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Objective: Tumor genomic profiling (TGP) can inform advanced cancer patients’ treatment decisions, and also reveal
secondary germline findings—information about inherited risks for cancer and other disorders. We sought to develop
a measure of patient perceptions of the clinical and personal utility of secondary germline findings.

Methods: We developed a draft survey based on literature and patient interview data (n=40). We evaluated and re-
fined the survey through cognitive interviews with advanced cancer patients who received secondary germline find-
ings from TGP (n=10). The survey was psychometrically validated with data from two independent samples of
advanced cancer patients undergoing TGP (total n=349).

Results: Cognitive interviews offered opportunities for survey refinement and confirmation of its comprehensible na-
ture. Exploratory and confirmatory factor analysis of the survey identified 16 items across three subscales with strong
internal consistency (Cronbach’s alpha =0.79): perceived utility for others, perceived utility for self and health, and
confidence in secondary findings.

Conclusion: We developed a novel valid scale with promise for measuring advanced cancer patients’ perceptions of the
utility of secondary germline findings.

Innovation: We offer a new patient-derived measure of perceived utility of and confidence in secondary germline find-

ings with potential applications for precision oncology research and clinical communication.

1. Introduction

Genome sequencing technology is being used as part of precision oncol-
ogy to evaluate the tumors of cancer patients to identify genetic variants
that suggest susceptibility to approved or experimental targeted therapeu-
tics. Through such “tumor genomic profiling” (TGP), germline variants in-
dicative of inherited disease risks may be identified (detected either within
tumor DNA or when a patient’s germline DNA is directly sequenced for
comparison to the tumor sequence). These germline findings are consid-
ered “secondary” when actively sought (or “incidental” when not) because
they arise outside of the original purpose of TGP [1,2]. Secondary germline
findings may indicate inherited risks for various health conditions with
important implications for patients and their families, and are likely to be
detected in a sizable minority of cancer patients (e.g., 15.7%) [3].

A high level of interest appears to exist among cancer patients regarding
the receipt of secondary germline findings from TGP [4-11]. Less clear,
however, are patients’ perspectives regarding the overall value or utility
of secondary germline findings. Traditionally, experts have defined
the value of genetic risk information as a function of its clinical utility,
or its ability to improve morbidity and mortality by influencing medical
decisions or management [12,13]. Indeed, clinical utility is a guiding
principle for expert recommendations about the return of secondary
germline variants arising from clinical sequencing, including current
recommendations from the American College of Medical Genetics and
Genomics (ACMG) to allow patients to opt-out of receiving secondary
findings regarding pathogenic/likely pathogenic variants in 73 medi-
cally actionable genes [14-18]. Qualitative work indicates that many
cancer patients expect such health benefits to be derived from the
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receipt of secondary germline findings for themselves or for their
families [5,8,19,20].

It has also been argued that genetic information can have personal util-
ity (i.e., benefits beyond a reduction in one’s morbidity or mortality)
[13,21-23]. Such aspects of personal utility have been posited to span var-
ious domains, including affective/emotional (e.g., improving coping, men-
tal preparation), cognitive (e.g., self-knowledge, curiosity), behavioral
(e.g., future planning including reproduction, family communication),
and social (e.g., research altruism, stigma and discrimination) outcomes
[24-26]. How individuals construct and perceive such personal utility
may vary based on the clinical context and their role in that context
[21,23,27]. Studies of cancer patients’ attitudes regarding genomic se-
quencing suggest that dimensions of personal utility, such as being able to
make more informed decisions about the future, resolve feelings of curios-
ity, maintain hope, and make a contribution to medical research, could
arise from learning secondary germline findings [5,8,28-30]. Further, as ar-
gued by Bunnik and colleagues [23], personal utility “presupposes two
things: that a genomic test delivers information (i.e., meaningful informa-
tion) and that this information can be used or put to use in some reasonable
way (page 324).” Thus, the perceived interpretability, quality, and
actionability of the genetic information provided may be important contrib-
utors to the utility derived therein by patients.

Acquiring an understanding of patients’ expectations and perceptions
regarding the utility of secondary germline findings is important because
these beliefs represent health cognitions that may influence their decisions
to receive such information [31-33], as well as their psychological reac-
tions, information processing, communication, and health behaviors fol-
lowing receipt of these results [34-36]. However, to our knowledge no
validated measures currently exist for measuring these beliefs among can-
cer patients undergoing TGP. To date, TGP has largely been limited to can-
cer patients with advanced disease to identify eligibility for clinical trials of
novel therapeutics [37,38]. An individual’s perspective about utility is
context- and role-specific [21,23,27], and patients with advanced cancer
have distinct experiences and challenges that likely shape the domains of
clinical and personal utility that are most relevant to their evaluation of sec-
ondary germline findings from TGP. For instance, patients with advanced
cancer have fewer opportunities to derive behavioral utility associated
with future reproductive choices given their generally poor prognosis and
are less likely to encounter social utility outcomes involving personal insur-
ance or employment discrimination given their existing cancer diagnoses
than other populations who have been the focus of investigations of the util-
ity of genetic risk information (e.g., healthy adults undergoing genomic se-
quencing [25,39], parents/caregivers of pediatric cancer patients or those
seeking to resolve a diagnostic odyssey [27]). Yet, patients with advanced
cancer may have a heightened focus on the clinical utility of secondary
germline findings for the immediate medical management of their existing
cancer, and the cognitive insights to be gained by family members who are
more likely to derive preventive benefits from the information. With the
present study, we adopted a multiphase approach to develop and evaluate
the initial psychometric properties of a new measure of advanced cancer
patients’ perceptions of the clinical and personal utility of secondary germ-
line findings arising from TGP. Our measure development was consistent
with existing conceptual models of patient perceptions of clinical and per-
sonal utility of genetic risk information [24,26,27], yet was intended to re-
flect outcomes most relevant to the advanced cancer patient population in
the clinical context of TGP. We also incorporated outcomes related to a pa-
tient’s interpretability, quality, and actionability of the genetic risk informa-
tion in this measure development, given that such dimensions may
theoretically serve as a necessary precondition to the perceived utility of
secondary germline findings [23].

2. Methods
We followed Rothrock and colleagues' [40] recommendations for devel-

oping a patient-reported outcome measure (see Fig. 1). Phase 1 of this ap-
proach centered upon gathering input to inform the creation of potential
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Fig. 1. Approach to developing a new measure of cancer patients’ perceived utility
of secondary germline findings from tumor genomic profiling. This multi-phase
approach to patient-reported outcome measure development is adapted from that
of [40].

survey items for measuring the construct of perceived utility of secondary
germline findings arising from TGP. Phase 2 involved using qualitative cog-
nitive interviews to refine and improve the items. Phase 3 involved the pre-
liminary psychometric validation of the resulting survey measure in two
samples of cancer patients receiving secondary germline findings from
TGP. This research was approved by the Memorial Sloan Kettering Cancer
Center Institutional Review Board.

2.1. Phase 1: item generation

Our multidisciplinary team of experts in social and health psychology,
clinical psychology, clinical genetics, and qualitative methodology gener-
ated survey items through a combination of literature review and patient
input. Relevant theoretical and empirical literature regarding clinical and
personal utility of genomic sequencing and patient perceptions and expec-
tations of genetic/genomic testing were reviewed to identify possible do-
mains and items. Several items from existing measures of the perceived
value of genomic sequencing results [41] and motivations about genetic
testing for hereditary cancer syndromes [42] were adapted to be relevant
to the context of secondary germline findings among advanced cancer pa-
tients. Additionally, we reviewed previously-collected qualitative data
from advanced cancer patients regarding their attitudes about the possible
receipt of secondary germline findings from TGP. Details of this study are
reported elsewhere [8], but in brief, in-depth interviews were conducted
with 40 patients diagnosed with breast, colorectal, lung, or bladder cancer
(63% female, ages 30-82 years, 85% white, 95% non-Hispanic, 56% college
graduates). All participants had undergone TGP with the MSK-IMPACT
(Memorial Sloan Kettering-Integrated Mutation Profiling of Actionable
Cancer Targets) test [43,44], a sequencing panel that at that time detected
somatic variants in 410 cancer-related genes with analysis of a matched
normal sample and germline subtraction, and interviews focused on the hy-
pothetical decision of learning secondary germline findings. These data in-
dicated various perceived benefits and expectations regarding the potential
uses of secondary germline findings, which informed item generation.
Through these sources, we created a draft survey consisting of 19 items
rated on a Likert-type scale from 1 = “strongly disagree” to 5= “strongly
agree” (Table 1). We selected a 5-point Likert-type scale to allow for a neu-
tral point, to minimize participant burden (e.g., versus a 7- or 9- point
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Table 1
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Development of survey items to assess cancer patients’ perceived utility of secondary germline findings from tumor genomic profiling.

Original Item Wording Participant Cognitive Interview Feedback

Final Item Wording (for use prior to
receiving secondary germline findings,
e.g., Sample 1)

Final Item Wording (for use after receiving
secondary germline findings, e.g., Sample 2)

1. My secondary findings can help reduce None
my family’s chances of getting cancer.
2. My secondary findings will be valuable

for maintaining my future health.

Round 1 interviews suggested replacing
“valuable” with “helpful.”

3. My secondary findings can be useful to None
my doctor.
4. My secondary findings can be useful to None
my family.
5. I trust that my secondary findings will be  None
accurate.
6.1 am confident that I understand my Round 2 interviews suggested minor
secondary findings. confusion due to the complex nature of the

test results themselves.

7.1 would recommend tumor genomic None
profiling to a close friend or family
member who had cancer.

8. My secondary findings are easy to None
understand.

9. My secondary findings make me feel less None
confused about my cancer.

10. My decisions about managing my health None

are easier to make because of my
secondary findings.

11. My secondary findings can help me
understand my health better.

12. My secondary findings can help me to
plan for my future.

13. My doctor can understand my secondary
findings.

Round 1 interviews suggested replacing
“better” with “in general.”
None

Omitted based on Round 2 interviews.

14. The meaning of my secondary findings ~ None
could change as scientists learn more
about genes and diseases.

15.1am in a better position to make None
decisions about my health now that I
know my secondary findings.

16. My secondary findings can help doctors None
learn to care for future patients.

17. My tumor genomic profiling can help None
my doctor treat my cancer.

18. 1 am confident that if I want to share my None

secondary findings with other people, I
can do so.

19. The information that I learn from my
secondary findings is valuable.

Omitted based on Round 1 interviews.

1. My secondary findings will help reduce
my family’s chances of getting cancer.

2. My secondary findings will be helpful for
maintaining my future health.

3. My secondary findings will be useful to
my doctor.

4. My secondary findings will be useful to
my family.

5.1 trust that my secondary findings will be
accurate.

6. I am confident that I will be able to
understand my secondary findings.

7.1 would recommend tumor genomic
profiling to a close friend or family member
who had cancer.

8. My secondary findings will be easy to
understand.

9. My secondary findings will make me feel
less confused about my cancer.

10. My decisions about managing my health
will be easier to make because of my
secondary findings.

11. My secondary findings will help me
understand my health in general.

12. My secondary findings will help me to
plan for my future.

13. The meaning of my secondary findings
could change as scientists learn more about
genes and diseases.

14. I will be in a better position to make
decisions about my health when I know my
secondary findings.

15. My secondary findings can help doctors
learn to care for future patients.

16. My tumor genomic profiling can help
my doctor treat my cancer.

17.1am confident that if  want to share my
secondary findings with other people, I can
do so.

1. My secondary findings will help reduce
my family’s chances of getting cancer.

2. My secondary findings are helpful for
maintaining my future health.

3. My secondary findings are useful to my
doctor.

4. My secondary findings are useful to my
family.

5. I trust that my secondary findings are
accurate.

6. I am confident that I am able to
understand my secondary findings.

7.1would recommend tumor genomic
profiling to a close friend or family member
who had cancer.

8. My secondary findings are easy to
understand.

9. My secondary findings make me feel less
confused about my cancer.

10. My decisions about managing my health
are easier to make because of my secondary
findings.

11. My secondary findings help me
understand my health in general.

12. My secondary findings help me to plan
for my future.

13. The meaning of my secondary findings
could change as scientists learn more about
genes and diseases.

14.Iam in a better position to make
decisions about my health because I know
my secondary findings.

15. My secondary findings can help doctors
learn to care for future patients.

16. My tumor genomic profiling can help my
doctor treat my cancer.

17. Tam confident that if I want to share my
secondary findings with other people, I can
do so.

Note: The above items are preceded by the following introduction: “‘Secondary findings’ is a term that we use to describe the genetic changes in the genes of your normal cells
that could be found with tumor genomic profiling. On the one hand, tumor genomic profiling could show that you have one or more genetic changes in your normal cells that
increase your risk for getting a disease. On the other hand, tumor genomic profiling could show that you do not have any genetic changes in your normal cells that increase
your risk for getting a disease. Both of these kinds of results are ‘secondary findings.” Please indicate how strongly you agree with each of the following statements with
regards to your expectations about the secondary findings that you (will receive/have received) from tumor genomic profiling.” All items use a 5-point Likert-type response
scale (1 =strongly disagree, 2 =somewhat disagree, 3 =neither disagree nor agree, 4 =somewhat agree, 5= strongly agree).

scale), and because we did not anticipate that the nuance of patients’ per-
ceptions would necessitate additional response options.

2.2. Phase 2: item improvement

Two rounds of cognitive interviews were conducted with patients (n=
5/round) to refine the survey, consistent with recommended methods
[45] and guidance that seven to ten interviews are generally sufficient to
achieve patient consensus about the form and structure of a measure
[46]. Cognitive interviewing is an FDA-recommended, gold-standard
method for developing and adapting patient-facing materials [45,47]. Eligi-
ble patients included those who were age 18 or older, lived in the New York
metro-area, spoke English, were diagnosed with a solid tumor, and had pre-
viously received secondary germline findings (either a pathogenic/likely
pathogenic variant or confirmation of no pathogenic/likely pathogenic var-
iants) from TGP with the MSK-IMPACT test. Participants were recruited by
telephone, provided verbal informed consent, and mailed a copy of the

draft survey. Interviews were conducted by one of two trained team mem-
bers by telephone. Participants reviewed the survey and were asked to
“think aloud” as they answered each item. Interviewers used a series of
standard probes to elicit participants’ perceptions and understanding of
specific items and the whole survey. Participants were encouraged to ex-
press their ideas about additional aspects of the clinical and personal utility
of secondary germline findings based on their direct experiences. Inter-
views were audio-recorded and lasted approximately 30 minutes; partici-
pants received $20 in appreciation of their contributions.

Four members of the study team analyzed interview transcripts through
a process of thematic content analysis to identify converging instances of
participant problems, difficulties, or suggestions regarding the survey
[45,48-51]. Following the first round of interviews, analysis of these data
determined whether any interim revisions were warranted based on partic-
ipant feedback. Content endorsed by at least two participants as being prob-
lematic was revised for testing in the second round of cognitive
interviewing. An identical procedure was used for the second round of
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interviews to further refine the survey. Upon completion of this process, the
literacy level of the survey was determined using the Flesch-Kincaid grade
score, a measure of readability that indicates the US school grade level at
which a reader can understand at least 50% of the content [52]. The
American Medical Association recommends that health-related materials
be written at the 51-6™ grade level [53], and the National Institutes of
Health recommend that materials be written at the 379-5" grade level to
ensure comprehension by those of lower literacy levels [54].

2.3. Phase 3: psychometric validation

Psychometric validation data were drawn from two independent samples.
Sample 1 (longitudinal sample; n=226) consisted of data collected in an on-
going, prospective study of cancer patients’ experiences with TGP and sec-
ondary germline findings. Analyzed data were collected at study baseline, a
timepoint following patient consent to both TGP with the MSK-IMPACT
test and to receive any identified pathogenic/likely pathogenic secondary
germline findings in =76 cancer predisposition genes, but before receipt of
these results. Participants completed a self-report questionnaire that included
the 17-item perceived utility survey, plus measures of demographic (includ-
ing health status assessed with the ECOG Performance Status [55] and self-
reported health assessed with an item from the NCI-sponsored Health Infor-
mation National Trends Survey [56]), cognitive (including knowledge
about TGP and secondary germline findings assessed with an investigator-
designed scale, satisfaction with the educational video used to facilitate
TGP consent assessed with an investigator-designed item, satisfaction with in-
formation provided in the consent process assessed with an investigator-
designed item, decisional conflict about learning secondary germline findings
assessed with the validated Decisional Conflict Scale [57], and perceived risk
of receiving a pathogenic/likely pathogenic secondary germline finding
assessed with a modified item from the NCI-sponsored Health Information
National Trends Survey [56]), and emotional (including anxiety and depres-
sion assessed by the Hospital Anxiety and Depression Scale [58]) variables.
Sample 2 (cross-sectional sample; n =123) consisted of data from a retrospec-
tive cross-sectional questionnaire of cancer patients who had undergone the
MSK-IMPACT test and had received a pathogenic/likely pathogenic second-
ary germline finding in any of =76 cancer predisposition genes. Participants
completed a self-report questionnaire online that included the 17-item per-
ceived utility survey and measures of demographic (including above mea-
sures of health status and self-reported health), cognitive (including above
measure of satisfaction with information, as well as dissatisfaction with
healthcare provider support following receipt of secondary germline findings
assessed with an investigator-designed item, and communication self-efficacy
for sharing one’s secondary germline findings with others assessed with an
investigator-designed scale modeled after [59]), and emotional (including ge-
netic testing concerns assessed with the total score from an adapted version of
the Multidimensional Impact of Cancer Risk Assessment [60]) variables.

We used exploratory factor analysis (EFA) to examine the underlying
structure of the perceived utility measure in Sample 1—the larger available
sample and that which we anticipated would have greatest variability in re-
sponses given that the timing of data collection meant that these partici-
pants were reporting on their anticipated utility of the secondary
germline findings. We then used confirmatory factor analysis (CFA) in Sam-
ple 2. Prior to factor analysis, the two samples were described and com-
pared on demographic, disease, cognitive, and emotional variables using
t-tests and Chi-square tests. For the EFA, we used maximum likelihood as
the extraction method with a Promax oblique rotation allowing for inter-
correlation of factors. We assessed eigenvalues and followed a cutoff
value of 1.0. In the event of an item cross-loading across factors, factor as-
signment was based on the highest factor loading and consideration of
the item’s conceptual fit with other items within the factor. Items were con-
sidered for deletion based on their conceptual fit with other items within
the factor and whether their removal improved the internal consistency
of the factor. For the CFA, we assessed RMSEA, CFI, and TLI for overall
fit, and compared these to a single factor model using AIC and BIC [61]. In-
ternal consistency was assessed for both samples using Cronbach’s alpha.
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Next, the samples were combined, and factor scores calculated for each
participant as an average of the constituent items. Convergent and discrimi-
nant validity was assessed by correlation of the factor scores with demo-
graphic, disease, cognitive, and emotional variables that were collected in
each sample. Consistent with theoretical models of health decision-making
(e.g., the Ottawa Decision Support Framework, [31-33]), we posited that per-
ceived utility about secondary germline findings is a health cognition that
would be positively related to one’s knowledge about these results and in-
versely related to one’s uncertainty. Thus, we predicted a priori that height-
ened perceived utility would be associated with greater knowledge,
satisfaction with the educational video, and satisfaction with information,
and associated with lower decisional conflict about learning secondary germ-
line findings. Given the context-specific characteristics of the advanced can-
cer patient participants, we also predicted that those with lower health
status may hold particularly optimistic beliefs about the utility of secondary
germline findings, and that the preventive value of these results to family
would lead to a positive association of these beliefs with communication
self-efficacy. We further anticipated no correlation of these health cognitions
with the assessed emotional outcomes. All analyses were conducted using
SAS version 9.4. Type I error rate for correlations was set to o= 0.05.

3. Results
3.1. Phase 2: item improvement

Cognitive interviews were conducted with 10 total participants (70% fe-
male, ages 53-76, 40% with pathogenic/likely pathogenic secondary find-
ings). In the first round of interviews, two items were noted as being
difficult to comprehend and thus candidates for revision. The first item
(“My secondary findings will be valuable for maintaining my future health”)
implied an association with money or financial value to several participants.
The second item (“My secondary findings can help me understand my health
better”) was interpreted as being specific to cancer rather than overall health
by a few participants. Participant suggestions were used to rephrase these
items for testing in the second round of cognitive interviews (see Table 1). An-
other item (“The information that I learn from my secondary findings is valu-
able”) was perceived as redundant by a few participants and was
subsequently omitted. In the second round of cognitive interviews, the two
rephrased items performed well, prompting no concerns or questions
among participants. An additional item (“My doctor can understand my sec-
ondary findings”) was considered problematic and confusing to many partic-
ipants and was removed from the final survey. One item (“I am confident that
I understand my secondary findings”) was noted as somewhat ambiguous by
a participant because of the inherently complex nature of secondary germline
findings and was reworded slightly in the final version of the survey to assess
one’s general ability to understand the results.

Overall, participants in both rounds of cognitive interviews found the
survey to be clear, easy to understand, and acceptable in length. The major-
ity indicated that it was easy to answer the survey questions and did not ex-
perience difficulties with the response scale (Fig. 2). The final survey
consisted of 17 items and retained the 5-point Likert-type response scale.
As shown in Table 1, item wordings (e.g., verb tenses) were modified
slightly to create versions to assess perceived utility either prior to or
after the receipt of secondary germline findings. Analysis of the literacy
level of both versions of the final survey (including the introductory lan-
guage defining the term “secondary findings”) indicated a Flesch-Kincaid
grade level of 8.6-8.8. Given the sensitivity of the Flesch-Kincaid grade
level to multisyllabic words, we also calculated the literacy level when re-
placing “secondary findings” in each item with the synonym “results” and
“tumor genomic profiling” with “test.” This scenario produced a Flesch-
Kincaid grade level of 6.2-6.3.

3.2. Phase 3: psychometric validation

As shown in Table 2, the two samples were fairly homogenous in partic-
ipant age, race, education, and income. Most participants were in their 50s
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A. B
For the questions that you Overall, how difficult was it to select
answered, was it easy to answer...? an answer (from the response scale)?
0, 0,
10% 0% = All of the ali = Not at all
time difficult
= A little
: :.Arﬁ:t Bring difficult
Somewhat
Some of difficult
the time = Very
= None of the difficult
time

Fig. 2. Cognitive interview participant feedback (n = 10) regarding: (A) the ease of answering survey items and (B) the difficulty of using the item response scale.

Table 2
Characteristics of samples used for psychometric validation.
Variable Range Sample 1 Sample 2 All P
n = 226 n =123 N = 349
M (SD) M (SD) M (SD)

Female, n (%) NA 129 (57%) 52 (42%) 181 (52%) 0.008
Age (years) 20-89 58.5(13.2) 61.7 (12.6) 59.6 (13.0) 0.026
Race, n (%) NA <0.001

American Indian or Alaskan 0 (0%) 1(1%) 1 (0%)

Asian 7 (3%) 1 (1%) 8 (2%)

Black 20 (9%) 1(1%) 21 (6%)

White 185 (82%) 109 (89%) 294 (84%)

Other 5 (2%) 0 (0%) 5 (1%)

Missing 9 (4%) 11 (9%) 20 (6%)
Hispanic, n (%) NA 16 (8%) 4 (4%) 20 (6%) 0.153
Annual Household Income, n (%) NA 0.003

$10k — <$35k 12 (5%) 3 (2%) 15 (4%)

$35k — <$50k 10 (4%) 5 (4%) 15 (4%)

$50k — <$75k 18 (8%) 5 (4%) 23 (7%)

$75k - <$100k 32 (14%) 4 (3%) 36 (10%)

$100k — <$200k 60 (27%) 33 (27%) 93 (27%)

$200k or more 47 (21%) 40 (33%) 87 (25%)

Missing 47 (21%) 33 (27%) 80 (23%)
Education, n (%) NA <0.001

8 - 11 years 4 (2%) 0 (0%) 4 (1%)

Completed high school 17 (8%) 5 (4%) 22 (6%)

Post-secondary training 10 (4%) 0 (0%) 10 (3%)

Some college 28 (12%) 10 (8%) 38 (11%)

College graduate 85 (38%) 35 (28%) 120 (34%)

Postgraduate 71 (31%) 63 (51%) 134 (38%)

Missing 11 (5%) 10 (8%) 21 (6%)
Metastatic Disease, n (%) NA 160 (71%) 102 (83%) 262 (75%) 0.017
Cancer Diagnosis, n (%) NA NA
Bladder 10 (4%) 9 (7%) 19 (5%)
Breast 42 (19%) 11 (9%) 53 (15%)
Colorectal 41 (18%) 14 (11%) 55 (16%)
Pancreatic 24 (11%) 8 (7%) 32 (9%)
Prostate 29 (13%) 36 (29%) 65 (19%)
Other gastrointestinal 32 (14%) 8 (7%) 40 (12%)
Other reproductive 28 (12%) 19 (15%) 47 (13%)
Other solid tumor (including melanoma) 20 (9%) 18 (15%) 38 (11%)
Time since receiving secondary germline findings (months)? 1-58 NA 16.9 (9.3) 16.9 (9.3) NA
ECOG 2-5 4.4(0.7) 4.6 (0.7) 4.5(0.7) 0.011
Self-reported Health 1-5 3.3(1.1) 3.4(1.0) 3.4(1.1) 0.605
Knowledge' 0-100 56.9 (21.2) NA 56.9 (21.2) NA
Satisfaction with Educational Video' 1-5 3.9(1.1) NA 39(1.1) NA
Satisfaction with Information 1-5 4.4(0.9) 4.4(1.0) 4.4 (0.9 0.673
Dissatisfaction with Healthcare Provider Support” 1-5 NA 1.9(1.2) 1.9(1.2) NA
Decisional Conflict’ 0-100 24.5 (19.0) NA 24.5 (19.0) NA
Perceived Risk' 1-5 3.5(0.9) NA 3.5(0.9) NA
Communication Self-Efficacy” 7-28 NA 19.6 (6.3) 19.6 (6.3) NA
Anxiety' 0-19 6.3 (4.5) NA 6.3 (4.5) NA
Depression’ 0-16 4.2 (3.8) NA 4.2(3.8) NA
Genetic Testing Concerns? 3-72 NA 26.8 (13.4) 26.8 (13.4) NA

! = Measure only captured in longitudinal study with Sample 1.
2 = Measure only captured in cross-sectional study with Sample 2.
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Table 3
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Exploratory factor analysis in Sample 1 of survey items to assess cancer patients’ perceived utility of secondary germline findings from tumor genomic profiling.

Factor 1: Perceived Factor 2: Perceived Factor 3: Confidence in
utility for others utility for self and health secondary findings

1. My secondary findings will help reduce my family’s
chances of getting cancer.? 0.117 0.530 0.062
2. My secondary findings will be helpful for
maintaining my future health. 0.534 0.595 -0.041
3. My secondary findings will be useful to my doctor. | 0.749 0.358 0.084
4. My secondary findings will be useful to my family. | 0.672 0.316 0.237
5. | trust that my secondary findings will be accurate. | 0.441 0.292 0.502
6. | am confident that | will be able to understand my
secondary findings. 0.426 0.229 0.710
7. | would recommend tumor genomic profiling to a
close friend or family member who had cancer. 0.615 0.181 0.484
8. My secondary findings will be easy to understand. | 0.119 0.290 0.800
9. My secondary findings will make me feel less
confused about my cancer. 0.073 0.675 0.491
10. My decisions about managing my health will be
easier to make because of my secondary findings. 0.305 0.767 0.309
11. My secondary findings will help me understand
my health in general. 0.286 0.703 0.359
12. My secondary findings will help me to plan for my
future. 0.361 0.745 0.223
13. The meaning of my secondary findings could
change as scientists learn more about genes and
di . 0.706 0.221 0.286
14. | will be in a better position to make decisions
about my health when | know my secondary findings. | 0.456 0.642 0.328
15. My secondary findings can help doctors learn to
care for future patients. 0.770 0.203 0.282
16. My tumor genomic profiling can help my doctor
treat my cancer. 0.667 0.309 0.050
17. | am confident that if | want to share my
secondary findings with other people, | can do so. 0.699 0.086 0.484
Note: Shading indicates the factor to which each item was assigned based on the factor loadings.
altem deleted from the scale based on a lack of conceptual fit with Factor 2 and improved internal consistency of the factor
following item removal.

or 60s (median age = 62, IQR = 51-69), and most (84%) reported their race
as White. Most (77%) of those reporting education had at least a college degree,
with 41% having a postgraduate degree. Two-thirds of those reporting income
(67%) reported annual household incomes over $100,000. Three-quarters
(75%) of participants had metastatic disease, though the average ECOG score
was high with a mean of 4.5 (a value between 4 = “restricted in physically
strenuous activity but ambulatory and able to carry out work of a light or sed-
entary nature” and 5= “fully active, able to carry on all pre-disease perfor-
mance without restriction”). The longitudinal Sample 1 had a greater
proportion of females (57% vs. 42%, p = 0.008), more participants of color
(15% vs. 3%, p < 0.001), and lower income (26% vs. 44% over $200,000,
p = 0.003) compared to the cross-sectional Sample 2. Age, education, ECOG
scores, and metastatic disease status also differed slightly, but significantly.

The EFA using the longitudinal Sample 1 suggested three factors. Eigen-
values for the first three factors were 8.77, 1.34, and 1.04, with the fourth
eigenvalue (0.88) being well below the cutoff of 1.0. Factor loadings for
each of the 17 items across the three factors appear in Table 3. The first fac-
tor was identified by the team as encompassing perceived utility for others (7
items; e.g., “My secondary findings will be useful to my family”; Cronbach’s
alpha = 0.90). The second factor was identified as perceived utility for self and
health (7 items; e.g., “My secondary findings will be helpful for maintaining
my future health”); however, one item (item 1: “My secondary findings will
help reduce my family’s chances of getting cancer”) did not fit conceptually
with this factor and its removal improved the internal consistency of the fac-
tor (Cronbach’s alpha change from 0.89 to 0.91). Thus, this item was deleted
from the scale for subsequent analyses. The third factor was identified as
confidence in secondary findings (3 items; e.g., “I am confident that I will be
able to understand my secondary findings”; Cronbach’s alpha = 0.79).
Inter-correlations between the factors ranged between 0.67 and 0.72.

Fit statistics for the CFA in the cross-sectional Sample 2, and also fit sta-
tistics for a unidimensional alternative structure, were evaluated and com-
pared (Table 4). The 3-factor solution outperformed the unidimensional
solution on RMSEA, AIC, BIC, CFI, and TLI. The CFI was in the acceptable
range (0.82); however, the RMSEA (0.14) was slightly above the 0.1

threshold, as was TLI (0.78) slightly below the 0.8 threshold. Cronbach’s al-
phas in this sample were good: 0.84, 0.93, and 0.77, respectively. Overall,
perceived utility for others had the highest mean score (M = 4.3, SD =
0.7), followed by confidence in secondary findings (M = 4.0, SD = 0.7),
and then perceived utility for health and self (M = 3.7, SD = 0.9). Sample
2 had significantly higher confidence in secondary findings than did
Sample 1 (M, = 4.3,SD, = 0.7 vs M; = 3.9,SD; = 0.7;p <0.001). Sample
2 also had significantly lower perceived utility for health and self than did
Sample 1 (M, = 3.5,SD, = 1.0 vs M; = 3.8,SD; = 0.8; p = 0.039). The
samples did not differ on perceived utility for others.

Correlations for convergent and discriminant validity appear in Table 5.
As predicted, all three factors correlated most strongly to satisfaction with
the educational video (r = 0.45, 0.51, 0.46, respectively; all p < 0.001)
and satisfaction with information (r = 0.40, 0.42, 0.51, respectively; all
p < 0.001). The perceived utility for others (r = 0.24; p = 0.011) and con-
fidence in secondary findings (r = 0.37; p < 0.001) factors also significantly
correlated to communication self-efficacy, such that greater self-efficacy
was associated with greater perceived utility for others' and confidence.
Contrary to predictions, the perceived utility for health and self factor
was not associated with communication self-efficacy. Additionally, none
of the factors were associated with health status, decisional conflict, or
knowledge. While no a prior predictions were made for associations with

! It should be noted that the perceived utility for others factor (Factor 1) included one item
(item 17: “I am confident that if I want to share my secondary findings with other people, I can
do s0”) that was designed by the study team to assess the patient's perceived interpretability
and actionability of information revealed by the secondary germline findings (because preven-
tive health benefits for family can only be accrued if communicated by the patient). However,
this item could be interpreted as analogous with the construct of communication self-efficacy.
We thus evaluated whether the observed correlation between communication self-efficacy and
Factor 1 remained when item 17 was omitted from the factor — in this case, the correlation did
not appreciably decrease (r=0.20) and the significance was unchanged. We also evaluated the
fit of the overall model when item 17 was omitted from the measure, and observed that
Cronbach’s alpha for Factor 1 decreased (alpha=0.88) and the overall model provided a
poorer fit to the data. Thus, we elected to retain item 17 within the measure as reported.
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Table 4
Confirmatory factor analysis of the 16-item measure in Sample 2 to compare the
observed 3-factor model to a unidimensional alternative model.

Fit Indices 3-Factor Model 1-Factor Model
RMSEA 0.144 0.167
CFI 0.816 0.721
TLI 0.782 0.682
AIC 412.0 568.5
BIC 508.4 662.1
Table 5

Correlations between factors and other study variables to evaluate convergent and
discriminant validity

Variable Factor 1: Factor 2: Factor 3:
Perceived  Perceived Confidence in
utility utility for self secondary
for others  and health findings

Gender® 0.43 0.66 1.87"

Age 0.04 0.06 0.12*

Annual Household Income 0.05 0.02 0.16**

Education -0.09" -0.15%* 0.01

Metastatic Disease® 0.18 1.08 1.25

ECOG -0.06 -0.04 0.03

Self-reported Health 0.00 0.01 0.03

Knowledge' 0.13" -0.06 0.03

Satisfaction with Educational

Video' 0.45%** 0.51%** 0.46%**
Satisfaction with Information 0.40%** 0.42%%* 0.51%**
Dissatisfaction with Healthcare

Provider Support® -0.16" -0.10 —0.24%%**

Decisional Conflict’ -0.12° -0.06 -0.09

Perceived Risk" 0.10 0.12" 0.01

Communication Self-Efficacy® 0.24* 0.13 0.37%%*

Anxiety’ -0.10 -0.12" -0.12"

Depression’ -0.02 -0.07 -0.03

Genetic Testing Concerns® 0.08 0.08 -0.10

@ = Association based on a t-test. All other associations are correlations.

= Measure only captured in longitudinal study with Sample 1, n=226.
= Measure only captured in cross-sectional study with Sample 2, n=123.
T p<0.10; * p < 0.05; ** p < 0.01; *** p < 0.001.

1
2

other demographic or cognitive factors, it was observed that the perceived
utility for health and self factor was inversely associated with education.
The confidence in secondary findings factor was positively associated
with age and income, and inversely associated with dissatisfaction with
healthcare provider support.

4. Discussion and conclusion
4.1. Discussion

We developed and conducted a preliminary validation of a novel mea-
sure to assess advanced cancer patients’ perceived utility of secondary
germline findings arising from TGP, a valuable and increasingly utilized
test in precision oncology. Taken together, our results indicate that the
final 16-item measure was well received and deemed intelligible by partic-
ipants during its iterative creation, and is a valid instrument in samples of
patients awaiting TGP results and those who received pathogenic/likely
pathogenic secondary germline findings. Further, analyses support the abil-
ity of this measure to assess three distinct aspects of perceived utility: per-
ceived utility for others, perceived utility for self and health, and
confidence in secondary findings.

In developing this patient-reported measure, we aimed to capture a va-
riety of ways in which secondary germline findings may have use, value, or
implications for patients, consistent with empirical literature, conceptual
frameworks, and our own research. Although the measure incorporated
outcomes that may be conceptually mapped onto either the health and
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medicine-related aspects of clinical utility or the cognitive, behavioral,
and social outcomes linked to definitions of personal utility [24-26], this di-
chotomy was not clearly reflected in the factor structure of the final mea-
sure. Rather, the target of the potential benefits—primarily divided
between the patient themselves versus others including their families, doc-
tors, and scientists—generally served as the distinguishing characteristic
across the observed Factor 2 (perceived utility for self and health) and Fac-
tor 1 (perceived utility for others). This may reflect the unique context in
which these patients are receiving genetic risk information; TGP’s primary
objective is to provide therapeutic insights and options, and patients may
recognize that their advanced disease status means that their germline re-
sults will likely have differential implications for other individuals. Interest-
ingly and contrary to our predictions, participants’ health status was not
significantly associated with any perceived utility factor. Whether this is
due to the heterogenous types of “utility” included within each factor, or
the fact that participants generally reported favorable functioning despite
their advanced disease status, is unknown. It was also somewhat surprising
that the results of the EFA indicated that item 1 (“My secondary findings
will help reduce my family’s chances of getting cancer”) warranted deletion
from the overall measure. There is a higher likelihood of clinical benefit for
the family members of an advanced cancer patient than for the patient
themselves in the setting where a pathogenic/likely pathogenic secondary
germline finding is identified, and this item was generated with the inten-
tion of reflecting this reality. The poor performance of this item suggests
several possibilities, including that patients may have different impressions
of the meaning, likelihood, or ultimate consequences of their secondary
germline findings; or that perhaps there is too much uncertainty associated
with the necessary intervening steps (e.g., communication of the secondary
germline findings to family, family uptake of cascade testing and receipt of
a positive result for the familial mutation, and family adoption of risk-
reducing strategies) that complicate anticipating a reduction in their
family’s cancer risk. Further work could explore these possibilities or the
impact of alternative approaches to assessing such perceptions.

The third factor identified within this measure—confidence in second-
ary germline findings—does not clearly align with contemporary defini-
tions of utility in genomic sequencing [24-26]. However, this factor and
the component items, which assess the patient’s trust in the accuracy of
their secondary germline findings, confidence in their ability to understand
these results, and ease in understanding them, address aspects of the inter-
pretability and quality of the genetic risk information. These beliefs about
the information itself theoretically serve as a necessary precondition to per-
ceiving utility in secondary germline findings [23]. Future research may
help clarify whether this factor is therefore better conceptualized as either
a dimension of, or contributor to, perceived utility of secondary germline
findings arising from TGP.

This measure may serve as a useful research tool for understanding pa-
tients’ expectations and perceptions regarding the receipt and conse-
quences of their secondary germline findings. Although limited, current
research suggests that patients have high and potentially unrealistic expec-
tations of TGP and associated secondary findings [62-64]. In the present
study, knowledge about TGP and secondary germline findings was margin-
ally associated with greater perceived utility for others, but was unrelated
to the other perceived utility factors. Greater satisfaction with the educa-
tional video and information provided in the TGP consent process were
strongly associated with all factors of perceived utility. Future work should
explore how understanding of this process is related to patients’ perceptions
of utility, as well as the stability of these beliefs over time. Investigating
how these perceptions may change in response to the receipt of positive
and negative secondary germline findings (e.g., from expectations prior to
TGP through evaluations of experienced utility), as well as the impact of po-
tential discrepancies between these beliefs, is also warranted. Patients’ ex-
pectations for sequencing outcomes can affect psychological and
behavioral responses to those results and associated medical recommenda-
tions [34]. Patients may hesitate to follow or trust medical recommenda-
tions associated with unexpected results, which could lead to poorer
outcomes. Thus, this patient-centered instrument may help to assess and



J.G. Hamilton et al.

identify these cases, allowing for more personalized and effective care/
counseling.

This measure may also aid communication processes. The American So-
ciety of Clinical Oncology (ASCO) Policy Statement specifies that oncology
providers should communicate about the potential for secondary germline
findings prior to TGP and assess patient preferences for receiving such in-
formation [65]. While this measure was not correlated with decisional con-
flict among the sample of participants assessed following consent to receipt
of secondary germline findings from TGP, it may serve to facilitate in-
formed and shared decision-making in this context. This measure may assist
providers in these discussions by helping to identify a patient’s expectations
or motivations for consenting to the receipt of secondary findings, or high-
lighting potential concerns or future support needs (e.g., limited confidence
in understanding the results). Future research could examine whether and
how this tool could support patient-provider communication in the setting
of decision-making regarding secondary germline findings from TGP. Fur-
ther, we observed that perceived utility for others and confidence in sec-
ondary findings were both associated with greater self-efficacy for
communicating one’s secondary germline findings. Ensuring dissemination
of these results to relatives is critical to allow for cascade testing and subse-
quent familial cancer prevention [66-68], and these utility beliefs may hold
potential as targets for interventions to improve such communication.

4.2. Limitations

This study has several important limitations, including the validation of
the measure in samples that are predominantly non-Hispanic white, college
educated, and affluent. Further, our final measure exceeded the recom-
mended 3'9-6™" grade reading level for health-related materials [53,54]. Al-
though this may not have been problematic given the educational
background of many in our samples, this observation highlights both the
difficulty in conveying genomic-related concepts in plain language and
the need for additional work to expand the accessibility of research tools
in this space. Additionally, most participants were in their 50s and 60s;
younger patients may have different experiences regarding utility of sec-
ondary germline findings, such as children/family planning experiences.
A large majority of the sample also had metastatic disease, consistent
with the predominant use of TGP in patients with advanced disease
[37,38]. Nonetheless, this limits the generalizability of the findings to the
use of TGP in earlier stage disease, which will likely increase over time.
Modification of the measure may be necessary to assess broader outcomes
that may apply to patients with different prognoses. Finally, this measure
focused primarily on beneficial implications of secondary germline find-
ings, and therefore did not assess conceptually-relevant disutilities
(e.g., stigma, distress) [26]; future research may examine whether and
how evaluating such outcomes offers a more comprehensive assessment
of the perceived utility of secondary germline findings from TGP.

4.3. Innovation

Secondary germline findings from TGP can provide important informa-
tion about a patient’s inherited risk for cancer and other diseases as well as
impact health outcomes for their relatives. Understanding patient beliefs re-
garding the utility and accuracy of these results has the potential to offer in-
sight into their subsequent decision-making, psychological reactions, and
health behaviors. This patient-reported measure offers a new, validated
tool to assess these beliefs, and to potentially contribute actionable informa-
tion with respect to genetic counseling practices, patient-provider commu-
nication, or other clinical/educational interventions.

4.4. Conclusion

This work offers a novel validated measure for assessing advanced can-
cer patient’s perceptions regarding the utility of secondary germline find-
ings. Future research should confirm the psychometrics and validity of
this measure in demographically and clinically diverse patients, and
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examine how these beliefs contribute to decision-making, as well as
patient-provider and family communication processes, in precision oncol-
ogy settings.
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