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IndexOutline
Sequencing Technologies and the 

1000 $ Genome

Source: National Human Genome Research Institute (2015)
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IndexOutline
Genome Wide Assocation Studies

(GWAS)

Genome Wide Association Studies

• Subtype of human health research using WGS/WES procedures
• Association of large number of genetic  variants with phenotypic traits

Source:

Source: University of Cambridge, Research. http://www.cam.ac.uk/research/news/
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IndexOutline Sequencing the human genome/exome 
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Some challenges of genome-wide data collection in 
research

• Obligations towards third parties

• Confidentiality and data protection

• Storing, sharing and distributing genomic information

• Disclosure of incidental findings 
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IndexOutline Incidental findings
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Definition

“[...] a finding concerning health or reproductive 
importance and is discovered in the course of conducting 
research but is beyond the aims of the study. This 
means that IFs [Incidental Findings] may be on variables 
not directly under study and may not be anticipated in the 
research protocol.” (Wolf et al. 2008, Eckstein et al. 2014) 
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IndexOutline Aim

Specific aim 

To present a new informed consent model for the 
disclosure of incidental findings to potential individual 
research participants in human health research study using 
whole genomic sequencing (WGS)/whole exome 
sequencing (WES) (genomic) procedures
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IndexOutline Hypothesis

The iterative feedback model complies with ethical 
principles better than alternative models given the 
specific characteristics of genomic data

• Holzer, F., Mastroleo, I. (2014): “Does the pragmatic model undermine the importance 
of the ethical obligations involved in information process? A defence of continuous 
genetic counselling for research participants.”  Journal of Medical Ethics (eLetter)

• Holzer, F., Mastroleo, I. (2015): “Support for Full Disclosure Up Front”, The Hastings 
Center Report 45, no. 1:3
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IndexOutline General structure of the argument

Strategies for the ethical justification of the ite rative 
feedback model 

(1) Specifying the informed consent requirement

(2) Analysing characteristics of genomic data

(3) Evaluating informed consent models based on ethical 
principles

• Commonly found ethical principles in literature 

• Comparison of exemplary consent models extracted 
from literature review and interviews
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IndexOutline 1. The informed consent (IC) requirement

According to the standard ethical informed consent 
requirement (Eyal 2011), an informed consent model 
should grant

(1) full transmission of all relevant information

(2) full comprehension of all relevant information

(3) voluntariness
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IndexOutline 1. Characteristics of genomic data

Characteristics of genomic data

• Heterogeneity
• Irreversibility
• Connectedness
• Uncertainty

Consequences for the return of results (ROR)

• Predictability 
• Reach
• Privacy
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IndexOutline Characteristis and IC requirement

Informed consent requirement Corresponding characteristics of 

WGS/WES data, ROR

(1) Full transmission of all relevant information

- Information important and relevant to participant 

and relatives

- Delicate and individual information needs a 

extended consent process

(2) Full comprehension of all relevant information

- Assurance that participants are fully aware of 

consequences linked to WGS/WES data; impact on 

psychological health

- Difficulty to  predict if findings contribute to 

benefits and harms of participant

(3) Voluntariness

- Voluntary consenting on study participation

Connectedness, Privacy, Reach

Irreversibility, Heterogeneity, 

Predictability

Predictability, Connectedness, 

Irreversibility, Uncertainty

Heterogeneity

Personal and delicate information 

(privacy)
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IndexOutline 3. Ethical principles (1 -3)

• Autonomy (Beauchamp and Childress 2009)/Respect 
for Persons (Belmont Report, National Commission 
1979)

• Beneficence/Non-Maleficence (Beauchamp and 
Childress 2009)

• Justice (Beauchamp and Childress 2009)

• Intellectual Freedom and Responsibility (Presidential 
Commission 2013)

• Practicality (Appelbaum et al. 2014)
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IndexOutline 3. Ethical principles (2 -3)

Autonomy/Respe
ct for Persons

Beneficence/Non
-maleficence

Justice
Intellectual 

Freedom and 
Responsibility

Practicality
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IndexOutline Autonomy versus Practicality

Can practicality override autonomy?
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IndexOutline 3. Ethical principles (3 -3)

Conclusion: Ethical evaluation of informed consent models

Taking into account the evaluation of prototypic informed 
consent models (Appelbaum 2014), I argue for

• Extensive information transmission  prior to research 
participation (autonomy)

• Researchers are responsible to return results (ROR)
(justice, intellectual freedom and responsibility)

• Extensive counselling aiming for minimization foreseeable 
harm, maximize possible benefit (Beneficence/Non-
maleficence)
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IndexOutline General argument

Full transmission 
of relevant 
information 

Autonomy + other 
ethical principles

Characteristics of 
genomic data and 

ROR
Voluntariness

Full 
comprehension
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IndexOutline
Relying on a continuous counselling 

process 

The dynamic consent model

(Centre for Health, Law and Emerging Technologies (HeLEX), University of Oxford, London School of Economics and 
Political Science, HW Communications Ltd)

The iterative model

• based on dynamic consent model

• complemented by a guided and countinuous counselling process
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IndexOutline Which findings should be disclosed?

The “3V” framework (Eckstein et al. 2014)

Validity

Value

Volition

Scientifically valid findings

“[...] a normative property regarding the worth, significance, or 

utility of a research finding (whether subjective or objective)”

Participants’ preferences
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IndexOutline The iterative feedback model (1 -2)

Interview

Transfer of 
relevant 

information

Opportunity to 
ask questions

Informed 
consent form

Summary 
research 

results (new 

counselling unit)

Disclosure of IF; 
“3V” framework

New counselling unit

Crucial steps in the informed consent process – the iterative feedback model
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IndexOutline The iterative feedback model (2 -2)

Data Base 2

• Known 
Associations 
(Literature, Data 
Bases, Data Banks)

Data Base 1

• Individual 
Genome (Genome 
Data Base of 
research study)

Data Base 3

• New Discoveries 
(Literature, Data 
banks)

Disclosure of Incidental Findings fulfilling the “3V ”

Step 1: check once in Data Base 1 and 2 for relevant findings in
individual Genomes

Step 2: check repetitively  in Data Base 1 and 3 for 
relevant variants in individual Genomes

Inform participant
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IndexOutline Why the “iterative” model? (1-2)

Why does an “iterative” model comply with the ethical  informed consent 
requirement  for research projects using WGS/WES pr ocedures? 

Characteristics of WGS/WES data

• Predictability/Uncertainty

• genotype-phenotype associations that are not yet known but at a 
future point in time

• Heterogeneity 

• information can be easily overlooked; iterative communication 
process aims for information transmission that is as complete as 
possible

• Connectedness 

• e.g. preferences concerning reproductive decisions can arise later in 
the course of the research conduct

IMBS Symposium: Science, Ethics and Society                                              24



25

IndexOutline
Why does an “iterative” model comply with the ethical  informed consent 
requirement  for research projects using WGS/WES pr ocedures? 

Autonomy

• Participants’ preferences can change over time

Information disclosure and comprehension

• Information transmission and comprehension improve if embedded in an 
iterative process

Why the “iterative” model? (2-2)
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IndexOutline Summary 

“The new iterative feedback model complies with ethical principles better than 
alternative models given the specific characteristics of WGS/WES data”  (Hypothesis)
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Informed consent 
requirement

WGS/WES Data 
characteristics

Autonomy + 
other ethical 

principles

Interview

Transfer of relevant 
information

Opportunity to 
ask questions

Informed consent 
form

Summary 
research results 
(new counselling 

unit)

Disclosure of IF; “3V” 
framework

New counselling unit

The iterative feedback model
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Outline 1. Characteristics of genomic data (3-3)

Informed consent requirement Corresponding characteristic s of 

WGS/WES data, ROR

(1) Full transmission of all relevant information

- Information important and relevant to participant 

and relatives

- Delicate and individual information need a extended 

consent process

(2) Full comprehension of all relevant information

- Assurance that participants are fully aware of 

consequences linked to WGS/WES data; impact on 

psychological health

- Difficulty to  predict if findings contribute to 

benefits and harms of participant

(3) Voluntariness

- Voluntary consenting on study participation

Connectedness, Privacy, Reach

Irreversibility, Heterogeneity, 

Predictability

Predictability, Connectedness, 

Irreversibility, Uncertainty

Heterogeneity

Personal and delicate information 

(privacy)
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Outline
Development of the iterative

feedback model (1-3)

The dynamic consent model

(Centre for Health, Law and Emerging Technologies (HeLEX), University of Oxford, London School of Economics and 
Political Science, HW Communications Ltd)

The iterative model

• based on dynamic consent model

• complemented by a guided and countinuous counselling process
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Outline The iterative feedback model (3 -3)

Data Base 2

• Known 
Associations 
(Literature, Data 
Bases, Data Banks)

Data Base 1

• Individual 
Genome (Genome 
Data Base of 
research study)

Data Base 3

• New Discoveries 
(Literature, Data 
banks)

Communication Process between researcher and counse llor 

Step 1: check once in Data Base 1 and 2 for relevant findings in
ind. Genomes

Step 2: check repetitively  in Data Base 1 and 3 for relevant 
variants in individual Genomes

Inform participant
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Outline The iterative feedback model (2 -2)

Researcher

ParticipantCounsellor

Exchange of results, 
participant’s 
preferences

Responsibility of 
researchers towards 

participants , 
validity, value, volition

Information disclosure via 
counselling, ROR, consent 

taking

“3 agents approach”
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Outline
(1) Practicality (1-2)

Resource consumption even years after the study con duct 
(counselling obligations prior to, during and after  trial)

Is the iterative feedback model cost-effective?

Cost-effectiveness (Cost-benefit-analysis)

• Measures health interventions in a representative monetary 
value

• Compares outcomes (e.g. life years gained, deaths avoided) 
with costs
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Outline
(1) Practicality (2-2)

• Can we estimate costs/benefits prior to research conduct?

• Should former health care costs be taken into consideration?

• Funding obligations by other agents than researchers

• Supportive tools (e.g. Software tools for screening of data 
bases, data banks; automated communication processes)
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Outline Which findings should be disclosed? (1- 2)

• Primary findings 
researchers 
deliberately seek for

• Anticipatable 
findings associated 
with the test procedure

• Anticipatable
findings recommended 
to seek for by expert 
commission 

• Unanticipatable
findings, not known to 
be associated with the 
test procedure
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Outline (3) Ancillary care obligations (1-2)

Ancillary care (Richardson and Belsky 2004) is defin ed as

• “Care not required by sound science, safe trial conduct, 
morally optional promises, or redressing subject injury”

• Therapeutic consequences, if there are treatment options or 
preventive measures, resulting from the disclosure of 
findings.
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Outline (3) Ancillary care obligations (2-2)

Future work should address (cf. Merritt 2011)

• If there are ancillary care obligations (referring to general 
principles)

• If yes, for which type of findings are they mandatory

• Lower and upper limits of the extension of the obligations 
(should be non-arbitrarily located)
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Outline
Case Study: The Rare Diseases 

Genomes Project

The rare diseases genomes project, 
U.K.
• 3 years project, started in 2013
• Pilot project for Genomics England 
(Aim: to sequence 100,000 genomes in
total)

• Sequencation of 10,000 genomes of   
individuals with rare genetic diseases

• Supported by University of Cambridge,
Genomics England and Illumina

• GWAS (Genome Wide Association 
Study)

• Subtype of human health research 
using WGS/WES procedures

• Association of large number of 
genetic variants with phenotypic 
traits

Source:

Source: University of Cambridge, Research. 
http://www.cam.ac.uk/research/news/
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Outline 2. Ethical principles (2 -3)

My ethical analysis of to prototypic models (Appelb aum et al. 2014)

Autonomy Beneficence

/Non-

maleficene

Justice Intellectual

freedom/res

ponsbility

Practicality

Traditional

consent 

model

Staged 

consent 

model

Mandatory

return 

model

Outsourcing 

model
Depending on 

counselling 

service

Depending on 

counselling 

service

Depending on 

counselling 

service
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Outline Direct-to -Consumer Tests

Companies offering genetic screening for several fe atures

• intelligence, aptitudes, monogenetically caused diseases etc.
• Risk factors and optimization of drug therapies
• Incidental findings only partially reported (ACMG)

Source: www.23andme.com (2013) 
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Outline Polymerase Chain Reaction

Source: serc.carleton.edu (2013)


