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Abstract
Background: Personalized medicine has the potential to allow patients to receive drugs specific to their individual
disease, and to increase the efficiency of the healthcare system. There is currently no comprehensive overview of
personalized medicine, and this research aims to provide an overview of the concept and definition of personalized
medicine in nine European countries.
Methods: A targeted literature review of selected health databases and grey literature was conducted to collate
information regarding the definition, process, use, funding, impact and challenges associated with personalized
medicine. In-depth qualitative interviews were carried out with experts with health technology assessment, clinical
provisioning, payer, academic, economic and industry experience, and with patient organizations.
Results: We identified a wide range of definitions of personalized medicine, with most studies referring to the use of
diagnostics and individual biological information such as genetics and biomarkers. Few studies mentioned patients’
needs, beliefs, behaviour, values, wishes, utilities, environment and circumstances, and there was little evidence in the
literature for formal incorporation of patient preferences into the evaluation of new medicines. Most interviewees
described approaches to stratification and segmentation of patients based on genetic markers or diagnostics, and few
mentioned health-related quality of life.
Conclusions: The published literature on personalized medicine is predominantly focused on patient stratification
according to individual biological information. Although these approaches are important, incorporation of environmental
factors and patients’ preferences in decision making is also needed. In future, personalized medicine should move from
treating diseases to managing patients, taking into account all individual factors.
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Background
With many new drugs designed against specific targets
the use of biomarkers will increasingly allow patients to
receive the drug most likely to be effective for their disease. In parallel, there is an increasing awareness that the
different administration regimens and side effect profiles
associated with particular therapies can impact healthrelated quality of life (HRQoL) in ways that vary among
individuals. Differences also exist among patients with regard to benefit–harm trade-offs and willingness to obtain
the best possible care, and individuals may benefit from
holistic solutions adapted to their individual profile and
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preferences. These approaches could be applied to the
majority of procedures and pharmacological agents, not
just targeted therapies. Using biomarkers to target therapies is regarded by some as a way towards a more efficient
and cost-effective healthcare system [1–4]. This is particularly important as across Europe ageing populations and
the increasing prevalence of chronic disorders are placing
healthcare budgets under pressure. As a result, healthcare
systems are increasingly mindful of budget impact and
cost-effective usage of expensive innovative agents.
Personalized medicine (PM) is a relatively young field, although there have been a substantial number of recent
publications in the area of PM and how it could be facilitated and implemented [3, 5, 6]. Different stakeholders’
views on PM may reflect different aspects of the overall
concept, and a comprehensive overview of what is
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understood by the term PM (also referred to as ‘stratified
medicine’), and exactly what benefits and challenges may
be associated with its implementation, is needed.
Therefore, the purpose of this research was to provide
an overview of the concept of PM in Europe, with a particular focus on how patient segmentation is currently
performed in nine countries with different healthcare
systems: Austria, France, Germany, Hungary, Italy, the
Netherlands, Spain, Sweden and the UK. In addition, we
sought to identify some of the challenges and opportunities of PM in terms of providing the greatest possible
value both for individual patients and society.
To meet these goals, we first conducted a targeted literature review of selected health databases and grey literature with the aim of collating qualitative information
regarding the definition, process, use, funding, impact on
health technology assessment (HTA) evaluation and challenges associated with PM. We decided to perform a
qualitative literature review limiting the search to the selected European countries, and the findings were taken
into account during the elaboration and validation of interviews. Second, because PM is an evolving field, and to
capture an up-to-date picture of how PM is viewed across
Europe, we carried out in-depth qualitative interviews
with a range of experts with HTA, clinical provisioning,
payer, academic, economic and industry experience, while
members of patient associations were also interviewed. Finally, we describe some of the challenges that will need to
be overcome in order to integrate patients’ preferences
into PM decision-making processes.
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The literature search in MEDLINE generated 1009 potentially relevant titles and/or abstracts and was conducted in October 2014. The Embase search generated
8580 potentially relevant titles and/or abstracts and was
conducted in February 2015. Due to the large number of
results in the Embase search the number of publications
from this specific search was reduced by first filtering
the initial results based on duplicates and additional
search terms (see Additional file 1).
Both the results from the MEDLINE search and the
remaining titles and/or abstracts from the Embase
search were filtered based on their relevance to the research questions. For all relevant titles and abstracts, full
papers were reviewed, and relevant data were extracted
for evaluation. In case of doubt regarding the relevance
of a title abstract or paper, a second researcher was
consulted.
Based on those papers from the MEDLINE search that
were most interesting or provided information and/or
data that were scarce within the literature results, a citation search was conducted. In addition to the literature
searches carried out in MEDLINE and Embase, the initial search terms were also used to search for literature
on relevant websites. The identified literature was
screened, reviewed and filtered by a second researcher,
who also extracted data from the literature deemed
relevant.
Finally, the retrieved literature was analysed to identify
possible general themes related to PM, such as those
concerning the use of (bio)markers or patients’ preferences, which could refer to “traditional” or innovative attitudes in PM, respectively.

Methods
Literature review

Expert interviews

Searches of the MEDLINE and Embase databases were
carried out between October 2014 and February 2015
using terms specific to PM, including ‘personalized
medicine’, ‘individualized medicine’, ‘stratified medicine’,
‘segmented medicine’ and ‘targeted therapies’ according
to the PRISMA guidelines (see Additional file 1 for full
search terms). Electronic database searches were restricted to English language only; dates searched were
2010 to present but limiting the survey to the nine selected European countries. Similarly, grey literature
searches were performed for the nine countries of
interest – these searches were not limited to the English language and relevant materials were translated
where possible.
Literature was selected for inclusion in the review if it
addressed topics such as the definition of PM; methods
for patient segmentation; current HTA, reimbursement,
pricing and funding processes for PM; and the impact of
these on patient access (see Additional file 1 for
complete list).

Semi-structured, anonymized interviews were conducted
with experts from nine European countries, as well as
three experts from European patient organizations, and
one representative of the European Federation of
Pharmaceutical industries and Associations (EFPIA). Experts were recruited from a BresMed internal contact
list, and additional participants were recruited via snowball sampling. Interview recruitment was double blinded:
the experts were not aware of the identity of the sponsor
or of the Authors, and vice versa, and this procedure
was explained to the experts during the administration
of the informed consent. Of note, the privacy of experts
was protected by excluding any information that could
identify the interviewees while the complete anonymization of collected data was adopted before every analyses
were carried out and findings discussed.
An interview guide (see Additional file 2) was developed with open and closed questions based on themes
identified from the published evidence base and any obvious gap in the collected and reviewed literature. Pilot
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interviews were conducted in February 2015 to address
any unclear or duplicated questions, and interviews with
experts were conducted between April and June 2015.
Interviewees were briefed about the objectives of the research and gave their informed verbal consent to participate and for the interviews to be recorded. Interviewees
were asked about aspects of PM including definitions,
patient segmentation, assessment and implementation of
PM, the challenges they perceived personalized medicine
to be facing, potential solutions, and expectations of the
future of PM. The interviewer asked general questions
without forcing the expert toward a pre-classified
response.
Qualitative analysis was carried out through coding
the transcripts using a software program (NVivo 10,
QSR International) to identify any trends, differences
and similarities specific to the HTA and reimbursement
processes, decision making, challenges, and promoting
market access across the study countries. For presentation of the results, anonymity of participants was protected by removing names and creating broad interview
categories (e.g., clinical expert or economic expert).

Results
Literature review

The literature review revealed that there is no overall
consensus on how to define PM, with a number of different definitions in use [1–3, 5, 7–41] – in the literature
these ranged from “targeted treatment tailored to the
genetic makeup of individual tumours” [27] to “the idea
that medicines and other health technologies including
the prediction of individual risk may be customised to
each person’s specific genetic, physiological or psychological characteristics“[41]. In particular, the retrieved literature referred to two different semantic approaches
for PM: patients’ stratification (18 out of 38 articles), that
is grouping individual patients in subpopulation according to their probability to have a therapeutic benefit
from a drug or regimen, and treatment tailoring (19 out
of 38), that is, the individual status of a patient (i.e., disease characteristics or subject’s genotype/phenotype) is
the rationale basis for drug choice. Interestingly, two papers did identify PM as a procedure that necessitates the
development of targeted agents [10, 18].
Most studies (30 out of 38) described the use of diagnostics and individual biological information, including
clinical characteristics, genetic disposition and biomarkers,
in order to target therapies to the patient and disease, with
the aim of improving outcomes and reducing side effects
(definitions are presented in Additional file 3 as exact quotations from the original articles).
Reviewing the definitions, it clearly appears that
both stratification and tailoring may be based on
tests. Indeed, much of the published literature on
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physiology-based PM concerns the use of genetic information and biomarkers to select patients for whom
a particular treatment is appropriate. Effective use of
biomarkers requires the availability of validated diagnostic tests, and a number of drug treatments have
specific companion diagnostics (CDs) [28, 42–44]. Ensuring that CDs are accessible is a major challenge in
the use of physiology-based PM, and the lack of simultaneous availability of both a drug and its CD is a
frequent issue in clinical practice. Processes for assessing the clinical value and cost-effectiveness of CDs
are not well established, and a major limitation is that
assessments of drugs and CDs are often conducted
separately, and fail to capture the full benefits of
these products [28, 45]. The use of CDs may also be
associated with ethical issues (Table 1) [46].
It is worth noting that other stratification criteria used
are mostly demographic, and include factors such as age
and sex. A recent study by Schleidgen et al. (2013) [3]
has suggested a definition of PM as follows: “personalized medicine seeks to improve stratification and timing
of health care by utilizing biological information and biomarkers on the level of molecular disease pathways, genetics, proteomics as well as metabolomics.”
By contrast, Rogowski et al. (2015) [38] reported the
results of a series of structured workshops, organized by
the International ONCOTYROL Expert Task Force [47],
Table 1 Ethical issues associated with the use of companion
diagnostics [46]
Issue

Concern

Informed
consent

• The process of getting consent from the patient for
testing is both lengthy and complex

Data
management

• Testing generates data which should be identifiable
and integrated into datasets of genomic and health
information
• Interpreting test data requires skilled professionals
who are able to interpret and translate the data to
patients

Communication • Translating the results to patients is becoming
of results
increasingly difficult, as the number of biomarkers
being tested by a single test is constantly increasing
• Testing can provide incidental findings and variants
of unknown significance, knowledge of which can
affect a patient’s well-being
• Patients have concerns about privacy and the
possible disclosure of genetic information. They have
concerns about who sees their results during the
analysis process and a potential risk of discrimination if
such information is known
Cost and equity • The costs for targeted therapies are usually high;
issues
drugs and accompanying tests might not always be
covered by health insurance, which can limit patients’
access to treatment
• High costs increase the imbalance in access to new
and better treatments as the identification of new
biomarkers and treatments continues
Guidelines

• There is a lack of guidelines regarding implementation
of testing
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which supported the division of PM into physiologyand preference-based PM [38]. The first category, also
termed ‘stratified medicine,’ refers to segmentation of patients according to their genetic makeup, while the second refers to the tailoring of treatment according to
patients’ preferences.
In contrast to physiology-based approaches, a few papers
mentioned terms such as patients’ individual needs, beliefs,
behaviour, values, wishes, utilities, environment and circumstances in their definitions of PM [5, 8, 15, 16, 26, 38, 41].
Damato et al. (2013) [16] defined PM as “the tailoring of
therapy to the needs, wishes, fears, and condition of the patient, also taking account of the individual’s circumstances.”
The description by Rogowski et al. of preference-based PM
as developed by the ONCOTYROL Expert Task Force included both revealed preferences such as adherence to treatment and stated preferences such as attitude to risk [38].
In addition, a study by the European Commission recommended that the use of patient preferences in PM
should be increased [19]. Making treatment decisions in
conjunction with patients’ views does occur to a greater or
lesser extent in particular settings; however, there was little evidence in the literature for formal incorporation of
patient preferences into the evaluation of new medicines.
Finally, the survey showed that PM has mainly a predictive role (29/38 articles), being useful to anticipate the efficacy of treatments, whereas only two of them [18, 31]
included the possibility to prevent “side effects” within the
definition. At the same time, only 13 papers stated that
PM has also a preventive role because it may determine
the individual “susceptibility to a particular disease”. In
turn, that knowledge allows the adoption of “preventive interventions” aimed at reducing the risk.
Expert interviews

In total, 34 interviews were conducted with three patient
association members, one member of EFPIA, seven
academics, five clinicians, nine economists, five payers and
four providers (Table 2). The qualitative analysis of

interviews did not result in the identification of clear trends
across countries, and this was likely dependent on the limited number of experts. However, none of the interviewees
gave a specific definition of PM, even if most responses described approaches to stratification and segmentation of
patients based on genetic markers or CDs in agreement
with the findings of literature survey. All respondents mentioned the use of tests or CDs to identify sub-groups, to
stratify patients to the right treatments, or to identify patients who might benefit the most from treatments. The
majority of experts (13 of 17 [76%]) believed that CDs were
important, but respondents generally felt valuing these
tools to be challenging, as their value is intrinsically linked
with the corresponding pharmaceutical product.
When asked about motivations for the segmentation
of patients (Table 3), the majority of experts used terms
associated with improvement of outcomes (14 of 20
[70%]) or optimization of side effect profiles (11 [55%]).
Another common reason for segmenting patients was to
avoid overtreatment or wasting resources (10 [50%]). In
addition, one of the patient representatives mentioned
that PM can also empower patients and clinicians: “… by
giving them knowledge about their condition, about their
genes, about the options they have and making them
more powerful when they are making informed choices.”
Another patient representative expressed concern that
patient segmentation should be conducted carefully: “…
I think there is a risk that precision medicine will be seen
to be an excuse for rationing, rather than a clinical tool
for better patient care.” Only two experts mentioned
HRQoL.
In total, eight respondents (of 34 [24%]; two clinicians,
two economists, two payers, one provider, and one academic) mentioned the incorporation of factors such as
environment and social setting in the treatment process,
but only one (payer [3%]) specifically mentioned patient’s preferences. By contrast, two experts (6%) stated
that they did not believe patient preferences to be important for patient segmentation.

Table 2 Distribution of external experts
Country

Academic

Clinical

Economic

Austria

1

1

1

Payer

Provider

France

1

1

1

1

1

Germany

1

1

1

1

1

Hungary

1

Italy

1

1
1

Spain

1

Sweden

1

1

The Netherlands

1

1

1

1

1

UK

1

1

1

1

1

EFPIA, the European Federation of Pharmaceutical Industries and Associations; rep., representative
Patient representatives were from European groups

Patient rep.

EFPIA

3

1

Di Paolo et al. BMC Health Services Research (2017) 17:289

Page 5 of 9

Table 3 Interview respondents’ views on motivation for patient segmentation
Benefits

Experts

Avoiding side effects/optimize side effect profile

Academics (3), clinical experts (2), economic experts (3), EFPIA representative (1), patient
representatives (2)

Avoiding waste of resources/over-treating/selecting only
patients who need it

Academic (1), clinical experts (2), economic experts (3), EFPIA representative (1), patient
representatives (2), payer (1)

Improved outcomes in terms of effectiveness/efficacy

Academic (1), clinical expert (1), economic experts (3), patient representative (1), payer
(1)

Better outcome/benefit/response rate (not specified)

Academic (1), clinical experts (2), economic experts (2), provider (1)

Improved cost-effectiveness/value for money

Clinical expert (1), economic experts (3), payer (1)

Reduce costs

Economic experts (3), payer (1)

Improved length of life

Academic (1), clinical expert (1), economic expert (1)

Improved quality of life

Academic (1), economic expert (1)

Free-up time from clinicians

Patient representative (1), payer (1)

EFPIA, the European Federation of Pharmaceutical Industries and Associations

With regard to challenges in PM, several respondents
highlighted ethical concerns about patient segmentation.
For example, one clinician felt that using factors such as
age to stratify patients could be considered discriminatory. Others noted that physicians can not force patients to undertake tests; if they refuse to take tests, they
cannot necessarily be refused treatment. There was a
clear feeling that more needs to be done to find reliable
ways to segment patients (7 of 15 [47%]), both to identify higher-risk patients and to prevent potentially inappropriate restrictions on access.
One limitation of PM that was mentioned is the potential for increased uncertainty when estimates of treatment
effects are based on small patient populations – for example, “The trouble is that once you get into personalized
medicine, each time you look at a smaller subgroup of an
extra factor in terms of the evidence of benefit then you get
more uncertainty” (clinician). Furthermore, the implementation of stratification using CDs could contribute to uncertainty (academic, clinician), and increasing medicine
complexity could lead to errors (clinician). It was noted
that use of real-world evidence to supplement gaps in randomized clinical trials could generate significantly more
data and find better biomarkers that can help guide treatment. A number of experts also noted a need for the collection of more information on biomarkers and disease
(two payers), more genomic sequencing (clinician), as well
as more and larger trials (payer, clinician).

Discussion
Current definitions of PM focus either on demographic
criteria or on the use of clinical and biological information, including genetic disposition and biomarkers, to improve stratification of patients to receive optimized
treatments. The results of the literature review and expert
interviews described here show that these approaches –
‘physiology-based PM’ – are receiving a significant level of

attention in the literature and in clinical practice. Although the findings of our survey were analysed in a qualitative way, they matched those obtained by Schleidgen
and colleagues [3], who analysed the literature, categorized
and quantified the results until they concluded that PM
“seeks to improve stratification and timing of health care”
by using biological information and biomarkers [3]. The
use of biomarkers in treatment decisions is important,
and there is a clear need to improve the systems for making relevant tests for biomarkers or specific genetic characteristics available alongside new medicines. In particular,
the assessment of the value of a medical treatment and its
associated CD together rather than separately is likely to
simplify the assessment of both.
It is worth noting that part of our findings suggest that
PM could be a holistic methodology, which is “centered
around the needs of individual patient” as stated before
[3]. Indeed, although the holistic vision of PM is confined to a reduced number of published articles [13, 38],
it is plausible that offering more therapeutic options, as
it occurred in some diseases over the last few years,
means giving a growing weight to patients’ needs during
the decision-making process.
What has been recorded during interviews largely
matches the findings of literature survey, as briefly presented in the paragraph above. However, some important themes have been identified in the interviews. First,
the majority of experts did agree with the physiological
definition of PM, which should be based on a test (whatever the assay could be) to improve patients’ stratification and treatment, both in terms of efficacy and
tolerability. This definition matches that synthesized by
Schleidgen et al., (2013) [3], which excludes the possibility that patients’ preferences could have an influence on
therapeutic management. This is not surprising, and it
could depend on several different factors, such as the
need to reduce uncertainty and to objectively stratify
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patients according to their individual probability or risk of
experiencing a therapeutic benefit or toxic effects, respectively. Interestingly, further points of discussion about PM
were identified by the interviewees. Indeed, some experts
referred to the application of PM protocols as possible
causes of uncertainty, while a patients’ representative
stated that PM could impede some patients to get access
to potentially beneficial treatments. Those issues are very
similar and they are not completely new for medicine, because the adoption of some screening procedures could
result in erroneous values, thus denying therapeutic opportunities to some patients. It is likely that the development of a CD in parallel with the drug may improve the
technical characteristics of the test.
The panorama is completed by the impact of PM for
patients, the third aspect. Indeed, disclosing and discussing results of tests with the patients will turn into an informed decision making, as one patients’ representative
stated. It is interesting to note that although not explicit,
every shared decision making is based on the doctorpatient relationship and does include patient’s preferences [48]. In a wider view, the discussion concerning a
pharmacological option for a disease does mean taking
patient’s preferences into account. Indeed, Schleidgen
and colleagues discussed about the possibility that PM
“is not a new concept as medicine has always been individualized” [3]. Unfortunately, that assumption does not
match with the influence of individual needs and beliefs
on treatments that was neglected by the majority of
experts.
Overall, the present study suggests that there was little
mention in the literature or in the interview results of
the use of patients’ behaviour, beliefs, values, personal
environment and individual preferences in treatment decisions and the related trade-offs. In particular, there was
little evidence for formal incorporation of patient preferences, utilities and social/cultural characteristics into the
evaluation of new medicines. Few of the interviewees
mentioned HRQoL, suggesting that most stratification is
based on individual, but not personal, factors.
We believe that to become truly personalized, medicine will need decision making processes that can help
define therapeutic solutions adapted to an individual patient’s profile, including not only their clinical characteristics or genetic disposition, but also their environment
and individual preferences.
In addition to disease characteristics and the results of
diagnostic tests, it will be important to take into account
other patient’s characteristics. Medication adherence and
disease management can be affected by patients’ personal
environment, and by behavioural factors, such as their
knowledge, abilities, occupation, social status, cultural
background and beliefs [49]. Patients may also have individual preferences for particular treatment modalities, the
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avoidance of certain side effects [50], and the benefit–
harm trade-off of interventions, and may differ in the level
of priority they give to health compared with other
problems.
PM will therefore need to actively involve patients in the
choice of the optimal therapeutic solution for them – to
achieve this patients will need information about the disease, the effectiveness of each therapy and the corresponding side effect profiles in order to make an informed
decision. In this way, the goal of healthcare providers and
patients will be to minimize side effects, secure outcomes
and benefits, improve efficacy and HRQoL, and optimize
the benefit–harm balance for each individual. By matching
the characteristics of the selected therapy to a patient’s
lifestyle and preferences, common reasons for nonadherence to prescribed treatments may be avoided, potentially increasing the expected therapeutic benefits, as
well as optimizing the use of available healthcare resources. In principle, PM should therefore benefit both
the individual patient and society. From a healthcare system perspective, the benefits of PM are likely to be improved outcomes and increased cost-effectiveness through
selection of the best treatment for each patient.
Personalization of medicine may therefore take a number
of forms not including only a laboratory test (i.e., a biomarker) but also individual preferences. For example,
androgen-deprivation therapy is an option for the treatment
of localized prostate cancer, but can cause impairment of
urogenital function [51] as well as radical prostatectomy
[52, 53]. The benefit–harm ratio for aggressive treatments
may therefore be very different between individual patients,
depending on their lifestyles and individual preferences –
this could lead to very different estimates of patientrelevant outcomes and cost-effectiveness, depending on
what patient population is being considered [54]. In a wider
view, the application of PM may also encompass, for example, not only patients’ preferences but also social constraints [55], risk perception of a disease and, in an
informed way, decision making [56].
A major challenge in the implementation of PM
based on patients’ preferences as well as their physiology will be how best to capture preferences in the
assessment of new pharmaceutical products and diagnostics. Patients’ lifestyle, occupation and personal
preferences may significantly change the value of a
particular intervention from individual to individual
and for the same individual on the basis of different
situations/conditions, thus requiring a systematic classification (taxonomy) of outcomes or quality of life
according to patients’ needs. These differences are
likely to add to the complexity of HTA processes,
particularly in systems that rely on willingness-to-pay
thresholds in terms of cost per quality-adjusted lifeyear to guide decision making. Once drugs are
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available for use based on both the results of diagnostic tests and patients’ wishes, there will be a need for
appropriate information on treatment effectiveness
and side effect profiles that can be provided to
patients, and for validated tools that healthcare providers can use to collect individual patients’ preferences and their explicit trade-offs in an unbiased
manner. However, that approach will likely depend on
the availability of large databases on which tools
could be elaborated and validated. Demonstrating the
benefits of personalization of medicine beyond the
use of biomarkers will necessitate substantial evidence
generation after a product’s launch, through both
pragmatic trials and observational real-world studies.
Finally, effective personalization of medicine based on
patients’ environment and preferences will require an
understanding of how health outcomes are affected
by patients’ behaviour at individual and collective
levels. Therefore, it is likely that the implementation
of such an approach in the HTA processes will require several substantial changes.
The present study has several limitations. The literature search was not exhaustive, because the search
terms were not designed to identify publications in
areas such as behavioural science. Behavioural concepts such as patient activation may have an important role to play in the development of PM [57]. In
addition, while attempts were made to interview
experts with a range of backgrounds, the number of
interviewees was limited. In particular, only two experts from Hungary, Italy and Spain, and one from
Sweden, were interviewed. Interview responses may
therefore not be fully representative of decision
makers in all countries. Similarly, the number of
patient group representatives was small, and their responses may not sufficiently reflect patients’ perspectives. Finally, all interviewees did not answer some of
the questions, although all experts did respond to
items in each section of the interview guide.
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Author details
1
Department of Clinical and Experimental Medicine, Section of
Pharmacology, University of Pisa, Via Roma 55, 56126 Pisa, Italy. 2FSNB Health
& Care, Carenity, Paris, France. 3Melanoma Patient Network Europe;
Evolutionary Biology Centre, Uppsala University, Uppsala, Sweden.
4
Department of Public Health, Health Services Research and Health
Technology Assessment, UMIT – University for Health Sciences, Medical
Informatics and Technology, Hall in Tyrol, Austria. 5Area of Health
Technology Assessment, ONCOTYROL – Center for Personalized Cancer
Medicine, Innsbruck, Austria.
Received: 14 October 2016 Accepted: 30 March 2017

References
1. Realising the potential of stratified medicine. https://www.acmedsci.ac.uk/
viewFile/51e915f9f09fb.pdf. Accessed 6 Jan 2015.

Di Paolo et al. BMC Health Services Research (2017) 17:289

2.

3.

4.

5.
6.

7.

8.

9.
10.

11.
12.
13.

14.
15.

16.
17.

18.
19.

20.
21.

22.

23.

24.
25.

Innovation and patient access to personalised medicine. http://euapm.eu/
pdf/EAPM-REPORT-on-Innovation-and-Patient-Access-to-PersonalisedMedicine.pdf. Accessed 8 Mar 2015.
Schleidgen S, Klingler C, Bertram T, Rogowski WH, Marckmann G. What is
personalized medicine: sharpening a vague term based on a systematic
literature review. BMC Med Ethics. 2013;14:55.
Draghia-Akli R. Enabling personalized medicine in Europe: a look at the
European Commission’s funding activities in the field of personalized
medicine research. Per Med. 2012;9:151–5.
Verma M. Molecular profiling and companion diagnostics: where is
personalized medicine in cancer heading? Per Med. 2014;11:761–71.
O’Donnell JC. Personalized medicine and the role of health economics and
outcomes research: issues, applications, emerging trends, and future
research. Value Health. 2013;16 Suppl 6:S1–3.
The stratification of disease for personalised medicines - Research driven
recommendations to strengthen a unified UK strategy through a
stakeholder alliance. http://www.abpi.org.uk/our-work/library/medicaldisease/Documents/strat_med.pdf. Accessed 6 Jan 2015.
Becla L, Lunshof JE, Gurwitz D, Schulte In den Baumen T, Westerhoff HV,
Lange BM, Brand A. Health technology assessment in the era of
personalized health care. Int J Technol Assess Health Care. 2011;27:118–26.
Blair ED, Clarke BR, O’Neill T. Sustaining development of stratified medicines
in the UK healthcare system: a commentary. Per Med. 2011;8:517–21.
Burock S, Meunier F, Lacombe D. How can innovative forms of clinical
research contribute to deliver affordable cancer care in an evolving health
care environment? Eur J Cancer. 2013;49:2777–83.
Burton H, Cole T, Lucassen A. Genomic medicine: challenges and
opportunities for physicians. Clin Med. 2012;12:416–9.
Callaway E. Cancer-gene testing ramps up. Nature. 2010;467:766–7.
CRUK Stratified Medicine Programme - solutions for nationwide delivery.
http://www.cancerresearchuk.org/prod_consump/groups/cr_common/@fre/
@gen/documents/generalcontent/smp_1_solutions_for_delivery.pdf.
Accessed 3 Mar 2015.
Cho SH, Jeon J, Kim SI. Personalized medicine in breast cancer: a systematic
review. J Breast Cancer. 2012;15:265–72.
Ciardiello F, Arnold D, Casali PG, Cervantes A, Douillard JY, Eggermont A,
Eniu A, McGregor K, Peters S, Piccart M, et al. Delivering precision medicine
in oncology today and in future-the promise and challenges of
personalised cancer medicine: a position paper by the European Society for
Medical Oncology (ESMO). Ann Oncol. 2014;25:1673–8.
Damato B, Heimann H. Personalized treatment of uveal melanoma. Eye.
2013;27:172–9.
Denford S, Frost J, Dieppe P, Cooper C, Britten N. Individualisation of drug
treatments for patients with long-term conditions: a review of concepts.
BMJ Open. 2014;4:e004172.
Duburs G, Neibecker D, Žarković N. Chemistry and personalized medicine –
the research and development future of Europe. Croat Med J. 2012;53:291–3.
Personalised medicine - opportunities and challenges for European
healthcare. http://ec.europa.eu/research/health/pdf/13th-european-healthforum-workshop-report_en.pdf. Accessed 6 Jan 2015.
Biomarkers for patient stratification. http://ec.europa.eu/research/health/pdf/
biomarkers-for-patient-stratification_en.pdf. Accessed 6 Jan 2015.
Commission staff working document - use of ‘-omics’ technologies in the
development of personalised medicine. http://ec.europa.eu/health/files/
latest_news/2013-10_personalised_medicine_en.pdf. Accessed 6 Jan 2015.
Faulkner E, Annemans L, Garrison L, Helfand M, Holtorf AP, Hornberger J,
Hughes D, Li T, Malone D, Payne K, et al. Challenges in the development
and reimbursement of personalized medicine-payer and manufacturer
perspectives and implications for health economics and outcomes research:
a report of the ISPOR personalized medicine special interest group. Value
Health. 2012;15:1162–71.
Fiuzat M, O’Connor CM, Gueyffier F, Mascette AM, Geller NL, Mebazaa A,
Voors AA, Adams KF, Pina IL, Neyses L, et al. Biomarker-guided therapies in
heart failure: a forum for unified strategies. J Card Fail. 2013;19:592–9.
Fricker J. UK’s adopts systematic approach to personalised cancer medicine.
Mol Oncol. 2011;5:217–9.
Garfield S. Advancing access to personalized medicine: a comparative
assessment of European reimbursement systems. http://www.
personalizedmedicinecoalition.org/Userfiles/PMC-Corporate/file/pmc_
bridgehead_issue_brief_european_reimbursement.pdf. Accessed
13 Apr 2016.

Page 8 of 9

26. Ginsburg GS, Staples J, Abernethy AP. Academic medical centers:
ripe for rapid-learning personalized health care. Sci Transl Med.
2011;3:101cm127.
27. Girard N, Mornex F. Highlights of the 2nd European lung cancer conference.
Expert Rev Anticancer Ther. 2010;10:1023–5.
28. Horgan D, Jansen M, Leyens L, Lal JA, Sudbrak R, Hackenitz E, Busshoff U,
Ballensiefen W, Brand A. An index of barriers for the implementation of
personalised medicine and pharmacogenomics in Europe. Public Health
Genomics. 2014;17:287–98.
29. Jakka S, Rossbach M. An economic perspective on personalized medicine.
HUGO J. 2013;7:1–6.
30. Jonsson B. Technology assessment for new oncology drugs. Clin Cancer
Res. 2013;19:6–11.
31. Lenz C, Fensch M, Sollano JA. Implementing personalised medicine in
clinical practice: Country investments and public-private partnerships in
Europe. J für Pharmakologie und Therapie. 2012;21:3–7.
32. Leopold C, Vogler S, Habl C, Mantel-Teeuwisse AK, Espin J. Personalised
medicine as a challenge for public pricing and reimbursement authorities –
A survey among 27 European countries on the example of trastuzumab.
Health Policy. 2013;113:313–22.
33. Louca S. Personalized medicine – a tailored health care system: challenges
and opportunities. Croat Med J. 2012;53:211–3.
34. Mathieu T, Bermont L, Boyer JC, Versuyft C, Evrard A, Cuvelier I, Couderc R,
Peoc’h K. Lexical fields of predictive and personalized medicine. Ann Biol
Clin. 2012;70:651–8.
35. Moch H, Blank PR, Dietel M, Elmberger G, Kerr KM, Palacios J, Penault-Llorca
F, Rossi G, Szucs TD. Personalized cancer medicine and the future of
pathology. Virchows Arch. 2012;460:3–8.
36. Editorial N. Getting Personal - Targeted therapies work, but need help to
fulfil their potential. Nature. 2011;473:253–4.
37. Payne K, Annemans L. Reflections on market access for personalized medicine:
recommendations for Europe. Value Health. 2013;16 Suppl 6:S32–8.
38. Rogowski W, Payne K, Schnell-Inderst P, Manca A, Rochau U, Jahn B,
Alagoz O, Leidl R, Siebert U. Concepts of ‘personalization’ in personalized
medicine: implications for economic evaluation. PharmacoEconomics.
2015;33:49–59.
39. Schleidgen S, Marckmann G. Re-focusing the ethical discourse on
personalized medicine: a qualitative interview study with stakeholders
in the German healthcare system. BMC Med Ethics. 2013;14:20.
40. Tsimberidou AM, Ringborg U, Schilsky RL. Strategies to overcome clinical,
regulatory, and financial challenges in the implementation of personalized
medicine. Am Soc Clin Oncol Educ Book. 2013:118–125. doi:10.1200/
EdBook_AM.2013.33.118.
41. Zimmern RL, Khoury MJ. The impact of genomics on public health practice:
the case for change. Public Health Genomics. 2012;15:118–24.
42. Rubin EHA. Developing precision medicine in a global world. Clin Cancer
Res. 2014;20:1419–27.
43. Olsen D, Jorgensen JT. Companion diagnostics for targeted cancer drugs clinical and regulatory aspects. Front Oncol. 2014;4:105.
44. Halim AB. Some imminent but overlooked preanalytical and analytical
challenges currently facing biomarkers and companion diagnostics.
Ann N Y Acad Sci. 2015;1346:63–70.
45. Buchanan J, Wordsworth S, Schuh A. Issues surrounding the health
economic evaluation of genomic technologies. Pharmacogenomics.
2013;14:1833–47.
46. Egalite N, Groisman IJ, Godard B. Personalized medicine in oncology: ethical
implications for the delivery of healthcare. Per Med. 2014;11:659–68.
47. Siebert U, Jahn B, Rochau U, Schnell-Inderst P, Kisser A, Hunger T, Sroczynski
G, Muhlberger N, Willenbacher W, Schnaiter S, et al. Oncotyrol–center for
personalized cancer medicine: methods and applications of health
technology assessment and outcomes research. Z Evid Fortbild Qual
Gesundhwes. 2015;109:330–40.
48. Dizon DS, Politi MC, Back AL. The power of words: discussing decision
making and prognosis. Am Soc Clin Oncol Educ Book. 2013:442–6.
doi:10.1200/EdBook_AM.2013.33.442.
49. Rosland AM, Heisler M, Piette JD. The impact of family behaviors and
communication patterns on chronic illness outcomes: a systematic review.
J Behav Med. 2012;35:221–39.
50. Fried TR, Tinetti ME, Towle V, O’Leary JR, Iannone L. Effects of benefits and
harms on older persons’ willingness to take medication for primary
cardiovascular prevention. Arch Intern Med. 2011;171:923–8.

Di Paolo et al. BMC Health Services Research (2017) 17:289

Page 9 of 9

51. Potosky AL, Reeve BB, Clegg LX, et al. Quality of life following localized
prostate cancer treated initially with androgen deprivation therapy or no
therapy. J Natl Cancer Inst. 2002;94:430–7.
52. Miller DC, Sanda MG, Dunn RL, Montie JE, Pimentel H, Sandler HM, McLaughlin
WP, Wei JT. Long-term outcomes among localized prostate cancer survivors:
health-related quality-of-life changes after radical prostatectomy, external
radiation, and brachytherapy. J Clin Oncol. 2005;23:2772–80.
53. Eilat-Tsanani S, Tabenkin H, Shental J, Elmalah I, Steinmetz D. Patients’
perceptions of radical prostatectomy for localized prostate cancer: a
qualitative study. Isr Med Assoc J. 2013;15:153–7.
54. Daly PE, Dunne MT, O’Shea CM, Finn MA, Armstrong JG. The effect of short
term neo-adjuvant androgen deprivation on erectile function in patients
treated with external beam radiotherapy for localised prostate cancer: an
analysis of the 4- versus 8-month randomised trial (Irish Clinical Oncology
Research Group 97–01). Radiother Oncol. 2012;104(1):96–102.
55. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M,
Thürlimann B, Senn HJ. Panel members.. personalizing the treatment of
women with early breast cancer: highlights of the St gallen international
expert consensus on the primary therapy of early breast cancer 2013. Ann
Oncol. 2013;24(9):2206–23.
56. Matloff ET, Moyer A, Shannon KM, Niendorf KB, Col NF. Healthy women
with a family history of breast cancer: impact of a tailored genetic
counseling intervention on risk perception, knowledge, and menopausal
therapy decision making. J Womens Health (Larchmt). 2006;15(7):843–56.
57. Hibbard JH, Stockard J, Mahoney ER, Tusler M. Development of the Patient
Activation Measure (PAM): conceptualizing and measuring activation in
patients and consumers. Health Serv Res. 2004;39:1005–26.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

