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Abstract

Aim—Identify solutions to the most important policy barriers to the clinical adoption of next-

generation sequencing.

Materials & methods—Four-round modified policy Delphi with a multistakeholder panel of 48 

experts. The panel deliberated policy solutions to (previously reported) challenges deemed most 

important to address.

Results—The group advocated using consensus panels to promote consistency in payer policies 

and to standardize test reporting, and favored making genomic data-sharing a condition of 

regulatory clearance, certification, or accreditation processes. They were split on the role of US 

FDA.

Conclusion—Panelists found common ground on solutions for health plan coverage policy 

consistency, data-sharing, and standardizing reporting, but were sharply divided on the role of the 

FDA in mitigating risks to patients.
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Significant investment is being made to leverage new genomic technologies to enable more 

precise ways of preventing and treating disease – the hallmark of what is often called 
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‘precision’ or ‘personalized’ medicine [1]. The advent of high-throughput genomic-

sequencing techniques [2] makes it feasible to sequence large numbers of genes at a price 

point increasingly competitive with other forms of genetic testing, potentially laying the 

foundation for clinical integration of genomic data. These ‘next-generation sequencing’ 

(NGS) techniques facilitate testing of whole genomes and exomes as well as more targeted 

testing of large panels of genes. Yet multiple challenges hamper the integration of NGS into 

clinical practice, including the complexity of genomic information [3], the inadequacy of 

many clinical studies [4], the growing complexity of bio-informatics [5], and the economics 

of personalized medicine [6]. From the perspective of public and private payers in the USA, 

enthusiasm has outpaced clinical evidence for NGS-based clinical testing. These payer 

organizations separately assess and write policies for coverage and reimbursement of new 

clinical tests, and have been slow to embrace new NGS-based clinical testing. More rapid 

evidence development will depend on many factors, including the status and implementation 

of proposals for regulatory oversight of laboratory-developed tests (LDTs) and NGS-based 

testing, intellectual property law, and policies for data-sharing. There are thus significant 

policy issues that must be addressed, particularly related to coverage and reimbursement, 

intellectual property and data sharing, and regulatory oversight of genomic tests [7–12]. To 

respond effectively, policymakers need to tackle the most important and tractable challenges 

first, taking account of the perspectives of multiple stakeholders.

To assess the relative importance and tractability of challenges arising in the clinical 

integration of NGS, we carried out a four-round Delphi study focusing on policy questions. 

We used a multistakeholder panel of experts to identify and rank the most important policy 

challenges and deliberate about solutions to the top four challenges. The first two rounds of 

this study (reported elsewhere) established the group’s collective judgement about which 

barriers were most important to address and most tractable [13]. Here we report the results 

of the second two rounds, which explored a series of potential policy solutions to the 

challenges previously identified as most important to address for effective clinical adoption 

of NGS.

Materials & methods

We conducted a modified policy Delphi, an iterative structured communication technique 

conducted in rounds with a select group of experts to assess a specific policy question. The 

policy Delphi approach uses a heterogeneous group of experts to explore differences of 

opinion and produce a range of policy options [14–16]. We used a ‘modified’ Delphi 

approach, which includes facilitated direct interaction among Delphi panelists [17].

For purposes of this study, we defined ‘expert’ as a person with professional expertise or 

significant lay knowledge in the field of genetics, government, health policy, patient 

advocacy, or law. A history of NGS-related publications, presentations, or service on task 

forces or professional or public committees was evidence of expertise. Experts were 

contacted by email and offered an honorarium of $100 per round of the completed Delphi. 

Out of 93 invitations sent, 48 experts in the USA agreed to participate and 27/28 of these 

completed rounds three and four, respectively. Table 1 shows the stakeholder composition of 

the experts from this panel who participated in rounds three and four of the Delphi process. 
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Delphi surveys are not a form of statistical population sampling. The group participating in 

this study was purposively sampled [18] according to our criteria for expertise in specified 

stakeholder categories. Our claim is not that this group is necessarily representative of a 

larger population of experts, but that their perspectives are inherently valuable and warrant 

serious consideration. Note that for Table 1 we asked the experts to identify their ‘primary 

professional role’. However, many of these participants have multiple professional roles. For 

example, three ‘genomics researchers’ were also physicians and one was also the director of 

a molecular diagnostics laboratory. By the same token, one of the ‘product developers’ was a 

laboratory director, another was a software designer. The table notes and labels convey 

supplemental information about these categories.

The first two rounds of this study were conducted by survey and established the group’s 

collective judgement about which policy challenges in the clinical integration of NGS were 

most important to address (i.e., if unaddressed, the challenge would pose a barrier to patient 

and provider’s access to accurate, valid clinical information generated using NGS 

technology) and most tractable (i.e., overall, the challenge can be addressed effectively). As 

reported elsewhere [13], a total of 29 prospective policy challenges were presented to the 

panelists for evaluation, encompassing: 19 challenges across the domains of coverage and 

reimbursement, intellectual property, and regulation framed by the project team based on 

preliminary research and the content expertise of project team members, and ten additional 

challenges suggested by the panelists in round one without restriction as to domain. The four 

challenges identified in the first two rounds of the Delphi as most important were:

• Payer variation in evidence standards: different payers have different evidentiary 

standards for assessing clinical utility, leading to inconsistent policies on 

coverage and reimbursement for NGS-based testing.

• Proprietary databases: diagnostic companies are able to maintain proprietary 

databases on the substantial variety of clinically meaningful mutations found in 

patients. Data-sharing promotes more rapid learning on the clinical significance 

of discovered variants, leading to more rapid demonstration of clinical utility and 

adoption of clinically useful NGS tests.

• Role of regulation in reducing risks: there is a lack of consensus about what 

mechanisms should be used to address the clinical risks to patients from NGS-

based LDTs. For example, there is continued debate as to whether US FDA 

oversight should be used to address these risks.

• Reporting genomic test results: there is a lack of standardization for reporting 

NGS test results (e.g., determining which results to report, how to effectively 

communicate findings and to whom those findings should be communicated).

This paper focuses on rounds three and four of the study: solutions to the challenges 

identified in the first two rounds.

Round three consisted of group discussions by telephone in March 2015 to explore the 

specific nature of each of the four top ranking challenges and potential solutions. 

Participants were given the option of remaining blinded, but all chose to voluntarily un-blind 
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their identities to one another for the purpose of the telephone conversations. The 

participating Delphi panelists were divided into four groups, each of which discussed two 

challenges. Each group included between five and nine panelists; a total of 27 panelists 

participated in round three (see Table 1 for composition). We sought to maintain a balance of 

stakeholders in each discussion group; we also invited panelists to elect participation in the 

groups of most interest to them. The discussions were facilitated by a member of the 

research team and were 1 h in length, with approximately 30 min allocated to each 

challenge. Proposed solutions to each challenge taken from a previous group survey (done in 

February 2015) were presented to the panelists in advance. Round three discussions were 

audio-recorded, with permission, transcribed, and analyzed by members of the research 

team, who developed an initial list of key discussion points, which were then reviewed and 

refined by all members of the project team.

In round four, we surveyed the entire panel in June 2015, asking them to assess the round 

three discussion in three different ways:

• By assessing their agreement with each key discussion point individually using 

four-point Likert scales (from strongly agree to strongly disagree, with a ‘don’t 

know’ option but not a neutral point on the scale; list of discussion points is 

provided in Table 2).

• By assessing each proposed solution according to the perceived effectiveness and 

feasibility to implement using the same four-point Likert scale.

• By selecting the single most effective solution to each challenge from a list.

28 panelists completed the survey in round four (see Table 1 for composition). Note that 

while the Institutional Review Board gave us permission to allow group members to un-

blind themselves to each other, the Institutional Review Board still requires that we maintain 

the anonymity of the group in publications.

For purposes of reporting results of the evaluations of effectiveness/feasibility of individual 

potential solutions to challenges (Figures 2–5), we created scores weighted and normalized 

such that: if all respondents selected ‘strongly agree’, the score would be 100; if all 

respondents selected ‘agree’, the score would be 50; if all respondents selected ‘disagree’, 

the score would be −50; and if all respondents selected ‘strongly disagree’, the score would 

be −100. Selections of ‘don’t know’ are not included in the normalized scores. They are 

instead separately represented on the graphs with lines (% not known is the percentage of 

respondents who selected ‘don’t know’ when prompted to evaluate the effectiveness and/or 

feasibility of a given potential solution).

The entire Delphi process underlying this report is summarized in Figure 1. All components 

of the study were approved by an institutional review board at Baylor College of Medicine.

Results

As shown in Table 1, 27 of the experts participated in the round three discussion groups and 

28 responded to the round four survey. Table 2 summarizes the results of the ranking 
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exercise for potential solutions for each challenge, showing the percentage of respondents 

who selected a potential solution as ‘best to pursue’ to address the relevant challenge. 

Figures 2–5 illustrate the effectiveness and feasibility scores obtained for potential solutions 

to each of the four individual challenges (one figure per challenge). Table 3 exhibits our 

reassessment in round four of the talking points arising from discussion groups conducted in 

the previous round (round three). What follows is a report of the results by individual 

challenge, starting with the perceived variation in payer evidence standards. For each 

challenge we summarize key points from the discussions of possible solutions to that 

challenge (round three) and then report on the formal reassessment of those key talking 

points (round four).

Payer variation in evidence standards

Round three—The panelists discussing this topic grappled with the true nature of the 

underlying challenge. Is it that the evidence standards (including definitions of clinical 

utility) actually vary between payers? Or are the standards similar but there is variation in 

how they are applied? On the one hand, differing standards can still lead to the same or very 

similar coverage decisions. On the other hand, even if payers agree a given test should be 

covered, many differences arise in the conditions and criteria for determining who qualifies 

for testing and what elements of the resulting care pathway will be covered. Ultimately, 

while recognizing these complexities, the group’s discussion focused on between-payer 

consistency and transparency of evidence standards for genetic and genomic testing.

Both of the groups assigned to this challenge gave consideration to, and then rejected, 

suggestions that payers collaborate to agree on evidence standards, or that legislation be 

used to compel greater consistency. On the former suggestion, it was noted that payers avoid 

any appearance of collusion on coverage decision-making, which is prohibited by antitrust 

law. The latter suggestion was dismissed due to a lack of confidence in the US Congress to 

function effectively on the issue. With these options set aside, both discussion groups 

gravitated toward the use of expert panels, studies, and consensus groups. A disadvantage of 

this approach is that no single set of recommendations is typically viewed as definitive. 

Agreement nevertheless coalesced around the notion that large multistakeholder group 

deliberations could be successful in achieving greater consistency of standards. Technical 

expert panels were also viewed favorably, but substantive inclusion of payers, patients, and 

other stakeholders was seen as advantageous (although some panelists argued payers lack 

incentives to ‘come to the table’).

Round four—In the round four assessment of the single best solution to the payer 

standards challenge, the top selection (with 37% of respondents making the choice) was 

‘multistakeholder consensus panels that include payers’ followed by ‘expert panels’ (33%; 

Table 2). Runner-up options were: research studies on methods to align standards (15%); 

payers cooperating to develop standards (7.4%); and ‘no policy action needed’ (7.4%; Table 

2). Some members of the full panel expressed skepticism about the real extent of antitrust 

liability exposure connected with payer collaboration to develop standards (Table 3). 

Nevertheless, payer collaboration was not ultimately seen as a highly feasible alternative 

(Figure 2). In addition, new statutory law was seen as undesirable and impractical (Table 3) 
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and ultimately likely to prove ineffective (Figure 2). Indeed, zero panelists selected 

legislative mandates for payers to cover tests, or to only cover FDA-approved or cleared 

tests, as the best policy option to pursue ( Table 2 ).

Proprietary databases

Round three—One of the discussion groups considering the challenge of proprietary 

databases focused on how to promote sharing of new variant information by laboratories, 

while the other group focused on the need for a sustainable, long-term approach to 

maintaining trustworthy, reliable shared resources. In reviewing specific suggested solutions, 

several panelists spoke up in favor of a combination of approaches, with some favoring a 

variety of positive incentives and others endorsing the view that combining a ‘carrot’ and a 

‘stick’ would be optimal to accelerate progress.

Of the possible approaches, legislative or regulatory mandates for data sharing as a condition 

of market access or laboratory accreditation were seen as potentially the most effective 

(Figure 3). A few panelists expressed an aversion to FDA involvement, with one voicing a 

desire to ‘keep FDA out of it at all costs’, but others disagreed. Economic incentives were 

seen as likely to be more effective than ‘public shaming’ of companies that refuse to share 

data because, as one panelist noted, some companies are ‘incapable of [feeling shame]’. The 

groups also discussed making data sharing a condition of research funding. NIH policy 

already requires NIH-funded researchers to share data, although some panelists noted that 

NIH research results can be taken up by a commercial testing enterprise that does not share.

Round four—In the round four evaluation of key discussion points, panelists were 

skeptical that any solution depending on Congressional action or regulatory change was 

feasible. Overall, the group favored positive-economic incentives (e.g., higher 

reimbursement rates for laboratories that share data) as more effective than negative ones 

(e.g., no reimbursement if data are not shared; Figure 3). Ultimately, however, despite 

skepticism about the feasibility of solutions involving regulatory change, when asked to 

select the single best solution to the challenge of proprietary databases, 54% selected 

making data-sharing a condition of approval/clearance, certification, or accreditation. 18% 

selected positive-economic incentives; 14% selected negative-economic incentives; 14% 

selected making data-sharing a condition of research funding; and 0% selected public 

shaming ( Table 2 ).

Role of regulation to reduce risk to patients

Round three—Both round three discussion groups identified similar sets of risks to 

patients from NGS-based LDTs. These were: flawed or inconsistent detection of the 

presence or absence of genomic variants (analytic validity); flawed variant calling and 

interpretation; incorrect association of detected variants with a phenotype of interest (clinical 

validity); and errors or misunderstandings in communicating results (related to clinical 

utility). Some of the panelists thought that, if the FDA is going to exert oversight of NGS-

based LDTs, it should focus only on clinical validity, but this view was not shared by all 

discussants. Regarding non-FDA approaches to managing risk, the groups discussed three 

mechanisms by which payers could control risks to patients: restricting reimbursement only 
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to FDA-cleared or approved tests; restricting payment to accredited laboratories; and 

conditioning coverage on consultation with a genetic counselor.

Round four—Although using the FDA to manage risks to patients from LDTs received 

only weak support when assessed individually for effectiveness and feasibility (Figure 4), in 

the selection of the single best alternative, the panelists were split between FDA oversight 

(41%) and laboratory accreditation and proficiency testing by professional societies (41%; 

Table 2 ). The evaluations of key discussion points suggest a way of understanding these 

findings: a majority agreed that laboratory accreditation and proficiency testing are 

appropriate tools to assure analytic validity and also saw some role for FDA in oversight of 

LDTs, but there were significant concerns about the FDA’s resources (‘bandwidth’) to 

regulate all aspects of risk (Table 3). The remaining options received little support (7% for 

restricting payment to accredited laboratories; 7% for condition coverage on consultation 

with a genetic counselor; 4% for relying on state regulation; 0% for conditioning coverage 

on FDA clearance; 0% on self-regulation of laboratories; Table 2). Also of note, in the 

evaluation of potential solutions along dimensions of effectiveness and feasibility, payers 

restricting coverage to accredited laboratories scored highly on both dimensions (Figure 4), 

suggesting that this approach is viewed by many as promising, even if few regard it as the 

single best strategy for addressing risks to patients. In survey questions addressing making 

coverage contingent on genetic counseling, 48% of the participating panelists agreed (vs 

34% who disagreed) that this condition would be too restrictive given a lack of genetic 

counselors outside of major medical centers (Table 3). Self-regulation of laboratories and 

reliance on state regulation were also rejected as ineffective options (Figure 4). Finally, the 

panel overwhelmingly agreed that too many different sets of standards are currently in force 

for clinical laboratory accreditation (State of New York, Clinical Laboratory Improvement 

Amendments (CLIA) regulations, State of California, etc.); these should be aligned for more 

consistent, less cumbersome oversight of LDTs (Table 3).

Reporting genomic test results

Round three—One of the round three discussion groups sought to clarify specifically what 

kind of reporting represented the most important challenge to address. Discussants agreed 

that there are three aspects of reporting that represent challenges. The first is the question of 

which genomic information should be reported (in particular, handling of variants of 

uncertain significance). This first question was set aside as already being addressed by 

professional societies and other groups. The second question is how the information should 

be presented in a clinical report. The third question is how the reported information should 

be communicated verbally to patients. While the question of verbal communication is 

important, the group felt that standards could not readily be created for this aspect of 

reporting, especially since, with recent amendments to the Health Insurance Portability and 

Accountability Act and CLIA, 17 patients now have the option of side-stepping a clinician 

or genetic counselor and receiving reports directly from the laboratory. The group therefore 

chose to focus on the second question and the challenge of developing standards for 

consistent formatting and nomenclature in genomic reports, and this question also received 

significant attention from the other discussion group. Panelists in both groups believed that 

an expert consensus panel could designate a format and nomenclature.
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Round four—Responses to the round four survey confirmed the preference for use of a 

consensus panel to address reporting of results of NGS-based tests. In the final ranking 

exercise, 82% of respondents selected this option as the best approach ( Table 2), in line with 

favorable evaluations of effectiveness and feasibility (Figure 5). They largely rejected the 

idea that no action is needed (only 14% selected this option), or that standards should be 

created for communications of providers to patients (only 4% selected this option; Table 2). 

At the same time, the majority recognized the limits of the consensus panel approach, 

agreeing that expert panels have no ‘teeth’ to enforce standards against nonconforming 

laboratories, and believing that guidelines emerging from such a process should be kept 

high-level and general (Table 3).

Discussion

This multidisciplinary expert panel identified and deliberated potential solutions to four 

policy challenges that, if unaddressed, were felt to pose substantial barriers to clinical 

integration of NGS technologies. As noted, to make payer evidence standards (and, by 

extension, coverage decisions) more consistent, participants in our Delphi panel favored the 

use of expert panels and especially multistakeholder consensus efforts that include payers. In 

the round three discussions, panel members repeatedly mentioned the Institute of Medicine 

(IOM, now the National Academies of Medicine, or NAM) as an example of the type of 

organization that could be employed for this purpose. In fact, the IOM hosted a consensus 

study group called Policy Issues in the Clinical Development and Use of Biomarkers for 

Molecularly Targeted Therapies. In its consensus report [19], the group recommended that 

the Secretary of Health and Human Services ‘should facilitate the development of common 

clinical utility evidentiary standards that are applied for initial and ongoing coordinated 

regulatory, coverage, and reimbursement decisions for biomarker tests for molecularly 

targeted therapies.’ One mechanism for doing so, said the report, was through ‘convening 

one or more independent, public-private, multistakeholder bodies’ ( [19] recommendation 

1).

Other groups were also mentioned by panelists as potential models for consensus 

development: the US Centers for Disease Control and Prevention, the US Preventive 

Services Task Force, the Evaluation of Genomic Applications in Practice and Prevention 

Working Group, and the Green Park Collaborative (GPC). Notably, the GPC has hosted a 

series of multistakeholder discussions that included major national payers in an effort to 

reach consensus on clinical utility and coverage for NGS. Building on previously issued 

guidelines representing the payer perspective on clinical utility evidence needed for covering 

molecular diagnostic tests [20], this additional effort focused on how large gene panels and 

large-scale sequencing differ from traditional diagnostics for purposes of clinical utility 

evidence and coverage decision-making. Although not binding, the GPC’s report made 

initial recommendations for coverage that could have the effect of making payer policies for 

genomics more consistent [21].

Both the IOM and GPC efforts recognize that coverage policy is only one among several 

interrelated challenges to be addressed simultaneously for patients to gain access to any 

benefits of clinical genomics. Due to space constraints, we bracket complex questions 

Messner et al. Page 8

Per Med. Author manuscript; available in PMC 2018 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



concerning broader social goals, such as the development of substantive ethical and 

economic criteria for prioritizing expenditures on genomic and other health services and 

integration of cost-effectiveness studies early in the innovation cycle, while acknowledging 

their importance. See, for example [22,23]. Consistent curation of variants is required to 

assure the validity of variant-disease associations. Organizations like ClinGen are using 

expert panels very effectively for this purpose. However, even if these associations were well 

established and payers had broadly consistent requirements for demonstrating clinical utility, 

sparse empirical evidence of clinical utility continues to be a key barrier to coverage, as well 

as to the more effective use of genomics in clinical medicine [24]

This is why proprietary databases were identified as a highly important challenge to clinical 

adoption of NGS. Aggregation of clinical and genomic data across large repositories is 

essential for making sense of the genome for healthcare – to establish the clinical utility of 

genomic variants in patient care. This is the reasoning behind the US Precision Medicine 

Initiative (now called the All of Us research program) plan to build a million-person cohort 

to follow longitudinally [25]. Yet even a repository of this size may lack power to tease out 

genotype–phenotype relationships for certain subpopulations. The key will be to share 

resources from existing repositories and new ones as they are built, and to connect many 

kinds of data globally [26]. This is an important enough priority that 53% of our Delphi 

panel favored a top-down approach (which they generally eschewed in other contexts) to 

compel data sharing by making it a condition of FDA clearance or approval, CLIA 

certification, or accreditation by the College of American Pathologists.

The group did not consider another way to compel data-sharing: making it a condition of 

acceptance of manuscripts for journal publication. The International Committee of Medical 

Journal Editors has proposed a requirement that authors agree to share deidentified 

individual-patient data within 6 months after publication as a condition of consideration by a 

member journal [27]. However, the proposal is limited to interventional clinical trials and 

has not yet been adopted. Further, to be truly effective, a data-sharing requirement would 

have to be embraced by other major journals, and even then it would only influence 

organizations that prize peer-reviewed publication. This may be why the group overlooked 

discussion of this possibility in favor of more comprehensive top-down approaches. The 

group also overlooked microattribution (recognition of contributors to databases) to 

encourage submissions to databases [28,29]. While this approach has been shown to 

incentivize submissions to variant databases, it would not be likely to overcome for-profit, 

proprietary data-holding. Many in the group acknowledged a legitimate role for commercial 

enterprises to collect, store, and use proprietary data for their own purposes.

Additional challenges exist for data-sharing. In different ways, the continuing IOM and GPC 

efforts noted above acknowledge that for data-pooling to be effective, common core data 

elements must be collected across repositories, and these elements must be gathered using 

common standards and data definitions that permit direct comparisons and aggregation. This 

is another challenge that may be solved by expert and multistakeholder consensus-building 

and has international as well as US dimensions. Recently, GPC has teamed with the Medical 

Evidence Development Consortium, the NIH Cancer Genome Atlas, the American 

Association for Cancer Research GENIE program, the American Society of Clinical 
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Oncology, and other major cancer genome repositories to agree on essential clinical data 

elements that should always be collected for these data-bases. A multistakeholder workshop 

for this purpose was hosted by GPC in April 2016 and a consensus set of recommendations 

is forthcoming. Other promising new initiatives include BloodPAC, a US-based public-

private consortium of liquid biopsy companies, clinicians, data experts, patient advocates, 

and others to share analytic and clinical validation data on blood based tumor DNA 

profiling, with the goal of creating a regulatory-grade data platform for more rapid liquid 

biopsy test development [30]. At the global level, the Global Alliance for Genomics and 

Health has a number of working groups that are addressing various technical and ethical and 

regulatory aspects of data sharing [31].

For optimal comprehension in clinical use, relevant information from NGS must be reported 

with consistent and well-defined format and nomenclature – a framework which the Delphi 

group overwhelmingly said could be developed through the work of a consensus panel. The 

literature now includes guidance from the American College of Medical Genetics and other 

professional societies on standardizing terminology related to interpretation of sequence 

variants [32] and templates for genome sequencing reports [33,34], as well as studies of 

patient preferences related to reporting [35,36]. Relatedly, groups in the USA and Europe 

have been working to achieve consensus on reporting for incidental findings [37,38]. These 

are promising signs that this set of challenges can be resolved through these mechanisms in 

a relatively timely fashion.

Finally, development of a regulatory framework to address clinical risks to patients from 

NGS-based LDTs has now been suspended by the FDA [39]. Many of our panelists were at 

least somewhat supportive of FDA involvement in this space (Table 2 & Figure 4). The New 

York State Department of Health recently published a proposed policy for risk-based 

evaluation of LDTs [40], which in principle is consistent with the approach advocated by the 

FDA. However, our panelists were nearly unanimous in their agreement that too many 

different sets of standards are currently in force for oversight of laboratory testing; 

harmonization of existing and emerging standards should be a top policy priority in the 

regulatory domain. The majority believed that other complementary approaches are needed 

to protect against risks to patients (Table 3). Specifically, the majority supported 

development and implementation of consistent standards for accreditation of laboratories 

and proficiency testing to address analytic validity, and limiting payment to accredited 

laboratories as potentially effective and highly feasible strategies to help mitigate or manage 

risks (Figure 4). Notably, the College of American Pathologists (CAP) has developed an 

accreditation and proficiency testing program for NGS. Participation in this program could 

be used by payers as a criterion for payment [41,42] (GPC recommendations call for this 

type of provision [21]). However, the program will only assure the quality of laboratory 

procedures and validation; it will not address what our panel perceived as shifting 

requirements by payers for evidence of clinical utility, or a lack of clinical outcomes 

evidence as perceived by payers.

A limitation of the study is that, given the mixed expertise of the panel members, the results 

are conditioned by which experts agreed to participate, and also by the differing composition 

of the expert groups actually participating in each round of the Delphi. There is no way to 
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predict whether or how these variables affected the outcomes of the project. While some 

might see this as a weakness of the method, it is designed to be informative as a structured 

exercise in expert opinion-making, not to produce systematic, generalizable knowledge. 

Further, because the panelists actually participating in each round were drawn from across 

important stakeholder groups (representatives of key groups did participate in every round, 

except venture capitalists, who were represented in rounds one and two, but not in three and 

four), we believe there is considerable value in our findings to highlight areas of agreement 

and disagreement. Additionally, our use of multiple question formats allowed us to provide 

insight into at least some of the factors shaping participants’ policy preferences.

As of this writing, Congress passed the 21st Century Cures Act (in late 2016) with bipartisan 

support. The legislation will significantly augment research funding for personalized 

medicine, but can only do so if bipartisan support for authorization is sustained in the face of 

Trump administration proposals for deep cuts to the National Institutes of Health. Under the 

Trump administration, less regulatory intervention at the Federal level may be expected than 

in recent years. Hence, while the 21st Century Cures Act contains a number of provisions 

intended to foster data sharing, any further initiatives seem likely to come through the types 

of voluntary efforts already underway. The FDA’s suspension of efforts to regulate LDTs 

make accreditation and proficiency testing for genomic laboratories by professional societies 

even more crucial. The lack of FDA oversight in this area could serve to widen the coverage 

gaps for personalized medicine testing (or at least not help to close it), since FDA processes 

of oversight allow payers somewhat better transparency than the proficiency testing 

programs of professional societies. Nevertheless, we expect that in the current political 

environment, collaborative and voluntary programs, with engagement of industry, health 

plans, patients, and all key stakeholders working together, will be essential for continued 

progress in precision medicine.

Conclusion

The Delphi panel identified a series of policy challenges to be addressed to clear the way for 

more rapid clinical adoption of genomic sequencing and deliberated a series of solutions to 

these challenges. On the challenges of inconsistency in payer evidence requirements and 

uniform clinical data reporting standards, the panel repeatedly considered, and in most cases 

rejected, Congressional and other top-down approaches to problem-solving as either 

impractical or undesirable. Instead they favored voluntary, multistakeholder collaborative 

efforts, even while recognizing that recommendations from such efforts are not binding. At 

the same time, we found sharp division – a nearly 50–50 split – on the best way to mitigate 

clinical risks to patients. Defining a role for the FDA remains problematic. The group found 

the holding of proprietary data to be among the highest challenges for the growth of 

personalized medicine. While divided on this issue, the group was more inclined towards 

top-down measures to compel desired behaviors on this (e.g., to compel data-sharing) than 

on any other of the challenges.
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Summary points

• Through a policy Delphi method, a multistakeholder expert panel identified 

the following challenges as highly important barriers to clinical adoption of 

next-generation sequencing: inconsistency of health plans in defining clinical 

utility and thus in coverage policies for genomic sequencing; ability of 

commercial laboratories to maintain proprietary mutation databases; 

uncertainty on oversight needed to protect patients from clinical risks of next-

generation sequencing and advanced sequencing techniques; and lack of 

standardization in the way genomic data are reported out to clinicians and 

patients.

• To make payer evidence standards and policies for coverage more consistent, 

panelists rejected the possibility of between-payer collaboration, concluding 

that a more effective approach would be convening expert workgroups, 

especially ones having multistakeholder representation to include payers.

• A slim majority of the group favored compelling data-sharing by making it a 

condition of regulatory clearance, certification or accreditation processes.

• The panel was split on how to manage risks to patients from laboratory 

developed tests, with almost half favoring FDA regulation as the most 

effective tool, and almost half of the panel favoring reliance on laboratory 

accreditation and proficiency testing; there was agreement on the need to 

harmonize existing and emerging standards.

• A strong consensus was ultimately achieved that inconsistencies in reporting 

could be addressed through the action of expert workgroups.

• In sum, we found modest-to-strong consensus among expert stakeholders on 

solutions to three of four major policy challenges related to clinical adoption 

of next-generation sequencing, with accompanying concerns (and guidance) 

noted for policy makers and others engaged in efforts aligned with favored 

solutions, but no majority opinion on the role of the FDA in mitigating 

clinical risks to patients.
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Figure 1. Delphi process
NGS: Next-generation sequencing; IP: Intellectual property.
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Figure 2. Effectiveness and feasibility scores for solutions to inconsistent payer evidence 
standards
(A1) Expert panels (e.g., ACMG, Institute of Medicine or CDC/Evaluation of Genomic 

Applications in Practice and Prevention) should develop recommendations for evidentiary 

standards for all payers. (A2) Fund research on methods of establishing standards, and pilot 

different approaches to determine the best one. (A3) Multistakeholder consensus panels that 

include payers and patients should be convened to set evidentiary standards. (A4) There 

should be a government or legislative mandates for payers to cover tests. (A5) There should 

be a legislative mandate for payers to cover FDA-approved or cleared tests only. (A6) All 

payers, public and private, should cooperate to develop consistent standards across all 

payers. (A7) No policy action needed. Accept variability in evidence standards and coverage 

inconsistency among payers and focus on other challenges. ACMG: American College of 

Medical Genetics; CDC: Centers for Disease Control and Prevention.

Messner et al. Page 17

Per Med. Author manuscript; available in PMC 2018 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Effectiveness and feasibility scores for solutions to proprietary databases
(B1) Make data sharing and the possibility of independent verification a condition of 

approval/clearance, certification, or accreditation (specifically, a requirement set forth by 

FDA, CMS/Clinical Laboratory Improvement Amendments, and/or College of American 

Pathologists). (B2) Make data sharing and sufficient transparency for independent 

verification a condition of funding (specifically, a requirement for NIH funding. (B3) Use 

positive-economic incentives so that payers reimburse more for tests from laboratories that 

share data. (B4) Use negative-economic incentives. For example, payers refuse to pay, or 

healthcare providers refuse to order tests, if there is no data sharing. (B5) Public shaming of 

companies that do not share. (B6) Do nothing. You cannot or should not compel data 

disclosure in this space.

CMS: Centers for Medicare and Medicaid Services.
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Figure 4. Effectiveness and feasibility scores for solutions to mitigating risk to patients from 
NGS-based LDTs
(C1) Use FDA oversight as a mechanism to address the risks to patients from next-

generation sequencing (NGS)-based laboratory-developed tests (LDTs). (C2) Use laboratory 

accreditation and proficiency testing by professional societies as a mechanism to address the 

risks to patients from NGS-based LDTs. (C3A) Use payers to address certain risks to 

patients from NGS-based LDTs, specifically, restrict reimbursement. (C3B) Use payers to 

address certain risks to patients from NGS-based LDTs, specifically, to restrict payment to 

accredited laboratories. (C3C) Use payers to address certain risks to patients from NGS-

based LDTs, specifically, condition coverage on consultation with a genetic counselor. (C4) 
Rely on self-regulation to address the clinical risks to patients from NGS-based LDTs. (C5) 
Rely on state regulation to address the risks to patients from NGS-based tests.

LDT: Laboratory-developed test; NGS: Next-generation sequencing.
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Figure 5. Effectiveness and feasibility scores by solutino for challenge D
(D1) A consensus panel could designate a general framework and nomenclature for how to 

present information (formatting reports). (D2) No action at this point. It is premature to 

come out with any guidelines on how to format reports. (D3) Standardize communication to 

patients for providers and genetic counselors.
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Table 1

Expert stakeholder composition of Delphi Panel, rounds three and four.

Primary profession† Round three (n) Round four (n)

Genomic researcher‡ 2 3

Lawyer or legal scholar 3 4

Payer (included public and commercial payers)§ 3 2

Research funder 0 0

Regulator or policy maker 1 3

Clinician or healthcare provider (as primary role) 1 1

Industry funder (venture capitalist) 0 0

Health economist 2 2

Product developer (includes laboratories) 1 3

Patient advocate 3 4

Social scientist 1 1

Informatician 1 0

Other¶ 9 5

Total 27 28

†
As self-identified by participants when asked for ‘primary professional roles’. Participating experts typically have more than one relevant role. 

Additional detail provided in notes and on table.

‡
Includes oncologist/physicians, genomics laboratory director, and representative of the National Institutes of Health, which is also a research 

funder.

§
One ‘payer’ is also a molecular diagnostics laboratory director

¶
Other self-identified roles provided by participants: ethicist, administrator/educator, public health, laboratory director, software developer, ethics 

and policy analysis, physician performing translational research, policy advocate, policy analyst.
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Table 2

Challenges with potential solutions in rank order (based on percentage of panelists who selected the solution 

as ‘best to pursue’ in round four).

Challenges with potential solutions Best to 
pursue (%)

Challenge A: Different payers have different evidentiary standards for assessing clinical utility, which leads to 
inconsistent policies on coverage and reimbursement for NGS-based tests

Multistakeholder consensus panels that include payers and patients should be convened to set evidentiary standards 37

Expert panels (e.g., ACMG, NAM, EGAPP, etc.) should develop recommendations for evidentiary standards for all payers to 
use

33

Fund research on methods of establishing standards, and pilot different approaches to determine the best one 15

All payers, public and private, should cooperate to develop consistent standards 7

No policy action needed. Accept variability in evidence standards and coverage inconsistency among payers and focus on other 
challenges

7

There should be a government or legislative mandate for payers to cover all NGS tests 0

There should be a legislative mandate for payers to cover FDA-approved or cleared tests only 0

Challenge B: Diagnostic companies are able to maintain proprietary databases on a substantial variety of clinically 
meaningful mutations found in patients. Refusal to share this type of information could impede the development of 
clinically useful NGS tests.

Make data sharing and the possibility of independent verification a condition of approval/clearance, certification or 
accreditation (specifically, a requirement set forth by FDA, CMS/CLIA and/or CAP)

54

Use positive-economic incentives so that payers reimburse more for tests from laboratories that share data 18

Use negative incentives. For example, payers refuse to pay, or healthcare providers refuse to order tests, if there is no data 
sharing

14

Make data sharing and sufficient transparency for independent verification a condition of funding (specifically, a requirement 
for NIH funding)

14

Public shaming of companies that do not share 0

Do nothing. You cannot or should not compel data disclosure in this space 0

Challenge C: There is a lack of consensus about what mechanisms should be used to address the clinical risks to patients 
from NGS-based laboratory-developed tests. For example, there is continued debate as to whether FDA oversight 
should be used to address these risks

Use FDA oversight as a mechanism to address the risks to patients from NGS-based LDTs 41

Use laboratory accreditation and proficiency testing by professional societies as a mechanism to address the risks to patients 
from NGS-based LDTs

1

Use payers to address certain risks to patients from NGS-based LDTs, specifically, restrict payment to accredited laboratories 7

Use payers to address certain risk to patients from NGS-based LDTS, specifically, condition coverage on consultation with a 
genetic counselor

7

Rely on state regulation to address the risks to patients from NGS-based LDTs 4

Use payers to address certain risks to patients from NGS-based LDTs, specifically, restrict reimbursement to FDA-approved or 
cleared tests

0

Rely on self-regulation to address the clinical risks to patients from NGS-based LDTs 0

Challenge D: There is a lack of standardization for reporting NGS test results (e.g., determining which results to report, 
how to effectively communicate findings, and to whom those findings should be communicated

A consensus panel could designate a general framework and nomenclature for how to present information (formatting reports) 82

No action at this point. It is premature to come out with any guidelines on formatting reports 14

Standardize communication to patients for providers and genetic counselors 4
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ACMG: American College of Medical Genetics; CAP: College of American Pathologists; CLIA: Clinical Laboratory Improvement Amendment; 
CMS: Centers for Medicare and Medicaid Services; EGAPP: Evaluation of Genomic Applications in Practice and Prevention; NAM: National 
Academies of Medicine; LDT: Laboratory-developed test; NGS: Next-generation sequencing.
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Table 3

Number of panelists agreeing with key discussion points for proposed solutions to challenges.

Key discussion points Disagree, n (%) Agree,
n (%)

Challenge A – aligning payer evidence standards

A1: Expert panels to develop recommendations

No single body can be viewed as authoritative 6 (21) 21 (75)

Recommendations go out of date quickly 14 (50) 14 (50)

Even with shared evidentiary standards, each payer will make individual choices on utility and coverage 3 (11) 24 (89)

Even if overall coverage determinations were the same across payers, there could still be substantive differences 
in eligibility requirements, reimbursement levels, preferred care pathways, etc.

2 (7) 26 (90)

Standards cannot be imposed on payers from the outside; standard-setting must include payer involvement 6 (21) 22 (76)

A3: Fund research and pilot different approaches

Payers do not come to the table; they have no incentive to discuss or disclose 16 (53) 12 (40)

It is difficult for any one group to develop a consensus statement that would be authoritative (e.g., NAM) 9 (30) 21 (70)

A4: Mandate coverage (tests)

This solution is not practical given our Congress 8 (29) 19 (68)

This is a technical problem, not a political one (i.e., keep out of the political process) 7 (25) 19 (68)

A5: Mandate coverage (FDA-approved or -cleared tests only)

Since very few LDTs have FDA approval or clearance, such a mandate would cause too many to apply for FDA 
approval, and FDA does not have the capacity

11 ( 39 ) 15 (54)

Alignment of FDA approval with payer standards is not feasible because FDA and payers have differing 
information needs for their respective decisions

7 (24) 20 (69)

This solution may be more feasible 15–20 years in the future 13 (46) 8 (29)

A6: All payers cooperate to develop consistent standards

This solution will not work because payers are prohibited by antitrust law from colluding (i.e., although payers 
can talk to each other about evidence, they must set policies for coverage independently)

14 (48) 12 (41)

This is a technical problem, not a political one (i.e., keep out of political process) 11 (38) 12 (41)

Challenge B (Proprietary Data)

B1: Require data sharing and transparency for approval/certification/accreditation

This solution might require legislative action, and if so, may prove politically infeasible 8 (29) 17 (61)

Keep FDA out at all costs 21 (78) 5 (19)

B2: Require data-sharing and transparency for funding

Depositing data are already required with NIH-funded research. The major challenge for this solution is when 
NIH-funded research is commercialized and when the data are not contributing to a publication

3 (11) 23 (82)

B3: Use positive-economic incentives/reimburse more for data sharing

Negative-economic incentives are also needed 10 (36) 13 (46)

B4: Use negative-economic incentives/exclude nonsharers from payment, ordering

Positive-economic incentives are generally more welcomed than negative ones 2 (7) 23 (82)

There are legal repercussions (i.e., legal challenges likely if payers punish labs for keeping proprietary data; also 
antitrust implications if payers collude on not paying). These are more troublesome than the solution of 
withholding payment

7 (26) 14 (52)

B5: Publicly shame companies that do not share
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Key discussion points Disagree, n (%) Agree,
n (%)

Some companies do not feel shame 5 (18) 19 (75)

Challenge C (mitigating risks to patients from NGS-based LDTs)

C1: Use FDA oversight to address risks

FDA does not have the bandwidth to cover all possible risks 8 (31) 16 (62)

FDA’s domain for oversight includes risks associated with clinical validity only 19 (66) 6 (21)

Because there are different risks, different approaches are needed (i.e., it cannot be just FDA) 10 (36) 14 (50)

C2: Use laboratory accreditation and proficiency testing to address risks

This is the approach appropriate to assure preanalytic/ analytic validity only 7 (24) 19 (66)

C3a: Restrict reimbursement to FDA-approved or cleared tests

Very few LDTs have FDA approval or clearance. 13 (45) 14 (48)

C3c: Condition coverage on consultation with a genetic counselor

There is a national shortage of genetic counselors. This requirement would be unreasonably restrictive 10 (34) 12 (48)

C5: Rely on state regulation to address risks

There are too many different standards (e.g., CLIA, New York, and CAP all have different standards) 3 (11) 23 (82)

There is no common language for analytic standards 3 (11) 17 (61)

Challenge D (standardizing genomic testing results)

D1: Consensus panel to designate general framework and nomenclature

While achieving consensus for formatting through expert panels is useful, ultimately laboratories will choose to 
create reports as they wish (i.e., expert panels have no ‘teeth’ to enforce formats)

8 (29) 18 (64)

Any guideline created should be high-level and general (as opposed to fine-grained) 6 (22) 19 (70)

D3: Attempt to standardize communication

It is hard to standardize verbal communication and explanations 5 (19) 22 (81)

Any attempt at standardization should be in broad strokes 6 (21) 21 (75)

CAP: College of American Pathologists; CLIA: Clinical Laboratory Improvement Amendment; NAM: National Academies of Medicine; LDT: 
Laboratory-developed test.
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