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Clinical Implementation of Pharmacogenetics
PG4KIDS  (2011)

• Genotyped for 230 pharmacogenes

• Committee determines results that are placed into medical record, as evidence supports 
clinical utility

• Results are updated according to evidence, each participant is given option to be notified 
of results 

• June 2019, 9 pharmacogenes have been coupled to 35 drugs and are in medical record of 
participating patients



Cancer Predisposition
• It is estimated that 5-15% of children with cancer harbor an 

underlying predisposition



Next Generation Sequencing: G4K

• Whole Genome Sequencing (WGS)

• Whole Exome Sequencing (WES)

• RNA Sequencing 

• WGS and WES of paired germline sample



Genomes for Kids

• Impact of predictive Next 
Generation Sequencing on families

• What do parents and adolescents 
expect?



G4K Study Objectives
Primary Objectives Exploratory Objectives

• To perform clinical next generation whole genome  
(WGS), exome (WES), and RNA sequencing on St. 
Jude pediatric oncology patients prospectively 
over a 24 month period

• To generate and analyze data describing the 
informed consent process and patient/parent 
perceptions of genomic investigations and 
research.

• To use WGS, WES and RNA sequence data to 
identify and characterize somatic genetic variants 
of pathological significance and germline genetic 
variants associated with increased cancer risk.

• To generate and analyze data describing the return 
of genomic sequencing results, examine 
patient/parent understanding of these results and 
assess the impact of results on patients and 
families.



St. Jude Cloud In partnership with DNAnexus and 
Microsoft,  St. Jude Children’s Research Hospital has 
launched St. Jude Cloud, an online datasharing and 
collaboration platform that provides researchers 
access to the world’s largest repository of pediatric 
cancer genomics data. Through this unique platform, 
St. Jude offers the world, free of charge, extensive 
next-generation sequencing data and unique analysis 
tools to accelerate research and cures for life-
threatening pediatric diseases.



Considerations in Returning Results 
• Provider confidence in discussing 

germline results is low

• Multiple studies report deficits in 
the perceived and actual 
knowledge of nurses, as well as 
their confidence in practice
(Calzone et al, 2012-2018)



How Should Parents 
Receive Study Information 

in Making an Informed 
Consent



Two-Visit Informed Consent Model

• Parents of children with cancer were offered the opportunity to have 
their children’s tumor and germline tissues studied using clinical 
genomic sequencing

• At the introductory visit: 
- Parents completed a baseline genetic knowledge
- Parents completed self-reported literacy/numeracy 

• Given basic concepts related to genomic sequencing



Two Visit Informed Consent Model: 

• All education and consenting completed by 
one trained nurse

• Parents returned 1-3 weeks after introductory 
visit

• Information was re-enforced and informed 
consent obtained

• Post-test administered to reassess genetic 
knowledge

Anastasia Ouma, MSN



Structured Education 

• Study intro Visit
• Brochure
• Communication Checklist
• Script





Findings : Two-Visit Consent Model

• Genomic knowledge increased by 11% (77.8 to 88.9%, p<0.0001)

• Understanding of somatic mutations improved (18 to 59%, p <0.0001)
• Understanding of germline mutations improved (31 to 64%, p <0.0001)

• The concept of somatic and germline mutations remained unfamiliar to 
approximately one-third of the parents



No Association between parent reported literacy and numeracy skills and the 
percent of correct answers on the genetic knowledge test

Change in the overall percent of correct 
answers (ICC-SIV)a

N Median (IQR) Pb

Literacy:  How confident are you filling out forms by yourself

Not at all/A little bit/Somewhat 29 11.11 (0 to 33.33) 0.720

Quite a bit/Extremely 91 11.11 (0 to 22.22

Subjective Numeracy Scale (SN-3):  How good are you at working with fractions

1-3 (Low/Intermediate) 56 11.11 (0 to 27.78) 0.558

4-5 (High) 64 11.11 (0 to 22.22)

How often do you find numerical information useful?

1-3 (Low/Intermediate) 30 16.67 (0 to 22.22) 0.228

4-5 (High) 90 11.11 (0 to 22.22)

How good are you at figuring out how much a shirt will cost if it is 35% off?

1-3 (Low/Intermediate) 26 11.11 (0 to 22.22) 0.951

4-5 (High) 93 11.11 (0 to 22.22)



Conclusion
• The two-visit model improved 

knowledge

• Somatic and germline mutations 
remain difficult concepts

• Ongoing discussion and 
reinforcement of unfamiliar 
concepts is needed to achieve 
adequate understanding





Results in 363 Patients with Cancer

• Patients presented with newly diagnosed disease, relapsed, refractory or secondary cancer

• Approximately 1000 cancer-related genes/pathways have been found to be mutated in the somatic 
sample

• 63 cancer predisposition genes then expanded to an additional 93 genes (156) known cancer genes 
are being evaluated in the germline sample 

• Germline samples are presented as Positive (LP), VUS, Negative



Why Examine Genes from Both Cancer and 
Healthy Cells

• Etiology (n=11)

• Understanding of the concept of Somatic versus Germline (n=11)

• Not grasp the concept of why this comparison is being done (n=7)

• Hereditary (n=6)

• Other, less frequent codes—determine chance for future relapse or new cancer, to 
target treatment for the child’s cancer 



What is the Clinical Utility
• Understanding of clinical implications of genetic variants are still 

evolving
• Genotype – Phenotype Relationships
• Surveillance and Accountability

Conclusion:  Returning research results within the context of large-scale genomics research is a 
labor-intensive, highly variable, complex operation.  Results that warrant action are not infrequent, 
but the prevalence of those who experience a clinical difference as a result of returning individual 
results is currently low

Johns AL et al. “Lost in translation: returning germline genetic results in genome-scale cancer research. Genome Medicine 2017



Considerations in Returning Variant Results

• Debate exists around variant 
calling, what variants to return, 
and variant reanalysis.

• Re-analysis may find variants with 
clinical significance. 

• “~22% of individuals who did not 
receive a P/LP variant at their original 
analysis subsequently did after 3 
years.”  (Hiatt et al, 2018)



Family Preferences Around Return of Results

• Parents (94%) and 
adolescents (85%) 
feel a (very) strong 
right to receive 
research results



Survey Data



Parental Interest in Genomic Results

Preliminary results, Sept 2019

(N = 131)



Adolescent Interest in Genomic Results (N = 30)

Preliminary results, Sept 2019



Differences in Preferences around ROR
I believe parents have a right to know only the 
germline genetic results that are important to 
their child’s health during childhood. 

• The child can decide, when old enough, 
whether he or she wants to know about any 
results that are important in adulthood.

I believe parents have a right to know all 
of the germline genetic results, 
irrespective of whether or not they are 
important during childhood or 
adulthood.

Preliminary results, Sept 2019



Expectations for Updated Genomic Results
Dyads

Questions Parent
(n=197)

Teenager
(n=31)

Parent
(n=28)

Teenager
(n=28)

P
(Bhapkar)

Do researchers or your doctor have a 
responsibility to contact you/your child with new 
germline test results or changes to your child’s 

germline test results?

0.185

Yes 189 (95.9%) 26 (86.7%) 27 (100.0%) 24 (88.89%)
No 0 (0.0%) 1 (3.3%) 0 (0.00%) 1 (3.70%)

Unsure 5 (2.5%) 3 (10%) 0 (0.00%) 2 (7.41%)
Did not answer 3 (1.5%)

If you answer YES, what is your opinion of how 
long researchers should follow up with study 

participants? 
0.56

5-10 years after study participation 1 (0.6%) 1 (4.5%) 1 (5.26%) 0 (0%)
As long as my child is coming for appointments, 

even as an adult 51 (29.7%) 7 (31.8%) 6 (31.58%) 6 (31.58%)

At any time, or until I/my child ask you to stop 120 (69.8%) 14 (63.6%) 12 (63.16%) 13 (68.42%)

Preliminary results, Sept 2019



Expectations for Updated Genomic Results
Questions Parent

(n=197)
Teenager

(n=31)

Parent-Teen dyads
P

(Bhapkar)

P
(Kappa)Parent

(n=28)
Teenager

(n=28)
If my child passed away, I would still want 

to be contacted with new information about 
the germline test results or changes to the 

germline test results.

0.595 0.309

Yes 133 (67.5%) 24 (85.7%) 18 (69.23%) 21 (80.77%)
No 21 (10.7%) 0 (0.0%) 0 (0.00%) 0 (0.00%)

Unsure 38 (19.3%) 4 (14.3%) 8 (30.77%) 5 (19.23%)
Did not answer 5 (2.5%)

Preliminary results, Sept 2019



• Parents and teens want to receive most germline results.
• Expectations for return of results are high & (likely) not limited by time from 

original testing.
• Many parents desire updated information after loss of a child, but nearly 1/3 

are uncertain or have concerns.

Clear communication (prior to testing) that explains 
results to be returned and aligns expectations around 

the return (or non-return) of future genomic 
information!



What Is the Parents Emotional Reaction

• Identify patterns of parents’ sequencing-related emotional reactions prior to the 
disclosure of Next-Generation Sequencing results

– Sequencing-related worries
– Guilt
– Peace of mind
– Hope

• Examine demographic and clinical predictors of parents’ membership in these 
profiles



Method: Measures
• Modified Psychosocial Aspects of Hereditary Cancer Questionnaire (PAHC)



PAHC items
•Do you feel misunderstood by your partner, family, or other people about this 

germline genomic testing?
•Are you bothered by a lack of support for your germline genomic testing choice?

•Do you feel that participation in this study has given you more hope for cure of 
your child’s cancer?

•Do you feel that participation in this study has given you greater peace of mind?



Method: Measures
• Demographic variables:

• Ethnicity, race, sex, parent age, child age, income, martial 
status, education, religion

• Clinical Variables:
• Time since consent, relapse, tumor type
• Family history of cancer 
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Summary

• Variables associated with risk for higher pre-disclosure 
worries
– Family history of cancer
– Less time since consent
– Lower Education
– Race 



Declining to Participate
• 14.6% of families declined G4K enrollment
• 3.7% of families declined PG4KDS
• Compared patient variables among those declining genome sequencing to 

those declining PG4KDS
• Compared demographic of patient, mother, father and clinical factors
• Age, Sex, Race, Education, Income, Parental Martial Status, Spirituality, 

Number of Siblings, Interpreter Needed, Patient Diagnosis, Diagnosis Type
• Race/ethnicity differentiated study declination



Cancer Families



Parents Wanted Results and Forward Thinking
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Reported Barriers
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Study Conclusion 
• Parents want the child involved as they felt was developmentally 

appropriate

• Parents express a connection between their family history of 
cancer, their child’s diagnosis “Cancer Family”

• Parents want to have an answer so they can be Proactive

• While knowing is best they have worry



What We Have Learned 

• Health-care providers lack confidence in discussing somatic and germline 
findings

• Physicians report the importance of trained health care providers including 
genetic APNs and genetic counselor in assisting with return of results

• Parents have expressed genomic sequencing as fulfilling their parental 
duty, wanting to be proactive 



What We Have Learned

• Parents report barriers including insurance, privacy, logistics

• Want to be contacted with change in report

• Race/ethnicity are associated with decline in participation

• Patients and families are altruistic



Lessons Learned

-Collaboration
-Data Sharing
-Data Analysis
-Technology Development
-Societal Implications
-Flexible



The Role of Nursing in Genomic Precision Health 

Figure 1: Influence of Nursing Science and Nursing Practice on the Health-care Environment, Improving Health, Well-Being and Response to 
Treatment for the Child and Family

Family:
• Assures the health 

and well-being of 
its members

Nursing Practice:

• Risk assessment of patient and family
• Implementation of health genomics
• Evaluation of outcomes

Nursing Science:
• Contributes to the science of health genomics
• Assist with implementation of discoveries into 

nursing practice
• Evaluates outcomes

Child:
• Doing what is in

best interest for
the child

Lifestyle:
• Modifications 
• Surveillance Plan

Health, Well-being, and 
Response to Treatment

Environment:
• Nursing practice assures an 

environment that protects 
ethical, legal and social concerns 
of the child and family 



Questions?
• Acknowledgements:

• Kim Nichols, MD
• Liza Johnson, MD
• Katianne Sharp, PhD
• The Nursing Research Team
• The G4K Study Team
• Cancer Pre-disposition Staff
• Patients and Families
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