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Abstract

Objective: Next generation sequencing (NGS) may aid in tumor classification and treatment. 

Barriers to shared decision-making may influence use of NGS. We examined, from oncologists’ 

perspectives, whether barriers to involving patients/families in decision-making were associated 

with NGS use.

Methods: Using data from the first national survey of medical oncologists’ perspectives on 

precision medicine (N=1281), we approached our analyses in two phases. Bivariate analyses 

initially evaluated associations between barriers to involving patients/families in deciding to use 
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NGS and provider- and organizational-level characteristics. Modified Poisson regressions then 

examined associations between patient/family barriers and NGS use.

Results: Approximately 59% of oncologists reported at least one barrier to involving patients/

families in decision-making regarding NGS use. Those reporting patient/family barriers tended to 

have fewer genomic resources at their practices, to be in rural or suburban areas, and to have a 

higher proportion of Medicaid patients. However, these barriers were not associated with NGS 

use.

Conclusions: Oncologists encounter barriers to involving patients/families in NGS testing 

decisions. Organizational barriers may also potentially play a role in testing decisions.

Practice Implications: To foster patient-centered care, strategies to support patient involvement 

in genomic testing decisions are needed, particularly among practices in low-resource settings.
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1. INTRODUCTION

A cornerstone of precision oncology includes the use of tumor genomics to guide cancer 

treatment decisions. Studies have shown that next generation sequencing (NGS) panels, 

genomic tests that allow for multiple genes to be assessed simultaneously, may aid in the 

identification of tumor mutations and other alterations as well as the selection of targeted 

treatment regimens based on tumor genomics [1]. Accordingly, the number of 

commercially-available NGS panels has substantially increased [2]. A recent national study 

found that three-quarters of oncologists use NGS tests, with one-third reporting using them 

often to guide treatment decisions [3]. However, there is a paucity of clinical guidelines 

regarding these panels, making it unclear what specific factors influence oncologists’ use of 

these tests.

Patients’ preferences for genomic testing may contribute to oncologists’ decisions to use or 

not use NGS panels. Based on studies of shared decision-making in other cancer care 

contexts, patient-level factors such as uncertainty about the treatment decision [4], patient 

concerns about risks associated with treatment options [5], poor physician communication 

[6–8], and structural and time constraints in the clinical encounter [9] may play into 

oncologists’ recommendation patterns. However, the extent that patient and family factors 

contribute to decision-making for multi-marker tumor panel testing is unknown. The 

objective of this brief report is to describe the barriers to involving patients and their families 

in the decision-making process for using NGS panels for cancer treatment management. We 

also examined the association between these barriers and oncologist- and practice-level 

characteristics and whether these barriers were associated with NGS use.

2. METHODS

We used data from the National Cancer Institute’s National Survey of Precision Medicine in 
Cancer Treatment, a nationally representative survey of medical oncologists’ perspectives on 
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precision medicine [3]. The survey collected information on oncologists’ demographics, 

practice characteristics, genomic testing resources, and use of multi-marker tumor panels. Of 

3,378 eligible oncologists, 1,281 completed the survey (38% participation rate). Detailed 

information regarding the survey’s data collection methods has been published elsewhere 

[10].

We examined oncologist-reported answers to the following question: “In the past 12 months, 

how important was each of the following factors in your decision to use multi-marker tumor 

panels to make treatment decisions for your cancer patients?” These factors (described in 

detail in Figure 1) were measured using a 4-point Likert-type scale; we created binary 

variables to reflect when patient/family factors were “sometimes” or “often,” compared to 

“rarely” or “never,” reported as barriers. We also examined use of NGS testing, a type of 

multi-marker tumor panel testing; oncologists who had used an NGS panel at least once in 

the past 12 months to guide treatment were considered NGS users.

All analyses were weighted. Survey weights were calculated based on oncologists’ age, sex, 

and location and also adjusted for complex survey design by accounting for the probability 

of selection, noncontact, and noncooperation. We first evaluated bivariate associations 

between the patient/family barriers and the patient-mix, provider-level, and organizational-

level characteristics among our full sample. As a sensitivity analysis, we also examined 

these associations among oncologists who (a) only reported NGS test use and (b) multi-

marker tumor panel use, broadly, given that respondents may have been thinking about 

genomic tests other than NGS when answering these questions. Then, in bivariate and 

multivariate analyses, we used modified Poisson regressions to estimate prevalence ratios 

(PRs) and 95% confidence intervals (CI) to determine if patient/family barriers were 

associated with NGS use. Adjusted analyses included patient-mix, provider-level, and 

organizational-level characteristics. All analyses were conducted in STATA version 13.0 

software (STATA Corp, College Station, TX).

3. RESULTS

About one-third of oncologists saw 100–199 cancer patients per month (Table 1). Most 

respondents practiced in a single specialty (44%) or multi-specialty (44%) group, and 42% 

saw patients at an academic medical center (Table 1). The majority specialized in both solid 

tumors and hematologic malignancies (58%), practiced in an urban location (54%), were 

affiliated with an academic institution (62%), and had some formal genomic training (56%).

3.1 Oncologist-reported barriers to testing

Overall, about 59% of oncologists reported barriers to involving their patients/families in the 

decision-making process for NGS use. Lacking education materials to share with patients/
families was the most frequent barrier, with 34% citing it as sometimes or often a barrier 

(Figure 1). This was followed by difficulty getting patients/families to understand treatment 
options (29%), difficulty getting patients/families to understand purpose of the test (25%), 

and insufficient time to discuss testing or treatment options (24%). The least common 

reported barrier was patient/family resistance to testing, with 19% indicating this was 

sometimes or often a barrier.
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3.2 Oncologist and practice characteristics and barriers

Availability of certain genomic testing services were associated with oncologists reporting 

lower testing barriers (Table 2). Specifically, genomic testing services associated with lower 

patient/family resistance to testing included on-site pathology, on-site genetic counselors, 

internal policies regarding genomic testing, and genomic/molecular tumor boards. On-site 

pathology was associated with less difficulty getting patients/families to understand the 

test’s purpose and treatment options. Oncologists practicing in settings with internal 

genomic testing policies were less likely to report lacking education materials to share with 

patients/families.

Older age, practicing in rural and suburban areas, and treating a higher percentage of 

Medicaid patients were also associated with oncologists reporting barriers to involving 

patients/families in the decision-making process. Rural oncologists and those age 60 and 

older were more likely to report lacking genomic testing education materials and patient/

family resistance to testing as barriers, compared to urban oncologists, and those age 30– 39, 

respectively. Suburban oncologists reported more patient/family resistance to testing 

compared to urban oncologists. Physicians seeing high percentages of Medicaid patients had 

difficulty getting patients/families to understand treatment options and lacked genomic 

testing education materials. Our sensitivity analyses (Appendix Tables 1 and 2) suggested 

that findings were similar for NGS users only and those using different types of multi-

marker tumor panel tests.

3.3 Barriers and reported use of NGS tests

In bivariate and multivariate analyses adjusting for provider-level, organizational-level, and 

patient-mix covariates, oncologist-reported patient/family barriers were not predictive of 

using NGS in the past 12 months (Appendix Table 3). For example, lacking education 

materials to share with patients/families was not associated with whether oncologists used 

NGS in the past 12 months.

4. DISCUSSION

4.1 Discussion

Approximately 59% of oncologists reported barriers to involving patients/families in the 

decision-making process for NGS testing, suggesting a need for interventions to encourage 

involvement in genomic testing decisions. This would be particularly useful among 

oncologists in lower resourced settings, given that barriers were more likely to be reported 

among oncologists with fewer genomic testing resources at their practice settings, in rural or 

suburban areas, and in practices with a higher proportion of Medicaid patients.

Barriers to involving patients/families in the decision-making process for multi-marker 

tumor panel testing was not predictive of NGS use, suggesting that testing occurs despite the 

presence of these barriers. For oncologists who did not order NGS tests, provider- or 

organizational-level barriers may play a more predominant role than patient/family barriers. 

These findings align with studies demonstrating high acceptability of NGS panels among 

cancer patients to guide treatment selection [11]. The literature has shown that provider 
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(e.g., comfort with interpreting results), organizational (e.g., access to clinical trials), and 

policy (e.g., costs, insurance coverage) barriers may be more salient for NGS use [12]. 

Future research examining these multilevel barriers may provide additional insights into 

implementing precision oncology.

Findings should be considered in light of some limitations. Oncologists engaged with 

precision oncology may have been more likely to respond to our survey; thus, we may be 

underrepresenting the extent of barriers to involving patients/families in testing decisions. 

Additionally, our participation rate was relatively low (38%). However, similar to previous 

analyses, we accounted for any nonresponse bias by including weights calculated using data 

from the survey’s sample frame [3]. Third, we could not examine the relationship between 

barriers and the frequency of NGS testing. It is possible that oncologists who use NGS 

panels for a small portion of their patients may encounter more barriers than those who use 

NGS panels for a large portion of patients. Finally, we examined patient/family barriers in 

decision-making from the perspective of the oncologist, and not the patients’ and families’ 

perspectives, which would have provided additional insight on involving patients and 

families in treatment decision-making, particularly the use of NGS tests.

4.2 Conclusion and practice implications

This is the first nationally representative study to describe patient/family-level barriers to 

involving patients and families in the decision-making process for NGS. Additional 

strategies, such as the development and distribution of decision aids to guide genomic testing 

discussions between physicians and patients [13]and educational outreach among physicians 

to increase their knowledge of genetic testing and genetic testing guidelines [14], need to be 

implemented and evaluated to support the involvement of patients and their families in the 

decisions about genomic testing and to foster patient-centered care in this context. It will 

also be important for future studies to examine the multilevel barriers associated with uptake 

of NGS tests.
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Appendix

Appendix Table 1.

Bivariate associations between provider-level, organizational-level, and patient-mix 

characteristics associated with patient/family barriers to multi-marker tumor panel testing, 

among NGS users only (N=959)

Difficulty 
getting patient/

family to 
understand 

purpose of the 
test

Difficulty 
getting patient/

family to 
understand 
treatment 

options

Lack of 
education 

materials to 
share with 

patient/family

Insufficient 
time to discuss 

testing or 
treatment 

options with 
patient/family

Patient/family 
resistant to 

testing

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

Provider-level 
characteristics

Female (ref. male)
1.11

(0.87– 
1.42) 1.14

(0.92– 
1.41) 1.29

(1.07– 
1.55) 1.18

(0.93– 
1.51) 1.13

(0.85– 
1.51)

Age (ref. 30 to 39)

 40 to 49
0.96

(0.71– 
1.31) 1.06

(0.80– 
1.41) 0.89

(0.68– 
1.15) 0.96

(0.72– 
1.27) 1.30

(0.86– 
1.96)

 50 to 59
0.90

(0.64– 
1.27) 0.99

(0.72– 
1.35) 1.09

(0.83– 
1.42) 0.56

(0.38– 
0.82) 1.38

(0.89– 
2.13)

 60 and over
0.99

(0.71– 
1.37) 1.21

(0.90– 
1.62) 1.17

(0.91– 
1.52) 0.81

(0.58– 
1.13) 1.66

(1.10– 
2.52)

Years since 
graduation (ref. 10 
to 19)

 20 to 34
0.94

(0.72– 
1.24) 1.06

(0.82– 
1.35) 1.04

(0.83– 
1.30) 0.70

(0.53– 
0.92) 1.03

(0.73– 
1.47)

 35 or more
0.99

(0.80– 
1.31) 1.17

(0.91– 
1.51) 1.26

(1.01– 
1.57) 0.77

(0.58– 
1.02) 1.53

(1.10– 
2.13)

Primary specialty 
(ref. solid tumors)

 Hematologic 
malignancies 0.90

(0.48– 
1.69) 0.77

(0.42– 
1.43) 0.75

(0.43– 
1.31) 0.39

(0.16– 
0.97) 0.20

(0.04– 
0.90)

 Solid tumors 
and hematologic 
malignancies 1.20

(0.94– 
1.53) 1.10

(0.89– 
1.36) 1.03

(0.85– 
1.24) 1.09

(0.86– 
1.39) 1.18

(0.89– 
1.57)

Primary practice 
affiliated with 
academic 
institution 0.79

(0.63– 
1.00) 0.85

(0.70– 
1.05) 0.99

(0.82– 
1.20) 0.86

(0.68– 
1.09) 0.70

(0.53– 
0.92)

Sees patients at 
academic center or 
medical school 0.80

(0.63– 
1.01) 0.78

(0.63– 
0.96) 0.90

(0.75– 
1.08) 0.82

(0.65– 
1.04) 0.52

(0.38– 
0.70)

Formal training on 
genomic testing 0.96

(0.77– 
1.21) 0.94

(0.77– 
1.15) 0.87

(0.73– 
1.04) 0.80

(0.63– 
1.00) 0.12

(0.64– 
1.11)

Organizational-
level 
characteristics

Primary practice 
(Ref: Solo 
practice)

 Single specialty 
practice 0.86

(0.52– 
1.42) 0.80

(0.52– 
1.24) 1.17

(0.72– 
1.91) 0.89

(0.53– 
1.47) 0.81

(0.47– 
1.37)

 Multi-specialty 
practice 0.72

(0.43– 
1.19) 0.72

(0.46– 
1.11) 1.03

(0.63– 
1.69) 0.73

(0.43– 
1.22) 0.46

(0.26– 
0.80)
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Difficulty 
getting patient/

family to 
understand 

purpose of the 
test

Difficulty 
getting patient/

family to 
understand 
treatment 

options

Lack of 
education 

materials to 
share with 

patient/family

Insufficient 
time to discuss 

testing or 
treatment 

options with 
patient/family

Patient/family 
resistant to 

testing

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

 Other
0.68

(0.35– 
1.31) 0.74

(0.42– 
1.29) 0.79

(0.42– 
1.46) 0.44

(0.20– 
0.94) 0.41

(0.18– 
0.93)

Practice location 
(Ref: Urban)

 Suburban
1.00

(0.78– 
1.27) 0.97

(0.78– 
1.21) 0.97

(0.79– 
1.18) 0.77

(0.59– 
1.00) 1.44

(1.07– 
1.94)

 Rural
1.01

(0.68– 
1.51) 1.11

(0.79– 
1.55) 1.43

(1.11– 
1.84) 0.98

(0.66– 
1.44) 2.15

(1.47– 
3.14)

Genomic services 
(Ref: No/Don’t 
Know)

 On-site 
pathology 0.72

(0.57– 
0.91) 0.73

(0.60– 
0.90) 0.82

(0.68– 
0.99) 0.88

(0.68– 
1.12) 0.54

(0.42– 
0.71)

 Contract with 
off-site pathology 
lab 1.01

(0.74– 
1.40) 0.95

(0.72– 
1.26) 0.95

(0.74– 
1.21) 0.80

(0.60– 
1.08) 1.16

(0.78– 
1.74)

 On-site genetic 
counselors 0.85

(0.67– 
1.08) 0.91

(0.74– 
1.13) 0.88

(0.73– 
1.06) 0.91

(0.71– 
1.16) 0.57

(0.43– 
0.75)

 Internal policies 
regarding genomic 
testing 0.90

(0.71– 
1.12) 0.95

(0.78– 
1.16) 0.81

(0.67– 
0.97) 0.95

(0.75– 
1.20) 0.75

(0.57– 
0.99)

 EMR alert for 
genomic testing 1.27

(0.97– 
1.66) 1.12

(0.87– 
1.43) 0.85

(0.66– 
1.10) 1.14

(0.85– 
1.51) 1.42

(1.03– 
1.95)

 Genomic/
molecular tumor 
board 0.87

(0.68– 
1.10) 0.88

(0.71– 
1.09) 0.86

(0.71– 
1.04) 0.94

(0.74– 
1.20) 0.56

(0.41– 
0.77)

Patient-mix 
characteristics

No. of unique 
patients with 
cancer/month (Ref: 
1 to 49)

 50 to 99
1.16

(0.83– 
1.63) 1.38

(1.01– 
1.88) 1.41

(1.07– 
1.85) 1.80

(1.24– 
2.62) 1.23

(0.82– 
1.86)

 100 to 199
1.25

(0.92– 
1.70) 1.35

(1.01– 
1.80) 1.18

(0.90– 
1.54) 1.80

(1.27– 
2.57) 1.39

(0.96– 
2.02)

 200 or more
1.22

(0.84– 
1.76) 1.43

(0.94– 
2.00) 1.76

(1.34– 
2.31) 1.76

(1.17– 
2.64) 1.23

(0.78– 
1.94)

No. of unique 
patients with 
metastatic cancer/
month (Ref: 1 to 
24)

 25 to 49
1.13

(0.80– 
1.58) 1.28

(0.94– 
1.76) 0.98

(0.75– 
1.29) 1.52

(1.05– 
2.18) 1.27

(0.86– 
1.89)

 50 to 74
1.12

(0.79– 
1.60) 1.25

(0.90– 
1.73) 1.04

(0.79– 
1.36) 1.57

(1.08– 
2.27) 1.11

(0.72– 
1.70)

 75 or more
1.19

(0.87– 
1.63) 1.40

(1.05– 
1.88) 1.10

(0.86– 
1.40) 1.49

(1.05– 
2.12) 1.14

(0.77– 
1.66)

% Medicaid
1.16

(1.00– 
1.34) 1.16

(1.02– 
1.33) 1.13

(1.00– 
1.28) 1.10

(0.95– 
1.29) 1.09

(0.91– 
1.30)
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p-values that are significant (p<0.05) are bold

Appendix

Appendix Table 2.

Bivariate associations between provider-level, organizational-level, and patient-mix 

characteristics associated with patient/family barriers to

Difficulty 
getting patient/

family to 
understand 

purpose of the 
test

Difficulty 
getting patient/

family to 
understand 
treatment 

options

Lack of 
education 

materials to 
share with 

patient/family

Insufficient 
time to discuss 

testing or 
treatment 

options with 
patient/family

Patient/family 
resistant to 

testing

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

Provider-level 
characteristics

Female (ref. male)
1.07

(0.85– 
1.36) 1.11

(0.90– 
1.37) 1.25

(1.04– 
1.50) 1.16

(0.92– 
1.47) 1.16

(0.88– 
1.53)

Age (ref. 30 to 39)

 40 to 49
0.97

(0.72– 
1.30) 1.06

(0.80– 
1.40) 0.92

(0.71– 
1.18) 0.98

(0.74– 
1.29) 1.34

(0.89– 
2.00)

 50 to 59
0.96

(0.69– 
1.34) 1.02

(0.76– 
1.39) 1.14

(0.88– 
1.48) 0.59

(0.41– 
0.85) 1.39

(0.90– 
2.13)

 60 and over
1.03

(0.75– 
1.42) 1.22

(0.92– 
1.63) 1.22

(0.95– 
1.57) 0.83

(0.60– 
1.14) 1.71

(1.14– 
2.56)

Years since 
graduation (ref. 10 
to 19)

 20 to 34
0.98

(0.75– 
1.27) 1.10

(0.86– 
1.39) 1.05

(0.84– 
1.31) 0.75

(0.58– 
0.98) 1.10

(0.78– 
1.54)

 35 or more
1.05

(0.81– 
1.38) 1.23

(0.96– 
1.56) 1.30

(1.05– 
1.61) 0.80

(0.61– 
1.06) 1.56

(1.13– 
2.16)

Primary specialty 
(ref. solid tumors)

 Hematologic 
malignancies 0.90

(0.48– 
1.71) 0.77

(0.42– 
1.43) 0.75

(0.43– 
1.30) 0.39

(0.16– 
0.97) 0.21

(0.05– 
0.93)

 Solid tumors 
and hematologic 
Malignancies 1.24

(0.98– 
1.57) 1.11

(0.90– 
1.36) 1.02

(0.85– 
1.22) 1.10

(0.87– 
1.39) 1.26

(0.96– 
1.67)

Primary practice 
affiliated with 
academic 
institution 0.79

(0.63– 
0.98) 0.86

(0.70– 
1.04) 0.99

(0.83– 
1.19) 0.86

(0.69– 
1.07) 0.70

(0.54– 
0.91)

Sees patients at 
academic center or 
medical school 0.80

(0.64– 
1.01) 0.80

(0.65– 
0.98) 0.90

(0.75– 
1.08) 0.83

(0.66– 
1.04) 0.51

(0.38– 
0.69)

Formal training on 
genomic testing 0.97

(0.78– 
1.20) 0.95

(0.78– 
1.16) 0.88

(0.74– 
1.05) 0.80

(0.64– 
1.00) 0.90

(0.69– 
1.17)

Organizational-
level 
characteristics

Primary practice 
(Ref: Solo 
practice)

 Single specialty 
practice 0.80

(0.51– 
1.26) 0.88

(0.57– 
1.35) 1.08

(0.70– 
1.67) 0.92

(0.57– 
1.49) 0.98

(0.57– 
1.68)
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Difficulty 
getting patient/

family to 
understand 

purpose of the 
test

Difficulty 
getting patient/

family to 
understand 
treatment 

options

Lack of 
education 

materials to 
share with 

patient/family

Insufficient 
time to discuss 

testing or 
treatment 

options with 
patient/family

Patient/family 
resistant to 

testing

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

 Multi-specialty 
practice 0.69

(0.44– 
1.09) 0.80

(0.52– 
1.24) 0.98

(0.63– 
1.53) 0.78

(0.48– 
1.27) 0.54

(0.31– 
0.95)

 Other
0.64

(0.35– 
1.18) 0.81

(0.46– 
1.40) 0.73

(0.41– 
1.30) 0.48

(0.23– 
0.99) 0.45

(0.19– 
1.03)

Practice location 
(Ref: Urban)

 Suburban
0.99

(0.78– 
1.25) 0.95

(0.77– 
1.18) 0.96

(0.79– 
1.17) 0.76

(0.59– 
0.98) 1.47

(1.10– 
1.96)

 Rural
1.03

(0.71– 
1.50) 1.03

(0.74– 
1.42) 1.35

(1.06– 
1.74) 0.93

(0.64– 
1.35) 2.07

(1.44– 
2.99)

Genomic services 
(Ref: No/Don’t 
Know)

 On-site 
pathology 0.72

(0.58– 
0.89) 0.75

(0.62– 
0.91) 0.82

(0.69– 
0.98) 0.90

(0.71– 
1.14) 0.53

(0.41– 
0.68)

 Contract with 
off-site pathology 
lab 1.08

(0.79– 
1.49) 1.02

(0.77– 
1.35) 0.98

(0.76– 
1.25) 0.85

(0.64– 
1.14) 1.26

(0.84– 
1.89)

 On-site genetic 
counselors 0.82

(0.66– 
1.03) 0.91

(0.74– 
1.12) 0.87

(0.73– 
1.04) 0.89

(0.71– 
1.12) 0.54

(0.42– 
0.70)

 Internal policies 
regarding genomic 
testing 0.88

(0.71– 
1.10) 0.93

(0.77– 
1.14) 0.81

(0.68– 
0.96) 0.94

(0.75– 
1.18) 0.71

(0.54– 
0.92)

 EMR alert for 
genomic testing 1.26

(0.97– 
1.63) 1.09

(0.85– 
1.39) 0.90

(0.70– 
1.14) 1.11

(0.84– 
1.47) 1.38

(1.01– 
1.87)

 Genomic/
molecular tumor 
board 0.89

(0.71– 
1.12) 0.91

(0.74– 
1.12) 0.88

(0.73– 
1.06) 0.97

(0.77– 
1.22) 0.56

(0.41– 
0.76)

Patient-mix 
characteristics

No. of unique 
patients with 
cancer/month (Ref: 
1 to 49)

 50 to 99
1.26

(0.91– 
1.74) 1.46

(1.08– 
1.97) 1.41

(1.09– 
1.83) 1.82

(1.27– 
2.59) 1.19

(0.90– 
1.99)

 100 to 199
1.31

(0.98– 
1.77) 1.39

(1.05– 
1.84) 1.15

(0.89– 
1.49) 1.74

(1.24– 
2.45) 1.44

(1.00– 
2.07)

 200 or more
1.27

(0.89– 
1.81) 1.47

(1.07– 
2.03) 1.64

(1.26– 
2.14) 1.79

(1.22– 
2.62) 1.31

(0.84– 
2.02)

No. of unique 
patients with 
metastatic cancer/
month (Ref: 1 to 
24)

 25 to 49
1.19

(0.86– 
1.65) 1.33

(0.98– 
1.81) 0.99

(0.76– 
1.29) 1.50

(1.06– 
2.13) 1.32

(0.90– 
1.93)

 50 to 74
1.21

(0.87– 
1.69) 1.33

(0.98– 
1.82) 1.06

(0.81– 
1.37) 1.58

(1.11– 
2.25) 1.22

(0.82– 
1.82)

 75 or more
1.22

(0.90– 
1.66) 1.41

(1.06– 
1.88) 1.08

(0.85– 
1.37) 1.48

(1.06– 
2.06) 1.14

(0.78– 
1.65)
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Difficulty 
getting patient/

family to 
understand 

purpose of the 
test

Difficulty 
getting patient/

family to 
understand 
treatment 

options

Lack of 
education 

materials to 
share with 

patient/family

Insufficient 
time to discuss 

testing or 
treatment 

options with 
patient/family

Patient/family 
resistant to 

testing

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

% Medicaid
1.13

(0.98– 
1.30) 1.16

(1.01– 
1.32) 1.13

(1.00– 
1.27) 1.12

(0.96– 
1.29) 1.09

(0.92– 
1.29)

p-values that are significant (p<0.05) are bold

Appendix

Appendix Table 3.

Associations between patient/family barriers and use of NGS

uPR(95%CI) aPR(95% CI)

Difficulty getting patient/family to understand purpose of the test 1.01 (0.93– 1.09) 1.03 (0.93– 1.08)

Difficulty getting patient/family to understand treatment options 1.05 (0.97– 1.12) 1.05 (0.98– 1.13)

Lack of education materials to share with patient/family 1.03 (0.96– 1.01) 1.04 (0.97– 1.12)

Insufficient time to discuss testing or treatment options with patient/
family

1.05 (0.97– 1.13) 1.02 (0.95– 1.11)

Patient/family resistant to testing 0.99 (0.91– 1.08) 0.99 (0.91– 1.08)

Adjusted analyses included provider-level, organizational-level, and patient-mix covariates.

NGS, next-generation sequencing; uPR, unadjusted prevalenceratios; aPR, adjusted prevalence ratios
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Highlights

• Oncologists faced barriers to involving patients/families in NGS testing 

decisions.

• Oncologists in low-resource settings were more likely to report barriers.

• Oncologist-reported patient/family barriers were not associated with NGS 

use.
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Figure 1. Oncologist-reported patient/family barriers to involving their cancer patients in the 
decision-making process for multi-marker tumor panels.
All factors reported in figure were oncologist reported responses to the question, “In the past 

12 months, how important was each of the following factors in your decision to use multi-

marker tumor panels to make treatment decisions for your cancer patients?”
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Table 1.

Study sample characteristics (N=1281)

Proportion (%) n

Provider-level characteristics

Sex

 Male 69 928

 Female 31 353

Age

 30 to 39 21 271

 40 to 49 30 391

 50 to 59 24 304

 60 and over 25 315

Years since graduation

 10 to 19 32 406

 20 to 34 36 467

 35 or more 32 408

Primary specialty
a

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

Organizational-level characteristics

Primary practice

Solo practice 4 55

Single specialty group 44 544

Multi-specialty group 44 566

Other 8 110

Practice location

Urban 54 694

Suburban 36 436

Rural 10 135
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Proportion (%) n

On-site pathology

No/Don’t know 30 376

Yes 70 893

Contract with off-site pathology lab

No/Don’t know 15 180

Yes 85 1,095

On-site genetic counselors

No/Don’t know 33 414

Yes 67 859

Internal policies regarding genomic testing

No/Don’t know 53 665

Yes 47 609

EMR alert for genomic testing

No/Don’t know 83 1,068

Yes 17 212

Genomic/Molecular tumor board

No/Don’t know 65 814

Yes 35 460

Patient-mix characteristics

No. of unique patients with cancer/month

1 to 49 27 361

50 to 99 22 289

100 to 199 34 430

200 or more 16 194

No. of unique patients with metastatic cancer/month

1 to 24 27 353

25 to 49 22 291

50 to 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.

a
Primary specialty was recoded to reflect the cancer types oncologists saw in their practice.
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	AppendixAppendix Table 1.Bivariate associations between provider-level, organizational-level, and patient-mix characteristics associated with patient/family barriers to multi-marker tumor panel testing, among NGS users only (N=959)Difficulty getting patient/family to understand purpose of the testDifficulty getting patient/family to understand treatment optionsLack of education materials to share with patient/familyInsufficient time to discuss testing or treatment options with patient/familyPatient/family resistant to testingPR95%CIPR95%CIPR95%CIPR95%CIPR95%CIProvider-level characteristicsFemale (ref. male)1.11(0.87– 1.42)1.14(0.92– 1.41)1.29(1.07– 1.55)1.18(0.93– 1.51)1.13(0.85– 1.51)Age (ref. 30 to 39) 40 to 490.96(0.71– 1.31)1.06(0.80– 1.41)0.89(0.68– 1.15)0.96(0.72– 1.27)1.30(0.86– 1.96) 50 to 590.90(0.64– 1.27)0.99(0.72– 1.35)1.09(0.83– 1.42)0.56(0.38– 0.82)1.38(0.89– 2.13) 60 and over0.99(0.71– 1.37)1.21(0.90– 1.62)1.17(0.91– 1.52)0.81(0.58– 1.13)1.66(1.10– 2.52)Years since graduation (ref. 10 to 19) 20 to 340.94(0.72– 1.24)1.06(0.82– 1.35)1.04(0.83– 1.30)0.70(0.53– 0.92)1.03(0.73– 1.47) 35 or more0.99(0.80– 1.31)1.17(0.91– 1.51)1.26(1.01– 1.57)0.77(0.58– 1.02)1.53(1.10– 2.13)Primary specialty (ref. solid tumors) Hematologic malignancies0.90(0.48– 1.69)0.77(0.42– 1.43)0.75(0.43– 1.31)0.39(0.16– 0.97)0.20(0.04– 0.90) Solid tumors and hematologic malignancies1.20(0.94– 1.53)1.10(0.89– 1.36)1.03(0.85– 1.24)1.09(0.86– 1.39)1.18(0.89– 1.57)Primary practice affiliated with academic institution0.79(0.63– 1.00)0.85(0.70– 1.05)0.99(0.82– 1.20)0.86(0.68– 1.09)0.70(0.53– 0.92)Sees patients at academic center or medical school0.80(0.63– 1.01)0.78(0.63– 0.96)0.90(0.75– 1.08)0.82(0.65– 1.04)0.52(0.38– 0.70)Formal training on genomic testing0.96(0.77– 1.21)0.94(0.77– 1.15)0.87(0.73– 1.04)0.80(0.63– 1.00)0.12(0.64– 1.11)Organizational-level characteristicsPrimary practice (Ref: Solo practice) Single specialty practice0.86(0.52– 1.42)0.80(0.52– 1.24)1.17(0.72– 1.91)0.89(0.53– 1.47)0.81(0.47– 1.37) Multi-specialty practice0.72(0.43– 1.19)0.72(0.46– 1.11)1.03(0.63– 1.69)0.73(0.43– 1.22)0.46(0.26– 0.80) Other0.68(0.35– 1.31)0.74(0.42– 1.29)0.79(0.42– 1.46)0.44(0.20– 0.94)0.41(0.18– 0.93)Practice location (Ref: Urban) Suburban1.00(0.78– 1.27)0.97(0.78– 1.21)0.97(0.79– 1.18)0.77(0.59– 1.00)1.44(1.07– 1.94) Rural1.01(0.68– 1.51)1.11(0.79– 1.55)1.43(1.11– 1.84)0.98(0.66– 1.44)2.15(1.47– 3.14)Genomic services (Ref: No/Don’t Know) On-site pathology0.72(0.57– 0.91)0.73(0.60– 0.90)0.82(0.68– 0.99)0.88(0.68– 1.12)0.54(0.42– 0.71) Contract with off-site pathology lab1.01(0.74– 1.40)0.95(0.72– 1.26)0.95(0.74– 1.21)0.80(0.60– 1.08)1.16(0.78– 1.74) On-site genetic counselors0.85(0.67– 1.08)0.91(0.74– 1.13)0.88(0.73– 1.06)0.91(0.71– 1.16)0.57(0.43– 0.75) Internal policies regarding genomic testing0.90(0.71– 1.12)0.95(0.78– 1.16)0.81(0.67– 0.97)0.95(0.75– 1.20)0.75(0.57– 0.99) EMR alert for genomic testing1.27(0.97– 1.66)1.12(0.87– 1.43)0.85(0.66– 1.10)1.14(0.85– 1.51)1.42(1.03– 1.95) Genomic/molecular tumor board0.87(0.68– 1.10)0.88(0.71– 1.09)0.86(0.71– 1.04)0.94(0.74– 1.20)0.56(0.41– 0.77)Patient-mix characteristicsNo. of unique patients with cancer/month (Ref: 1 to 49) 50 to 991.16(0.83– 1.63)1.38(1.01– 1.88)1.41(1.07– 1.85)1.80(1.24– 2.62)1.23(0.82– 1.86) 100 to 1991.25(0.92– 1.70)1.35(1.01– 1.80)1.18(0.90– 1.54)1.80(1.27– 2.57)1.39(0.96– 2.02) 200 or more1.22(0.84– 1.76)1.43(0.94– 2.00)1.76(1.34– 2.31)1.76(1.17– 2.64)1.23(0.78– 1.94)No. of unique patients with metastatic cancer/month (Ref: 1 to 24) 25 to 491.13(0.80– 1.58)1.28(0.94– 1.76)0.98(0.75– 1.29)1.52(1.05– 2.18)1.27(0.86– 1.89) 50 to 741.12(0.79– 1.60)1.25(0.90– 1.73)1.04(0.79– 1.36)1.57(1.08– 2.27)1.11(0.72– 1.70) 75 or more1.19(0.87– 1.63)1.40(1.05– 1.88)1.10(0.86– 1.40)1.49(1.05– 2.12)1.14(0.77– 1.66)% Medicaid1.16(1.00– 1.34)1.16(1.02– 1.33)1.13(1.00– 1.28)1.10(0.95– 1.29)1.09(0.91– 1.30)p-values that are significant (p<0.05) are bold
	Appendix Table 1.
	AppendixAppendix Table 2.Bivariate associations between provider-level, organizational-level, and patient-mix characteristics associated with patient/family barriers toDifficulty getting patient/family to understand purpose of the testDifficulty getting patient/family to understand treatment optionsLack of education materials to share with patient/familyInsufficient time to discuss testing or treatment options with patient/familyPatient/family resistant to testingPR95%CIPR95%CIPR95%CIPR95%CIPR95%CIProvider-level characteristicsFemale (ref. male)1.07(0.85– 1.36)1.11(0.90– 1.37)1.25(1.04– 1.50)1.16(0.92– 1.47)1.16(0.88– 1.53)Age (ref. 30 to 39) 40 to 490.97(0.72– 1.30)1.06(0.80– 1.40)0.92(0.71– 1.18)0.98(0.74– 1.29)1.34(0.89– 2.00) 50 to 590.96(0.69– 1.34)1.02(0.76– 1.39)1.14(0.88– 1.48)0.59(0.41– 0.85)1.39(0.90– 2.13) 60 and over1.03(0.75– 1.42)1.22(0.92– 1.63)1.22(0.95– 1.57)0.83(0.60– 1.14)1.71(1.14– 2.56)Years since graduation (ref. 10 to 19) 20 to 340.98(0.75– 1.27)1.10(0.86– 1.39)1.05(0.84– 1.31)0.75(0.58– 0.98)1.10(0.78– 1.54) 35 or more1.05(0.81– 1.38)1.23(0.96– 1.56)1.30(1.05– 1.61)0.80(0.61– 1.06)1.56(1.13– 2.16)Primary specialty (ref. solid tumors) Hematologic malignancies0.90(0.48– 1.71)0.77(0.42– 1.43)0.75(0.43– 1.30)0.39(0.16– 0.97)0.21(0.05– 0.93) Solid tumors and hematologic Malignancies1.24(0.98– 1.57)1.11(0.90– 1.36)1.02(0.85– 1.22)1.10(0.87– 1.39)1.26(0.96– 1.67)Primary practice affiliated with academic institution0.79(0.63– 0.98)0.86(0.70– 1.04)0.99(0.83– 1.19)0.86(0.69– 1.07)0.70(0.54– 0.91)Sees patients at academic center or medical school0.80(0.64– 1.01)0.80(0.65– 0.98)0.90(0.75– 1.08)0.83(0.66– 1.04)0.51(0.38– 0.69)Formal training on genomic testing0.97(0.78– 1.20)0.95(0.78– 1.16)0.88(0.74– 1.05)0.80(0.64– 1.00)0.90(0.69– 1.17)Organizational-level characteristicsPrimary practice (Ref: Solo practice) Single specialty practice0.80(0.51– 1.26)0.88(0.57– 1.35)1.08(0.70– 1.67)0.92(0.57– 1.49)0.98(0.57– 1.68) Multi-specialty practice0.69(0.44– 1.09)0.80(0.52– 1.24)0.98(0.63– 1.53)0.78(0.48– 1.27)0.54(0.31– 0.95) Other0.64(0.35– 1.18)0.81(0.46– 1.40)0.73(0.41– 1.30)0.48(0.23– 0.99)0.45(0.19– 1.03)Practice location (Ref: Urban) Suburban0.99(0.78– 1.25)0.95(0.77– 1.18)0.96(0.79– 1.17)0.76(0.59– 0.98)1.47(1.10– 1.96) Rural1.03(0.71– 1.50)1.03(0.74– 1.42)1.35(1.06– 1.74)0.93(0.64– 1.35)2.07(1.44– 2.99)Genomic services (Ref: No/Don’t Know) On-site pathology0.72(0.58– 0.89)0.75(0.62– 0.91)0.82(0.69– 0.98)0.90(0.71– 1.14)0.53(0.41– 0.68) Contract with off-site pathology lab1.08(0.79– 1.49)1.02(0.77– 1.35)0.98(0.76– 1.25)0.85(0.64– 1.14)1.26(0.84– 1.89) On-site genetic counselors0.82(0.66– 1.03)0.91(0.74– 1.12)0.87(0.73– 1.04)0.89(0.71– 1.12)0.54(0.42– 0.70) Internal policies regarding genomic testing0.88(0.71– 1.10)0.93(0.77– 1.14)0.81(0.68– 0.96)0.94(0.75– 1.18)0.71(0.54– 0.92) EMR alert for genomic testing1.26(0.97– 1.63)1.09(0.85– 1.39)0.90(0.70– 1.14)1.11(0.84– 1.47)1.38(1.01– 1.87) Genomic/molecular tumor board0.89(0.71– 1.12)0.91(0.74– 1.12)0.88(0.73– 1.06)0.97(0.77– 1.22)0.56(0.41– 0.76)Patient-mix characteristicsNo. of unique patients with cancer/month (Ref: 1 to 49) 50 to 991.26(0.91– 1.74)1.46(1.08– 1.97)1.41(1.09– 1.83)1.82(1.27– 2.59)1.19(0.90– 1.99) 100 to 1991.31(0.98– 1.77)1.39(1.05– 1.84)1.15(0.89– 1.49)1.74(1.24– 2.45)1.44(1.00– 2.07) 200 or more1.27(0.89– 1.81)1.47(1.07– 2.03)1.64(1.26– 2.14)1.79(1.22– 2.62)1.31(0.84– 2.02)No. of unique patients with metastatic cancer/month (Ref: 1 to 24) 25 to 491.19(0.86– 1.65)1.33(0.98– 1.81)0.99(0.76– 1.29)1.50(1.06– 2.13)1.32(0.90– 1.93) 50 to 741.21(0.87– 1.69)1.33(0.98– 1.82)1.06(0.81– 1.37)1.58(1.11– 2.25)1.22(0.82– 1.82) 75 or more1.22(0.90– 1.66)1.41(1.06– 1.88)1.08(0.85– 1.37)1.48(1.06– 2.06)1.14(0.78– 1.65)% Medicaid1.13(0.98– 1.30)1.16(1.01– 1.32)1.13(1.00– 1.27)1.12(0.96– 1.29)1.09(0.92– 1.29)p-values that are significant (p<0.05) are bold
	Appendix Table 2.
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