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Objectives: There have been multiple calls for explicit integration of ethical, legal, and social issues (ELSI) in health technology assessment (HTA) and addressing ELSI has been
highlighted as key in optimizing benefits in the Omics/Personalized Medicine field. This study examines HTAs of an early clinical example of Personalized Medicine (gene expression
profile tests [GEP] for breast cancer prognosis) aiming to: (i) identify ELSI; (ii) assess whether ELSIs are implicitly or explicitly addressed; and (iii) report methodology used for ELSI
integration.
Methods: A systematic search for HTAs (January 2004 to September 2012), followed by descriptive and qualitative content analysis.
Results: Seventeen HTAs for GEP were retrieved. Only three (18%) explicitly presented ELSI, and only one reported methodology. However, all of the HTAs included implicit ELSI.
Eight themes of implicit and explicit ELSI were identified. “Classical” ELSI including privacy, informed consent, and concerns about limited patient/clinician genetic literacy were
always presented explicitly. Some ELSI, including the need to understand how individual patients’ risk tolerances affect clinical decision-making after reception of GEP results, were
presented both explicitly and implicitly in HTAs. Others, such as concern about evidentiary deficiencies for clinical utility of GEP tests, occurred only implicitly.
Conclusions: Despite a wide variety of important ELSI raised, these were rarely explicitly addressed in HTAs. Explicit treatment would increase their accessibility to decision-makers,
and may augment HTA efficiency maximizing their utility. This is particularly important where complex Personalized Medicine applications are rapidly expanding choices for patients,
clinicians and healthcare systems.
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With limited healthcare budgets and ever greater complexity of
new products and services, health technology assessment (HTA)
is an important gateway to diffusion and adoption of new health
technologies, and is becoming increasingly important to policy
makers in making coverage and reimbursement decisions. In
particular, HTAs have become important for the implementa-
tion of nucleic acid-based tests (1;2), one of the fastest growing
segments of the in vitro diagnostic laboratory business, and
key to personalized medicine. To date, breast cancer treatment
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decisions have largely been determined by clinicopathologic as-
sessment, typically through a single or small set of biomarkers
used to direct therapy. The incomplete and inaccurate nature of
this information has limited clinicians’ ability to provide per-
sonalized therapy. However, over the past decade several mul-
tivariate gene expression profile (GEP) tests for breast cancer
prognosis (3) have been developed promising a more individ-
ualized approach. GEP tests use mRNA expression levels of
a small set of genes jointly (multivariately) to predict patient
clinical outcome. Two such tests, MammaPrint (the “70 gene
prognostic signature”) (Agendia, Amsterdam, The Netherlands)
and Oncotype Dx (Genomic Health, Redwood City, CA), have
been commercially available for several years. The increased
accuracy of GEP tests to predict cancer recurrence provides
better estimators of whether patients will benefit from specific
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therapies. The avoidance of unnecessary chemotherapy results
in decreased toxicity for patients, and consequent cost-savings
associated with reduction in erroneous chemotherapy use (3).
For these reasons, prognostic-based gene expression tests are of
great interest to insurers and healthcare systems (4), as well as
clinicians and patients.

HTA has been described as a “multidisciplinary field of
policy analysis study(ing) the medical, social, ethical, and eco-
nomic implications of development, diffusion, and use of health
technology” (5). Numerous HTA organizations and experts
have called for explicit integration of ethical, legal, and so-
cial issues (ELSI) in HTAs (2;5, European Network for HTA
(EUnetHTA), see www.eunethta.eu and www.corehta.info).
However, research shows most assessments concentrate on
clinicotechnical and cost-effectiveness issues (6). Furthermore,
some have suggested that the divide between ELSI and clin-
icotechnical issues is arbitrary; in practice these issues are
deeply integrated. Notably, key frameworks for genetic test
evaluation reflect these assertions (1;2). For example, ACCE
and EGAPP processes address ELSI as part of the fundamen-
tal clinico-technical measures of analytical and clinical validity,
and clinical utility (7;8). Likewise, the UK Genetic Testing
Network underlines context, which includes organizational and
socio-ethical aspects, as critical in defining test purpose and
feasibility, and thus clinical utility (9).

Often, ELSI can arise in the clinical application of a new
technology or during clinical translation. Generally ELSI sur-
rounding genetic testing stem from the sensitive personal and
familial nature of hereditary information. However, Omics tests,
including GEP, can raise the stakes because they are used to
direct personalized treatment (10). While discrimination and
privacy concerns may continue to be relevant, GEP tests may
raise novel issues. For example, GEP tests assess the expression
of multiple genes which are then algorithmically processed to
yield a single patient-specific result. The derivation of this re-
sulting risk score is nontransparent (11). Thus, a clinician using
a GEP test is not able to independently derive or verify the
outcome, a fact that challenges current clinical paradigms (12),
and can promote clinician unease (13). Equally, this complex-
ity may challenge clinicians’ ability to explain tests and hamper
patients’ understanding of the results, risks and benefits of treat-
ment options. Despite the recognized importance of ELSI in the
context of Omics research and clinical application, there is lim-
ited understanding of the extent to which they are addressed
in “personalized medicine” Omic-based HTAs. Our goal is to
explore current practice in the integration of ELSI regarding
GEPs for breast cancer prognosis, an early example of a per-
sonalized medicine technology whose clinical use is expanding.
The specific objectives of this study are to: (i) identify the ELSI
occurring in HTAs of GEP tests for breast cancer prognosis,
(ii) assess whether these ELSI are addressed implicitly or ex-
plicitly (6), and (iii) examine the methodology adopted to assess
ELSI.

METHODS

Search Strategy
To facilitate a structured and transparent approach to identi-
fying HTAs we developed a systematic search protocol using
relevant guidance (14), and assisted by a professional medi-
cal librarian (see Acknowledgements). Keywords, MeSH terms
and synonyms for use in search strings were identified us-
ing the National Library of Medicine’s MeSH browser (see,
http://www.nlm.nih.gov/mesh/MBrowser.html), and by “snow-
balling” vocabulary from several articles in the breast cancer
and gene expression profiling field (see Supplementary Infor-
mation). The resulting search terms fell into four conceptual cat-
egories and included variations of “gene expression profiling,”
“prognosis,” “breast cancer,” and “health technology assess-
ment.” Electronic searches of forty-seven resources were car-
ried out including: the Cochrane Library, EMBASE, CINAHL,
HTA agency Web sites and databases, grey literature and gen-
eral search engines, limited to publication January 1, 2004 to
August 31, 2012. This start date was selected because the
first GEP test for breast cancer became commercially avail-
able in 2004 (see Supplementary Table 1 for search strings and
databases). Handsearching of several retrieved HTAs was also
completed (15–19).

Selection of Publications
We defined HTAs as documents providing a technology as-
sessment of GEP tests for breast cancer prognosis, including
horizon scans and full assessments, published by international,
national and regional HTA-producing entities or authors affili-
ated with these. Reports in languages other than English, those
produced by private payers only available for a fee, and pol-
icy documents based on HTAs were not included. Documents
describing themselves as solely economic or cost-effectiveness
assessments (CEAs) were also excluded from this analysis, as
CEA are usually considered to be a component of, but not
themselves HTA. While social value considerations may be in-
tegrated in CEAs, this more focussed analysis was not the aim
of the current study. Initial screening of search strategy hits was
based on titles and abstracts. If there was no abstract or the
information in the abstract was insufficient for decision mak-
ing, the full-text document was obtained for closer examination.
Sixty-nine documents from a total 1,358 search hits were iden-
tified for full-text review, and downloaded or requested from
authors. After doubles were removed (35), the full texts of the
thirty-three remaining documents were vetted for final inclu-
sion in our dataset. In total in the two examination phases, two
non-English language, thirteen CEA and six pay-for-view doc-
uments were excluded. An evidence report and overview, and
a provisional document for one HTA still in preparation during
the study period were identified (4). After examination, only the
latter (22), being the penultimate and thus most likely to include
socio-ethical content was retained. Likewise, the content of one
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Figure 1. Shown is the study work flow showing the number of health technology assessments (HTAs) identified at each step in the systematic collection process.

HTA (25) was subsequently published as a systematic review.
Only the HTA was retained (see Supplementary Information).
For Startpage (>41,000 hits), only the first 1% of records were
examined. Two authors carried out this examination indepen-
dently (S.E.A. and L.B.). Review of included/excluded docu-
ment abstracts and, if needed, the full text was carried out by a
third author to verify the final study dataset. Any discrepancies

were discussed by at least two of the authors to reach consensus.
This process yielded seventeen HTAs for analysis (Figure 1).

Data Analysis
Descriptive features from the abstracts and full text were coded
including the country and agency of origin, publication year,
technologies or tests assessed, the stated scope of the HTA

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 31:1/2, 2015 38

https://doi.org/10.1017/S0266462315000082 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462315000082


Socio-ethical issues in personalized medicine

(expressed either as a formal aim/goals/scope statement or as
section headings), and funding information (if not stated, the
issuing organization web site was examined for these details).

In this study we focussed on material in the HTAs assessing
MammaPrint and Oncoytpe DX, as they were the only multi-
variate tests for breast cancer prognosis on the market during
the study period. Three aspects were explored. First, we identi-
fied ELSI content guided by Hofmann’s framework, a checklist
designed to aid in integrating moral issues in HTAs (6;20) (see
Supplementary Table 2). Hofmann’s thirty-three questions ad-
dress broad considerations, including implications of the tech-
nology, its purpose and implementation, and issues related to
stakeholders and the HTA methodology. Although morals and
ethics are not equivalent concepts, this checklist used in con-
cert with prior knowledge of the literature concerning ELSI and
Omic technologies, provides an amenable conceptual frame-
work for analysis (6). In this text, we use the terms ELSI and
the narrower socio-ethical issues inter-changeably. HTAs were
examined for text relevant to each of the thirty-three ques-
tion areas. We also looked for other material relevant to ELSI
and to HTA for GEP tests, for example whether conflict of in-
terest and ethical approval information was listed for studies
included in HTAs. Given the extensive contemporary debate
about evidentiary requirements for molecular testing, we also
examined documents for these issues as well as other pertinent
or recurring themes. Relevant text was extracted to Microsoft
Excel (Mac version 14.4.6 software). Thematic qualitative con-
tent analysis and the constant comparative technique was then
used to progressively code ELSI, and group them into themes
(21). Second, we examined whether the extracted ELSI were
explicitly framed (i.e., explicitly labelled as “ethical,” for ex-
ample appearing in a section entitled “socio-ethical analysis”),
or whether they were embedded within the HTA without ac-
knowledgment of their socio-ethical dimensions (i.e., implicit)
(6). Third, for these explicit HTAs we examined the methods
given by authors for identifying ELSIs. These data were col-
lected by one author (SEA), verified by a second author (D.A.),
and any disagreements were discussed to consensus.

RESULTS

Characteristics of HTAs and Examination of ELSI Content
Our systematic search identified seventeen HTAs (Table 1 and
2). More than half were produced by U.S. organizations, three
were produced by Australian/New Zealand and British groups
respectively, and one each were produced by Malaysian and
Canadian agencies. All of them assessed either the MammaPrint
or Oncotype DX tests, with some variously reviewing other GEP
or breast cancer prognostic tests in addition. All of the HTAs
that described their scope or aims included assessment of ana-
lytical and clinical validity, and clinical utility, or effectiveness
or efficacy in improving clinical outcomes. Only three (18%)

of the HTAs stated that examination of socio-ethical issues was
one of their aims and only these documents explicitly addressed
such considerations (Table 1) (hereafter these are referred to
as “explicit HTAs”). However, our analysis showed that all of
the HTAs in our dataset included material with implicit socio-
ethical implications (Table 1 and 2). Furthermore, one HTA
presented “contextual issues” (22). While the word “ethical”
was not used in this section of the HTA, our analysis indicated
that it included implicit socio-ethical material (Table 2).

ELSI Raised by Gene Expression Profiling Tests for Breast Cancer Prognosis
We then examined the ELSI constituting the explicit and im-
plicit content in the study HTAs. Our analysis identified eight
key themes and two sub-themes: (i) clinician-patient communi-
cation and informed consent; (ii) discrimination; (iii) privacy;
(iv) psychosocial issues; (v) patient-centered issues including
potential benefits and harms; sub-themes: deficiencies of evi-
dence; patient risk tolerance; (vi) conflict of interest; (vii) equity
and access issues; and (viii) healthcare delivery, distribution and
re-assessment issues. Some ELSI appeared only within explicit
ELSI sections, some occurred both explicitly and implicitly, and
a few were only handled implicitly in HTAs (Tables 1 and 2).

ELSI Framed Explicitly only
There was some, but not extensive overlap in the ELSI themes
and issues that were explicitly framed in the three explicit HTAs.
Many of these issues have been widely discussed in the con-
text of genetic and Omic testing, and thus could be considered
“classical” ELSI. In particular these included informed consent,
discrimination, privacy, and psychosocial issues, and concerns
stemming from lack of patient or clinician genetic literacy (un-
der patient-centered issues and clinician-patient communication
issues themes, respectively).

ELSI Occurring Both Explicitly and Implicitly
Some ELSI were presented both explicitly and implic-
itly, including patient-centered issues, conflict of interest,
equity/access and healthcare delivery, distribution and re-
assessment issues (Tables 1 and 2). Some of these ELSI were
more novel and specific to the personalized medicine model,
patient stratification based on individualized parameters, or the
nature of GEP testing. In one HTA these were presented in an
explicit “socio-ethical” section (23), and in the other implicitly
in a “contextual” section (22). These ELSI include the concern
that patient groups who do not “qualify” for standard treat-
ment based on the results of GEP tests may experience them-
selves as “orphan-disease” populations (equity/access-related
issues) (23); uncertainty about the best way to present GEP risk
scores to optimize patient decision-making and benefit (patient–
clinician communication issues) (23); the need to better un-
derstand patients’ individual risk tolerances and intervention
preferences (patient-centered issues) (22;23); and the concern
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Table 1. ELSI Themes in HTAs with Explicit ELSI Sections

Explicit ELSI

Title, agency,
country, and
funding
(industry/
other) Year Technologies

Informed
consent/patient-
clinician
communication Discrimination Privacy issues

Psychosocial
issues Patient-centered issues

Conflict of
interest

Equity/access
issues

Healthcare delivery,
distribution, and
re-assessment
issues

Gene
expression
profiling of
breast cancer
(29) Health
Policy
Advisory
Committee
on
Technology,
Queensland
(Australia);
other

2012 Oncotype DX,
MammaPrint,
H:I Ratio Test,
‘Rotterdam’
Signature,
BreastOncPx,
MapQuantDx
(Genomic
Grade test)

• None
mentioned

• Potential for
discrimina-
tion at
individual
and sub-
population
levels for
insurance
and
employment

• None
mentioned

• None
mentioned

• Testing offers ‘Personalized
Medicine’, increasing treatment
choices
• A subset of patients with good
test-derived prognosis may develop
recurrent cancer despite surgery
/chemotherapy
• Potential harms from false positive
/false negative test results

Mentioned implicitly:
• Some clinicio-technical evidence not
generalizable to local setting
• Deficiencies in current evidence base
for analytical validity, clinical
validity and, clinical utility of tests
• Testing offers potential avoidance of
chemotherapy for some, while
identifying those most likely to
benefit

• None
mentioned

• Lack of
economic
equity in
access to test
– in Australia
(tests only
available on
user-pays
basis)
• Tests
processed
overseas
necessitating
a potentially
crucial, delay
in treatment
decision-
making

Mentioned implicitly:
• Testing offers
potential
cost-savings for
healthcare system,
by reducing
erroneous
chemotherapy use
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Table 1. Continued.

Explicit ELSI

Title, agency,
country, and
funding
(industry/
other) Year Technologies

Informed
consent/patient-
clinician
communication Discrimination Privacy issues

Psychosocial
issues Patient-centered issues

Conflict of
interest

Equity/access
issues

Healthcare delivery,
distribution, and
re-assessment
issues

Gene
expression
profiling for
guiding
adjuvant
chemother-
apy decisions
in women
with early
breast
cancer: an
evidence-
based and
economic
analysis
(23) Medical
Advisory
Secretariat,
Ministry of
Health and
Long-Term
Care, Ontario
(Canada);
other

2010 Oncotype DX • Insufficient
clinician
literacy to
explain
test/results
• Uncertainty
about optimal
way to explain
test results in
context of
diagnosis/
prognosis
• Importance of
clinicians’
framing and
explanation of
test for
determining
patient benefit

• Potential for
discrimina-
tion; is less
likely with
non-heritable
(somatic)
genetic
variation,
however
may be
possible if
future
research
matches
tumor
genetics to
specific sub-
populations

• None
mentioned

• Inconclusive
test results
may provoke
patient
anxiety

• Differing patient preferences for
intervention – some may prefer
aggressive intervention, despite test
results, even when benefit is
uncertain, and side effects
substantial

Mentioned implicitly:
• Some clinicio-technical evidence not
generalizable to local setting
• Deficiencies in current evidence base
for analytical validity, clinical
validity, and clinical utility of tests
• Testing offers potential avoidance of
chemotherapy for some, while
identifying those most likely to
benefit
• Testing offers opportunity for
‘Personalized Medicine’, increasing
treatment choices
• Potential harm from false negative
results

Mentioned
implicitly:
test
researchers
have close
links with
test
developers

• Possibility
that groups
who are
ruled out of
access to
standard
treatment by
virtue of
testing may
experience
themselves
as ‘orphaned
disease
populations’

• Economic incentives
may lead to
sub-optimal use of
pharmaco-genomic
tests or the
implicated drugs

Mentioned implicitly:
• Testing offers
potential
cost-savings for
healthcare system,
reducing erroneous
chemotherapy use
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Table 1. Continued.

Explicit ELSI

Title, agency,
country, and
funding
(industry/
other) Year Technologies

Informed
consent/patient-
clinician
communication Discrimination Privacy issues

Psychosocial
issues Patient-centered issues

Conflict of
interest

Equity/access
issues

Healthcare delivery,
distribution, and
re-assessment
issues

DNA
microarrays
(29)

Australia and
New Zealand
Horizon
Scanning
Network
(Aust/NZ);
other

2007 cDNA
microarrays;
MammaPrint,
‘Rotterdam’
Signature,
Amplichip

• Insufficient
clinician
literacy to
explain
test/results
• Need to assure
patients’
voluntariness
to be tested
• Familial nature
of information
–implications
for family
members

• None
mentioned

• Need to
maintain
privacy and
confidential-
ity of genetic
information
of individuals
and sub-
population
groups

• Inconclusive
test results
may provoke
patient
anxiety

• Uncertainty about the balance of
risk/benefit of microarray testing
for patient health and well-being

Mentioned implicitly:
• Deficiencies in current evidence base
for analytical validity, clinical
validity and clinical utility of tests
• Testing may offer the opportunity to
access ‘Personalized Medicine’,
increasing choice in treatment
pathways
• Testing offers potential for
avoidance of chemotherapy for
some patients, while identifying
those most likely to benefit
• Potential harm from false negative
results

• None
mentioned

• None
mentioned

•Testing may lead to
untenable demands
on genetic
counseling services

Mentioned implicitly:
• Testing offers
potential
cost-savings for
healthcare system,
reducing erroneous
chemotherapy use

Note. Shown are descriptive features of the three study HTAs which presented ELSI ‘explictly,’ .ie., in sections entitled ‘ethical issues,’ and a summary of the ELSI mentioned therein.

INTL.J.OFTECHNOLOGY
ASSESSMENTIN

HEALTH
CARE31:1/2,2015

42

https://doi.org/10.1017/S0266462315000082 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0266462315000082


Socio-ethicalissuesinpersonalizedmedicine

Table 2. ELSI Themes Implictly Present in Study HTAs

Implicit ELSI

Title, agency, country, and funding
(industry/other) Year Technologies Patient-centered issues

Conflict of
interest Equity/access issues

Healthcare delivery, distribution, and
re-assessment issues

Gene expression profiling and
expanded
immunohistochemistry tests to
guide the use of adjuvant
chemotherapy in breast cancer
management: MammaPrint,
Oncotype DX, IHC4, and
Mammostrat: Provisional
recommendations (24)

National Institute for Health and
Clinical Excellence (NICE)(UK);
other

2012 Oncotype DX,
MammaPrint,
IHC4,
Mammostrat

• Deficiencies in current evidence base for
analytical validity, clinical validity, and
clinical utility of tests
• Potential harm from false negative results
• Testing offers opportunity for ‘Personalized
Medicine’, increasing treatment choices
• Testing offers potential avoidance of
chemotherapy for some, while identifying
those most likely to benefit

• None
mentioned

• Gaps in test performance and
evaluation data for certain
populations: women>75
years old
• Lack of economic equity in
access to test – in UK (tests
only available on user-pays
basis)
• Tests processed overseas
necessitating a potentially
crucial, delay in treatment
decision-making

• Testing offers potential cost-savings for
healthcare system, by reducing
erroneous chemotherapy use

NCCN clinical practice guidelines in
oncology: breast cancer (37)

National Comprehensive Cancer
Network (US); some panel
members are on advisory or
other boards, are expert
witnesses or consultants to
industry

2012 Oncotype DX,
MammaPrint

• As per the four issues mentioned above
(NICE (24))

• None
mentioned

• None mentioned • As per above (NICE (24))

Use of Oncotype DX in women with
node-positive breast cancer (27)

National Cancer Institute, National
Institutes of Health (US); other

2011 Oncotype DX • As per the four issues mentioned above
(NICE (24))

• None
mentioned

• None mentioned • As per above (NICE (24))

A comparison of gene expression
profiling tests for breast cancer
(15)

Health Services Assessment
Collaboration, University of
Canterbury, for the New Zealand
Ministry of Health (NZ); other

2010 Oncotype DX,
MammaPrint,
H:I Ratio Test

• As per the four issues mentioned above
(NICE (24))

• Test
researchers
have close
links with
test
developers

• None mentioned • As above (NICE (24))
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Table 2. Continued.

Implicit ELSI

Title, agency, country, and
funding (industry/other) Year Technologies Patient-centered issues

Conflict of
interest Equity/access issues

Healthcare delivery, distribution, and
re-assessment issues

Gene expression profiling in
women with lymph
node-positive breast cancer
to select adjuvant
chemotherapy treatment
(18)

Blue Cross Blue Shield
Association Technology
Evaluation Centre (US); other

2010 Oncotype DX • As per the four issues mentioned above
(NICE (24))

• None
mentioned

• None mentioned • As above (NICE (24))

The 70-Gene Signature
(MammaPrint) as a guide for
the management of early
stage breast cancer (28)

California Technology
Assessment Forum (US);
other

2010 MammaPrint • As per the four issues mentioned above
(NICE (24))

• None
mentioned

• None mentioned • As above (NICE (24))

Laboratory medicine practice
guidelines: use of tumor
markers in testicular,
prostate, colorectal, breast,
and ovarian cancers (38)

National Academy of Clinical
Biochemistry (US); other,
although some authors are
employed by industry

2009 Multiple breast
tumor markers
including:
Oncotype DX,
MammaPrint

• As per the four issues mentioned above
(NICE (24))

• None
mentioned

• None mentioned • As per above (NICE (24))

Impact of gene expression
profiling tests on breast
cancer outcomes: evidence
report/technology
assessment number 160
(25) Agency for Healthcare
Research and Quality
(AHRQ), US Dept. Health and
Human Services (US); other

2008 Oncotype DX,
MammaPrint,
H:I Ratio Test

• As per the four issues mentioned above
(NICE (24))

• None
mentioned

• None mentioned • As per above (NICE (24)); AND
• Potential for scale-up problems – would
test accuracy be maintained?
• The need for ‘comparative effectiveness
data’ and consumer educational materials
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Table 2. Continued.

Implicit ELSI

Title, agency, country, and
funding (industry/other) Year Technologies Patient-centered issues

Conflict of
interest Equity/access issues

Healthcare delivery, distribution, and
re-assessment issues

MammaPrint (39)
Health Technology Assessment
Section Medical Development
Division, Ministry of Health
(Malaysia); other

2008 MammaPrint • As per the four issues mentioned above
(NICE (24))

• None
mentioned

• None mentioned • As per above (NICE (24))

Oncotype DX prognostic and
predictive test for early breast
cancer (16)

The National Institute for Health
Research, National Horizon
Scanning Centre Research
Programme (UK); other

2008 Oncotype DX • As per the four issues mentioned above
(NICE (24))

• None
mentioned

• Lack of economic equity in
access to test – in UK (tests
only available on user-pays
basis)
• Tests processed overseas
necessitating a potentially
crucial, delay in treatment
decision-making

• As per above (NICE (24))

Recommendations from the
EGAPP Working Group: can
tumor gene expression
profiling improve outcomes in
patients with breast cancer?
(22)

Evaluation of Genomic
Applications in Practice and
Prevention (EGAPP) Working
Group (US); other, although
one author is employed by
industry

2008 Oncotype DX,
MammaPrint,
H:I Ratio Test

• As per the four issues mentioned above
(NICE (24)); AND
• Differing patient risk tolerance for
intervention – more research needed to
understand patient comprehension and
use of test-yielded risk results
• The need to provide patients with
counseling and educational materials on
risks, benefits, and test application in
clinical decision-making
• Testing offers opportunity for ‘Personalized
Medicine’, increasing treatment choices

• None
mentioned

• Gaps in test performance and
evaluation data for certain
populations: men with breast
cancer and ancestry groups
other than ‘White’ or
‘European’

• As per above (NICE (24)); AND
• Potential for scale-up problems – would
test accuracy be maintained?
• The need for ‘comparative effectiveness
data’ and consumer educational
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Table 2. Continued.

Implicit ELSI

Title, agency, country, and
funding (industry/other) Year Technologies Patient-centered issues

Conflict of
interest Equity/access issues

Healthcare delivery, distribution, and
re-assessment issues

Gene expression profiling as a
guide for the management of
early stage breast cancer
(26) California Technology
Assessment Forum (US);
other

2007 Oncotype DX,
MammaPrint

• As per the four issues mentioned above
(NICE (24)); AND
• Testing offers opportunity for ‘Personalized
Medicine’, increasing treatment choices
• Testing offers potential avoidance of
chemotherapy for some, while identifying
those most likely to benefit
• Potential harm from false negative results

• None
mentioned

• None mentioned • As per above (NICE (24))

American Society of Clinical
Oncology 2007: Update of
recommendations for the use
of tumor markers in breast
cancer (40)

American Society of Clinical
Oncology (US); other,
although some authors are
employed by industry

2007 Thirteen categories
of breast tumor
markers
including:
Oncotype DX,
MammaPrint,
Rotterdam
Signature, H:I
Ratio Test

• As per the four issues mentioned above
(NICE (24)); AND
• Testing offers opportunity for ‘Personalized
Medicine’, increasing treatment choices
• Testing offers potential avoidance of
chemotherapy for some, while identifying
those most likely to benefit
• Potential harm from false negative results

• None
mentioned

• None mentioned • As per above (NICE (24))

MammaPrint prognostic test for
breast cancer (17)

The National Institute for Health
Research, National Horizon
Scanning Centre Research
Programme (UK); other

2007 MammaPrint • As per the four issues mentioned above
(NICE (24)); AND
• Testing offers opportunity for ‘Personalized
Medicine’, increasing treatment choices
• Testing offers potential avoidance of
chemotherapy for some, while identifying
those most likely to benefit
• Potential harm from false negative results

• None
mentioned

• Lack of economic equity in
access to test - in UK (tests
only available on user-pays
basis)
• Tests processed overseas
necessitating a potentially
crucial, delay in treatment
decision-making

• As per above (NICE (24))

Note. Shown are descriptive features of the fourteen study HTAs in which ELSI occurred implictly, i.e., they were not framed as having ethical implications by authors, and a summary of the ELSI mentioned therein.
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that economic incentives may impinge on proper use of di-
agnostic/prognostic test therapeutic combinations (healthcare
delivery, distribution, and re-assessment issues) (23).

Assessing the potential risks and benefits of a technology is
the central focus of HTA. While the harms and benefits of GEP
tests have strong socio-ethical dimensions, our analysis showed
these were almost always left implicit in study HTAs. For ex-
ample, a key ELSI raised in almost every HTA was whether
test results can be relied upon to withhold chemotherapy in pa-
tients who would have otherwise received it based on current
standard of care. Thus, all the study HTAs underlined a signif-
icant risk of cancer recurrence or death in patients who may
forgo chemotherapy based on a GEP test result, but would have
actually benefited from treatment (i.e., false negative results)
(18;22;24–27). This issue was left implicit in all but one HTA
(19). Likewise, the potential benefits of testing were largely
handled implicitly. Only the personalization of cancer therapy
was presented within an explicit ELSI section, and only in one
HTA (19) (under patient-centered issues, potential benefits and
harms; Tables 1 and 2).

ELSI Occurring only Implicitly
Some ELSI-related material occurred only in an implicit for-
mat in HTAs. These included “deficiencies of evidence” (a sub-
theme of patient-centered issues), an issue that was present in
all the study HTAs; uncertainty about the capacity for GEP test
provision to be scaled-up while maintaining analytical valid-
ity (23); the need for ongoing comparative effectiveness stud-
ies (both in healthcare delivery, distribution and re-assessment
issues) (22;26); and potential conflicts of interest (15;23)
(Table 2).

The largest amount of implicit socio-ethical material in
study HTAs concerned deficiencies in the evidence for analyt-
ical validity, clinical validity, and especially the clinical utility
of the tests under review. This material occurred within the
clinico-technical assessment presented in all of the HTAs. Key
concerns discussed included: the quality of the archived tumour
samples used for gene signature development; statistical “over-
fitting” of data in early studies; methodological weaknesses
in clinical study designs; the retrospective nature of develop-
ment/validation studies; and the small number or heterogeneity
of patient samples used. Some HTAs also raised concerns more
specific to analytical validity (for example, the fact there is
no “gold standard” clinical technology for direct comparison of
GEP test performance, thus obviating the assessment of analytic
false positive/negative rates [15;22;25;27]), clinical validity (for
example, some HTAs questioned the nature of the mechanism
by which gene expression values relate to clinical outcome,
and/or the methods by which predictive gene signatures are se-
lected [26;28]), and clinical utility (for example, all study HTAs
noted a paucity of data on how the results of GEP tests are used
in clinical decision-making, and whether test-guided practice

improves health outcomes beyond standard clinical practice).
No HTA noted or discussed the current uncertainties around
evidence requirements for regulatory approval and how these
may have affected the characteristics of the studies assessed in
HTAs.

Methods to Address ELSI Issues in HTAs
The methodology used to integrate ELSI into HTAs influences
the resulting product (2), and will impact the characteristics and
depth of the presented material. Thus to gain greater perspective
on the scope and limitations of the ELSI material in our dataset,
we examined the three explicit HTAs for descriptions of the
methodology used (as implicit HTAs did not include dedicated
ELSI sections, we did not examine these). Despite a variety of
relevant methods that exist, those used to identify ELSI were
described in only one of the three explicit HTAs (23), being sec-
ondary literature review. However, the method was not described
in sufficient detail to be reproducible. The referencing/format of
one of the other two HTAs suggested that secondary literature
review was also the basis for that ELSI section, although this
was not stated (29). In the third HTA, the ELSI section was not
referenced, leaving its genesis unclear (19). None of these HTAs
described the expertise of those who compiled the socio-ethical
material, or details of the inclusion/exclusion criteria used to
select the identified references. Finally, while all three HTAs
briefly summarized ELSI pertaining to the technologies under
assessment, they did not provide ethical analyses or strategies
to address the issues raised. Neither did they specifically note
whether the issues mentioned were theoretical, or came to light
through empirical work.

DISCUSSION
The aim of this study was to catalogue ELSI content in HTAs
of GEP tests for breast cancer prognosis and examine how this
material is integrated in HTAs. We note a caveat in that our
analysis was limited to English language publications with more
than half produced in the United States. However, Europe has
a strong tradition of socio-ethical consideration in HTAs (9).
Thus, inclusion of documents in languages other than English
may have produced different findings.

Our analysis indicates that study HTAs contained a large
amount of ELSI-related material. A variety of issues featured,
ranging from “classical” ELSI to more novel personalized
medicine and prognostic GEP test-specific issues. “Classical”
ELSI always occurred in explicit ELSI sections. However, much
of the material relating to risks and benefits of prognostic GEP
tests occurred in clinico-technical sections of HTAs, with its
ELSI dimensions left implicit. Less than a fifth of study HTAs
included dedicated ELSI sections, indicating that explicit con-
sideration of ELSI is still infrequently carried out. As such,
important contextual information that may support integration
in healthcare systems, optimize patient benefit, and pre-empt
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harms was left ambiguous, or not addressed. Experts have
noted that bioethical analysis involves “advancing and exam-
ining arguments about what ought, morally, to be done and not
done—about what is (actually, rather than merely thought to
be) right and wrong” (6;30). However, none of the few explicit
ELSI sections in study HTAs included such in-depth reflection,
nor analysis or recommendations. Rather, HTAs seemed to skim
over the issues without providing a roadmap for what should ac-
tually be considered by decision makers, or how. The methods
used to generate or gather knowledge will influence the nature
of results (2), while the detailed reporting of methods sup-
ports understanding of the scope, limitations, and importance
of findings. Strikingly, our analysis showed that methodology
for inclusion of ELSI was only described in one HTA. Inclusion
of a thorough description of methods, including the training of
those undertaking this work, would promote the transparency
and comprehensiveness of ELSI material in HTAs. With ac-
celerating development of new prognostic and diagnostic tests,
increased attention is focusing on evaluation of these devices
(31;32). At the same time, regulatory channels remain prob-
lematic, and HTA are playing an increasingly important role in
weighing the risk and benefits of new tests (4;31;32). As such,
these documents should be as informative and specific as possi-
ble to maximize their utility for decision-making. Our analysis
found ELSI encompassing a spectrum of issues important to
the overall benefit of prognostic GEP tests, many of which were
left implicit. Thus, our results reiterate calls for explicit integra-
tion of ELSI into HTA (2;5, European Network for HTA (EU-
netHTA), see www.eunethta.eu and www.corehta.info). Overt
presentation of ELSI may have multiple benefits—most practi-
cally, drawing policy-makers’ attention and increasing the likeli-
hood that ELSI would be considered in decision making (6;20).
To maximize relevance and utility, evaluation of ELSI and re-
lated contextual questions should be integrated with clinico-
technical considerations in the assessment process, rather than
as an ad hoc activity (7;9;20). Our finding of ELSI-related ma-
terial throughout clinico-techical sections of HTAs reiterates
the pragmatism of this approach. Furthermore, ELSI should
be placed in context, highlighting their applicability. Thus, the
derivation of conclusions or recommendations could augment
accessibility for decision makers. Finally, primary ethical anal-
ysis or the commissioning of primary empirical studies could
increase relevancy of ELSI within the context of each jurisdic-
tion, incorporate stakeholder perspectives, and perhaps uncover
novel issues. This type of comprehensive approach may also
better link developers, assessors, and end-users, thus streamlin-
ing the translational pathway. Semantics may also play a role in
mediating the accessibility of ELSI. Notably, a section entitled
“contextual issues” in one HTA included much socio-ethical
material (22). It is possible that scientists or policy-makers may
instinctively consider ELSI less important or less definitive than
clinico-technical material. If so, framing issues as “contextual”
rather than “ethical” could affect the uptake of this informa-

tion. Gauging the impact of semantics would be an interesting
empirical study.

Much of the socio-ethical material uncovered in this study
related to the fact that prognostic GEP tests for breast cancer
are commercially available, yet the scientific evidence is still
evolving. However, absent from study HTAs was mention of
current regulatory debates around Omic tests, issues that are
closely tied to technology uptake. Including this information
may have assisted in placing evidentiary deficiencies in context,
and spurred policy-makers to discussion. Likewise, largely ab-
sent from HTAs were clinician and patient perspectives on GEP
tests. Exploration of how prognostic GEP tests may challenge
current clinical workflows and clinician roles (12;33), how clin-
icians understand and communicate GEP-derived risk scores
(13), and how they may feel about denying chemotherapy, ef-
fectively offering no treatment to a patient if a test indicates
this, are all highly relevant to adoption of these technologies,
and critical determinants of patient benefit. Likewise, inclusion
of patient perspectives is important for relevancy, and for fa-
cilitating patient benefit and uptake. That clinician and patient
viewpoints were not represented in study HTAs may reflect the
use of secondary literature review as a methodology, and the fact
that GEP tests are relatively new with few ethical analyses yet
published. However, the use of a framework such as Hofmann’s
that guided our analysis (20), would have drawn attention to
this gap. Recently, further strategies for integrating ELSI into
HTA have been published, including stakeholder consultation
(for example 35;36). Thus, study HTAs presented only part of
the pertinent information, compelling readers to “read between
the lines” or synthesize from external sources.

In conclusion, despite a wide variety of important ELSI oc-
curring in study HTAs, these were rarely explicitly addressed. If
the goal of HTA is to support the well-being of patients and the
public, then HTA producers have an ethical responsibility to pro-
duce material that supports optimal decision making by policy
makers. Explicit treatment of ELSI would increase their acces-
sibility to decision makers, and may augment HTA efficiency
maximizing their utility. This is particularly important where
complex Personalized Medicine applications are rapidly ex-
panding choices for patients, clinicians and healthcare systems.
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