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Abstract

Next-generation sequencing offers opportunities for targeted cancer therapies and

may identify pathogenic germline variants. Adolescents’ perception of testing is not

well understood. We surveyed 16 adolescents and 59 parents regarding motivations,

attitudes, and knowledge related to paired tumor/germline sequencing. Participants

generally had a good objective understanding of germline genetics and cancer risk,

with parents scoring higher than adolescents. Nearly all participants were motivated

by a desire to help other patients and to treat their child/themselves. Most adoles-

cents reported involvement in thedecision to enroll in the study. Study findings suggest

important similarities and differences between parent and adolescent views.
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1 INTRODUCTION

Next-generation sequencing of pediatric cancers can identify tar-

gets for personalized treatment options. While clinically promising,

implementation of tumor sequencing presents unique challenges. Such

testing is relatively new, and it is common to obtain results where no

targeted treatment is available, is only accessible through a clinical

trial, or is only approved for a different malignancy.1,2 Addition-

ally, many genomic sequencing tests can identify germline mutations

affecting hereditary cancer risk. A better understanding is needed of

Abbreviations: DNA, deoxyribonucleic acid; PEDS-ONCOSEQ, personalizedmedicine based

onmolecular profiling of pediatric and young adult patients with cancer.
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patients’ knowledge and preferences regarding germline and tumor

sequencing. A recent review reported that many adults with cancer

have limited understanding of sequencing and high expectations for

the results and are pleased they participated, even if no actionable

results were received.3

Adolescents represent a unique population. Most adolescents with

cancer enrolling in research feel they have a right to receive results,4

but their ability to understand the results of sequencing is less studied.

A study looking at noncancer-related sequencing found that adoles-

cents have a reasonable understanding of genes and deoxyribonucleic

acid (DNA) but less robust understanding of genomes and genomic

sequencing. They also found that adolescents were motivated to par-

ticipate, even if sequencing may not yield actionable results.5 Studies
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on psychological impacts of genetic testing in adolescents are limited.

A small study did not identify any psychological harm from predictive

testing for adult-onset hereditary cancer syndromes.6

While guidelines exist for genetic testing and results disclosure for

adolescent patients,7,8 few studies have examined tumor sequencing

and most surveyed parents.9 We report responses from adolescents

and their parents regarding their motivations, attitudes, and knowl-

edge relating to paired tumor/germline sequencing research.

2 METHODS

Patients aged 14–17 with advanced or refractory cancer enrolled in

the PEDS-ONCOSEQ (personalized medicine based on molecular pro-

filing of pediatric and young adult patients with cancer) protocol at

the University ofMichigan and their parents/guardians were recruited

consecutively from October 2015 to February 2017 to complete sur-

veys about their participation. Participants were consented in-person

by a research coordinator and genetic counselor, and were provided

these surveys at this same visit. PEDS-ONCOSEQ includes paired

tumor-germline exome sequencing (DNA) and transcriptome (tumor

ribonucleic acid [RNA]).

The surveys (SupportingMaterial S1) used both validatedmeasures

and items created for this study. The latter were developed by a team

of pediatric oncologists, survey methodologists, genetic counselors,

and health communication experts. Study measures assessed partici-

pant demographics (adapted fromNHANES, 2011),10 understandingof

germline genome sequencing and cancer risk (adapted fromKaphingst

et al., 2012),11 motivations, and decision-making regarding study par-

ticipation (novel items and items adapted from Roberts et al. [2003],

McGuire et al. [2009], and de Snoo et al. [2008]),12–14 and preferences

for return of results (novel items and items adapted from Fernan-

dez et al. [2014]).15 Fisher’s exact test was used for comparisons of

adolescent and parent responses.

3 RESULTS

3.1 Demographics

Twenty adolescents and 77 parents (parents of all children enrolled;

not exclusive to adolescents’ parents) were eligible. Sixteen adoles-

cents (80%) and 59 parents (77%) completed surveys. The study

sample predominantly identified asWhite (93% adolescents, 90% par-

ents). Most parent respondents identified as female (82%); 29% of

adolescent respondents identified as female (Table 1).

3.2 Knowledge

Parents and adolescents had good objective understanding of germline

genetics and cancer risk based on the questions asked, though parents

had a better understanding (73% vs. 86% correct, p = .0051). Adoles-

cents were less likely to recognize that sequencing is not a routine test

for cancer care (38% vs. 72% correct, p = .02). The other differences

were not statistically significant (Table 2).

3.3 Motivations

Parents and adolescents had similar motivations for participation,

including helping other children with cancer, helping to treat their

child’s/their specific cancer, and because of their doctor’s recommen-

dation. Thirteen adolescents (81%) reported their participation was

motivated by their family’s wishes (Table 3).

3.4 Decision-making

Data were analyzed for pairs where an adolescent and at least one

parent completed the survey. Most adolescents (79%) reported being

involved in the decision to participate. Of this group, 55% reported

the decision to participate was driven by the parent(s) and adolescent

equally, 27% described themselves as more interested in participating,

and 18% cited their parents as more interested (Table 4).

3.5 Preferences for information

All adolescents and most parents believed the adolescent should

have access to genomic research results for adult-onset conditions

(100%, 93%), and most believed adolescents should have access to

results without current clinical utility (88%, 87%). Both believed

researchers should re-contact adolescents after the age of major-

ity to confirm consent for continued research use of DNA samples

(81%, 73%).

Viewpoints diverged on return of results. Most parents (87%) felt

it should be up to them to decide whether to share results with their

child, while 25% of adolescents agreed with this statement (p = .001).

Responses differed on whether adolescents should receive results if

parents objected (88% adolescents vs. 67% parents agreed), and more

adolescents agreed they should know the results before their par-

ents (44% vs. 13%). These differences were not statistically significant

(Table 5).

4 DISCUSSION

Precision oncology research poses challenges for patient education

and informed consent. Adolescents are unique given they may be

old enough to have preferences regarding study participation, but

still require parental consent. Our results are in line with previous,

noncancer-related research that suggests that adolescents gener-

ally understand relevant genetic information and are motivated to

participate and receive their sequencing results.5
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TABLE 1 Demographics

Adolescents Parents

Characteristics (n= 16) (n= 59)a

Age in years Median: 16 Median: 40

Mean: 15 Mean: 39

Range :14-17 Range: 22–56

Age of respondents’ children N/A Median: 11 years

Mean: 9 years

Age in years Range: 6 weeks to 17 years

Race and ethnicity White: 93% White: 90%

Non-Hispanic: 93% Non-Hispanic: 90%

Gender Female: 29% Female: 82%

Mean psychological distress score (range: 0–10) 3.2 (SD: 3.4) 5.5 (SD: 3.0)

aTwo parents answered together. Included separately in demographics but answers recorded once for other items.

TABLE 2 Adolescent and parent survey results: Objective knowledge

Objective knowledge

% correct

Survey item (correct response)
Adolescents

(n= 16)

Parents

(n= 58)

p-Value, significant
at<.05 (**)

Even if someone has a gene change affecting risk of a

type of cancer, s/hemay not develop that cancer (true)
81% 97% .0643

Once a gene change that affects risk of cancer is found,

that cancer can always be prevented or cured (false)
81% 93% .1675

A person’s health habits, like diet and exercise, can

influence their risk of developing cancer (true)
88% 86% 1.0000

A doctor can tell a person their exact chance of

developing cancer based on sequencing results (false)
69% 83% .2914

Sequencingmay give people info about their chances of

developing conditions other than cancer (true)
81% 85% .7147

Sequencing all cancer genes is a routine test that doctors

can order for most people with cancer (false)
38% 72% .0165**

Total correct 73% 86% .0051**

TABLE 3 Adolescent and parent survey results: Motivations

Motivations

n (%) Agree or strongly agree

I enrolled (my child) in the study

Adolescents

(n= 16)

Parents

(n= 58)

p-Value, significant
at<.05 (**)

To help other childrenwith cancer 16 (100%) 55 (95%) 1.00

To help researchers better understand how to treat

my/my child’s type of cancer

15 (94%) 52a (93%) 1.00

Becausemy/my child’s doctor recommended the study 15 (94%) 42 (72%) .10

Becausemy family wantedme to be a part of the study 13 (81%) N/A N/A

aTwo parents did not answer this question; percentage calculated out of n= 56.
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TABLE 4 Adolescent and parent survey results: Shared decision-making process

Shared decision-making process

Only participants with paired responses available for both
adolescents and their parents (aged 14–17) included Adolescents Parents

(n= 14) (n= 15)a

Did you involve your child/did your parents involve you

in the decision to participate in the study?

Yes: 11 (79%) Yes: 13 (87%)

No: 3 (21%) No: 2 (13%)

Adolescents (n= 14 unless otherwise indicated)

Whowasmore interested in having you participate in

the study?

Both equally: 6 (55%)

Only adolescents who reported being involved in the
decision were asked this question (n= 11)

Me: 3 (%)

My parents: 2 (%)

Howmuch of the decision to participate in the study

wasmade by you? (scale: 0%= parents/guardians

made all the decision; 100% patient made all of the

decision)

Mean: 64% (SD 24)

How involvedwas your doctor in your decision to be

part of the study? (scale: 0%= not involved; 100%

very involved)

Mean: 76% (SD 25)

One response excluded because it was not on the 0–100
scale (n= 13)

Parents (n= 15 unless otherwise indicated)

Main reason for involving child in decision I wantedmy child to have input into the decision to participate in this

study: 5 (38.5%)

Only parents who reported involving their child in the
decision were asked this question (n= 13)

My child is mature enough to participate in this kind of

decision-makingwithme: 5 (38.5%)

My child and I typically make his/her health decisions together: 2

(13%)

I valuemy child’s opinion about participating in this study: 1 (7%)

Main reason for not involving child in decision# It’s my job tomake these kinds of decisions for my child: 1 (50%)

Only parents who reported not involving their child in the
decision were asked this question (n= 2)

My child isn’t mature enough tomake this kind of decision: 1 (50%)

aSeparate responses received from both parents for one adolescent.

Adolescents’ motivations for participation were similar to those

reported by parents; to learn more about their cancer and to help

others. Many reported their family’s desire for them to participate was

important, but most felt the decision was either shared or primarily

theirs. These findings are consistent with other studies where ado-

lescents with cancer demonstrated interest in participating in their

healthcare decisions and studies of adult cancer patients who report

similar motivations.3,16,17

Parents and adolescents expressed preferences for return of indi-

vidual genomic results that often does not occur in cancer research.

For example, they desired disclosure of findings related to risk of

adult-onset conditions and/or those that were not clinically action-

able. Given that research suggests patients not only prefer but

expect such information from precision oncology studies,18 care

should be taken to educate participants about which results will

or will not be returned and why. Similarly, whether adolescents

will be re-contacted at age 18 for permission for continued use of

their genetic data should be addressed as part of informed consent/

assent.

Unsurprisingly, adolescents weremore likely than parents to report

that they should receive genomic results before their parents and in

cases where parents do not want them to access results. This find-

ing likely represents the tension between parents and adolescents as

the adolescents grow, mature, and take responsibility for their own

health information. Further exploring adolescents’ and parents’ views

and expectations regarding receipt and use of sequencing information

may helpmanage such tensions.

While the response rate was high, the results represent a small

number of patients from a single institution who predominantly iden-

tify as non-Hispanic White, limiting generalizability and the ability

to compare parent and adolescent responses. Data were collected

several years ago and there may have been changes in precision oncol-

ogy research and practice. Despite these limitations, these findings

suggest that adolescents with cancer understand information about
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TABLE 5 Adolescent and parent survey results: Right to results

Right to results

*Only responses from parents of adolescents (aged 14–17)
included %Agree or strongly agree

Adolescents

(n= 16)

Parents

(n= 15)

p-Value, significant
at<.05 (**)

I should be allowed to receivemy/my child’s results for

diseases they could get as an adult

16 (100%) 14 (93%) .4839

I/my child should receive his/her results even if the

doctor says they do not have any impact onme/my

child’s cancer treatment

14 (88%) 13 (87%) 1.0000

The research team should contact me/my child when

I/he/she turns 18 to ask permission to keep using the

DNA in studies

13 (81%) 11 (73%) .6851

It should be up to the parents and/or doctors to decide

whether or not to share the results withme/my child

4 (25%) 13 (87%) .0010**

I should be allowed to receivemy results even if my

parents don’t think I should/my child should be

allowed to receive his/her results even I don’t think

he/she should

14 (88%) 10 (67%) .1200

I/my child should be the first to know about his/her

results, even before the parents

7 (44%) 2 (13%) .1134

precision oncology, want to participate, and have the same desires for

information and motivations for participation as adults with cancer.

Differences between parental and adolescent expectations for return

of results should be explored as part of the consent process.

ACKNOWLEDGMENTS

The authors want to thank the entire PEDS-ONCOSEQ study team

for their work on this study. We acknowledge the support by

NIH Clinical Sequencing Exploratory Research (CSER) Award (NIH

1UM1HG006508).

CONFLICT OF INTEREST

The authors have no conflicts of interest related to this work.

ORCID

LauraK. Sedig https://orcid.org/0000-0003-2612-2236

Michelle F. Jacobs https://orcid.org/0000-0002-0458-1952

Rajen J.Mody https://orcid.org/0000-0001-5574-1779

ArulM.Chinnaiyan https://orcid.org/0000-0001-9282-3415

J. Scott Roberts https://orcid.org/0000-0003-1083-8299

REFERENCES

1. Weathers S-PS, Gilbert MR. Towards personalized targeted therapeu-

tics: an overview.Neurotherapeutics. 2017;14(2):256-264.
2. Patterson SE, Liu R, Statz CM, Durkin D, Lakshminarayana A, Mockus

SM. The clinical trial landscape in oncology and connectivity of

somatic mutational profiles to targeted therapies. Hum Genomics.
2016;10(4):4.

3. Shirdarreh M, Aziza O, Pezo RC, Jerzak KJ, Warner E. Patients’

and oncologists’ knowledge and expectations regarding tumor multi-

gene next-generation sequencing: a narrative review. Oncologist.
2021;26(8):e1359-e1371.

4. Fernandez CV, Gao J, Strahlendorf C, et al. Providing research results

to participants: attitudes and needs of adolescents and parents of

childrenwith cancer. J Clin Oncol. 2009;27(6):878-883.
5. Lewis C, Hammond J, Hill M, et al. Young people’s understand-

ing, attitudes and involvement in decision-making about genome

sequencing for rare diseases: a qualitative study with participants

in the UK 100,000 Genomes Project. Eur J Med Genet. 2020;63(11):
104043.

6. MandC,Gillam L, DuncanRE,DelatyckiMB. “It was themissing piece”:

adolescent experiences of predictive genetic testing for adult-onset

conditions.Genet Med. 2013;15(8):643-649.
7. Vetsch J, Wakefield CE, Warby M, et al. Cancer-related genetic test-

ing and personalized medicine for adolescents: a narrative review of

impact and understanding. J Adolesc Young Adult Oncol. 2018;7(3):259-
262.

8. McCullough LB, Brothers KB, ChungWK, et al. Professionally respon-

sible disclosure of genomic sequencing results in pediatric practice.

Pediatrics. 2015;136(4):e974-e982.
9. Byrjalsen A, Stoltze U, Wadt K, et al. Pediatric cancer families’ par-

ticipation in whole-genome sequencing research in Denmark: parent

perspectives. Eur J Cancer Care (Engl). 2018;27:e12877.
10. Centers for Disease Control and Prevention (CDC). National Center

for Health Statistics (NCHS). National Health and Nutrition Examina-
tion Survey Questionnaire. Department of Health and Human Ser-

vices, Centers for Disease Control and Prevention; 2011. Accessed

December 20, 2021. http://wwwn.cdc.gov/nchs/data/nhanes/2011-

2012/questionnaires/dmq_family.pdf

11. Kaphingst KA, Facio FM, ChengM-R, et al. Effects of informed consent

for individual genome sequencing on relevant knowledge. Clin Genet.
2012;82:408-415.

12. Roberts JS, LaRusse SA, Katzen H, et al. Reasons for seeking

genetic susceptibility testing among first-degree relatives of peo-

ple with Alzheimer disease. Alzheimer Dis Assoc Disord. 2003;17(2):
86-93.

13. McGuire AL, Diaz CM, Wang T, Hilsenbeck SG. Social networkers’

attitudes toward direct-to-consumer personal genome testing. Am J
Bioeth. 2009;9(6-7):3-10.

https://orcid.org/0000-0003-2612-2236
https://orcid.org/0000-0003-2612-2236
https://orcid.org/0000-0002-0458-1952
https://orcid.org/0000-0002-0458-1952
https://orcid.org/0000-0001-5574-1779
https://orcid.org/0000-0001-5574-1779
https://orcid.org/0000-0001-9282-3415
https://orcid.org/0000-0001-9282-3415
https://orcid.org/0000-0003-1083-8299
https://orcid.org/0000-0003-1083-8299
http://wwwn.cdc.gov/nchs/data/nhanes/2011-2012/questionnaires/dmq_family.pdf
http://wwwn.cdc.gov/nchs/data/nhanes/2011-2012/questionnaires/dmq_family.pdf


6 of 6 SEDIG ET AL.

14. de Snoo FA, Riedijk SR, van Mil AM, et al. Genetic testing in familial

melanoma: uptake and implications. Psychooncology. 2008;17(8):790-
796.

15. Fernandez CV, Bouffet E,Malkin D, et al. Attitudes of parents towards

the return of targeted and incidental genomic findings in children.

Genet Med. 2014;16:633-640.
16. Mack JW, Fasciano KM, Block SD. Adolescent and young adult can-

cer patients’ experiences with treatment decision-making. Pediatrics.
2019;143(5):e20182800.

17. Gessler D, Juraskova I, Sansom-Daly UM, Shepherd HL, Patterson

P, Muscat DM. Clinician-patient-family decision-making and health

literacy in adolescents and young adults with cancer and their

families: a systematic review of qualitative studies. Psychooncology.
2019;28(7):1408-1419.

18. Roberts JS, Gornick MC, Le LQ, et al. Next-generation sequencing in

precision oncology: patient understanding and expectations. Cancer
Med. 2019;8(1):227-237.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Sedig LK, JacobsMF,Mody RJ, et al.

Adolescent and parent perspectives on genomic sequencing to

inform cancer care. Pediatr Blood Cancer. 2022;69:e29791.

https://doi.org/10.1002/pbc.29791

https://doi.org/10.1002/pbc.29791

	Adolescent and parent perspectives on genomic sequencing to inform cancer care
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	3 | RESULTS
	3.1 | Demographics
	3.2 | Knowledge
	3.3 | Motivations
	3.4 | Decision-making
	3.5 | Preferences for information

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


