toward the

goal of ensuring comprehensive biomarker testing for all eligible patients with

NSCLC. The ACS NLCRT's Strategic Plan for Advancing Comprehensive Biomarker

Testing in NSCLC, a product of the summit, comprises actions to promote

comprehensive biomarker testing for all eligible patients. The approach is multi-

faceted, including policy‐level advocacy and the development and dissemination of

targeted educational materials, clinical decision tools, and guides to patients, phy-

sicians, and payers aimed at ameliorating barriers to testing experienced by each of

these groups.

Plain language summary
� The ACS NLCRT works to improve care for patients with lung cancer.

� The ACS NLCRT supports comprehensive biomarker testing as essential to

determine treatment options for all eligible patients with non–small cell lung

cancer.

� Many factors lead to some patients not receiving optimal biomarker testing.

� The ACS NLCRT held a collaborative summit and developed a strategic plan to

achieve and promote comprehensive biomarker testing for all patients.
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Stephen D. Cutler Fund; the Satherlie Family

Research Fund
� These plans include developing educational materials and physician tools and

advocating for national policies in support of biomarker testing.
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BACKGROUND

Targeted therapy and immunotherapy are altering the treatment

landscape of non–small cell lung cancer (NSCLC). Their use is guided

by the biomarker profile of each patient’s cancer. Although histori-

cally limited to patients with stage IV NSCLC, the landscape is rapidly

changing such that patients with surgically resected stage IB or

higher disease are now candidates for biomarker testing that can

inform decisions on adjuvant therapy.1 Assessing NSCLC for onco-

genic driver mutations and immune inhibitory protein expression to

determine patients’ eligibility for these therapies is optimally per-

formed during the diagnostic and staging procedures before treat-

ment initiation. Patients with NSCLC who have actionable

biomarkers and are treated with targeted therapies have longer

survival and improved health‐related quality of life compared with

patients who receive conventional therapies.2,3

Despite the potential benefits of targeted therapy and immu-

notherapy, evidence exists that biomarker testing is underused and

often not comprehensive. Although rates of testing are increasing as

awareness of its value increases among physicians and institutions,

testing rates remain much lower than optimal, and testing strategies

for individual actionable biomarkers vary.4–6 Evidence shows testing

rates for EGFR mutations and ALK rearrangements, which have had

approved targeted therapies the longest, are >80%, whereas other
biomarkers more recently linked to specific therapies are tested at

much lower rates. One study examined seven cancer programs over 3

months in 2017 and demonstrated testing rates of 95% for EGFR,

94% for ALK, but only 88% for ROS1, and 57% for PD‐L1 among

patients with metastatic nonsquamous NSCLC.7 A 2018 survey

demonstrated a similar pattern, with higher testing rates for EGFR,

ALK, and ROS1 mutations (range, 79%–99%) but lower rates of

testing for BRAF, KRAS,MET, RET, and HER2/ERBB2, mutations (range,

5%–73%).8 In a review of a community‐based oncology network from
2013 to 2015, 59% of patients with stage IIIB or greater, non-

squamous NSCLC were tested for both EGFR and ALK mutations, and

only 8% were tested for all mutations that were recommended by the

National Comprehensive Cancer Network (NCCN) at the time of the

study.9 Variable and noncomprehensive biomarker testing patterns

are just one indicator of the inadequate implementation of person-

alized medicine in NSCLC.

The joint guideline statement by the College of American Pa-

thologists (CAP), the International Association for the Study of Lung

Cancer (IASLC), and the Association of Molecular Pathologists

(AMP), as well as the NCCN guidelines, provide detailed guidance

for testing specific biomarkers.10,11 These guidelines also support

broad panel testing, which is capable of assessing all actionable

driver mutations and additional mutations, including those that do

not currently have associated approved therapies but are likely to

have effective treatments within the lifetimes of some patients. The

primary benefit of testing that extends beyond actionable bio-

markers is to facilitate selection into clinical trials.12,13 For the

purpose of the current article, comprehensive biomarker testing refers

to a process that, at a minimum, assesses for all possible guideline‐
recommended and actionable biomarkers for a patient’s lung cancer

subtype.

Comprehensive biomarker testing is important because it drives

eligibility for targeted therapy and immunotherapy. For example,

first‐line treatment with osimertinib and alectinib is associated with

median survivals greater than 3 and 5 years for patients with

advanced NSCLC who have EGFR mutations and ALK rearrange-

ments, respectively.14,15 By comparison, older clinical trials of first‐
line treatment with pemetrexed and cisplatin exhibited a median

survival in unselected patients with NSCLC <1 year.16

The American Cancer Society National Lung Cancer Roundtable

(ACS NLCRT) was established in 2016 to lessen the impact of lung

cancer through prevention, early detection, optimal diagnosis, and

treatment in the United States and around the world. It is a na-

tional coalition of organizations and invited individuals representa-

tive of the entire lung cancer community. The Triage for

Appropriate Treatment Task Group of the ACS NLCRT held The

Summit on Optimizing Lung Cancer Biomarkers in Practice (the

Biomarker Summit) to align members and improve biomarker

testing. The stated mission is to ensure all eligible patients receive

comprehensive biomarker testing to identify the most effective

treatments available. This report serves as a summary of the ACS

NLCRT’s Strategic Plan for Advancing Biomarker Testing to pro-

mote comprehensive biomarker testing for all eligible patients with

lung cancer.

METHODS

Background for the Biomarker Summit

The Biomarker Summit, an inaugural 2‐day virtual meeting convened
by the ACS NLCRT in September 2020, involved more than 85 par-

ticipants from75memberorganizations. The themewasAccess toHigh‐
Quality Biomarker Testing for All Eligible Patients With NSCLC: No Patient
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Left Behind! The diverse group of participants included clinicians (with

backgrounds in primary care, medical oncology, thoracic surgery, pul-

monology, radiology, and pathology), patient advocates, researchers,

public health professionals, and representatives of pharmaceutical and

diagnostic companies, government agencies, and healthplanproviders.

The Biomarker Summit

The Biomarker Summit’s activities were focused on five key chal-

lenges to universal comprehensive biomarker testing identified by

the ACS NLCRT Steering Committee (Table 1). The agenda included:

(1) six expert presentations on the current state of biomarker testing

and each of the five key challenges; (2) sharing of experiences from

patient advocates; (3) a series of confessionals from representatives of

groups essential to the process of biomarker testing (primary care

providers, proceduralists, oncologists, pathologists, and payers), the

purpose of which was to promote open sharing of information on

how practices of these groups contribute to barriers to comprehen-

sive biomarker testing in their unique role; (4) small group sessions

were charged with developing strategies to address barriers identi-

fied in the presentations and confessionals and then sharing them

with the larger group; and (5) a panel discussion with representatives

of advocacy groups, industry, and payer organizations that explored

perceived and real barriers to comprehensive biomarker testing.

Members of the ACS NLCRT Triage for Appropriate Treatment

Task Group outlined and prioritized the key information, perspec-

tives, and strategies from the Biomarker Summit. A writing group

composed of Task Group members developed an article that was

reviewed and revised before submission.

RESULTS

Based on presentations and discussions during the Biomarker Sum-

mit, the ACS NLCRT Steering Committee developed the NLCRT’s

Strategic Plan for Advancing Biomarker Testing (Table 2), which aims

to address access barriers to comprehensive biomarker testing

(Table 1). These strategies and initiatives were delegated to appro-

priate ACS NLCRT committees and subcommittees for further

planning and enactment.

The five key challenges to comprehensive biomarker testing

identified by the Triage for Appropriate Treatment Task Group

represent heavily interconnected barriers that span across the pur-

view of multiple medical subspecialties and require sustained inter-

disciplinary communication and teamwork. Multidisciplinary

collaboration has established benefits in oncologic care, and the ACS

NLCRT considers a collaborative approach essential in this initia-

tive.17–19 For instance, oncologists working to reduce turnaround

time must engage pathologists about the biomarker platform and

proceduralists about the amount of tissue needed for the chosen

assay. Furthermore, there is need for consensus on the most

appropriate specialist(s) responsible for requesting and ordering

testing. Although oncologists are typically responsible for acting on

results, ideally the results should be available by the first oncology

appointment to facilitate treatment decisions. Therefore, coordina-

tion among physicians within an institution to determine the work-

flow for biomarker testing is an important step to achieve timely

universal testing. In addition, different groups and subspecialties

contribute to the barriers for timely completion of comprehensive

biomarker testing during the multistep process that newly diagnosed

patients undergo (Figure 1). Interdisciplinary communication and

collaboration are essential to achieve comprehensive biomarker

testing for all eligible patients and are essential to each component of

the ACS NLCRT’s strategic plan.

Key challenge 1: Knowledge gaps surrounding
indications and value of comprehensive biomarker
testing

Inconsistent terminology describing comprehensive biomarker

testing is one obstacle shared by both patients and physicians. The

ACS NLCRT Steering Committee identified more than 22 terms used

TAB L E 1 Five key challenge areas and recommendations for achieving comprehensive biomarker testing

Five key challenge areas Recommendations

Challenge 1. Knowledge gaps regarding the value and indications for

testing

Recommendation 1. Disseminate clear and consistent educational materials for

biomarker testing to physicians and patients.

Challenge 2. Procuring adequate tissue for evaluation Recommendation 2. Provide education to proceduralists performing tissue

sampling for potential lung cancer and guide the development of institutional

policies promoting adequate tissue collection.

Challenge 3. Choice of assay and turnaround time Recommendation 3. Promote the use of guideline‐driven biomarker panel

testing through testing algorithms and implementation of reflex testing.

Challenge 4. Accurate interpretation and communication of testing

results

Recommendation 4. Encourage standardized biomarker test reports and develop

algorithms that aid in directing treatment.

Challenge 5. Reimbursement, cost, and coverage Recommendation 5. Remove the disconnect between payer policies and

evidence‐based guidelines for comprehensive biomarker testing to increase

coverage and avoid delays.
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to describe biomarker testing in the literature. For patients and

family members to gain functional health literacy related to their

diagnosis of lung cancer, they must gain familiarity with medical

terminology, a task made more difficult by inconsistent

language.20–22 The ACS NLCRT has adopted the term comprehensive

biomarker testing for the process that, at a minimum, assesses for all

possible guideline‐recommended and actionable biomarkers for a

patient’s lung cancer subtype and will work to engage the appro-

priate professional societies to consistently use this term.

To achieve universal comprehensive biomarker testing that will

enable appropriate personalized therapy for patients with lung

cancer, their physicians must have sufficient knowledge to inform

decision making. Physicians and patients may be faced with a variety

of complex decisions regarding testing, including biomarker testing

indicated for a particular subtype of lung cancer, the optimal

approach to tissue acquisition, which biomarkers to test for, whether

to re‐biopsy if the first attempt was unable to obtain sufficient tumor
tissue for testing, and whether to delay treatment while awaiting

test results.23 The rapid evolution of evidence demonstrating the

benefits of biomarker testing and subsequent treatment with

appropriate therapies creates a knowledge gap that constitutes a

barrier to widespread adoption of precision medicine for patients

with lung cancer. Furthermore, surveys of physicians demonstrate

they have low confidence in interpreting genomic test results.24–27

This burden of knowledge on patients and physicians must be

reduced.

Clinical guidelines recommend broad panel testing for all pa-

tients with newly diagnosed NSCLC.10,11 Despite this recommenda-

tion, retrospective studies reveal disparities in testing practices,

demonstrating higher rates of biomarker testing for EGFR mutations

in women, Asians, and persons who have never smoked.4,6,28,29 This

particular testing strategy is an antiquated legacy of the early asso-

ciation between these characteristics and increased chances of

response to anti‐EGFR tyrosine kinase inhibitor therapy before the

discovery of their association with activating mutations of EGFR were

discovered in 2004.30–32 The explanation for other patterns of

TAB L E 2 American Cancer Society National Lung Cancer
Roundtable strategic plan for advancing comprehensive biomarker
testing in non–small cell lung cancer

Educate

� Develop educational materials with uniform content, messaging, and

terminology, and update regularly.
� Prepare a white paper defining comprehensive biomarker testing

with standard definitions and language.

Disseminate

� Identify ways to disseminate information across subspecialties in

both academic and nonacademic settings and to all patients,

including those in underserved communities.
� Partner with professional organizations to disseminate information

at national, local, state, and regional meetings as well as through

ongoing webinars and other online venues.

Assess/provide feedback

� Develop benchmark performance metrics and assessment tools for

evaluating performance in health care organizations.
� Establish a platform for biomarker testing performance feedback for

individual providers.

Optimize/standardize

� Develop a playbook to standardize and optimize workflows for every

step of the biomarker testing process (from ordering the test

through reimbursement).
� Provide algorithms for preauthorization of biomarker testing for

third‐party payers.
� Provide a guide for standardized evidence for third‐party coverage

decisions.

Advocate/legislate

� Advocate for dual comprehensive blood and tissue biomarker

testing.
� Partner with professional organizations to generate uniform practice

guidelines.
� Implement public policy outlining the bare minimum for every pa-

tient with lung cancer (e.g., testing based on clinical guidelines,

acceptable turnaround time, and maximum out‐of‐pocket expense,
etc.).

� Generate sample legislation language to assure biomarker testing.

F I GUR E 1 (A) The common steps or diagnostic pathway patients undergo from suspicion of lung cancer to treatment for those with

advanced non–small cell lung cancer and (B) barriers to comprehensive biomarker testing experienced by individual groups that were
identified during the confessional session of the Summit on Optimizing Lung Cancer Biomarkers in Practice.
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disparities in testing, including lower rates of testing of racial mi-

norities, the underinsured, persons with more comorbidities, and

geographic differences, are less clear and likely multifaceted.8,33–35

These disparities suggest that some physicians lack sufficient

knowledge not only of the indications and clinical guidelines required

to achieve universal comprehensive biomarker testing but also of the

existence of financial and socioeconomic barriers.

The use of demographic factors to direct EGFR testing for pa-

tients with nonsquamous NSCLC is specifically discouraged by the

2013 CAP/IASLC/AMP guidelines.36 The updated 2018 CAP/IASLC/

AMP guidelines, also endorsed by the American Society of Clinical

Oncology (ASCO), affirm this recommendation, labeling EGFR, ALK,

and ROS1 as must‐test biomarkers for all patients who have newly

diagnosed NSCLC with an adenocarcinoma component and tumors

with a diagnosis of NSCLC not otherwise specified at that time.10,37

The 2018 CAP/IASLC/AMP guidelines were finalized in the Spring of

2017. The authors designated biomarkers as must‐test based on then‐
existing evidence from clinical trials and FDA drug approvals. Mul-

tiple biomarker‐driven therapies have since emerged from clinical

trials completed since the issue of those guidelines, including addi-

tional FDA approvals. The list of must‐test biomarkers has to be

continuously updated. HER2/ERBB2, MET (particularly the exon 14

splicing mutation), BRAF, and KRAS mutations and NTRK and RET

rearrangements are now additional must‐test biomarkers that must be
included in comprehensive biomarker tests and are typically included

in next‐generation sequencing (NGS) panels. The increasing avail-

ability of panel testing and NGS should allow for easier assessment of

all actionable biomarkers.

Although the influence of physician knowledge on the rate of

biomarker testing has been documented, less is known about how

patient knowledge and preferences affect biomarker testing. In one

survey of 293 oncologists caring for patients with colorectal cancer

or NSCLC, 16% of respondents reported that patient requests highly

influenced their decisions to order testing.38 Patients are likely

poorly informed about biomarker testing, and one study of partici-

pants enrolled in a biomarker‐driven clinical trial demonstrated that

many patients have misconceptions about testing.39 In addition,

many lung cancer advocacy groups, including the ACS, value and

support patient education as a tool to help expand testing.40

Dissemination and educational efforts directed at patients may in-

crease testing by supporting self‐advocacy.

Recommendation 1: Disseminate clear and consistent
educational materials for biomarker testing to
physicians and patients

A working group within the Triage for Appropriate Therapy Task

Group within the ACS NLCRT has been charged with creating

educational materials for patients and physicians. The ACS NLCRT

supports patient and family education on comprehensive biomarker

testing, allowing them to serve as advocates for their own care.

These materials must be well organized, concise, regularly updated,

individualized to the target audience, and contain key information,

such as indications and benefits. They must use simple, common,

and consistent terminology, which is critical to improve communi-

cation, provide clarity, and avoid confusion. The Triage for Appro-

priate Treatment Task Group of the ACS NLCRT supports including

patient stories in these educational materials as critical to inspire

both patients and physicians struggling with the nihilism related to

the efficacy of treatment of lung cancer. In its partnership with

other organizations and professional societies, the ACS NLCRT will

promote the use of consistent terminology and advocate for uni-

formity in educational materials, the presentation of testing results,

and clinical guidelines.

Key challenge 2: Procurement of adequate tissue for
comprehensive biomarker testing

Ensuring timely collection of adequate tumor tissue to perform

comprehensive biomarker testing should be a priority for any

physician performing diagnostic procedures for lung cancer. Tissue

adequacy for testing is a critical issue for implementing personalized

medicine for lung cancer. A study of 2000 consecutive attempts

between 2012 and 2013 at multiplex genomic panel testing for all

cancers reported a 23% failure rate because of insufficient tissue at a

single academic center in the United States.41 Failure to collect

adequate tissue is a consistent problem in studies assessing rates of

testing in NSCLC as well. Approximately one fifth of attempts at

biomarker testing for NSCLC failed because of inadequate tissue in

two cohorts from academic centers in the United States.42,43 In a 2‐
year series of EGFR testing in a single health care network, 7.2% of

samples lacked sufficient tissue for testing, and 124 of 2293 (5.4%)

samples analyzed had inconclusive results.44 A study of biomarker

testing in a European hospital system from 2008 to 2014 reported

that 10.5% of patients tested had insufficient tissue. Although rates

improved over the study period, there was significant variation in the

rate of biomarker testing between the four participating hospitals.45

Since the advent of biomarker‐driven therapies for NSCLC, adequate
tissue collection for testing has consistently been a significant

quality‐assurance problem.
Tissue availability depends on several factors, including the type

of samples taken, the quantity of tissue expended to establish a

diagnosis, and the chosen assay’s requirements. The general

approach to choosing an invasive diagnostic testing modality is to

identify a lesion that would result in the highest yield of tissue for

diagnosis and biomarker testing with the greatest margin for safety,

acknowledging local constraints with respect to resources and

expertise. A tumor core biopsy is commonly the preferred diagnostic

sample for histology and immunohistochemical and biomarker

assessment. However, with careful tissue management, minimally

invasive biopsy approaches using fine‐needle aspirates can enable

successful biomarker testing. In a series of >1000 patients at a single
center from 2004 to 2017, test failure rates ranged from <5% to 13%

with two thirds of all samples consisting of cytology and small
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biopsies.4 A meta‐analysis, including 33 studies and 2698 patients,

demonstrated successful EGFR testing for 94.5% (95% CI, 93.2%–

96.4%) of fine‐needle aspirates acquired by bronchoscopy with

endobronchial ultrasound and transbronchial needle biopsy.46 How-

ever, success rates likely vary between institutions. In a single‐center
study of NGS, success rates were 11 of 33 (33%) for fine‐needle
aspirates, 47 of 61 (66%) for endoscopic biopsies, and 99 of 104

(95%) for excisional biopsies.42 Different testing strategies, assays,

and platforms require different amounts of tumor tissue, further

complicating the definition of what constitutes an adequate sample.

Although changes in the number of biomarkers, testing strategies,

and assays over the last decade make for difficult comparisons be-

tween studies, inadequate tissue remains an issue for comprehensive

biomarker testing.

Inadequate tissue procurement is partly driven by a lack of

awareness of the need for comprehensive biomarker testing and

partly by service constraints. For instance, there is variation among

pulmonologists in their knowledge of guidelines for performing

lymph node sampling during bronchoscopy and in their access to

technologies, such as rapid onsite cytology evaluation by patholo-

gists to help ensure adequacy of tumor tissue.47 Experienced pa-

thologists can assist with determining the adequacy of specimens

by assessing histology features, such as viable malignant cell con-

tent and the extent of necrosis at the time of biopsy. Pulmonolo-

gists with interventional subspecialty training were more likely to

be aware of guidelines, diagnose more lung cancers, and make

more passes during fine‐needle aspiration than their general pul-

monologist counterparts. This variation likely also applies to other

specialties, such as radiologists and surgeons, who may have

inconsistent education, training, and exposure to the diagnosis and

treatment of lung cancer in the setting of new treatment

paradigms.

Recommendation 2: Provide education to
proceduralists performing tissue sampling for
potential lung cancer and guide the development of
institutional policies promoting adequate tissue
collection

All proceduralists performing diagnostic tissue sampling for lung

cancer need to be informed about the importance of obtaining

adequate amounts of tissue for comprehensive biomarker testing

within their institutions and community. This local collaboration is

paramount because the amount of tissue needed may vary based on

the methods used to perform testing. A subgroup of the ACS NLCRT

Triage for Appropriate Treatment Task Group is working to propose

performance benchmarks for successful completion of biomarker

testing. An area of future research is whether patients are best

served by referral to physicians specialized in diagnosing lung cancer

or whether education and training should be provided to less

specialized physicians currently lacking the necessary knowledge and

expertise.

Key challenge 3: Choice of assay, testing strategy, and
turnaround time

Assay choice and testing strategy

Assay choice and biomarker testing strategy in NSCLC are driven by

the need to balance multiple factors, including access to testing

methods, the amount of tissue needed for testing, turnaround time,

cost, comprehensiveness of the test, and third‐party coverage. In

addition to the variety of assays, platforms, and testing strategies,

physicians and their institutions will have variable priorities and re-

sources that lead to practice differences, some of which may be

unknowingly detrimental to patient care.48,49 A recent survey of

>400 pulmonologists in the United States illustrated variation in the

subspecialty of the provider who orders testing at different in-

stitutions.47 Respondents identified oncologists as most frequently

responsible (37%), followed by pathologists, pulmonologists, and tu-

mor boards (31%, 23%, and 7%, respectively). The workflow for

testing has obvious implications for costs, logistics, turnaround time,

and insurance coverage, so institutions vary in their practice. In the

same survey of pulmonologists, 20% reported in‐house testing, 44%
reported outside testing, and 31% reported a combination of the two.

Results from a worldwide survey of >2500 participants from multiple

specialties involved in the diagnose or treatment of lung cancer found

comparable results, with 30% in‐house testing, 43% outsourced

testing, and 28% a combination of the two.8 Determining the ideal

assay and testing strategy requires that physicians and institutions

factor in many variables, which may have competing interests.

Joint CAP/IASLC/AMP and NCCN guidelines support the use of

broad panels or NGS, but there is a paucity of supporting evidence

for the optimal testing strategy, the process or order in which

available assays are performed.10,11 Available assays for biomarker

testing include single gene mutation tests, smaller panels (<50
genes), and larger panels (50 to ≥1000 genes). Further complicating

matters, different techniques and platforms can be used to detect

oncogenic drivers in tumor tissue. For example, the most recent

ASCO guidelines state that immunohistochemistry can be used as a

screening test for ROS1 rearrangements but that they should be

confirmed by a cytogenetic or other molecular method, such as

fluorescence in situ hybridization, reverse transcription polymerase

chain reaction, or NGS.10,37 Some advocate for testing for the most

common mutations in sequential order because these mutations are

mutually exclusive.50 Mutations would be tested in order only when

the preceding priority mutation was not found. Although this

approach may seem to potentially avoid the expense of broad panel

testing, it is likely to limit the detection of relatively infrequent

sensitizing mutations, to be associated with unacceptably long turn-

around time, and might ultimately prove to be more expensive.

As the list of available biomarkers and their associated thera-

peutics grows, it is increasingly evident that the need for rapid

comprehensive testing of an ever‐expanding panel of biomarkers is

required. One multicenter study routinely assessed driver mutations

in >1000 lung cancers using several non‐NGS assays and
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demonstrated driver mutations in 64% of cases, leading to targeted

therapies in 28% of patients.51 In >70% of cases, they were suc-

cessful in assessing all 10 candidate driver mutations. Coupling the

massive parallel sequencing of NGS with bioinformatics allows an

assessment of mutations and genetic aberrations on an in‐depth,
broad scale and may require less tissue than other methods. NGS can

be performed reliably on small biopsies, including fine‐needle aspi-

rates, and requires as little as 50 ng of tumor DNA.52 NGS testing

strategies include whole genome sequencing, whole exome

sequencing, whole transcriptome sequencing, and targeted hot‐spot
testing, among others. Each strategy has different implications for

cost, tumor tissue requirement, and amount of data produced.53,54 A

single‐center study in which NGS was used to reassess 31 patients

who had already undergone non‐NGS biomarker testing demon-

strated that 26% had actionable mutations only discovered by NGS.55

New methods for panel testing, such as NGS, likely provide improved

sensitivity with broader and more timely results compared with

sequential and smaller testing strategies, especially as the recom-

mended number of biomarkers to test continues to grow.

Some argue that the cost of NGS is not justified by the relatively

small number of actionable mutations in the absence of proof of

population benefit.56 Comparing NGS with other testing modalities

can be complex given the other variables involved, such as turn-

around time; comprehensiveness of testing; upstream costs, such as

equipment; downstream costs, such as data storage; and the financial

impact of treatment decisions, including the cost of targeted thera-

peutics.57 With these barriers in mind, there are models demon-

strating that NGS is cost effective for both government and

commercial payers.58 The ACS NLCRT Triage for Appropriate

Treatment Task Group supports the use of NGS, when available,

because it provides timely and comprehensive biomarker testing for

patients and is also well suited to adapt to the rapid, expansive

growth of biomarkers and targeted therapeutics.

Turnaround time

Turnaround time of biomarker testing results is a complex problem

that depends on assay choice and testing strategy. There is a plethora

of logistical and tissue handling factors that will vary in different

practices and from institution to institution. The ASCO and CAP/

IASCL/AMP guidelines suggest that any testing method and strategy

should have a turnaround time of 2 weeks (10 working days) or less,

from sample receipt by the laboratory to reporting of all results.10,37

However, this timeframe does not account for delays in ordering,

transportation of specimens, or acting on results when they are

available. Although some centers report turnaround times well within

the recommended 10‐day window, these centers may have resources
that are not widely available, and their methods may not be gener-

alizable across other health care systems.

Timely turnaround of results has important implications for pa-

tient care. One single‐center study from 2010 to 2013 showed that

molecular results were only available by the first oncologist

appointment in 21% of cases.29 There is evidence from retrospective

series to suggest that long turnaround times pressure multidisci-

plinary tumor boards and oncologists to pursue potentially inferior

nontargeted therapies rather than waiting for test results.23,29,59 In a

large European cohort from 2012 to 2013 consisting of >17,000
patients, mostly with advanced disease, biomarker test results

informed first‐line therapy in 51% of >8000 patients for whom these

data were known. For the almost 4000 patients for whom test results

did not inform first‐line therapies, length of turnaround time was

cited as the reason for almost one quarter of the cases.59 Initiating

treatment before biomarker results limits patients to nontargeted

chemotherapy in nonsquamous NSCLC because these therapies may

be detrimental in the absence of a positive biomarker test. This was

illustrated in a subgroup analysis of the iPASS trial (ClinicalTrials.gov

identifier NCT00322452), in which patients without EGFR mutations

who received gefitinib had shorter progression‐free survival than

those who received carboplatin–paclitaxel.60 Furthermore, tyrosine

kinase inhibitor therapy after prior systemic therapy with immune

checkpoint inhibitors (with or without chemotherapy) is associated

with an increased risk for severe pneumonitis, limiting safe use.61 In

addition to the implications for physicians’ decisions regarding initi-

ation of therapy, the wait period for molecular testing causes psy-

chological stress for patients.62 Successful implementation of

comprehensive biomarker testing and deployment of therapies based

on the results requires a clinically acceptable turnaround time of

results.

Liquid biopsy

Analysis of circulating tumor DNA from peripheral blood specimens

(liquid biopsy) is rapidly establishing a role in detecting actionable

mutations in NSCLC. Emerging applications for this approach include

screening, monitoring treatment response (including the presence of

minimal residual disease after curative‐intent treatment or early

detection of disease progression), and identifying mechanisms of

resistance. Relative to tissue biopsy, these assays offer benefits,

including ease and convenience of a blood draw, quick turnaround

time, and a high specificity, which indicates a high positive predictive

value when actionable mutations are identified.63 Current common

practices using liquid biopsy capitalize on these advantages. For

instance, when there is clinical urgency to initiate therapy or when

tissue is inadequate for biomarker testing, liquid biopsy may identify

actionable mutations that can direct treatment decisions. It is worth

noting that there is no current role for liquid biopsy to replace initial

tissue biopsy to confirm a pathologic diagnosis and attempt to

complete comprehensive biomarker testing. Limitations include

inability to assess non‐DNA biomarkers, including PD‐L1 status, cost,
and lower sensitivity compared with tissue‐based tests.64 Given the

potential for false‐negative results, tissue sampling should be

considered when initial liquid biopsy results are negative.65 The role

of liquid biopsies is likely to expand rapidly in coming years given the

intensity of ongoing clinical trials activity.
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Recommendation 3: Promote the use of guideline‐
driven biomarker panel testing through testing
algorithms and implementation of reflex testing

A subgroup of the ACS NLCRT Triage for Appropriate Treatment

Task Group is charged with creating a Clinical Guide to Comprehensive

Testing Biomarker Testing to aid physicians’ understanding of funda-

mentals and critical aspects of successful testing. Creation of

accepted testing algorithms and flow diagrams for optimal biomarker

testing will likely aid physicians in their ordering practices. Equipping

physicians with easy‐to‐follow decision tools for choosing the optimal

biomarker testing strategy may encourage testing.

A reflex testing strategy, in which biomarkers are automatically

ordered and tested for newly diagnosed patients, is a strategy that

may facilitate timely testing. Algorithms or collaborative policies for

newly diagnosed patients can eliminate the ordering step and reduce

the time to test initiation. In one single center’s experience with 306

patients during implementation of a reflex testing strategy, testing

for EGFR increased from 70% to 95% and testing for ALK increased

from 44% to 83% in patients with advanced, nonsquamous NSCLC

(p < .001).66 In addition, the time to optimal treatment was shorted

from a median of 36 days to 24 days (p = .036). In another, more

recent report, reflex testing was implemented alongside changes in

testing methodologies, resulting in improved turnaround time by

36 days.67 As the complexity and continual evolution of the

biomarker landscape in NSCLC continues to pose a barrier to

implementation, reflex testing has demonstrated success for

improving key metrics, and its use is supported by the Triage for

Appropriate Treatment Task Group.

Key challenge 4: Physicians have difficulty accurately
interpreting biomarker testing results

To capitalize on the benefits of comprehensive biomarker testing,

physicians must be able to interpret test results and translate them

into evidence‐based clinical decisions regarding targeted therapy or

immunotherapy. Evidence suggests physicians have problems inter-

preting biomarker test results. A recent global multidisciplinary sur-

vey of lung cancer clinicians found that over one third of respondents

who order biomarker tests or treat patients with lung cancer re-

ported trouble interpreting test results, many noting gaps in their

technical and scientific knowledge.8 One survey of >1000 oncologists
demonstrated that confidence in interpreting tests varied by the type

of assay used. Respondents with higher patient volumes and any

reported genomic training reported greater confidence interpreting

results.27

In the setting of broad panel testing, higher volumes of infor-

mation must be processed by treating physicians. Test reports may

not include guidance on how the results may support specific

treatments and may not be trusted if they are included.68 Reports

may show more than just actionable biomarkers. For instance, some

panels may report variants of uncertain clinical significance, which

may be under investigation as prognostic indicators, potential

future drug targets, or germline polymorphisms. Another example

of the complexity facing physicians is illustrated by the multiple

companion tests for PD‐L1/PD‐1 immunotherapy, each of which has

different cutoff values for stratifying whether patients are eligible

for single‐agent treatment.69 Some institutions and professional

societies have developed genetic tumor boards to aid physicians in

interpreting test results.25,70 Although evidence suggests that phy-

sicians have problems interpreting and acting on test results, the

exact issues they experience and how to overcome them are thus

far poorly defined, not well understood, and warrant further

investigation.

Recommendation 4: Encourage standardized
biomarker test reports and develop algorithms that
aid in directing treatment

It can be a challenge to translate complex test results into clinical

decisions. Lack of confidence in effectively using the results of

biomarker testing may inhibit some providers from testing or opti-

mally using the information to provide the best possible treatment.

Standardizing biomarker test results along with associated treatment

algorithms may improve testing and decision making. ACS NLCRT

initiatives, including promotion of common terminology, education

and dissemination efforts, and development of evidence‐based clin-

ical decision tools, aim to help physicians interpretate results.

Key challenge 5: Reimbursement, cost, and coverage

Problems with assuring third‐party coverage and reimbursement

generate potentially significant barriers or delays to comprehensive

biomarker testing. Despite health economic evidence that supports

the use of comprehensive biomarker testing, attendees of the

Biomarker Summit cited coverage and reimbursement as a significant

problem. Several changes made by the Centers for Medicare &

Medicaid Services (CMS) in recent years have reduced reimburse-

ment barriers. As of January 2018, revisions to the Medicare Hospital

Outpatient Prospective Payment System and the Laboratory date of

service regulation (42 Code of Federal Regulations §414.510), or the

14‐day rule, allow for laboratories to bill Medicare directly for

biomarker testing.71 Essentially, before this revision, if biomarker

testing was ordered within 14 days of an outpatient procedure, the

hospital would not be specifically reimbursed by the CMS for this

expense. This regulation previously led to concerns that testing was

being delayed until after the 14‐day window from the procedure,

delaying results and treatment. Notably, the 14‐day rule still applies
to newly diagnosed NSCLC in the inpatient setting. As of March

2018, the CMS also took a step forward by covering FDA‐approved
NGS tests for patients with recurrent, relapsed, refractory, meta-

static, or advanced stage III or IV cancer.72 Despite improvements

made by the CMS, coverage by private insurers remain variable.
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The frequent requirement of prior authorization for biomarker

testing delays testing, thus increasing the turnaround time and hin-

dering treatment decisions. In addition, the prior authorization pro-

cess can put a burden on physicians and their practices, which could

discourage testing. During the Biomarker Summit, payer represen-

tatives stressed that, for payers to feel confident that coverage of

biomarker testing is indicated, beneficial, and necessary, they must

be provided with evidence that testing leads to clinically meaningful

benefit. The NCCN guidelines support the use of broad molecular

profiling but do not provide guidance on what constitutes broad

testing. This issue is consistent with the need for common and

consistent terminology discussed above in Recommendation 1. There

also are numerous Current Procedural Terminology codes for single‐
gene assays but only two for multigene panels, one for panels of <50
genes and another for >50 genes. This lack of definition by Current

Procedural Terminology code further complicates payer decisions on

whether to reimburse.

Recommendation 5: Remove the disconnect between
payer policies and evidence‐based guidelines for
comprehensive biomarker testing to increase
coverage and avoid delays

Discussions at the Biomarker Summit revealed that payers face many

of the same problems encountered by patients and physicians in un-

derstanding indications for biomarker testing, interpretation of their

results, and evidence of beneficial impact on patient care. Payers must

be provided tools and evidence similar to those provided to physicians

and patients that help simplify both terminology and optimal

biomarker testing strategies. A subgroup of the Triage for Appropriate

Treatment Task Group will develop a standardized evidence guide to

aid third‐party coverage decisions and preauthorization algorithms

for biomarker testing. Clear, evidence‐based decision tools should

facilitate payer decision making and increase coverage and reim-

bursement for these services. In addition, the ACS NLCRT will

generate sample legislation with language that assures biomarker

testing for those patients with NSCLC who may benefit from testing.

Emerging challenges

Many of the challenges to achieve comprehensive biomarker testing

for all patients with advanced NSCLC arise from rapid evolution in

the field. Liquid biopsy for biomarker testing offers increased access

and opportunity for patients, and ongoing research will establish its

role and best practices for use. Recent trials also have provided ev-

idence for treatment with targeted therapy and immunotherapy in

the adjuvant and neoadjuvant settings for earlier stages of NSCLC, in

some cases leading to FDA approvals.1,73,74 As the indications for

biomarker‐directed treatment expand across the stage spectrum, the
convenience and justification for reflex comprehensive biomarker

testing will become even greater.

CONCLUSION

The ACS NLCRT is committed to the goal of universal comprehensive

biomarker testing for patients with NSCLC. To further this mission,

the ACS NLCRT held the Biomarker Summit in September 2020 to

create common understanding of the most important barriers and to

foster collaboration on strategies to facilitate testing. The ACS

NLCRT’s Strategic Plan to Advance Biomarker Testing for all eligible

patients with NSCLC prioritizes initiatives and projects developed at

the Biomarker Summit to surmount the key challenges to achieving

universal comprehensive biomarker testing.
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