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Abstract

Background—Genomic tumor profiling (GTP) plays an important role in the care of many adult 

cancer patients. Its role in pediatric oncology is still evolving, with only a subset of patients 

currently expected to receive clinically significant results. Little is known about perspectives of 

pediatric oncology patients/parents on GTP.

Procedure—We surveyed individuals who previously underwent GTP through the iCat 

(Individualized Cancer Therapy) pilot study of molecular profiling in children with relapsed, 

refractory, and high-risk solid tumors at four pediatric cancer centers. Following return of profiling 

results, a cross-sectional survey was offered to the patient, if ≥18y at enrollment, or parent, if 

<18y. Forty-five surveys (85% response) were completed.

Results—Eighty-nine percent (39/44) of respondents reported hoping participation would help 

find cures for future patients, while 59% (26/44) hoped it would increase their/their child’s chance 

of cure. Most had few concerns about GTP, but 12% (5/43) worried they would learn their/their 

child’s cancer was less treatable or more aggressive than previously thought. Sixty-four percent 

(29/45) reported feeling their participation had helped others, and 44% (20/45) felt they had 

helped themselves/their own child, despite only one sub-study subject receiving targeted therapy 
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matched to GTP findings. Fifty-four percent (21/39) wished to receive all available profiling data, 

including findings unrelated to cancer and of unclear significance.

Conclusions—Participants in pediatric GTP research perceive benefits of GTP to themselves 

and others, but expectations of personal benefits of GTP may exceed actual positive impact. These 

issues warrant consideration during consent discussions about GTP research participation.

Keywords

personalized medicine; pediatric oncology; cancer; molecular profiling; genomics; patient 
perspectives

INTRODUCTION

Survival outcomes in pediatric oncology are better today than at any point in history,[1] but 

some diagnoses continue to portend dismal prognoses. Many relapsed, recurrent, and high-

risk pediatric solid tumors carry mortality rates of 75% or higher.[2–6] Precision cancer 

medicine is one strategy currently being studied in attempt to improve outcomes for this 

patient population. In the care of adult cancer patients, genomic tumor profiling (GTP) is 

rapidly becoming the standard of care for some cancer subtypes, and a growing appreciation 

of the genomic underpinnings of cancer has led to the development of targeted therapies 

such as imatinib,[7,8] vemurafenib,[9,10] crizotinib,[11,12] and trastuzumab.[13,14] In 

parallel, clinical trials focusing on particular molecular alterations rather than cancer 

diagnoses represent a paradigmatic shift in clinical trial design.[10,15,16] In the care of 

pediatric cancer patients, molecular profiling shows similar promise,[17–20] and early-phase 

clinical trials assessing the feasibility of molecular profiling and the utilization of targeted 

therapies in pediatric cancer suggest a growing role for both in pediatric oncology.[21–24] 

Despite this promise, the role and utility of GTP in the care of pediatric cancer patients 

require further study prior to gaining acceptance as a standard element of clinical care.

Little is known about patients’ and parents’ hopes, goals, and expectations for GTP in 

pediatric oncology. Recent research suggests that adult patients attach significant and 

perhaps unrealistic hopes to somatic genomic testing: over 30% of adults have 

misperceptions about the utility of somatic genomic testing,[25,26] and 64% of adults with 

advanced cancer believe that such profiling would significantly improve their cancer care.

[27] Additionally, fewer than half of patients believe they have sufficient knowledge to make 

an informed decision of whether to pursue somatic profiling of their tumor.[27] Though 

efforts have begun to explore how to improve the quality of informed consent in pediatric 

cancer genomics research,[28,29] limited data are available on the pediatric oncology 

population’s hopes and concerns about molecular profiling, what they expect of the testing, 

and how it impacts them.

Complicating matters further, no consensus exists regarding the return of profiling results to 

patients and families. In 2013, the American College of Medical Genetics and Genomics 

(ACMG) published recommendations regarding the return of incidental germline findings 

from next-generation sequencing,[30] but these guidelines remain controversial and were 

later amended following significant public debate.[31,32] Recent work has identified that 
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many more children with cancer may have cancer predisposition syndromes than previously 

thought,[33] but little is known about families’ preferences for learning such germline 

information. Investigators have explored parents’ preferences for return of results in 

pediatric genomic sequencing research,[34] but no data are presently available regarding 

which results pediatric oncology patients and families wish to receive following this type of 

testing.

A recent qualitative analysis of parents of children with cancer who underwent somatic and 

germline whole exome sequencing reported that parents do not expect such testing to be 

“ethically disruptive” but rather see it as an important new component of the care of their 

children.[35] With the study described here, we aimed to build upon these important 

findings and describe in a quantitative fashion the perspectives of enrollees on a clinical trial 

of molecular profiling of pediatric solid tumors following return of sequencing results. 

Specifically, we looked to analyze patients’ and parents’ hopes, expectations, and concerns 

about GTP, its impact on participants and their families, and participants’ preferences 

regarding the return of profiling results.

METHODS

We conducted a cross-sectional questionnaire-based study of participants in the multi-

institutional iCat (Individualized Cancer Therapy) pilot study of molecular profiling in 

children with relapsed, recurrent, and high-risk solid tumors (NCT01853345).[23] 

Participants were enrolled at four tertiary pediatric cancer centers: the Dana-Farber/Boston 

Children’s Cancer and Blood Disorders Center (Boston, MA), the University of California at 

San Francisco (San Francisco, CA), Columbia University Medical Center (New York, NY), 

and Children’s National Medical Center (Washington, DC). This study was approved by the 

Institutional Review Board of each participating institution. Surveys were administered 

between September 2014 and July 2015.

The iCat study

A detailed description of the methodology utilized in the iCat molecular profiling study can 

be found elsewhere.[23] Briefly, subjects were eligible for enrollment if they were ≤30 years 

at enrollment and had a recurrent, refractory, or high-risk extracranial solid tumor with 

sufficient tumor specimen available for submission. All subjects and/or their parent/guardian 

provided informed consent/assent, with all offered the opportunity to opt out of having GTP 

results reported back to their oncologist. Following tumor profiling via a Sequenom assay or 

targeted next-generation sequencing and copy number assessment, a multi-disciplinary 

expert panel reviewed all available profiling results. This panel reviewed available literature 

to identify clinically significant results from each tumor sample and sent a letter to the 

treating oncologist alerting them to the presence or absence of such results, along with any 

variants that might suggest a change in diagnosis or possible cancer predisposition 

syndrome. For subjects with relapsed or recurrent disease, if actionable alterations (defined 

as those that could potentially be targeted by a matched therapy) were found and a matched 

targeted therapy was available via a clinical trial or FDA-approved medication, the panel 
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included in the letter an “iCat recommendation” describing the actionable alteration(s) found 

and the strength of the available evidence for the recommendation.

Study population

Participants in the iCat study were offered a self-administered written survey following 

return of iCat results to each subject’s oncologist. English-language surveys were offered to 

the individual who consented to profiling: the patient him/herself if he/she was ≥18 years at 

the time of study enrollment, or his/her parent, if the patient was <18 years at enrollment. 

All iCat enrollees were offered enrollment in this sub-study, save those who met the 

following exclusion criteria: a) the patient died between the time of initial enrollment on the 

iCat study and that of approach by the study team (N=41); b) the patient/parent did not 

understand English sufficiently to complete the questionnaire (N=3); or c) the treating 

oncologist did not provide permission for the study team to approach the patient/parent 

(N=4). Of 101 subjects for whom molecular profiling was attempted on the iCat study, 53 

were eligible for this sub-study, and 45 surveys (85%) were completed.

Data collection

The survey instrument utilized validated measures when available, including the Quality of 

Informed Consent measure,[36] Genetic Knowledge Index,[37] and the SF-36 general health 

perceptions question (SF-1). Measures were adapted as necessary to ensure their 

applicability to this study population. Remaining items were novel, based on available 

literature and expert opinion.[25–27,38–41] All items were vetted with experts in survey 

methodology, pediatric oncology, cancer genomics, and bioethics and were pilot tested via 

ten face-to-face interviews with pediatric solid tumor patients/parents. Survey instruments 

for young adult patients and parents were identical, save for replacement of the word “you” 

with “your child.” The intent was to approach eligible respondents no sooner than one 

month following report of sequencing results to the treating oncologist via the iCat letter to 

allow adequate time for discussion of results. Additional data regarding patient diagnosis, 

iCat enrollment date, and receipt of iCat treatment recommendation and matched targeted 

therapy were procured from iCat data collection forms.

Survey domains and operational definition of variables

The 103-item instrument addressed domains including respondent hopes, expectations, and 

concerns about participation in GTP research, results of participation, and preferences for 

return of sequencing data. Participants were asked separately about what they hoped would 

happen as a result of the testing and what they felt was most likely to happen, in attempt to 

parse these two distinct but related constructs. Items addressing hopes/expectations/concerns 

about testing and results of participation were queried using 5-point Likert items (scaled 

from “extremely true” to “not true at all”). Responses of “extremely true” or “very true” 

were coded as positive, with the remainder as negative. Remaining items were multiple-

choice, true/false, or yes/no. The survey instrument administered to young adult patients can 

be found online (Supplemental File S1).
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Statistical analysis

Respondent characteristics, hopes and concerns about profiling, understanding of profiling, 

results of participation, and preferences for return of results were described with 

frequencies. McNemar’s exact test was applied for comparison of respondent hopes/

concerns about participation with actual results of participation. Sensitivity analyses were 

performed according to median time from return of sequencing results to survey completion 

and according to respondent type (young adult patient versus parent/guardian)., All analyses 

were performed using the SAS v9.4 statistical package (SAS Institute, Inc, Cary, NC).

RESULTS

Surveys were completed 4.2–29.1 months following return of results (median 13.5 months, 

interquartile range 11.2–18.8) and 10.0–38.3 months following study enrollment (median 

22.6, interquartile range 19.1–24.0). Eleven surveys (24%) were completed by young adult 

(18–30y) patients, with the remainder by the minor child’s parent/guardian (TABLE 1). 

Fifty-six percent of participants were white, and 58% had at least a college degree. Most 

(69%, 31/45) reported prior experience with genetics/genetic testing: prior coursework in 

genetics (51%); prior genetic testing (27%); and/or regular exposure to or experience with 

genetics through their occupation or other means (13%). Twelve (27%) survey respondents 

received an iCat recommendation. Of those, only one (2% of all survey respondents) 

received a targeted therapy matched to this recommendation during the study period. 

Though iCat sequencing was only offered to those with relapsed, recurrent, or high-risk 

(defined as overall survival estimated to be ≤25%) disease, 33% of survey respondents 

reported that at the time of survey completion that they/their child had >80% likelihood of 

cure.

In sensitivity analyses, no significant differences were seen between the responses of early 

and late respondents or according to respondent type (young adult patient versus parent/

guardian), but the size of this cohort may have precluded detection of small differences.

Hopes and expectations related to participation in GTP research

When asked to recall their hopes prior to testing, most respondents (96%, 42/44) reported 

having hoped their participation would help doctors and scientists learn more about the 

genes involved in cancer, and 89% (39/44) had hoped it would help find cures for future 

patients. A majority also had hoped for direct benefit: 82% (26/44) had hoped their 

participation would provide information about their/their child’s cancer, 72% (31/43) had 

hoped it would give them/their child more treatment options, and 59% (26/44) had hoped 

participating would increase their/their child’s chance of cure.

When asked which benefit of testing they had expected to be most likely to happen, the most 

common response was that doctors would learn more about their/their child’s cancer (31%, 

14/45), followed by an increased chance of cure for future patients (24%, 11/45), and an 

increased chance of cure for themselves/their child (18%, 8/45). Only 4% (2/45) reported 

that they had not expected that any benefits were likely to result from this research.
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Concerns related to participation in GTP research

Most recalled few concerns when queried about their perceptions at the time of enrollment, 

with 37% (16/43) reporting having had no concerns about participating in this research. The 

most frequently reported concern was that results would take a long time to come back 

(26%, 11/43). Twelve percent (5/43) of respondents stated they had worried they would 

learn that their/their child’s cancer was less treatable or more aggressive than previously 

thought, and 16% (7/43) had worried that no new information would be found. Few reported 

concerns about loss of privacy (7%, 3/43), or that their participation would result in 

difficulty getting or keeping employment (2%, 1/43) or insurance (7%, 3/43).

When asked to recall which negative outcome they had expected was most likely to occur, 

23% (10/43) stated they had expected no new information to be found, causing their family 

to be disappointed. Only two respondents (5%) stated the outcome they felt most likely to 

happen was that they would learn their/their child’s cancer was less treatable or more 

aggressive than previously thought. Thirty-three percent (14/43) had not expected any 

negative impact from their participation.

Results of participation in GTP research

In response to survey items querying the impact of study participation on themselves/their 

child, 44% (20/45) stated that by participating, they had helped themselves/their child, and 

64% (29/45) stated that doing so had helped others. No respondents stated that they regretted 

participating, that they/their child had been hurt by participating, that participating had 

caused them added stress/anxiety, or that participating had given them false hope (0/45 for 

each). Similarly, there were no reports of participation hurting a family’s ability to get or 

keep employment or insurance.

The most commonly reported result of GTP research participation was increased hope for 

the identification of cures for future children with cancer (Table 2). However, more 

respondents reported having hoped for such an outcome at enrollment than reported actually 

having more hope for future cures after participating in the study (89% versus 56%, 

p<0.001). Twenty-seven percent of respondents stated that participating had given them 

hope that they/their child would be cured, while 59% stated that at study enrollment they had 

hoped that participating would give them such hope for themselves/their child (p<0.001). 

More respondents reported having hoped to receive new information about their/their child’s 

cancer than reported actually receiving it (82% versus 24%, p<0.001), with the same true of 

new information about their/their child’s genes (43% versus 14%, p=0.008). Similarly, a 

greater percentage had hoped that participating would provide them/their child with a greater 

number of treatment options than received an iCat recommendation that might provide such 

new possible treatments (72% versus 27%, p<0.001). No difference was seen between the 

number of participants who reported concern that they would be disappointed with results 

and the number who reported feeling such disappointment (16% versus 12%, p=0.7).

Preferences for return of GTP results and future genomics trial participation

As seen in Table 3, nearly all respondents wished to receive sequencing information that 

directed clinicians toward new treatment options (98%, 42/43) or that revealed that they/their 
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child were more likely to be cured than previously thought (93%, 39/42). A majority also 

wished to receive data about cancer mutations that did not suggest a new treatment option 

(81%), about cancer predisposition syndromes (86%), and about other heritable conditions 

(88%), with slightly fewer wishing to receive information about conditions that could not be 

prevented, screened, or treated (73%) or about variants of uncertain significance (78%). Just 

over half (56%) wished to be informed if results told clinicians that their/their child’s cancer 

was less likely to be cured than previously thought. Fifty-four percent of respondents (21/39) 

wished to receive all queried subcategories of sequencing results. No differences were seen 

between the preferences of patients and parents/guardians.

Ninety-five percent (42/44) stated that they would enroll in another GTP research study if 

given the opportunity. Forty-eight percent (21/44) stated they would enroll even if 

enrollment required a tumor biopsy that they/their child would not otherwise need, with that 

number increasing to 77% (33/43) if their physician recommended the biopsy.

DISCUSSION

This study provides an important step toward understanding the perspectives of pediatric 

oncology patients and parents who have undergone tumor profiling. It demonstrates that this 

population is quite motivated to participate in cancer genomics research, as previously 

reported in other patient populations.[26,27,35,38] Furthermore, pediatric oncology patients 

and parents carry significant hopes for this technology, both for themselves/their children 

and for future children with cancer. In this cohort, these hopes exceeded the actual results 

experienced following receipt of sequencing data, particularly those regarding increased 

hope for cure. Participants in this study had fewer concerns related to this type of testing 

than previously reported in other studies of molecular profiling,[25,27] and they perceived 

little to no harm from their participation. These results must be considered in light of the fact 

that results were collected after sequencing results were returned, lending the possibility of 

recall bias, particularly given the variability in time from enrollment to survey completion.

The hope attached to genomic testing is understandable in this population of children with 

poor prognoses and their parents. This optimism mirrors the finding that iCat respondents 

reported a much higher likelihood of cure than would be expected based on their/their 

children’s diagnoses. Such optimistic perspectives have been previously identified in parents 

of children with cancer.[42,43] We do not have data regarding the consent discussions 

between oncologists and patients/parents, but given prior reports of providers’ perceptions of 

GTP,[26,44] it is possible that consenting oncologists in this study also held optimistic 

viewpoints about GTP. Further work is needed to understand the impact of the consenting 

provider on patient/parent perspectives on tumor profiling. It is not surprising that patients 

and parents hope participation in GTP research will improve their/their child’s clinical 

outcome, but it is important that providers not excessively reinforce these hopes or transform 

them into expectations.

This study is limited primarily by the cross-sectional nature of the questionnaire and the 

length of time between study enrollment and survey completion. Additionally, we queried 

participants about their hopes/concerns once results had already been returned, which may 
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have led to biased reporting of these hopes/concerns. Given the limited number of positive 

clinical responses in this cohort, however, we would expect this bias to underestimate the 

difference between hopes/concerns and actual impact (toward the null).[45] Between-subject 

variability in time from reporting of sequencing results to survey completion may also have 

imparted some degree of recall bias, though this was not evident in our sensitivity analysis. 

Furthermore, though there was a wide range in survey response time, a majority of responses 

clustered around the median response time. Additionally, many patients who underwent 

GTP died before they/their parent could be surveyed; it is possible that perspectives of the 

full iCat population may have differed from those reported here. Finally, this cohort’s size 

precludes a detailed analysis of factors associated with measured outcomes, and given that 

subjects were enrolled only at tertiary pediatric centers, reported perspectives may not fully 

reflect those of the population at-large.

Notably, we found significant interest in receiving nearly all available results from tumor 

sequencing, even results with no or unclear clinical significance, as has been reported 

elsewhere.[27,34,38] Only 54% of respondents wished to receive all types of results, 

however, when queried about each type individually. This finding, nearly identical to that 

seen in a recent study of parents’ preferences for the return of genomic testing results about 

their children,[34] highlights the importance of comprehensive consent discussions with 

families prior to tumor profiling and suggests that it may be most appropriate to give 

enrollees the opportunity to opt out of receiving certain types of results. This would be in 

contrast to recent ACMG recommendations in support of reporting back particular incidental 

findings from clinical sequencing, regardless of the indication for sequencing.[30] The 

practical implementation of this, however, may be challenging, as the clinical significance of 

results can change with time. For example, at the time of sequencing, a mutation could be a 

variant of uncertain significance or even indicate a worse prognosis for the patient, but as 

research progresses, this same mutation could direct providers toward a newly-developed 

matched targeted therapy. This again speaks to the importance of detailed discussions prior 

to sequencing and availability of genetic counseling once results are returned.

Recent work has shown that informed consent discussions about sequencing can effectively 

increase patient knowledge about the benefits and limitations of sequencing,[46] indicating 

that a greater focus on informed consent may be an effective means of ensuring that 

participants have appropriate expectations upon enrollment into clinical genomics trials. As 

genomic tumor profiling moves from the realm of research to that of a clinical test, further 

studies looking at the utility of such consent discussions and interventional tools such as 

decision aids will be of great importance in determining the best means by which to educate 

patients/parents about this evolving technology.

Though only a limited number of molecularly targeted therapies presently are available for 

the care of children with cancer, participants in pediatric genomic profiling research have 

high hopes and expectations for this new technology, and many report significant benefits to 

themselves and their family with few associated concerns or harms. As part of the next 

phase of this work, we aim to further elucidate how these perspectives vary over time and 

with changes in clinical status via longitudinal data collection. As molecular profiling 

technologies continue to improve and more targeted therapies become available for pediatric 
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patients, the importance of comprehensive consent discussions with patients and families 

prior to enrollment in cancer genomics research will become only more significant, given 

the nuanced complexity of this research and the important distinction between hopes and 

expectations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TABLE I

Demographics and Characteristics

Number of respondents (%)

Survey respondent

Patient 11 (24%)

Parent 33 (73)

Other relative/guardian 1 (2)

Time to survey completion (months)

From enrollment [median (IQR)] 11.6 (19.1, 24.0)

From return of results [median (IQR)] 13.5 (11.2, 18.8)

Respondent age

<30 years 12 (27)

30–39 years 7 (16)

40–49 years 14 (31)

>50 years 12 (27)

Respondent sex

Female 27 (60)

Respondent highest education level attained

High school or less 5 (11)

Some college 14 (31)

College degree 12 (27)

Graduate degree 14 (31)

Respondent race/ethnicity

White 25 (56)

Hispanic/Latino 7 (16)

Black/African-American 6 (13)

Other 7 (16)

Site

Boston 29 (64)

San Francisco 6 (13)

New York 5 (11)

Washington, D.C. 5 (11)

Patient age at time of enrollment *

<2 years 3 (9)

2–5 years 9 (26)

6–9 years 6 (18)

10–13 years 8 (24)

14–17 years 8 (24)

Patient sex *
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Number of respondents (%)

Female 17 (50)

Received iCat treatment recommendation

Yes 12 (27)

Received targeted matched therapy

Yes 1 (2)

Diagnosis

Ewing sarcoma 5 (11)

Osteosarcoma 3 (7)

Rhabdomyosarcoma 6 (13)

Other sarcoma 12 (27)

Renal tumor 6 (13)

Neuroblastoma 6 (13)

Other 7 (16)

Receiving cancer treatment at time of survey completion

Yes 21 (47)

Self-reported health status at time of survey

Excellent/very good 26 (59)

Good/fair/poor 18 (41)

Self-reported likelihood of cure at time of survey

>80% chance of cure 15 (33)

60–80% chance 11 (24)

40–59% chance 10 (22)

<40% chance 9 (20)

Experience with genetics and/or genetic testing

Yes 31 (69)

IQR, interquartile range.

*
Age and sex is reported for the children of adult survey respondents (n=34)
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TABLE II

Participant Hopes/Concerns for and Results of Participation in GTP Research*

Positive themes

Patient/parent recall of 
hopes at time of 
enrollment (%)

Patient/parent report of 
actual benefits received 
from participating (%)

p-value**

New information about my/my child’s cancer 36 (82%) 11 (24%) <0.001

New information about my/my child’s genes 19 (43) 6 (14) 0.008

A greater number of treatment options 31 (72) 12 (27) <0.001

Peace of mind 21 (48) 9 (20) 0.002

Increased hope for cure for myself/my child 26 (59) 12 (27) <0.001

Increased hope for cures for future children 39 (89) 25 (56) <0.001

Negative themes

Patient/parent recall of 
concerns at time of 

enrollment (%)

Patient/parent report of 
actual harms experienced 

from participating (%)
p-value**

Increased stress/anxiety about my/my child’s cancer 3 (7%) 0 (0%) ***

Increased stress/anxiety about my/my child’s genes 1 (2) 0 (0) ***

Increased stress/anxiety due to new information about my family 3 (7) 0 (0) ***

Loss of insurance or employment 3 (7) 0 (0) ***

Increased stress/anxiety from waiting for results 11 (26) 2 (4) 0.007

Disappointment with results 7 (16) 5 (12) 0.7

GTP, genomic tumor profiling.

*
Survey questions available in Supplementary Materials.

**
P-values reported for McNemar’s exact test.

***
Test statistic could not be calculated due to insufficient number of affirmative responses.
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