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abstract

PURPOSE This study examines oncologist-reported reasons for not using multimarker tumor panel testing and
the association between these reasons and oncologist-level, facility-level, and patient-mix characteristics.

METHODS We used data collected from a nationally representative sample (N = 1,281) of medical oncologists
participating in the National Cancer Institute’s National Survey of Precision Medicine in Cancer Treatment.

RESULTS In addition to testing not being seen as relevant (87%) and no evidence of test utility (77%), the most
frequently reported reasons for not ordering a multimarker tumor panel test was difficulty in obtaining sufficient
tissue (57%) and using individual gene tests (72%). These reasons were more likely to be reported by on-
cologists practicing in rural clinics and less likely to be reported by oncologists with an academic affiliation or with
access to genetic services such as on-site genetic counselors and internal genetic testing policies.

CONCLUSION Modifiable, organizational factors were associated with ordering multimarker tumor panels. Re-
ceipt of genomics training and organizational policies related to the use of genomics were associated with lower
reporting of barriers to ordering multimarker tumor panels, pointing to potential targets for future studies aimed
at increasing appropriate multimarker tumor panel testing in cancer treatment management.

JCO Precis Oncol 5:701-709. © 2021 by American Society of Clinical Oncology

INTRODUCTION

The use of tumor genomics to inform treatment choice
is the cornerstone of precision oncology. Increasingly,
multimarker tumor panels are used in cancer care and
include DNA and RNA analyses through next-
generation sequencing (NGS), targeted gene expres-
sion profiling tests to estimate prognosis and/or the risk
of recurrence, and custom panels that profile tumor
characteristics to guide the selection of targeted
therapies. For example, 76% of oncologists use NGS
tests to guide treatment decisions.1 However, little is
known about clinic and organizational factors related
to multimarker tumor panel testing. More broadly, a
combination of system, provider, and patient factors
has been shown to influence the implementation of
healthcare innovations; thus, a multilevel perspective
may be important for understanding genomic test use
to guide patient care.2

Previous work suggests that provider factors such as
younger age, holding a faculty appointment, and ge-
nomics training are associated with genomic test use.
System factors such as larger patient volume and
access to a molecular tumor board are also positively
associated with oncologists’ use of genomic testing.1

Although understudied, other clinic and organizational

factors are likely related to multimarker tumor panel
testing. A recent systematic review demonstrated that
system factors, including electronic medical record
systems and supports, policies and guidelines for in-
tegrating genomics into practice, access to genetics
services, costs, and a trained workforce, are all de-
terminants for the implementation of genomic
medicine.3

Although some studies have identified factors asso-
ciated with multimarker tumor panel testing, few have
described specific reasons why oncologists might
choose not to use this testing. This information is
important to fully understand the testing landscape
and to identify factors that should be addressed to
foster appropriate use of multimarker tumor panel
testing in practice. This study examines
reasons—related to clinic processes, resources, and
perceived relevance of testing—that oncologists report
for not orderingmultimarker tumor panels for a patient.
We also examined the association between these
reasons and oncologists’ provider-, facility-, and
patient-mix characteristics.

METHODS

The National Survey of Precision Medicine in Can-
cer Treatment, conducted by the National Cancer

ASSOCIATED
CONTENT

Appendix

Author affiliations
and support
information (if
applicable) appear at
the end of this
article.

Accepted on March
19, 2021 and
published at
ascopubs.org/journal/
po on April 22, 2021:
DOI https://doi.org/10.
1200/PO.20.00431

701

http://ascopubs.org/journal/po
http://ascopubs.org/journal/po
http://ascopubs.org/doi/full/10.1200/PO.20.00431
http://ascopubs.org/doi/full/10.1200/PO.20.00431


Institute, includes data collected from a nationally repre-
sentative sample of medical oncologists in 2017. This
survey included information on participants’ demograph-
ics, practice characteristics, and availability of genomic
testing resources. Participants were identified through the
American Medical Association Physician Masterfile. On-
cologists were eligible to participate if they were currently
practicing, not in training, and , 75 years of age. Thirty-
eight percent of eligible oncologists participated (1,281 of
3,378). Additional information on data collection methods
has been published elsewhere.4

Dependent variables included responses to the following
question: “The next question is about the times during the
past 12 months when you decided NOT to order a multi-
marker tumor panel for a cancer patient. When this oc-
curred, how often was it for the following reasons?”
Respondents were then asked specifically about issues
related to clinic processes: uncertainty regarding informed
consent procedures and difficulty in obtaining sufficient
tissue for testing; resources: multimarker panels were not
available in my practice, lack of personnel or resources to
interpret test results, and insufficient time to order tests or
review results; and relevance: testing was not relevant, not
enough evidence of utility, and used tests for individual
genes, rather than multimarker tumor panels (Appendix
Table A1). We report the frequency with which these
reasons were cited (sometimes or often versus rarely or
never).

We used modified Poisson regressions to estimate preva-
lence ratios (PRs) and 95% CIs to evaluate bivariate as-
sociations between these reasons and provider- (primary
specialty; practice at or affiliated with an academic center;
and formal genomic testing training), facility- (practice type,
location, and available genomic services), and patient-mix
(number of patients with cancer and patients with meta-
static cancer per month; percent of Medicaid patients)
characteristics among our full sample (see Table 1 for a full

description of included variables). In other words, we ex-
amined the provider and organizational factors associated
with specific reasons that oncologists did not order a
multimarker tumor panel (dependent variables). We
employed modified Poisson regressions given that our
outcomes occurred in more than 10% of the study pop-
ulation; using logistic regression to estimate odds ratios
may have upwardly biased our results. Furthermore, as a
sensitivity analysis, we also examined these associations in
samples of oncologists who (1) only reported NGS test use
and (2) among oncologists who used multimarker tumor
panels more broadly, given that participants might have
responded to these questions with particular types of
multimarker tumor panels in mind.

Analyses included survey weights, which were calculated
based on oncologist age, sex, and location and also ad-
justed for complex survey design and accounted for the
probability of selection, noncontact, and noncooperation.
All analyses were conducted in STATA version 13.0 soft-
ware (STATA Corp, College Station, TX).

RESULTS

Sample Characteristics

On average, oncologists cared for 102 patients with cancer/
month, 53 of whom had metastatic cancer (Table 1). More
than half (58%) saw patients with both solid and hema-
tologic malignancies, and about a third (36%) saw only
patients with solid tumors. Most were affiliated with aca-
demic institutions (62%), and about half (54%) practiced in
urban areas versus 10% in rural locations. Oncologists
were part of single-specialty (44%) or multispecialty (44%)
groups. Most had some formal genomic training (56%).
The availability of genomic services varied; most oncolo-
gists reported having on-site pathology services (70%),
contracts with off-site pathology services (85%), on-site
genetic counselors (67%), and internal policies regarding
genomic testing (53%). In contrast, only 17% had electronic

CONTEXT

Key Objective
What provider- and organizational-level characteristics are associated with oncologist-reported reasons for not using mul-

timarker tumor panel testing?
Knowledge Generated
Testing not being relevant, no evidence of test utility, difficulty in obtaining sufficient tissue, and using individual gene tests

were the most frequently reported reasons for not ordering a multimarker tumor panel test. These reasons were more likely
to be reported by oncologists practicing in rural clinics and less likely to be reported by oncologists with an academic
affiliation or with access to genetic services such as on-site genetic counselors and internal genetic testing policies.

Relevance
Modifiable, organizational factors were associated with ordering multimarker tumor panels. Pending future research, receipt of

genomics training, and organizational policies related to the use of genomics may be targets for increasing appropriate
multimarker tumor panel testing in cancer treatment management.
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medical record (EMR) alerts for genomic testing and 35%
had genomic and/or molecular tumor boards (35%).

Reasons for Not Ordering Multimarker Tumor Panels

Oncologists’ reasons for not ordering multimarker tumor
panels varied widely. Testing not being relevant was most
frequently reported as sometimes or often a reason for not
ordering multimarker tumor panels (87%), followed by lack
of evidence of the tests’ utility (77%) (Fig 1). More than half
cited difficulty in obtaining sufficient tissue for testing
(57%) and using tests for individual genes (72%) as
sometimes or often a reason for not using multimarker
tumor panel testing. In contrast, a minority of oncologists
reported that uncertainty regarding informed consent
procedures (8%), unavailability of multimarker tumor
panels in their practice (17%), not having the personal
resources to interpret results (12%), and insufficient time to
order tests or review results (25%) were sometimes or often
a reason for not using multimarker tumor panels.

Provider and Organizational Factors Associated With

Reasons for Not Ordering Multimarker Tumor Panels

Processes. Oncologists affiliated with or practicing at aca-
demic centers or at facilities with on-site genetic counselors
were less likely to report difficulty in obtaining sufficient
tissue for testing or uncertainty regarding informed consent
procedures as reasons for not ordering multimarker tumor

TABLE 1. Study Sample Characteristics (N = 1,281)

Characteristics
Mean/Proportion

(%) n/SD

Provider-level characteristics

Primary specialtya

Solid tumors only 36 481

Hematologic malignancies only 6 77

Both solid tumors and hematologic
malignancies

58 697

Primary practice affiliated with academic
institution

No 38 478

Yes 62 796

See patients at academic center or
medical school

No 58 732

Yes 42 549

Formal training on genomic testing

No 44 567

Yes 56 713

Facility-level characteristics

Primary practice

Solo practice 4 55

Single-specialty group 44 544

Multispecialty group 44 566

Others 8 110

Practice location

Urban 54 694

Suburban 36 436

Rural 10 135

On-site pathology

No or do not know 30 376

Yes 70 893

Contract with off-site pathology lab

No or do not know 15 180

Yes 85 1,095

On-site genetic counselors

No or do not know 33 414

Yes 67 859

Internal policies regarding genomic testing

No or do not know 53 665

Yes 47 609

EMR alert for genomic testing

No or do not know 83 1,068

Yes 17 212

Genomic or molecular tumor board

No or do not know 65 814

Yes 35 460

(Continued in next column)

TABLE 1. Study Sample Characteristics (N = 1,281) (Continued)

Characteristics
Mean/Proportion

(%) n/SD

Patient-mix characteristics

No. unique patients with cancer/month 102 80

1-49 27 361

50-99 22 289

100-199 34 430

200 or more 16 194

No. unique patients with metastatic
cancer/month

53 45

1-24 27 353

25-49 22 291

50-74 22 266

75 or more 29 356

% Medicaid

0 to , 5 23 266

5 to , 10 32 390

10 or more 45 508

NOTE. Not all categories equal 1,281 because of missing data.
Means and proportions are weighted.
Abbreviations: EMR, electronic medical record; SD, standard

deviation.
aPrimary specialty was recoded to reflect the cancer types that

oncologists saw in their practice.
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panels (Table 2). Additionally, oncologists at facilities with
on-site pathology, internal genomic testing policies, and on-
site genetic counselors were less likely to report difficulty in
obtaining sufficient tissue for testing as a reason for not
ordering multimarker tumor panels. Having EMR alerts for
genomic testing was associated with reporting uncertainty
regarding informed consent procedures as a reason for not
ordering multimarker tumor panels.

Resources. Oncologists who were affiliated with or seeing
patients at academic medical centers, were working in a
multispecialty practice, had on-site genetic counselors, and
had internal genetic testing policies were less likely to re-
port:(1) not having panels available in their practice and (2)
inadequate time and personnel to review and interpret
results as reasons for not ordering multimarker tumor
panels. Additionally, oncologists formally trained in genetic
testing were less likely to report lack of personnel resources
to interpret results and multimarker tumor panels not being
available in their practice as reasons for not ordering
testing. In contrast, rural oncologists were more likely to
report not having multimarker tumor panel tests in their
practice and inadequate personnel resources to interpret
them as reasons for not ordering multimarker tumor panels.

Relevance. Oncologists who were affiliated with or saw
patients at an academic center or practiced at facilities with
internal policies regarding testing or a genomic tumor board
were less likely to report not having enough evidence of a
panel test’s utility or using individual gene tests instead as
reasons for not using panel testing. In contrast, oncologists
practicing in rural and suburban areas were more likely to
report using individual gene tests as reasons for not using
multimarker tumor panels compared with urban oncolo-
gists. No provider-level, facility-level, or patient-mix char-
acteristics were associated with testing not being relevant
as a reason for not using multimarker tumor panel testing.

Our sensitivity analyses demonstrated similar results (re-
sults not shown), suggesting that findings were similar for
NGS users only and those using different types of multi-
marker tumor panel tests.

DISCUSSION

Oncologists report multiple reasons for not ordering a
multimarker tumor panel. In particular, perceived rele-
vance and clinical utility were the most important drivers of
testing. However, using single-gene tests and difficulty in
obtaining sufficient tissue for testing also appear to drive the
use of multimarker tumor panel testing. Of interest, seeing
patients in an academic center and having internal policies
regarding genomic testing were associated with a lower
likelihood of reporting that these tests often or sometimes
do not have enough evidence of utility, that they used test
for individual genes instead, and that there was difficulty in
obtaining sufficient tissue for testing. These oncologists
have greater access to support infrastructure for multi-
marker tumor panel testing, including genomic services.

Other reasons for not usingmultimarker tumor panels, such
as lack of availability of multimarker panels and a lack of
personnel resources, were less likely to be endorsed as
reasons for not ordering tests by oncologists who reported
receiving genomics training. Indeed, a recent review
identified studies showing that genetics and/or genomics
training for nongenetics providers can improve outcomes
including knowledge, self-efficacy, and skills related to the
use of genomics in clinical practice.5 In addition, lack of
resources and clinical processes around informed consent
were more likely to be reported often or sometimes among
oncologists who did not have an academic affiliation.

In addition to provider characteristics, organizational and
community factors were associated with reasons for not
ordering tests. Oncologists practicing in rural communities
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FIG 1. Reasons during the past 12 months oncologists decided not to order a multimarker tumor panel for a patient with cancer.
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TABLE 2. Bivariate Associations Between Provider-Level, Facility-Level, and Patient-Mix Characteristics Associated With Reasons for Not Using Multimarker Tumor Panels

Characteristics

Process Determinants Resource Determinants Relevancy Determinants

Difficulty
Obtaining

Sufficient Tissue
for Testing

Uncertainty
Regarding

Informed Consent
Procedures

Multimarker
Panels Not

Available in My
Practice

Lack of Personnel
Resources to

Interpret Results

Insufficient Time
to Order Tests or
Review Results

Testing Was Not
Relevant

Not Enough
Evidence of Utility

Used Test for
Individual Genes

PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI

Provider-level characteristics

Primary specialty (ref. solid tumors)

Hematologic malignancies 0.51 0.35 0.74 0.88 0.25 3.13 1.05 0.53 2.09 1.19 0.54 2.65 0.69 0.38 1.28 0.92 0.81 1.04 0.93 0.79 1.09 1.26 1.09 1.45

Solid tumors and hematologic
malignancies

0.98 0.88 1.08 1.94 1.22 3.07 1.70 1.27 2.26 1.76 1.23 2.50 1.33 1.07 1.65 1.00 0.95 1.05 1.03 0.96 1.10 1.23 1.13 1.34

Primary practice affiliated with academic
institution

0.88 0.80 0.97 0.64 0.44 0.94 0.67 0.52 0.85 0.71 0.52 0.95 0.78 0.64 0.95 1.00 0.96 1.05 0.93 0.87 0.99 0.84 0.79 0.90

See patients at academic center or
medical school

0.82 0.74 0.91 0.53 0.35 0.81 0.60 0.46 0.79 0.50 0.36 0.71 0.71 0.58 0.88 0.97 0.93 1.02 0.92 0.86 0.98 0.76 0.70 0.83

Formal training on genetic testing 1.02 0.93 1.13 0.53 0.36 0.77 0.69 0.54 0.88 0.53 0.39 0.72 0.92 0.76 1.12 1.04 1.00 1.09 0.94 0.89 1.00 0.96 0.89 1.03

Facility-level characteristics

Practice type (ref. solo practice)

Single-specialty practice 1.00 0.79 1.25 0.47 0.24 0.92 0.39 0.26 0.60 0.71 0.39 1.30 0.74 0.50 1.08 1.09 0.96 1.25 0.99 0.85 1.16 1.05 0.87 1.26

Multispecialty practice 0.90 0.71 1.14 0.44 0.22 0.88 0.43 0.29 0.65 0.54 0.29 0.99 0.51 0.35 0.76 1.01 0.88 1.16 0.98 0.83 1.14 0.96 0.80 1.15

Others 0.85 0.64 1.14 0.41 0.16 1.03 0.65 0.39 1.06 0.66 0.31 1.40 0.78 0.49 1.24 1.11 0.96 1.28 0.91 0.75 1.11 0.95 0.77 1.19

Practice location (ref. urban)

Suburban 1.14 1.03 1.27 1.12 0.73 1.69 1.17 0.89 1.54 1.27 0.91 1.79 1.28 1.03 1.57 1.03 0.98 1.08 1.01 0.95 1.08 1.14 1.06 1.23

Rural 1.18 1.01 1.37 1.70 1.01 2.86 1.61 1.12 2.31 2.16 1.45 3.21 1.25 0.90 1.72 1.04 0.96 1.12 1.04 0.94 1.15 1.21 1.09 1.35

Genomic services (ref. no or do not know)

On-site pathology 0.85 0.77 0.94 0.82 0.55 1.22 0.89 0.69 1.17 0.85 0.62 1.16 0.72 0.59 0.87 0.96 0.92 1.01 0.94 0.88 1.00 0.89 0.82 0.95

Contract with off-site pathology lab 0.82 0.73 0.92 0.70 0.44 1.12 1.20 0.82 1.76 0.92 0.61 1.38 0.89 0.68 1.16 0.95 0.90 1.00 0.97 0.89 1.06 0.98 0.89 1.09

On-site genetic counsellors 0.84 0.76 0.93 0.59 0.40 0.86 0.63 0.49 0.81 0.53 0.39 0.71 0.76 0.62 0.93 0.98 0.93 1.03 1.00 0.94 1.07 0.86 0.80 0.92

Internal policies regarding genomic
testing

0.84 0.76 0.93 0.79 0.54 1.16 0.77 0.60 0.99 0.70 0.51 0.95 0.80 0.65 0.97 0.98 0.93 1.02 0.94 0.88 1.00 0.91 0.84 0.98

EMR alert for genomic testing 1.07 0.94 1.21 2.17 1.46 3.24 0.98 0.70 1.38 1.35 0.94 1.93 1.08 0.83 1.39 0.98 0.92 1.05 1.05 0.97 1.13 0.95 0.86 1.06

Genomic or molecular tumor board 0.93 0.83 1.03 0.69 0.45 1.06 0.49 0.36 0.67 0.57 0.40 0.82 0.84 0.68 1.04 0.97 0.92 1.02 0.91 0.84 0.97 0.81 0.75 0.88

(Continued on following page)
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TABLE 2. Bivariate Associations Between Provider-Level, Facility-Level, and Patient-Mix Characteristics Associated With Reasons for Not Using Multimarker Tumor Panels (Continued)

Characteristics

Process Determinants Resource Determinants Relevancy Determinants

Difficulty
Obtaining

Sufficient Tissue
for Testing

Uncertainty
Regarding

Informed Consent
Procedures

Multimarker
Panels Not

Available in My
Practice

Lack of Personnel
Resources to

Interpret Results

Insufficient Time
to Order Tests or
Review Results

Testing Was Not
Relevant

Not Enough
Evidence of Utility

Used Test for
Individual Genes

PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI

Patient-mix characteristics

No. unique patients with cancer/month
(ref. 1-49)

50-99 1.06 0.91 1.24 1.16 0.66 2.03 0.90 0.65 1.25 1.12 0.75 1.68 1.00 0.75 1.33 1.03 0.96 1.10 0.99 0.90 1.09 1.03 0.94 1.14

100-199 1.20 1.05 1.37 1.24 0.75 2.05 0.77 0.56 1.04 0.92 0.62 1.35 1.15 0.90 1.48 1.04 0.99 1.11 1.04 0.96 1.13 1.01 0.92 1.10

200 or more 1.24 1.06 1.45 1.23 0.66 2.29 0.65 0.42 1.00 0.82 0.50 1.35 1.09 0.79 1.49 1.03 0.96 1.11 1.03 0.93 1.14 0.96 0.85 1.08

No. unique patients with metastatic
cancer/month (ref. 1-24)

25-49 1.21 1.04 1.41 0.78 0.43 1.41 0.99 0.72 1.37 1.30 0.26 1.30 1.13 0.86 1.49 1.06 0.99 1.13 1.08 0.99 1.19 1.03 0.93 1.14

50-74 1.25 1.07 1.45 1.33 0.79 2.25 0.82 0.57 1.18 1.30 0.27 1.24 1.00 0.75 1.35 1.06 0.99 1.13 1.07 0.98 1.17 1.03 0.93 1.14

75 or more 1.33 1.16 1.53 1.09 0.65 1.82 0.70 0.50 0.99 0.63 0.15 1.95 1.09 0.84 1.42 1.03 0.97 1.10 1.04 0.95 1.14 0.98 0.88 1.08

% Medicaid 0.98 0.91 1.04 1.35 1.05 1.74 1.09 0.92 1.29 1.23 1.00 1.52 0.99 0.87 1.13 0.98 0.95 1.01 0.99 0.95 1.04 0.99 0.95 1.04

NOTE. We evaluated bivariate associations between our dependent variables (ie, process/resource/relevancy determinants) and the provider-level/facility-level/patient-mix characteristics. Modified
Poisson regressions were used to estimate PRs and 95% CIs. P values that are significant (P , .05) are given in bold.

Abbreviations: EMR, electronic medical record; PR, prevalence ratio.
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were more likely to report a lack of resources and genomic
testing process concerns. In addition, process concerns and
lacking time to perform panels were reported particularly
among oncologists practicing in a solo practice. Taken to-
gether, these findings suggest that future work should
support the appropriate implementation of multimarker tu-
mor panel use among oncologists without genomics training
and academic affiliations, as well as those who practice
within solo practices and rural communities. Future research
should explore the acceptability and feasibility of employing
virtual tumor boards, electronic health record ordering as-
sistance, and tailored decision aids to address these reasons
for not using multimarker tumor panel testing.6-8

Other research on the implementation of precision medi-
cine highlighted the importance of dedicated pathologists
and laboratory staff as well as bioinformaticians for the
sustained implementation of their precision medicine
program.9 Similarly, a recent paper on the implementation
of a pharmacogenomics program noted the importance of
clinical decision support and integration of laboratory re-
sults into the electronic health record and the key role that
dedicated IT and laboratory staff play in making genomic
tests available to providers and their patients.10 Future work
should include these key stakeholders’ perspectives on the
use of multimarker tumor panel tests in practice and ex-
amine whether organizational-level strategies to improve
access to genomic services may improve oncologists’ ability
to appropriately order multimarker tumor panel testing.

Oncologists who participated in this survey may differ from
those who did not participate. However, we used statistical
adjustment for nonresponse such that respondents are
representative of the population of practicing oncologists in
the United States in terms of age, sex, and geographic
location.1 Additionally, our participation rate was 38%;
however, we accounted for nonresponse bias by including
weights calculated using data from the survey’s sample
frame. Third, we examined barriers to testing from oncol-
ogists’ perspectives. Thus, the perspectives of non-
oncologist providers and clinic administrators are not
represented. Studying the views across stakeholders will
provide a more holistic view of the implementation of
multimarker panel use. Finally, we were limited to exploring
the reasons for not ordering multimarker tumor panels that
were provided in the survey; future research might employ
qualitative methods to further explore other potential rea-
sons that oncologists do not order these panels.

In conclusion, the use of multimarker tumor panels is
largely driven by clinical utility and relevance. However, we
also identified modifiable reasons for not using multimarker
tumor panel tests on the provider and organizational levels
that can be targets of multilevel interventions. Organizations
without certain genomic services, as well as oncologists
without genomics training or who practice in rural and
community settings, may be important targets for future
studies aimed at increasing appropriate uptake of these
tests.
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APPENDIX

TABLE A1. Reasons for Not Ordering Multimarker Tumor Panels

Process determinants

Difficulty in obtaining sufficient tissue for testing

Uncertainty regarding informed consent procedures

Resource determinants

Multimarker panels not available in my practice

Lack of personnel resources to interpret results

Insufficient time to order tests or review results

Relevancy determinants

Testing not relevant

Not enough evidence of utility

Used test for individual genes

NOTE. Oncologists reported how often each of the
above barriers was a reason they decided not to order a
multimarker tumor panel for a patient with cancer.

Reasons for Not Ordering Multimarker Panels
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