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A B S T R A C T

Objectives: To examine the temporal trajectory of insurance coverage for next-generation tumor sequencing (sequencing) by
private US payers, describe the characteristics of coverage adopters and nonadopters, and explore adoption trends relative to
the Centers for Medicare and Medicaid Services’ National Coverage Determination (CMS NCD) for sequencing.

Methods: We identified payers with positive coverage (adopters) or negative coverage (nonadopters) of sequencing on or
before April 1, 2019, and abstracted their characteristics including size, membership in the BlueCross BlueShield Association,
and whether they used a third-party policy. Using descriptive statistics, payer characteristics were compared between
adopters and nonadopters and between pre-NCD and post-NCD adopters. An adoption timeline was constructed.

Results: Sixty-nine payers had a sequencing policy. Positive coverage started November 30, 2015, with 1 payer and increased
to 33 (48%) as of April 1, 2019. Adopters were less likely to be BlueCross BlueShield members (P, .05) and more likely to use a
third-party policy (P , .001). Fifty-eight percent of adopters were small payers. Among adopters, 52% initiated coverage pre-
NCD over a 25-month period and 48% post-NCD over 17 months.

Conclusions: We found an increase, but continued variability, in coverage over 3.5 years. Temporal analyses revealed
important trends: the possible contribution of the CMS NCD to a faster pace of coverage adoption, the interdependence in
coverage timing among BlueCross BlueShield members, the impact of using a third-party policy on coverage timing, and the
importance of small payers in early adoption. Our study is a step toward systematic temporal research of coverage for
precision medicine, which will inform policy and affordability assessments.

Keywords: insurance coverage, precision medicine, temporal policy analyses, tumor sequencing.
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Introduction

Precision medicine—the use of genetics and genomics to inform
clinical decisions—is rapidly permeating healthcare, with a soaring
number of available tests, increasing spending, expanded disease
scope, and transition from single-gene to multigene testing and
exome/genome sequencing.1 Given this proliferation, clinical adop-
tion, patient access, and affordability of precision medicine become
crucial.2,3 Insurance coverage is a key determinant of clinical adoption
and patient access and thus is important to understand.4,5
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informanalysesof trends inpatientaccessandaffordability,whichalso
evolve over time.

Temporal coverage analyses require access to historical policy
information, but this is not easily available, as payers typically post
only the most current coverage policy on their websites.6 Unsur-
prisingly, to date, most research on insurance coverage for preci-
sion medicine has been cross-sectional, painting a picture of
coverage only at a point in time.7-10 Several studies included
temporal analyses, but they were constrained by a small number
of considered payers or unavailability of the necessary historical
policy information.11-13 Thus, temporal trends in insurance
coverage for personalized medicine have been unexplored.

Our study used an opportunity to access a proprietary library of
historical and current medical policies of US payers by Canary In-
sights (http://canaryinsights.com/). Using the data we abstracted
from the Canary database, we explored temporal trends in insur-
ance coverage for next-generation tumor sequencing (hereafter
referred to as sequencing),which is used to genetically interrogate a
person’s tumor to guide the selection of oncologic therapies.

We focused on sequencing for several reasons. First, its clinical
importance: sequencing is nowbroadly used across advanced cancers
to informdecisions on life-prolonging treatments,with demonstrated
survival benefit in some cancers.14 It has been recommended by the
National ComprehensiveCancerNetwork (NCCN)—a leadingoncology
guideline body—in non–small-cell lung cancer (NSCLC) since 201515

and later in other cancers.16 Second, generalizability: sequencing
represents a novel but rapidly growing test category of multigene
panels, which is proliferating inmany disease areas beyond oncology.
And third, the existence of coverage history: since its emergence in
clinical practice in 2012,17 sequencing has gained coverage by a
number of payers, including private health plans and Centers for
Medicare and Medicaid Services (CMS). This provides an opportunity
to explore the trends in private payer coverage relative to the decision
by CMS, the largest and an influential US payer. This is of particular
interestbecause theCMS’sannouncementof sequencingcoveragewas
unexpected and generated substantial debate.18-21 We previously
found thatmany private payers were considering the CMS decision in
their internal coverage decision making, and the current study can
nowaddress thequestion ofwhether,when, andwhichprivate payers
have followed CMS in providing coverage.20

The objectives of our study were to examine (1) how adoption of
positive coverage for sequencing increased over time amongprivateUS
payers, (2)what thecharacteristicswereofpayerswhowereadoptersof
positive coverage and how they compared with characteristics of non-
adopters, (3) the characteristics of payers who granted coverage before
and after the CMS’s decision, and (4) whether policy features changed
over time for individual payers. This study builds on our previous
research on coverage for sequencing and other multigene panels,
including an interview studywith payers examining their perspectives
on coverage for sequencing, conducted before sequencing started to
gain coverage.22-24 In contrast, the present work examines the actual
adoption of positive coverage that occurred thereafter. In addition, we
previouslyexaminedpayers’ coveragepolicies for sequencingandother
multigene panels, but thosewere cross-sectional analyses.8,9

Our study is an innovative step toward systemic temporal
assessment of payer coverage for precision medicine, with a po-
tential to inform future policy, access, and affordability analyses of
this fast-developing field.

Methods

Definitions, Conceptual Framework, and Variables

We defined a positive coverage policy as a policy stating
coverage of sequencing for any indication, any sequencing test(s),
and any policy stipulation (eg, with or without prior authoriza-
tion). A negative coverage policy was a policy stating that
sequencing was not covered for any indication or any sequencing
test(s). Adopters were defined as payers who adopted positive
coverage for sequencing on or before April 1, 2019. Nonadopters
were defined as payers who had an explicit negative coverage
policy for sequencing as of April 1, 2019.

We focused on private payers because, in total, they cover two-
thirds of the insured US population.25 We did not include
Medicaid, as coverage policies are not consistently available from
state Medicaid agencies and therefore are not consistently cata-
loged in the Canary Database.

We conceptualized that the following characteristics of private
payers would be associated with the timing of sequencing
coverage:

1. Payer size measured in commercial enrollment. Payer size is a
factor in payer decision making because larger payers may have
more resources to monitor and assess new genomic technolo-
gies.26 Prior coverage studies focusedonlyon large ormediumto
largepayers,7,9,10,12with 1 study reporting that the largest payers
provided coverage earlier than others.12 The timing of coverage
decisions by smaller payers has not been explored. We defined
smaller payers as covering fewer than 1 000 000 lives in com-
mercial enrollment. We used commercial, and not total, enroll-
ment because it is directly affected byapayer’s coveragepolicies,
whereas enrollees in noncommercial plans, such as Medicare
Advantage, are affected by CMS policies.

2. Whether a payer belonged to the BlueCross BlueShield Asso-
ciation. The association offers health technology assessment
and coverage policy guidance to its 39 members, but the
guidance is not binding, and each member makes its own
policy decisions. Prior studies considered BlueCross BlueShield
member plans as independent payers but noted that there may
be interdependence among them.7,12

3. Whether a payer serviced a Medicare Advantage plan, a type of
Medicare plan administered by private payers. Payers servicing
Medicare Advantage must follow the CMS coverage policy for
sequencing for these enrollees, which may create a dichotomy
with their commercial enrollee policies. It has been suggested
that these payers may follow CMS in their commercial
coverage sooner than other payers.20

4. Whether a payer used policies provided by a third party. Payers
may use third-party independent organizations offering labo-
ratory benefit management services, which may include
coverage policy development for genetic testing.10,27 This trend
has increased in recent years,28 but its impact on the timing of
coverage decisions is unknown.

Based on our research questions and conceptual framework,
we developed study variables (Table 1). Independent variables
reflected payer characteristics (1-4 in the aforementioned list).
Dependent variables were adopter (whether a payer adopted a
positive coverage policy for any sequencing test and any indication
on or before April 1, 2019), first coverage date by payer (date of the
first positive coverage policy by payer), and pre–National Coverage
Determination (NCD) adopter (whether the date of the first
coverage policy was before or after November 30, 2017, when CMS
released the draft NCD for sequencing29). We chose the date of the
draft NCD announcement, rather than the date of the final NCD
issuance (March 18, 2018): the draft was largely unexpected,
attracted considerable attention, and generated more than 300
public comments,30 whereas the final NCD was imminent,
although somewhat different in content.31 The CMS NCD provided
coverage for next-generation tumor sequencing for Medicare

http://canaryinsights.com/


Table 1. Study variables and definitions.*

Variable Variable description and values Dependent or independent variable

Adopter 1 – Adopter, payer who adopted a
positive coverage policy for sequencing
on or before April 1, 2019
0 – Nonadopter, payer who had a
negative coverage policy for sequencing
as of April 1, 2019

Dependent

First coverage date by payer Date of payer’s first coverage decision for
sequencing

Dependent

Pre-NCD adopter 1 – Adopter, payer with the first coverage
policy for sequencing adopted before CMS
released draft NCD on November 30,
2017
0 – Adopter, payer with the first coverage
policy for sequencing adopted after CMS
released draft NCD on November 30,
2017

Dependent

Payer size Number of covered lives for commercial
enrollment: larger ($1 000 000); smaller
(,1 000 00)

Independent

BlueCross BlueShield member 1 – payer is a member of BCBSA
0 – payer is not a member BCBSA

Independent

Offers Medicare Advantage 1 – Payer offers Medicare Advantage
0 – Payer does not offer Medical
Advantage

Independent

Adopted a third-party policy 1 – payer who used a third-party LBM
policy in the coverage decision for
sequencing
0 – payer who did not use a third-party
LBM policy in the coverage decision for
sequencing

Independent

BCBSA indicates BlueCross BlueShield Association; CMS, Centers for Medicare and Medicaid Services; LBM, Laboratory Benefit Management company; NCD, National
Coverage Determination; sequencing, next-generation tumor sequencing.
*Positive coverage policy states coverage of sequencing for any indication, any sequencing test(s), and any policy stipulation (eg, with or without prior authorization).
Negative coverage policy states that sequencing is not covered for any indication or any sequencing test(s). Third-party policy is by a third-party laboratory benefit
management company.
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patients with advanced solid cancers; the covered tests must be
approved by the Food and Drug Administration for the indications
used and serve as a companion diagnostic to guide the use of
targeted therapies.

Selection of Policies, Payer Sampling, and Data
Abstraction

We used the Canary Insights database to obtain private payers’
coverage policies for sequencing and to identify payer characteris-
tics. Canary is a proprietary database containing more than 40 000
medical policies frommore than 200 commercial payers, Medicare,
andMedicaid, which publish coverage policies on their websites. It
is updated daily based on a proprietary search engine. The policies
are stored in a historical fashion in the form published by a payer
and are not abstracted or curated by Canary.

We conducted policy selection from Canary between April 15,
2019, and April 30, 2019, using the following search terms: “tumor
sequencing,” “tumor molecular profiling,” “tumor biomarkers,”
“broadmolecular profiling,” “cancer genetic testing,” “sequencing,”
and “genetic testing.” In addition, relevant current procedural ter-
minology codes were used as search terms 81445, 81450, and
81455. If a payer hadmultiple historical policy versions, all of them
were selected and downloaded on a local server. We validated our
search terms by confirming that we did not find any instances of
sequencing coverage determinations within other policies (eg,
hereditary cancer genetic testing) or that the policies we identified
using our search terms did not refer to other policies that may
include a sequencing coverage determination. In addition, we used
the publically available information from the website of eviCore
(https://www.evicore.com), a third-party laboratory benefit man-
agement company whose sequencing policies were used by some
payers to confirm the dates of initiation of positive coverage by
those payers.

Data were abstracted in several steps. First, for the adopter
versus nonadopter analysis, we defined the study cohort as private
payers with an explicit sequencing coverage policy (positive or
negative, for any indication or test). Payers without a sequencing
policy were excluded because the absence of a policy is incon-
clusive whether they cover sequencing or not. We then abstracted
payer characteristics from Canary for all payers in our study
cohort. Second, for adopters, we identified the first positive
coverage based on policy date; these policies were abstracted for
the policy date and whether adopted from a third-party company.
In addition, we reviewed the content of positive coverage policies
to identify changes between policy versions and cancers covered
for sequencing.

Data Analyses

Our unit of analysis was the payer (with a positive or negative
decision regarding coverage of sequencing). We described the

https://www.evicore.com


Table 3. Initiation of positive coverage of next-generation tumor
sequencing by year.*

Year Percentage of payers
who initiated positive
coverage policy for
sequencing (n = 69)

Commercial enrollee
population covered by
new coverage in
this year†

2015 1 522 570
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distribution of payer characteristics and the temporal adoption of
positive sequencing coverage. We used the Fisher exact test to
examine the associations between payer characteristics and
whether positive coverage adopter in addition to payer charac-
teristics and whether pre- versus post-NCD adopter. All analyses
were performed using STATA/SE 14.2 software (StataCorp, College
Station, TX). We also constructed a visual timeline of coverage
decisions as an additional illustration of temporal coverage trends.
2016 4 23 961 190

2017‡ 20 38 690 818

2018 17 64 014 700

2019§ 4 910 275

Total 48 128 099 553

Sequencing indicates next-generation tumor sequencing.
*Positive coverage policy states coverage of sequencing for any indication, any
sequencing test(s), and any policy stipulation (eg, with or without prior
authorization).
†Commercial population is reported based on the data available in the Canary
Insights database as of 04/01/2019.
‡Year of Center for Medicare and Medicaid Services (CMS) announcement of the
draft National Coverage Determination (NCD).
§Includes coverage through April 1, 2019.
Results

Payer Sample Characteristics

Of the 92 private payers in the Canary database, 69 (75%) had
an explicit coverage policy for sequencing during the study period
and were included in our sample. Each payer had only 1 policy
related to sequencing, with several historical versions. Table 2
describes the characteristics of the payer sample. Collectively,
the 69 payers in our sample cover 184 045 000 commercial
enrollees: 59% of the sample were small payers, 52% were Blue-
Cross BlueShield members, 72% offered Medicare Advantage, and
22% used a third-party sequencing policy.

How the Adoption of Positive Coverage for Sequencing
Increased Over Time

The first positive coverage decision for sequencing by a payer
occurred in 2015. Thereafter, the number of payers granting first-
time positive coverage increased every year, with the biggest
increment in 2017 (Table 3). By April 1, 2019, 48% (33 of 69)—
nearly half of the payer sample—adopted positive sequencing
coverage. This adoption occurred over a period of 3.5 years, from
November 2015 to April 2019—the end of our study period (Fig. 1).
The first adopter was a smaller payer. The combined population of
commercial enrollees covered for sequencing increased every
year, with the largest increment in 2018. By the end of the study
period, the population covered for sequencing reached more than
128 million commercial lives, comprising 70% of the total com-
mercial population in our payer sample (data not shown).
Table 2. Sample characteristics: Private payers with an explicit
positive or negative coverage policy for next-generation tumor
sequencing.

Payer characteristic Percentage (n = 69)

Size, in covered lives*
1 000 000 or more 41
Less than 1 000 000 59

BlueCross BlueShield member
Yes 52
No 48

Offer Medicare Advantage
Yes 72
No 28

Adopted a third-party policy
Yes 22
No 78

*Size is reported for lives covered by commercial insurance. Third-party policy is
provided by a third-party laboratory benefit management company. Positive
coverage policy states coverage of sequencing for any indication, any
sequencing test(s), and any policy stipulation (eg, with or without prior
authorization). Negative coverage policy states that sequencing is not covered
for any indication or any sequencing test(s).
Characteristics of Adopters and Nonadopters of Positive
Coverage for Sequencing

In comparing the adopter and nonadopter characteristics
(Table 4), we found that adopters were less likely to be BlueCross
BlueShield members than nonadopters (36% vs 67%, respectively;
P = .02),and were more likely to use a third-party policy for
sequencing than nonadopters (45% vs 0%, respectively; P , .001).
Among adopters, a slightly higher, not statistically significant
proportion of payers offered Medicare Advantage than among
nonadopters (76% vs 69%). The adopter and nonadopter groups
had approximately the same proportion of smaller payers under
1 000 000 in commercial enrollees (58% vs 61%, respectively).

Characteristics of Pre-NCD and Post-NCD Adopters of
Positive Coverage for Sequencing and Observations of
Adoption Over Time

Payer characteristics were not statistically different between
the pre-NCD and post-NCD adopters (Table 5). Nevertheless, there
were informative numeric and qualitative observations of adop-
tion between the 2 periods. Approximately the same number of
payers adopted a positive sequencing coverage pre-NCD (52%) as
post-NCD (48%; Table 5). Post-NCD adoption occurred over a
shorter time: 17 months for post-NCD adoption versus 25 months
for pre-NCD adoption (Fig. 1). Pre-NCD adoption was uneven and
sparser in time, whereas post-NCD adoption occurred at a rela-
tively steady pace throughout the 17 months.

Post-NCD adopters had a higher portion of BlueCross Blue-
Shield members than pre-NCD adopters (44% vs 29%) and pro-
portionally more payers offering Medicare Advantage (87% vs
65%). Among pre-NCD adopters, a higher proportion used a third-
party policy than among post-NCD adopters (Table 5). Of note, of
the 5 payers comprising the “spike” in adoption in 2017 (Fig. 1), 4
used the same third-party company.

The pre-NCD and post-NCD adopter groups contained an
approximately equal percentage of smaller payers (59% vs 56%,
respectively; Table 5). Four of the 5 payers adopting a positive
coverage within 3 months of the draft NCD date were smaller
payers (Fig. 1).



Figure 1. Timing of payer adoption of positive coverage for NGTS.

CMS NCD draft
FDA approval
11/30/17 CMS final NCD

03/18/18

2016 2017 2018 20192015

First coverage 
decision by a payer, 
11/30/2015

End of our study 
period, 
04/01/2019

Note. Adopters, payers who adopted positive coverage for NGTS on or before 04/01/2019 for any indication, any NGTS test(s) and any policy stipulation (eg, with or
without prior authorization); N = 33, total number of payers who adopted a positive coverage for NGTS on or before 04/01/2019. Green circles denote payers with less
than 1 000 000 commercial enrollees. Purple circles denote payers with 1 000 000 or more commercial enrollees.
NGTS indicates next-generation tumor sequencing.
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Temporal Changes in Features of Adopters’ Policies

We found that none of the adopters changed policy features
between their first and last version of the policy (data not shown).
Among the 33 adopters of positive coverage, most (67%) adopted a
general, guideline-dependent policy: instead of listing specific
cancers or biomarkers that they covered for sequencing, they
referred to a clinical guideline by NCCN. Among adopters, 79%
covered the use of sequencing in multiple cancers (either listing
specific cancers or referring to NCCN guidelines), whereas 21%
covered it only for NSCLC. In the pre-NCD adopter group, 18%
Table 4. Characteristics of payer adopters and nonadopters of
coverage for next-generation tumor sequencing.*

Payer
characteristic

Percentage of
adopters,
n = 33

Percentage of
nonadopters,
n = 36

P
value

Size, in covered
lives
1 000 000 or more 42 39 0.8
Less than
1 000 000

58 61

BlueCross
BlueShield
member
Yes 36 67 0.02†

No 64 33

Offer Medicare
Advantage
Yes 76 69 0.6
No 24 31

Adopted a third-
party policy
Yes 45 0 0.0001‡

No 55 100

Sequencing indicates next-generation tumor sequencing.
*Adopters are payers who adopted positive coverage for sequencing on or
before April 1, 2019, for any indication, any sequencing test(s), and any policy
stipulation (eg, with or without prior authorization). Nonadopters are payers
who had explicit negative coverage for sequencing as of April 1, 2019 (ie, not
covering sequencing for any indication or any sequencing test[s]). Size is
reported for lives covered by commercial insurance. Offer Medicare Advantage
includes payers who service Medicare Advantage plans on behalf of Medicare.
Third-party policy is provided by third-party laboratory benefit management
company.
†P , .05.
‡P , .001.
covered sequencing for NSCLC only, as opposed to 25% in the post-
NCD adopt group. None of the adopters had a requirement of Food
and Drug Administration approval for the test.

Discussion

Our study examined the timing of insurance coverage for next-
generation tumor sequencing by US private payers on or before
Table 5. Characteristics of pre-NCD and post-NCD adopters of
coverage for next-generation tumor sequencing.*

Payer
characteristic

Percentage of pre-
NCD adopters,
n = 17

Percentage of
post-NCD
adopters,
n = 16

P
value

Size, in covered
lives
1 000 000 or
more

41 44 1.0

Less than
1 000 000

59 56

BlueCross
BlueShield
member
Yes 29 44 0.5
No 71 56

Offer Medicare
Advantage
Yes 65 87.5 0.2
No 35 12.5

Adopted a third-
party policy
Yes 53 37.5 0.5
No 47 62.5

Sequencing indicates next-generation tumor sequencing.
*Adopters are payers who adopted positive coverage for sequencing on or
before April 1, 2019, for any indication, any sequencing test(s), and any policy
stipulation (eg, with or without prior authorization). Pre-NCD adopters are
payers who adopted positive coverage for sequencing before the Centers for
Medicare and Medicaid Services (CMS) released draft National Coverage
Determination (NCD) on November 30, 2017. Post-NCD adopters are payers
who adopted positive coverage for sequencing after CMS released the draft
NCD. Size is reported for lives covered by commercial insurance. Offer
Medicare Advantage includes payers who service Medicare Advantage plans
on behalf of Medicare. Third-party policy is provided by third-party laboratory
benefit management company.
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April 1, 2019, and explored temporal coverage trends relative to
the draft CMS NCD. This study, to our knowledge, is the first
temporal examination of payer coverage for precision medicine
using a large cohort of US private payers. Our findings have a
range of implications for clinical practice, patient access, and
health policy for precision medicine and other innovative
technologies.

Implications of the Time Horizon of Payers’ Adoption of
Positive Coverage

We found that a considerable number of payers—nearly half of
our sample—initiated coverage over a 3.5-year period. These
payers represented more than 70% of the total commercial
enrollment of the payer sample. Nevertheless, the remaining half
of our sample, with the total commercial enrollment of more than
55 million lives, had a negative coverage policy at the end of the
3.5-year period. Although we do not advocate for or against
coverage of sequencing, the variability across payers causes vari-
ation in patient care and challenges clinicians with a dichotomy
between some clinical guidelines and insurance coverage. We
expect that it may take a number of years for this variability to be
reduced. Coverage variability across payers is a well-recognized
phenomenon,7,9,10 but temporal considerations highlight addi-
tional unexplored topics such as the duration and pervasiveness of
this variability. These, in turn, pose important questions for the
future coverage of sequencing and other precision medicine in-
novations. Extrapolating our findings into the future, it may take
another 3 to 4 years, and in total, 8 years, for most payers in our
cohort to grant positive coverage. Before sequencing reaches that
level of coverage, new cancer tests and technologies may rise,
mature, and compete with sequencing for payer coverage and
clinical adoption, only to be then outpaced by another wave of
innovations. The incongruence of coverage adoption time frames
and innovation cycles may grow with acceleration of new test
introduction1 and may further challenge the feasibility of
achieving consistency in coverage policy and broad access for a
given technology. These considerations should be included in the
future policy and research agenda on precision medicine.

CMS and Private Payers’ Coverage Decision-Making

Prior research found that payers consider CMS coverage de-
terminations in their own coverage decisions but only as one of
the many factors in their complex decision-making process. Spe-
cific to sequencing, we previously reported that some payers
intended to review, but not necessarily follow, the CMS NCD.20 We
suggested that private payers may not cover sequencing in the
shorter term but probably will in the medium to longer term.
Contrary to our expectation, the temporal analysis in this study
showed that private payers continued initiating coverage for
sequencing in the short term after the NCD and at a higher pace
than pre-NCD. Although we did not observe a statistical influence
of the NCD on private coverage, these data suggest that the NCD
played a role in payer decisions to cover sequencing. We also
found that a higher proportion of post-NCD adopters were payers
that offered Medicare Advantage plans than pre-NCD adopters.
This may further support the suggestion that NCD affected
coverage decisions, as payers may have wanted to avoid the di-
chotomy between Medicare and their own commercial policies
within 1 payer. Although our findings may suggest that the CMS
NCD may have had an impact on the initial coverage decisions, we
found a lack of impact on the content of coverage policy of payers
who initiated coverage pre-NCD. Future research should continue
monitoring whether and when other private payers initiate
coverage for sequencing and ascertain the potential impact of the
CMS NCD on coverage decisions and content in the medium and
longer term.

Trends in Adopter and Nonadopter Characteristics and
Implications for Research and Policy Making

Our study discovered other notable trends in coverage policy.
First, our findings highlighted an important role played by smaller
payers in the coverage adoption process. Previous coverage policy
research focused on medium and large payers9,10,12,13 and sug-
gested that the largest payers are the earliest adopters of a pre-
cision medicine technology.12 In contrast, we included payers of all
sizes and found that most of the adopter group were smaller
payers covering in total 4 257 000 commercial lives (data not
shown). Likewise, most of the pre-NCD adopter subgroups were
smaller payers. Furthermore, we found that the first payer initi-
ating coverage for sequencing, in addition to 4 of the 5 payers
initiating positive coverage first after the CMS NCD, were small
payers. This challenges a common assumption that smaller payers
may not have resources for technology monitoring and assess-
ment and therefore trail in coverage for precision medicine. Our
results suggest that smaller payers may be nimbler in their
decision-making and some of themmay be innovators in coverage
policy; therefore, they should be included in policy research and
the overall dialogue on policy making related to precision medi-
cine and other novel technologies.

Second, we found that BlueCross BlueShield members were
significantly less likely to become adopters of positive coverage for
sequencing within our study period, although the 2 largest Blue-
Cross BlueShield members did initiate coverage during this period.
Also, proportionally fewer BlueCross BlueShield members were
pre-NCD than post-NCD adopters. BlueCross BlueShield Associa-
tion provides its members with coverage policy guidance, but it is
nonbinding, and every member payer can make their own
coverage decisions. Prior coverage policy research considered
BlueCross BlueShield payers as independent entities,7,9,10,12

although a potential interdependence in policy content across
these payers has been suggested.7,12 Our results suggest that this
interdependence may be stronger than previously assumed and
manifest itself not only in the content but also in the timing of
coverage decisions. BlueCross BlueShield is an important group of
payers in the United States, and future research should further
elucidate the trends and dynamics of coverage decision making
within this payer group.

Third, our results indicate that the adoption of coverage policy
from a third-party company has become an important trend.
Several prior articles noted this trend,27,28 but our study is the
first, to our knowledge, to quantify it in relation to the timing of
coverage decisions. We showed that almost half of the payers who
adopted a positive policy for sequencing in the 3.5 years of our
study used a third-party policy. We also showed that a higher
proportion of earlier, pre-NCD adopters were third-party policy
users than the post-NCD adopters. Our findings indicate that the
use of a third-party company may be becoming a factor in the
acceleration of coverage decisions, and its potential impact should
be better understood. Future research on coverage policy should
include not only payers but also third-party companies providing
coverage policy guidance as a service to payers.

Implications for Research, Policy, and Affordability
Assessment of Precision Medicine

Our study demonstrated that using temporal analyses in
examining complex real-world phenomena may generate unique
insights that are otherwise infeasible to obtain. Our approach is
instructive to future policy research, which may benefit from
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temporal analyses of the dynamic field of precision medicine. We
believe that this will improve the transparency of policy decision-
making and its impact on key stakeholders including patients,
clinicians, and society as a whole. Such research will also inform
affordability assessment and the impact of precision medicine
coverage and access on population health, which are dynamic in
nature and thus important to study temporally. To enable these
efforts, rigorous and systematic registries are needed to capture
policy and other data chronologically. The need for systematic
policy registries has been previously noted,9,10 but our study un-
derscores the necessity of incorporating the temporal dimension
in these registries. Such registries may create larger-scale and
broader data sets that would enable not only additional analyses
but potentially the development of a temporal statistical model,
which could make the coverage landscape more understandable
and perhaps more predictable.

Although our study focusedonpayer coveragewithin theUnited
States’ unique multipayer system, our findings may be relevant to
other countries with single-payer systems but with multiple
coverage decision makers at regional or local levels such as Canada
and some European countries.32,33 These countries may also expe-
rience varied coverage of a specific technology across local au-
thorities, and a temporal viewof their respective coveragedecisions
may be instructive for national assessment and policymaking. A
similar assessment may be also be informative for the European
Union (EU), where consistency or health policy and technology
assessment is being considered at the EU level,33,34 and where
coverage decision making is distributed not only across countries
but also within some countries and across localities.

Limitations

Our study had several limitations.We considered a limited set of
private payers’ characteristics, although there may be other
important features of these companies affecting their coverage
decisions. Our study explored coverage trajectory relative to one
factor—the CMS coverage determination—whereas payers consider
a number of factors, including results of clinical evidence studies.
Although our payer cohort was relatively large, it was still insuffi-
cient to elucidate statistical significance. Future efforts should
continue, evolve, and broaden this research to larger, multifactorial
data samples; an expanded spectrum of technologies; and longer
time horizons. Another limitation of our study is thatwe conducted
only a limited review of the content of coverage policies. Future
research should examine similarities and differences in coverage
policy features and their consistency with NCCN and other guide-
lines for sequencing and other genomic testing.

In conclusion, we conducted a temporal examination of private
payers’ coverage policies for next-generation tumor sequencing.
We found an increase but also continuing variability in coverage
over the 3.5-year study period. Using temporal analyses allowed us
to identify several important trends, including the possible contri-
bution of the CMS NCD to a faster pace of coverage adoption, the
interdependence in coverage timing among payers who are Blue-
Cross BlueShield members, the impact of using a third-party policy
on the timing of coverage initiation, and the importance of smaller
payers in early coverage adoption. Our study is a step toward sys-
tematic temporal research of coverage policy for precision medi-
cine. Future efforts should evolve this research aswell as leverage it
in the assessments of affordability of precision medicine.
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