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BACKGROUND: Enthusiasm for precision oncology may obscure the psychosocial and ethical considerations associated with the imple-
mentation of tumor genetic sequencing. METHODS: Patients with advanced cancer undergoing tumor-only genetic sequencing in the
National Cancer Institute Molecular Analysis for Therapy Choice (MATCH) trial were randomized to a web-based genetic education inter-
vention or usual care. The primary outcomes were knowledge, anxiety, depression, and cancer-specific distress collected at baseline (TO),
posteducation (T1) and after results (T2). Two-sided, 2-sample ¢ tests and univariate and multivariable generalized linear models were
used. RESULTS: Five hundred ninety-four patients (80% from NCI Community Oncology Research Program sites) were randomized to
the web intervention (n = 293) or usual care (n = 301) before the receipt of results. Patients in the intervention arm had greater increases
in knowledge (P for T1-TO < .000T1; P for T2-TO = .003), but there were no significant differences in distress outcomes. In unadjusted
moderator analyses, there was a decrease in cancer-specific distress among women (TO-T1) in the intervention arm but not among men.
Patients with lower health literacy in the intervention arm had greater increases in cancer-specific distress and less decline in general
anxiety (TO-T1) and greater increases in depression (TO-T2) in comparison with those receiving usual care. CONCLUSIONS: Web-based
genetic education before tumor-only sequencing results increases patient understanding and reduces distress in women. Refinements
to the intervention could benefit low-literacy groups and men. Cancer 2022;128:1381-1391. © 2021 The Authors. Cancer published by
Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly
cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION

With the advent of massively parallel sequencing, genetic aberrations in tumors can be used to identify targeted therapies
to improve cancer outcomes. ™ Yet, enthusiasm for precision oncology may obscure the complex psychosocial and ethical
considerations associated with implementing tumor sequencing in precision oncology care.*’

Although pretest genetic counseling with a genetic provider is recommended for germline testing, there are no
guidelines for pretest counseling before tumor genetic testing. The American Society of Clinical Oncology and others
have recommended that the potential for identifying incidental germline findings be shared with patients in advance of
tumor testing,6’7 but how best to communicate this remains unclear. Several studies suggest that patients with advanced

cancer have poor genetic knowledge and understanding of the difference between tumor and germline testing and high

Corresponding Author: Angela R. Bradbury, MD, Division of Hematology/Oncology, Perelman Center for Advanced Medicine, 3400 Civic Center Blvd, Philadelphia, PA
19104 (angela.bradbury@pennmedicine.upenn.edu).

'University of Pennsylvania/Abramson Cancer Center, Philadelphia, Pennsylvania; 2ECOG-ACRIN Biostatistics Center, Dana-Farber Cancer Institute, Boston, Massachusetts;
3ECOG-ACRIN Biostatistics Center, Brown University, Providence, Rhode Island; *Massachusetts General Hospital Cancer Center, Boston, Massachusetts; *Weston
Center, Marshfield Clinic, Marshfield, Wisconsin; ®Aurora Cancer Care-Southern Lakes VLCC, Burlington, Wisconsin; ’Medical Oncology Hematology Consultants
PA, Newark, Delaware; ®Missouri Baptist Medical Center, Saint Louis, Missouri; °Wake Forest University Health Sciences, Winston-Salem, North Carolina; '°CHI Health
Saint Francis, Grand Island, Nebraska; ''Medical Oncology and Hematology Associates, Des Moines, lowa; '?Saint John’s Hospital-Healtheast, Maplewood, Minnesota;
3University of Michigan Comprehensive Cancer Center, Ann Arbor, Michigan

See editorial on pages 1359-1360, this issue.

Beth McCarty-Wood, CGC, Neeraja Reedy, CGC, Dana Clark, CGC, Danielle McKenna, CGC, Mary O’Connor, and Mary Lou Smith contributed to the development and
editing of the educational content.

This trial has been registered at ClinicalTrials.gov (NCT02823652).

Additional supporting information may be found in the online version of this article.

DOI: 10.1002/cncr.34063, Received: June 18, 2021; Revised: September 21, 2021; Accepted: September 21,2021, Published online December 10, 2021 in Wiley Online
Library (wileyonlinelibrary.com)

Cancer  April1,2022 1381


mailto:﻿
https://orcid.org/0000-0001-9607-6402
https://orcid.org/0000-0001-9685-4796
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:angela.bradbury@pennmedicine.upenn.edu
https://doi.org/10.1002/cncr.34060

Original Article

TABLE 1. The Multimodality COMET eHealth Education Intervention

Module Tier 1 Written Content (No. of Screens)  Tier 2 Written Content (No. of Screens)  Tier 2 Videos [min]?
1. Introduction ¢ Introduction to the COMET study (3) e Genomics vs genetics (1) e What is the COMET
e Introduction to the intervention (3) study? [1:40]
2. Genetics and cancer e What is DNA? (1) ¢ DNA and genetic changes (1)
e Tumor genetic changes (1)
3. Tumor genetic testing e Tumor genetic testing (1) e Germline genetic testingb ¢ Differences between

e Somatic vs germline genetics (1)

4. Results and implications e What might | learn from testing? (1)
e How might this impact my treatment? (1)
e How might this impact my family? (1)

5. Benefits, risks, and ¢ Benefits and risks of tumor genetic testing
limitations 1)
e Limitations of tumor genetic testing (1)
6. Review e Review of key concepts (1)

¢ Value of survey completion (1)
e Thank you and feedback (2)

e Tumor genetic testing® somatic and germline
changes [2:58]
e Types of genetic test results (1) e What your tumor genetic
test results might mean
for your treatment [2:27]
¢ What might a potential
germline genetic change
mean for me and my
family? [2:19]
e Benéefits, risks, and
limitations [2:07]

Abbreviation: COMET, Communication and Education in Tumor Profiling.

The intervention is informed by the tiered-binned model for genetic education and informed consent and was user-tested with 7 patients with advanced cancer (age
range of 39-73 years, 5 females and 2 males, 1 non-White patient, 6 patients with less than a college degree, and a range of cancer types). The linear intervention
includes 6 modules and 4 optional videos, but participants can view modules for as long and as many times as desired and go back to previously viewed topics.
2Videos include a genetic counselor explaining specific topics. The content in the videos is intentionally redundant to tier 1 and tier 2 content and is designed to
provide an alternative method for reviewing content for patients with different learning preferences.

PA link is provided to publicly available educational information (National Cancer Institute website).

°Alink is provided to publicly available educational information (Penn Medicine Diagnostics).

expectations of benefit.*'? Qualitative studies have re-
ported patient disappointment, distress, and loss of hope
after tumor genetic testing.'”'* This suggests a need for
improved pretest education for tumor genetic testing to
align expectations and improve patient outcomes.”'
The limited workforce of genetic providers and the time
sensitivity of results for treatment planning require novel
and timely genetic delivery strategies to deliver patient-
centered, high-quality precision oncology care.

To address this need, we developed a web-based ge-
netic education intervention for patients with advanced
cancer undergoing tumor genetic testing to increase ge-
netic knowledge and decrease distress and to reduce the
burden on oncology providers.

MATERIALS AND METHODS

The study protocol was approved by the appropriate in-
stitutional review board. Communication and Education
in Tumor Profiling (COMET) was a randomized trial of
web-based genetic education versus usual care in patients
with advanced cancer undergoing tumor-only sequenc-
ing coordinated by the ECOG-ACRIN Cancer Research
Group (NCT02823652) and conducted through the
ECOG-ACRIN NCI Community Oncology Research
Program (NCORP) Research Base. The COMET in-
tervention is a theoretically informed, user-tested, self-
directed, mobile-ready genetic education intervention.
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Based on the tiered-binned model, the intervention in-
cludes “indispensable” tier 1 information for all users and
tier 2 information providing additional material to sup-
port variable information needs (see Table 1)."

The primary aim was to evaluate the efficacy of
web-based genetic education to increase genetic knowl-
edge and decrease distress in comparison with usual care.
The secondary aim was to evaluate potential moderators
of changes in knowledge and distress.

Recruitment

A total of 594 patients enrolled from September 2016
to May 2019. The first 194 patients (145 from NCORP
community sites, 28 from academic sites, and 21 from
other National Clinical Trials Network—affiliated sites)
from a total of 74 sites were recruited through the
National Cancer Institute Molecular Analysis for Therapy
Choice (NCI-MATCH) trial (EAY131, MATCH co-
hort).a’14 English-speaking adults who were enrolled in
NCI-MATCH with email and web access and had not
received their tumor genetic test results were eligible. In
July 2017, NCI-MATCH met its sequencing goal, and
patients enrolled after July 2017 received their sequencing
results before enrollment and thus were not eligible for
COMET.” To meet the accrual goal, COMET recruited
an additional 400 patients (including 328 from NCORP
sites, 69 from academic sites, and 3 from National Clinical

Cancer  April1,2022



Genetic education in tumor profiling/Bradbury et al

Trials Network—affiliated sites) who met NCI-MATCH
eligibility criteria, consented to site-based tumor sequenc-
ing, and had not yet received tumor sequencing results
from 37 sites (non-MATCH cohort).

Study Procedures

Eligible patients were identified by research staff at the
time of their enrollment in MATCH or at their consent to
tumor sequencing. Participants completed informed con-
sent forms and were registered in the Oncology Patient
Enrollment Network and ECOG-ACRIN’s Systems for
Easy Entry of Patient-Reported Outcomes for the com-
pletion of patient-reported outcome (PRO) measures.
Participants were randomly assigned 1:1 (stratified by
gender [male vs female], race [White vs others], age [<65
vs >65 years], and education level [high school or less
vs some college vs post-bachelor]) to the intervention
or usual-care arm via a permuted block design and were
asked to complete a baseline survey (T0).

Arm A (intervention) participants received an email
to log in to the intervention and to access a posteducation
survey (T1) after the web education intervention. For those
who did not complete the web education, the survey was
sent to participants 9 days after completion of the TO survey.

Arm B (usual care) was intended as a real-world
comparison group and consisted of any usual-care ed-
ucation from providers or information sought through
usual resources. Arm B participants received the T1 sur-
vey 6 days after the baseline survey to align with the arm
A postintervention survey (which was also completed by
arm A participants who did not access the intervention)
and account for changes in outcomes that could occur
with time and usual-care information.

The disclosure of tumor test results occurred accord-
ing to usual clinical practice and was not prescribed per
protocol because of a lack of established standards for the
sharing of results. Results were typically provided by the
oncologist, although other staff may have shared results.
The postdisclosure survey (T2) was completed after site
research staff recorded result disclosure. If disclosure was
not entered, the survey was launched 49 days after TO to
allow 2 to 3 weeks for results to return and for providers
to disclose results. Before T2 survey completion, patients
were asked if they had received their results. If they re-
sponded yes, they proceeded with survey completion. If
they said no, they were asked to return to complete the
survey after disclosure and were sent 3 weekly remind-
ers to reassess if disclosure had occurred. They could also
complete the T2 survey if results were not disclosed.
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Primary Outcomes

Outcomes were informed by our theoretical model, which
was informed by the Self-Regulation Theory of Health
1516 and included potential benefits and risks of
receiving genetic information (eg, misunderstanding of

Behavior

results, distress, and uncertainty; Supporting Table 1a).
Primary outcomes included the following:

1. Genetic knowledge (T0-T2) was evaluated with an
adapted version of the ClinSeq knowledge scale!’
modified for tumor genetic testing (see Supporting
Table 1b). Tumor sequencing was novel when this
trial was designed, and this necessitated the adapta-
tion of an existing scale.

2. General anxiety and

3. depression (T0-T2) were assessed with 4-item
short forms of the Patient-Reported Outcomes
Measurement Information System (PROMIS).'®"

4. State anxiety (T0-T2) was assessed with 20 items
from the State-Trait Anxiety Inventory.”

5. Cancer-specific distress (T0-T2) was measured with
an adapted 14-item version of the Impact of Events

Scale.?!??

Moderators and Secondary Outcomes
Health literacy (T0) was assessed with a 3-item scale.”?
Higher scores indicated lower health literacy.

Uncertainty about tumor genetic testing (T0-T2)
was assessed with a 3-item scale adapted for tumor genetic test-
ing from the uncertainty subscale of the Multi-Dimensional
Impact of Cancer Risk Assessment questionnaire.”*

The perceived utility of tumor genetic testing (T0-T2)
was assessed with 10 items assessing patient perceptions
of the utility of genetic information and used in related
research.”’

Satisfaction with the disclosure of genetic results
(T2 only) was assessed with an adapted 9-item scale used

in related research.?>%°

Analysis

The primary end points included changes in genetic
knowledge and distress (anxiety, depression, state anxi-
ety, and cancer-specific distress) from the baseline to the
postintervention period (from TO to T1) and from the
baseline to the postdisclosure period (from TO to T2).
Preliminary data from the COMET pilot study (state
anxiety, cancer-specific distress, and knowledge), to-
gether with published data on PROMIS depression and
anxiety,”” were used to calculate power. A sample size of
200 patients (with evaluable paired data) per arm would
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provide at least 91% power for differences between arms
in mean change scores for all outcomes from TO to T1.
With a lower response rate expected at T2, 150 patients
(with evaluable paired data) per arm would give 72%
power for differences in changes in knowledge and 95%
power for differences in changes in cancer-specific distress
from TO to T2. The aforementioned calculations used
t tests at a 2-sided significance level of .005 (adjusted
for 10 primary analyses with a Bonferroni correction).
Supporting Table 2 provides mean change scores and
standard deviations for the primary end points.

Only patients who completed the baseline survey
were included in the data analysis. For each of the 10
primary outcome measures, the change was defined
as the T1 score or T2 score minus the TO score. A
2-sample 7 test was used to evaluate the intervention ef-
fect on the changes in cognitive and affective responses.
A P value < .005 was considered statistically signifi-
cant for tests on these primary outcomes (in light of
the Bonferroni correction described previously). Per
the study protocol, an intention-to-treat approach was
used to evaluate the intervention effect, regardless of
intervention uptake, unless otherwise specified. Linear
regression was used to further evaluate the intervention
effect, with adjustments made for potential baseline
confounders (defined as factors unbalanced between
arms at a P value < .1). To evaluate potential moderator
effects on these change scores, 2-way interactions of arm
and patient factors, including age (>65 vs <65 years),
sex, race (White vs others), highest education (high
school or less vs some college vs post-bachelor), health
literacy score at the baseline (on a continuous scale),
and its individual factor, were fitted into generalized
linear models separately. Models with significant 2-way
interaction terms were further confirmed individually,
with adjustments made for covariates (including patient
characteristics and the target PRO outcome score at the
baseline). Fisher exact tests were used to test the associ-
ation between categorical variables. Two-sample ¢ tests
were used to test differences in continuous variables.
A P value of .05 was considered statistically significant
in the analysis of moderators and secondary outcomes
because these were exploratory in nature. All P values
were 2-sided. SAS 9.4 (SAS Institute, Inc, Cary, North

Carolina) was used for analyses.

RESULTS

Because there were no significant differences in the base-
line characteristics and primary outcomes between the
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cohort enrolled in MATCH and those after MATCH
closed (the non-MATCH cohort), the results reported
here are based on patients across cohorts.

Study Participants

Five hundred ninety-four participants were randomized
(293 to the intervention arm and 301 to the usual-
care arm), and 473 (80%) were from NCORP sites.
Seventy-nine percent of the participants completed
the baseline survey, with no difference seen in response
rates between arms (see Fig. 1). The median age of the
participants was 64 years, 56% were women, 94% were
White, 45% had a common cancer, and 36% reported
a high school education or less (Table 2). There were
no significant differences in baseline characteristics be-
tween arms.

Among the participants in the intervention arm who
completed the TO survey, 93% (n = 218) completed web
education. The T'1 survey was completed by 210 and 208
participants in arm A (89%) and arm B (88%), respec-
tively. Before the T2 survey, 72% of the participants re-
ported having received test results (73% in arm A and
70% in arm B; P = .56). In total, 167 participants (71%)
in arm A and 157 participants (66%) in arm B completed
the T2 survey (P = .28).

Efficacy of the Web-Based Intervention to
Increase Knowledge and Decrease Distress

In our primary intention-to-treat analyses for the TO to
T1 change, there was a significant increase in knowledge
in the intervention arm (2 < .0001; Fig. 2A). There were
no significant differences in distress outcomes (Fig. 2A).
Findings were similar in primary intention-to-treat analy-
ses for the TO to T2 change (P = .003 for knowledge;
Fig. 2B). Because none of the baseline patient character-
istics met the predefined criteria for potential confound-
ers, no multivariable analysis adjusting for covariates was
performed. Mean scores of the primary outcomes by arm
and time point are shown in Supporting Table 3; mean
change scores by arm are shown in Supporting Table 4;
and outcomes by age, sex, and education are shown in
Supporting Table 5. Results were similar when we con-
ducted sensitivity analyses accounting for survey timing
and the as-treated approach (ie, intervention received; re-
sults not shown).

Moderators of Changes in

Knowledge and Distress

In unadjusted moderator analyses evaluating patient fac-
tors that could affect changes in cognitive and affective

Cancer  April1,2022
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COMET Study
Consented: n = 594
(MATCH cohort: n = 194
non-MATCH cohort: n = 400)

.

v

y

Intervention (Arm A)
Assigned: n =293

Usual Care (Arm B)
Assigned: n =301

TO Survey TO Survey
Not completed: n = 58 < > Not completed: n = 64
(Excluding from analysis) A 4 y (Excluding from analysis)
TO Survey TO Survey

Completed: n =235

Completed: n =237

)

Web-education
Completed: n =218
Not completed: n =17

)

y

T1 Survey
Completed n =210 (204/6)
Not completed: n =25 (14/11)

T1 Survey
Completed: n =208
Not completed: n =29

}

}

T2 Survey
Completed: n = 167 (162/1/4/0)
Not completed: n = 68 (42/5/10/11)

T2 Survey
Completed: n = 157 (153/4)
Not completed: n = 80 (55/25)

Figure 1. Consolidated Standards of Reporting Trials diagram. Values in parentheses refer to the number of patients from preceding
boxes, with each value corresponding to the row in order. Bolded values refer to the number of participants who did not receive
the assigned web education intervention. COMET indicates Communication and Education in Tumor Profiling; MATCH, Molecular
Analysis for Therapy Choice; TO, baseline; T1, posteducation; T2, after result disclosure.

outcomes, only outcomes with significant moderators
are further described here. There was a greater decrease
in cancer-specific distress for women from TO to T1
among those in the intervention arm versus those re-
ceiving usual care (—2.4 vs 0.9; P = .01), but there was
no effect in men (P = .052 for the 2-way interaction;
Fig. 3). Patients with lower health literacy in the inter-
vention arm had 1) more increase you in cancer-specific
distress (slope = 0.85; P =.003 against 0; R = 0.053)—
but there were no significant changes in the usual-care
arm (slope = —0.26; P = .32 against 0; R> = 0.005;
P = .004 for the 2-way interaction)—and 2) no signifi-
cant changes in general anxiety (slope = 0.06; P = .32
against 0; R = 0.005)—but there were slight decreases
in the usual-care arm (slope = —0.11; P = .07 against 0;
R*=0.018; P = .049 for the 2-way interaction)—from
TO to T1 (Fig. 4). Patients with lower health literacy in
the intervention arm had greater increases in depression
(slope = 0.22; P = .01 against 0; R*=0.037), but there
were no changes in the usual-care arm (slope = —0.06;
P = .47 against 0; R* = 0.004; P = .02 for the 2-way
interaction), from TO to T2. These conclusions were
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further confirmed with controlling for covariates and
in the as-treated analysis (results not shown). Baseline
cancer-specific distress and anxiety were higher for
those with lower health literacy than those with higher
health literacy (slope = 1.09 and slope = 0.24, respec-
tively; both P values < .0001 against 0). In secondary
models including baseline distress scores, the 2-way in-
teraction of health literacy and treatment arm remained
significant (P = .03), and this suggests that the literacy
moderator effect cannot be attributed to associated anx-

iety/depression or uncertainty.

Secondary Outcomes by Arm

There were no significant differences in the change in
uncertainty or perceived utility by arm (Supporting
Table 2). Satisfaction did not differ significantly between
arms in the intention-to-treat analysis or among those
who received results (by research staff or patient report

separately).
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TABLE 2. Participant Characteristics at the Baseline by Arm Assigned and by Accrual Source

Arm Assigned Accrual Source

Web Education Usual Care Non-MATCH
Patient Characteristic (n=23Y) (n=237) MATCH (n = 145) (n=327)2 Total (n = 472)
Health literacy, mean (SD)° 2.5(2.6) 29 (2.7) 2.9 (2.6) 2.7 (2.7 2.7 (2.7
Age, mean (SD), y 62.6 (10.5) 63.0 (11.3) 61.0 (10.8)° 63.6 (10.9)° 62.8 (10.9)
Age, No. (%)
>65y 104 (44.3) 106 (44.7) 54 (37.2)¢° 156 (47.7)° 210 (44.5)
<65y 131 (55.7) 131 (55.3) 91 (62.8) 171 (52.3) 262 (55.5)
Sex, No. (%)
Male 101 (43.0) 107 (45.1) 56 (38.6) 152 (46.5) 208 (44.1)
Female 134 (57.0) 130 (54.9) 89 (61.4) 175 (563.5) 264 (55.9)
Race, No. (%)
White 218 (94.0) 221 (94.4) 133 (91.7) 306 (95.3) 439 (94.2)
African American 8 (3.4) 9 (3.9 8 (5.5) 9(2.8) 17 (3.7)
Other 6 (2.6) 4(1.7) 4(2.8) 6(1.9) 10 (2.1)
Unknown 3(—) 3(—) 0(—) 6 (—) 6 (—)
Ethnicity, No. (%)
Hispanic 1(0.4) 5(2.1) 2 (1.4) 4(1.2) 6 (1.3)
Non-Hispanic 229 (99.6) 229 (97.9) 142 (98.6) 316 (98.8) 458 (98.7)
Unknown 5(—) 3(—) 1(—) 7(2.1) 8(—)
Highest education, No. (%)
High school or less 82 (34.9) 88 (37.1) 49 (33.8) 121 (37.0) 170 (36.0)
Some college/bachelor 123 (52.3) 119 (50.2) 81 (55.9) 161 (49.2) 242 (51.3)
Post-bachelor 30 (12.8) 30 (12.7) 15(10.3) 45 (13.8) 60 (12.7)
Cancer type, No. (%)
Common cancers
Lung (NSCLC/NOS) 33 (14.0) 37 (15.6) 14 (9.7) 56 (17.1) 70 (14.8)
Colorectal 37 (15.7) 30 (12.6) 32 (22.1) 35 (10.7) 67 (14.2)
Breast 22 (9.4) 31(13.1) 17 (11.7) 36 (11.0) 53 (11.2)
Prostate 11 4.7) 13 (5.5) 3(2.1) 21 (6.4) 24 (5.1)
Common cancer subtotal 103 (43.8) 111 (46.8) 66 (45.5) 148 (45.3) 214 (45.3)
Uncommon cancers
Pancreatic 13 (6.5) 21(8.9) 9(6.2) 25 (7.6) 34 (7.2)
Ovarian 13 (5.5) 22 (9.3) 11 (7.6) 24 (7.3) 35 (7.4)
Head and neck 14 (6.0) 11 (4.6) 6 (4.1) 19 (5.8) 25 (5.3)
Esophageal/GE junction/ 14 (6.0) 6 (2.5) 5(3.4) 15 (4.6) 20 (4.2)
gastric
Endometrial/uterine 13 (5.5) 7 (3.0) 4(2.8) 16 (4.9) 20 (4.2)
(nonsarcoma)
Kidney/renal cell 9(3.9) 9(3.8) 3(2.1) 15 (4.6) 18 (3.8)
GYN, other 10 (4.3) 4(1.7) 8 (5.5) 6(1.8) 14 (3.0)
Sarcoma 8(3.4) 5(2.1) 3(2.1) 10 (3.1) 13(2.8)
Neuroendocrine 4(1.7) 8(3.4) 7 (4.8) 5(1.5) 12 (2.6)
Other 24 (10.2) 27 (11.4) 15(10.3) 36 (11.0) 51(10.8)
Primary site not specified 10 (4.3) 6 (2.5) 8 (5.5) 8 (2.4) 16 (3.4)
Uncommon cancer subtotal 132 (56.2) 126 (53.2) 79 (54.5) 179 (54.7) 258 (54.7)

Abbreviations: GE, gastroesophageal; GYN, gynecological; NCI-MATCH, National Cancer Institute Molecular Analysis for Therapy Choice; NOS, not otherwise
specified; NSCLC, non-small cell lung carcinoma; SD, standard deviation.

This table represents data of participants who completed the baseline survey.

#Four hundred patients who met NCI-MATCH eligibility criteria, consented to site-based tumor sequencing, and had not yet received tumor sequencing results
from 37 sites.

PScores were missing for 12 patients (5 in arm A and 7 in arm B). The possible range was 0 to 12; higher scores indicated lower health literacy.

°There was a significant difference in age between MATCH and non-MATCH patients (P = .02).

%There was a significant difference in age distribution between MATCH and non-MATCH patients (P = .04).

DISCUSSION

In this large, multicenter, randomized trial, which in-
cluded a representative patient population in commu-
nity and academic practices, we have demonstrated
that web-based genetic education increases knowledge
by providing a clinically relevant eHealth tool to in-
crease patient understanding of tumor genetic testing.
Additionally, high intervention use demonstrates that it
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is a salient and easily accessible intervention for patients
with advanced cancer.

Although there is a large literature on outcomes with
genetic counseling for germline testing, there are no pro-
spective data on patient outcomes with tumor genetic test-
ing. Although we did not find a reduction in distress with
the intervention, secondary analyses identified a reduction
in cancer-specific distress for women in the intervention

Cancer  April1,2022



Genetic education in tumor profiling/Bradbury et al

Mean Change Score (T1-T0)

-4.0 T T

Genetic PROMIS
Knowledge Depression

PROMIS Anxiety

T T T
State Anxiety Cancer-Specific
Distress

Primary Outcome

[Arm Assigned M Intervention B Usual Care |

Mean Change Score (T2-T0)

4.5 |
5.0 :

T
Genetic PROMIS
Knowledge Depression

T
PROMIS Anxiety

T
Cancer-Specific
Distress

T
State Anxiety

Primary Outcome

[Arm Assigned M Intervention B Usual Care |

Figure 2. Mean change scores and 95% confidence intervals by assigned arm and outcome: (A) mean change scores (T1-TO) and (B)
mean change scores (T2-TO). Positive scores are a favorable outcome for genetic knowledge (eg, increased knowledge), whereas
negative scores are favorable for depression, anxiety, and cancer-specific distress (eg, reduced depression, anxiety, or distress).

arm. Studies have shown that 24% to 45% of patients
with advanced cancer have distress.”®® Furthermore,
screening for distress and interventions targeted to reduce
distress in this population have had variable resules.?%?
Thus, it may be difficult to achieve distress reductions in
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patients with advanced cancer through genetic education
alone. Although there are no quantitative studies evaluat-
ing distress after tumor genetic results, data in germline
testing show transient increases in cancer-specific distress
after the receipt of a positive result and reductions for
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Cancer-Specific Distress Change Score (T1-T0)

-5.0 -
Male

T
Female

Sex

[Arm Assigned M Intervention B Usual Care |

Figure 3. Cancer-specific distress mean change scores (T1-TO) and 95% confidence intervals by sex and assigned arm.

patients receiving negative results.”> Our data, showing
reduced cancer-specific distress for women in the inter-
vention arm but not in the cohort as a whole, point to
opportunities for refinements to the intervention to bet-
ter address the affective needs of patients with advanced
cancer receiving tumor genetic results.

We also found that patients with lower health lit-
eracy in the intervention group had transient increases
in cancer-specific distress and less reduction in anxiety.
Although these differences were seen only from the base-
line to the postintervention period, if the intervention
were to be used clinically, careful attention to psycho-
social responses among lower literacy patients would be
recommended. It is possible that the complexity of infor-
mation in the intervention generated confusion and led
to greater distress. Alternatively, the intervention empha-
sized that testing may, or may not, help to guide treat-
ment, and a better understanding of the limitations of
testing could have led to distress. Lower literacy patients
also had higher distress at the baseline, and this suggests
that this population may benefit from additional support
in general. Additional research focused on understanding
the experience of lower literacy patients with cancer could
inform modifications to address their unique needs.’

Another clinically important finding in this study is
the complexity of evaluating how and when tumor genetic
results are shared in clinical practice. Because these results
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are critical to treatment decisions, they are often shared by
the medical oncologist. Although this study allowed us to
evaluate usual practices across a national representation of
clinical practices, there likely was variability in how prac-
tices shared results. We found that patients frequently
did not recall “disclosure of results.” Additional research
evaluating provider variability, patient preferences, and
how best to share results is needed. Furthermore, high
use of this web-based intervention indicates that eHealth
platforms could help to support providers and patients in
sharing genetic results.

Although the study has several strengths, includ-
ing the large, representative population of patients, the
majority of whom were treated in community-based
practices, the randomized design, and robust PROs,
we acknowledge several limitations. We could not col-
lect information on decliners, we excluded those with-
out internet access, and representation among minority
non-White groups was low. MATCH had relatively few
actionable results, and outcomes could vary by test re-
sult.*** The intervention was designed for tumor-only
sequencing, and outcomes could be different with paired
sequencing or germline testing. It was difficult to assess
result disclosure, and this resulted in lower completion
rates for the postdisclosure outcomes and could have af-
fected PROs. Given the lack of an existing knowledge
scale for tumor sequencing, we had to adapt an existing
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Figure 4. Affective outcomes by health literacy and arm: (A) cancer-specific distress mean change scores (T1-TO) by health literacy
and arm, (B) PROMIS anxiety mean change scores (T1-TO) by health literacy and arm, and (C) PROMIS depression mean change
scores (T2-TO) by health literacy and arm. Regression lines with 95% confidence intervals are shown by assigned arm. PROMIS
indicates Patient-Reported Outcomes Measurement Information System.

scale used for germline testing. The magnitude of the in-
crease in knowledge was small, and further validation of
this measure, including defining thresholds for meaning-
ful change, would be valuable.

In summary, web-based genetic education before
the receipt of tumor genetic test results increased pa-
tient understanding. Although the intervention did
not significantly reduce distress, women had reduc-
tions in cancer-specific distress. Future refinements to
the web intervention could benefit low-literacy groups
and men.
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