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1 Objective

In the last decade, nanotechnologies applications in the medical sector ("nanomedi-
cine") have seen both a surge in research activity as well as the start of commercialisa-
tion efforts around the world. Nanomedicine comprises seven application fields: drug
delivery, drugs and therapies, in vivo imaging, in vitro diagnostics, implant materials,
active implants, and cosmetics.

Against this background the European Commission published a proposal for a Euro-
pean strategy! and an Action Plan2, aiming at a co-ordinated R&D approach to
nanotechnology to be able to exploit the benefits of this new technology and its applica-
tions. The Commission highlighted the need to examine and map existing research
infrastructure, to identify the most urgent needs to accelerate progress in nanotechnol-
ogy, and stressed the need for a prospective view regarding emerging developments. It
emphasised the necessity to assess and address the public’'s perception and accep-
tance, to identify and address safety concerns, and to monitor and share information
related to scientific, technological, economic, and social development in nanotechnolo-
gies.

On request of DG Enterprise, the JRC Institute for Prospective Technological Studies
commissioned the study "Nanobiotechnology in the medical sector - Drivers for devel-
opment and possible impacts" with the aim to provide policy-relevant information on the
applications of nanobiotechnology in the medical devices and the pharmaceutical sec-
tors. The study comprised three work packages. It was the aim of work packages 1
and 2 to give a comprehensive picture on academic nanomedicine research and com-
mercial activities in Europe, and to identify drivers. This analysis has been performed
by Zukinftige Technologien Consulting, Disseldorf and has been documented in a
separate report (Wagner, Zweck 2005).

1 Communication from the Commission: Towards a European Strategy for nanotechnology.
COM (2004) 338 final.

2 Communication from the Commission: Action Plan "Nanosciences and nanotechnologies:
An action plan for Europe 2005-2009". COM (2005) 243 final.
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It was the aim of work package 3 to identify and analyse the potential socio-economic
impacts of medicinal nanobiotechnology applications by focussing on the following
questions:

e How will nanobiotechnology impact the health care costs (chapter 2)?
e Which social and ethical issues are to be considered with regard to novel applica-
tions of nanobiotechnology in the medical sector (chapter 3), taking into account

— What are the environmental and health risks of medicinal nanobiotechnology ap-
plications, considering the whole life cycle of products?

— What is the attitude of the public and of main non-governmental organisations
(NGOs) towards medicinal nanobiotechnology?

The results of work package 3 of the project "Nanobiotechnology in the medical sector
— Drivers for development and possible impacts" are presented in this report.
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2 Impact of nanobiotechnology applications on
health care costs

2.1 Introduction

Nanobiotechnological developments promise several applications that will improve
health care. Among them are drug delivery systems that allow the site-directed applica-
tion of a pharmaceutical, novel drugs to cure cancer, cardiovascular diseases and neu-
rodegenerative diseases. Microarrays will allow more precise and earlier diagnosis
which will help to initiate treatment before a disease becomes clinically apparent and
thus alter curative medicine into preventive medicine. Finally it is expected that
nanotechnological implants will have improved durability and better tissue compatibility.

However, are all these developments affordable for the health system in general? How
will nanobiotechnological products impact health care costs and can nanobiotechnol-
ogy compete with conventional products in the medical sector?

Still, impact on health spending and cost effectiveness of nhanotechnological products is
very difficult to predict. This owes to the fact that only few first generation products are
on the market. Because these products are used in various areas of indications it is
impossible to conduct an overall health technology assessment including cost effec-
tiveness and cost benefit studies. Up to now, evaluations have been conducted on a
case by case basis. Apart from the limited number of products different application
schemes in different countries allow only limited transferability of study results from one
country to another. Although national health technology assessment institutions try to
develop a methodology that allows the translation of foreign study results into the own
national context (Siebert 2005) this lack of comparability of national health care sys-
tems leads to a huge demand for national health technology assessment studies.

It is the aim of the study to gain insights into expected impacts of nanobiotechnological
products on the health care costs in the most relevant disease groups and show in two
case studies their present and future competitiveness by the synopsis and evaluation
of cost-effectiveness and cost-benefit studies.
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2.2 Methodology

2.21 Literature review

On the basis of WP 1 and 2 (Wagner, Zweck 2005) and of the study “Nanotechnology
pro Health: Chances and Risks” (Farkas et al. 2004) carried out on behalf of the Ger-
man Research Ministry (BMBF) a search term list was developed. This list was used to
identify cost effectiveness, cost benefit studies and general cost analyses in the field of
nanobiotechnological applications. The search terms are listed in Table 2.1 and were
combined by Boolean operators to delineate the field of nanotechnology.

Table 2.1: Search terms for health economic publications
Indication Application Focus of study

neoplasms biochips cost effectiveness
infectious diseases microarray cost benefit
cardiovascular diseases liposomes cost analysis
neurodegenerative diseases drug delivery expenditures
muscle and skeletal diseases | implant

biosensor

endoprosthesis

The literature search was carried out in the MEDLINE database3, in the Scopus data-
base4, in the Cochrane Library5, the NHS Centre for Reviews and Dissemination Data-
base (NHS CRD)6, and the database of the German Agency for HTA?. It was comple-
mented by manual literature search and internet searches. The MEDLINE database is
the most extensive database on medical research literature and covers all fields of
medicine, including nanotechnology as well as health economy. The Scopus database
is a product of Elsevier covering over 14,000 peer reviewed titles in the field of natural
science, medicine, economy and social science. The Cochrane Library is a database
that specialises in structured reviews (meta-analyses) of medical therapies and as a
sub-division includes health technology assessments (HTAs) which normally report

http://www.ncbi.nih.gov/entrez/query.fcgi
http://www.scopus.com

via the German Network on Evidence-Based Medicine
http://agatha.york.ac.uk/welcome.htm
http://www.dimdi.de/static/en/hta/db/index.htm

N o o AW
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cost-effectiveness data. The NHS CRD database lists national (UK) and international
HTAs and economic evaluations.

The search strategy for the case studies included a top-down approach based on the
indications as key words which represent the MeSH-Terms8 in the MEDLINE and
Cochrane Database combined with relevant nanobiotechnological applications and the
MeSH-terms for cost and cost-effectiveness (Table 2.1). In a second approach, which
was a bottom-up search nanobiotechnological products as identified by Wagner, Zweck
2005 were combined with the respective key words and MeSH-terms for cost and cost-
effectiveness studies (Table 2.1). In order to make sure that no important economic
analysis of nanotechnological products had been overlooked, the health economists
addressed in the quality control step were also asked to provide information on relevant
studies known to them.

In MEDLINE, a total of 717 articles were identified. Because this number was too high
to be scanned manually, only the most recent articles, published between 2000 and
2005, were analysed (346 articles). In the Cochrane Library 167 articles had to be
scanned manually. After reviewing the abstracts, 23 articles from MEDLINE, 10 from
the Cochrane Library and a few from the other sources were analysed in depth. 10
articles dealt with pegylated liposomal doxorubicin, six with liposomal amphotericin B9,
10 articles dealt with other cases, especially drug delivery and microarrays. The two
cases with a significant number of detailed publications (pegylated liposomal doxorubi-
cin, liposomal amphotericin B) were chosen as case studies, the results of the remain-
ing publications were integrated in the overall description of the indications. Articles
identified in the literature search, that did not analyse cost aspects but technological
options were not integrated into this study.

2.2.2 Expert interviews

In order to validate the results from our literature analysis, 25 experts with a health
economy background from 10 European countries were chosen to comment on the
results of the literature survey. The experts were identified by internet search. Some of
them were known to us from previous projects in the field of novel medical develop-
ments. Addressing the experts via email and personal communication, they were asked
to comment on the results of the German analysis as presented by Farkas et al. 2004,
on the results of the literature analysis and to compare the described effects with their

8 MeSH: Medical Sub-Heading in the structured hierarchical thesaurus.

9  The number of articles for each case study does not add up to the total number of articles
identified as some duplicates were identified from the databases.
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national situation and personal assessment of the European situation (for details, see
annex).

Helpful comments were received from four experts from the Netherlands, Switzerland,
Ireland and Italy. Seven did not feel competent to answer the questions, four were un-
der time restrictions that hindered them to answer, 10 did not at all reply to the ques-
tionnaire. The poor response rate shows the difficulty in gathering health economic
data in the very early stage of development in which nanotechnology in the medical
sector is still.

223 Indicator-based quality control

Because the German study only analyses possible health care impacts for the German
situation, an attempt was undertaken to assess the relevance of the findings from
Germany for Europe. The validity of the underlying assumptions for Europe was ana-
lysed with the help of the European Community Health Indicators (ECHI) (European
Commission 2005). Under the EU Health Monitoring Programme (HMP), several ECHI
projects resulted in the establishment of a set of appr. 400 indicators (status of June
2005) that will serve as a basis for the European health information and knowledge
system in order to facilitate the monitoring of trends, differences and policy impact
throughout the EU10,

2.3 Future trends in the health system

2.3.1 Background information

In historical perspective, innovations in medical technology were predominantly incre-
mental innovations, with few major innovations (e. g. X ray, antibiotics, chemotherapy)
in the 20™ century, resulting in significant gains in life expectancy and quality of life.
Despite intensive research, only moderate improvements in morbidity and mortality in
the major diseases have been achieved in industrial countries in the last decades, due
to the complexity of the underlying diseases and the fact that a large share of the popu-
lation can now approach the end of their biologically determined life span. Against this
background, it is understandable that present medical innovations are mostly incre-
mental innovations which offer a measurable, albeit but only small health effect at sig-
nificant costs. It is a generally valid observation that, in terms of the cost-benefit-ratio,
the majority of new interventions does not perform better than the established interven-
tions that they replace. By contrast, innovations which offer a significant medical bene-

10 http://europa.eu.int/comm/health/ph_information/dissemination/echi/echi_en.htm
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fit, and in addition are even cheaper than established interventions, occur only rarely
today (Farkas et al. 2004, p. 159).

In most industrial countries, rising health expenditures are a major problem of the
health system. The most prominent explanations for this fact are the demographic
changes and the high costs of innovations.

2.3.2 Population development and health care expenditure

The aim of this chapter 2 is to assess the possible impacts of nanomedicine on health
care expenditure. Because nanomedicines are in an early stage of development and
will become available in the clinic on a broader scale not before several decades time,
their impact on future health care expenditure and coverage has to be assessed. How-
ever, future health care expenditure depends on a number of influencing factors,
among them the absolute number of persons in a given population, their age distribu-
tion and health status, which, to some extent, can also be expected to be age-
dependent.

The following analyses show that the population in Europe will be ageing significantly in
the coming years: Projections for Germany show an increase in both the absolute
number of old and very old people, and also in their share of the total population in the
future. The number of people in the group of 80 years and older is expected to double
between 2002 and 2050 (Figure 2.1). The ageing of society can not only be observed
in Germany but in most industrialised countries, as shown in an analysis of the OECD
(OECD 2002). The main reasons for the ageing of society are the the decline in fertility
and population growth rates (Figure 2.2) and the increases in life expectancy at birth
(Figure 2.3).

This changing age structure of the society challenges the sustainability of social secu-
rity systems, such as the health care system or pension systems, because most of
these systems are based on a pay-as-you-go financing mode. Because of this mode,
population ageing unbalances the relation between health care expenditures and
health care contributions, because fewer people of working age will have to support
those in retirement. This is reflected by the indicator of old-age dependency.
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Figure 2.1:
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Figure 2.3: Life expectancy at birth

Female

Turkey

Shovak Republic

United Stales

United Kingdom

Mew Zealand

Luxembourg

Netherlands
Finkand

Belgium

Weighted OECD average.
Source: OECD (2001e).

Source: OECD 2002



10 2: Impact of nanobiotechnology applications on health care costs

The old age dependency ratio is the ratio between the total number of elderly persons
of an age when they are generally economically inactive (aged 65 and over or aged 60
and over, depending on the context) and the number of persons of working age (from
15 to 64 or from 20 to 59, depending on the context). As shown in Table 2.2, the old
age dependency ratio is expected to rise in the old EU member states (EU 15) from 23
in 1995 to 47.2 in 2050. There are some differences between countries: Some states
such as Spain and Italy have an age dependency ratio above 50, others at the opposite
end of the spectrum such as Denmark, Luxemburg and Sweden are below 40 (Table
2.2).

Table 2.2: Old age dependency ratio in EU member states, 1995-2050

1995 2000 2010 2020 2050
EU | 23.0 24.1 27.0 31.7 47.2
(15 countries)
Austria 22.4 22.6 25.6 28.5 443
Belgium 23.8 25.4 26.9 32.6 43.5
Denmark 22.7 221 24.3 301 37.7
Finland 21.1 21.9 24.7 35.0 42 1
France 22.9 24.3 25.5 32.6 46.4
Germany 22.5 23.3 29.2 31.9 46.8
Greece 22.8 25.5 29.3 32.3 48.0
Ireland 18.0 17.4 18.5 24.5 43.6
Italy 24.0 26.5 31.0 35.5 55.7
Luxembourg 20.6 21.5 23.5 27.9 37.8
Netherlands 19.3 20.1 22.5 29.8 40.7
Portugal 21.4 22.5 24.3 27.3 44.0
Spain 22.2 24.4 26.5 29.8 56.5
Sweden 27.4 26.8 27.9 33.4 37.9
United Kingdom 24.3 24.0 24.7 29.8 42.8

Source: European Commission, DG Health and Consumer Protection (2005);
http://epp.eurostat.cec.eu.int/portal/page? _pageid=1996,39140985& dad=portal&_schema=PO
RTAL&screen=detailref&language=en&product=sdi_as&root=sdi_as/sdi_as/sdi_as1000

But what will be the impacts of an ageing population on health care expenditure? The
view that health care expenditure is simply a function of age alone (in the sense of
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"health care expenditure increases with age") is heavily debated nowadays. Additional
factors have to be taken into account, among them

e substantially higher health care expenditures in the last year of life, than for "survi-
vors" of the same age. There is evidence that the absolute health care expenditure
is determined by both proximity to death and age, and not age alone. According to
this "hypothesis of compression", people produce the highest costs in the year of
their death.

o future gains in life expectancy. There is uncertainty whether gains in life expectancy
will decrease because the approach biological limits, or whether they continue to be
realised,

o health status of the population. There is uncertainty whether the future health status
will remain at a constant level per age group (thus leading to a decline in the health
status of the total population as the population ages), will decrease with age (e. g.
due to worsening health because of overweight and unhealthy life styles), or
whether elderly will show an improved health status ("healthy ageing").

Model projections for the future development of health care expenditure were calcu-
lated by the Netherlands Bureau for Economic Policy Analysis (CPB) within the AGIR
project 200211, These projections were based on demographic data taken from the
Eurostat 2000 population projections, and assumed that healthcare expenditures would
rise in line with GDP. In different scenarios, the researchers considered not only varia-
tions on health expenditure by age, but also lower healthcare costs for survivors than
for decedents in the same age group, and different health states of the population.

In 2002, the average total public expenditure on healthcare (including both curative
activities and long-term care) amounted to 6.2 % in the EU-15 countries. The model
projections performed by the Netherlands Bureau for Economic Policy Analysis (CPB)
indicate that this figure can be expected to increase to 7.2 % in 2020 and to 8.9 % in
2050. Because of national specificities in demographic development and health care
systems, the increase in health expenditure is expected to be particularly dramatic in
certain countries, and to reach the 10 % level of GDP in countries such as Sweden,
Finland and the Netherlands by 2050, under the current institutional framework and
expenditure patterns (Surcke et al. 2005).

11 AGIR (acronym for ‘Ageing, health and retirement in Europe’) is the name of a three-year
European research project on the economic consequences of ageing. It was financed by
the European Commission under the fifth research framework programme. Researchers
from nine European economic policy research institutes have participated in this project.
The AGIR project has explored all available information on the health developments in the
EU-15 countries during the last 50 years, and analysed how different future demographic
and health scenarios could affect pension and healthcare expenditure in several EU coun-
tries. Further information on this project can be found at: http://www.enepri.org/Agir.htm
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The possible impact of the "compression of morbidity hypothesis" on expenditure was
also projected in an optimistic ‘living in better health scenario’, which assumes that in
the next 50 years the number of years lived in bad health will be kept at the current
level (and that therefore all improvements in life expectancy would lead to years lived in
good health). In this scenario, the level of health care expenditure would rise to 8 % of
GDP in EU-15 by 2050. This increase is, however, 0.9 % of GDP lower than in the
baseline scenario (8.9 % in 2050). This further highlights the importance of investing in
population health as a means of mitigating future economic impacts of ageing popula-
tions (Surcke et al. 2005).

All in all, these above cited model projections show that it will become difficult in the
future to finance health innovations which will result in an increase of health care ex-
penditure. On the other hand, health innovations will be most welcome which bear the
potential to reduce health care expenditure, either by cost savings in interventions, or
by keeping people healthy longer. In the following subchapters, it will be analysed
whether and to which extent nanomedicine bears the potential to contribute to a reduc-
tion of health care expenditure.
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23.3 Cost development and cost drivers

In order to analyse the possible future impacts of nanomedicine on future health care
expenditure, the main cost drivers in health care expenditure must be identified. Then it
can be analysed to which extent nanomedicine is likely to influence these cost drivers.
because the cost impact of nanomedicine can be assumed to be large if it influences
the main cost drivers.

Model calculation 1

One approach, taken by Farkas et al. 2004 for Germany, is to estimate the future
treatment costs by multiplying present treatment costs with demographic factors for
each age group. Because no direct data for present treatment costs were available,
Farkas et al. 2004 used days of inpatient care as a surrogate. Days of inpatient care
are seen as an acceptable measure for the required intensity of care and the resulting
treatment costs. In 1999, a total of 170 mio. days in hospital were spent in Germany.
102 mio. of them were required for the group of old and very old people (55 years and
older), so that approximately 60 % of the days in hospital are required for 30 % of the
population. It is obvious that intensity of care and treatment costs differ from disease to
disease. Therefore, a differentiation according to disease groups (using the ICD classi-
fication12) was carried out. The results of this analysis are shown in Table 2.3: Com-
pared to 1999, the days in hospital are expected to increase from 170,000 to 195,000
and thus by 14.5 % until 2020. Neoplasms (Il), psychiatric diseases (V), and cardiovas-
cular diseases (VIl) are expected to become the three diagnose categories with the
highest number of days in hospital in Germany in 2020.The largest relative increase in
days of inpatient care is expected for cardiovascular diseases (VII), diseases of the
haematopoietic system (IV), Endocrine, nutritional and metabolic diseases (lll) and
neoplasms (II) (Querverweis). So, cardiovascular diseases and neoplasms are of major
importance in this respect, because they are not only expected to cause the largest
number of days in hospital, but also to show the largest relative change between 1999
and 2020.

12 ICD = International Classification of Diseases. Elaborated by the World Health Organisa-
tion (WHO), the ICD has become the international standard diagnostic classification for all
general epidemiological and many health management purposes. It is used to classify dis-
eases and other health problems recorded on many types of health and vital records in-
cluding death certificates and hospital records. In addition to enabling the storage and re-
trieval of diagnostic information for clinical and epidemiological purposes, these records al-
so provide the basis for the compilation of national mortality and morbidity statistics by
WHO Member States.
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Table 2.3: Expected days of inpatient care for disease groups in Germany 202013
. Days of inpatient care in Germany
Disease group —
(according to the ICD) 1999 Prc;Jgggon 1955?”3320 Chag/ge
(0] In 7o
. Infections 2,792,980 3,073,193 280,213 10.0
Il. Neoplasms 19,810,576 23,468,035 3,657,459 18.5
Ill. Endocrine, nutritional and 5037109 5 966.726 929 617 18.5
metabolic diseases e e ’ '
IV. Diseases of the haematopoietic
system 991,339 1,216,591 225,252 22.7
V. Psychiatric disease 22,912,233 23,215,944 303,711 1.3
VI. Diseases of the nervous system 7,897,594 8,912,088 1,014,494 12.9
VII. Cardiovascular diseases 31,153,603 39,435,693 8,282,090 26.6
VIII. Diseases of the respiratory 9 364 241 10 811 494 1 447 253 15.5
system ’ ’ ’ ’ ’ ’ '
{)e(rﬁDiseaseS ofthe digestive sys- | 14 280659 | 16,367,966 | 2,087,307 14.6
X. Diseases of the genitourinary 7513 199 8.469 510 956.311 12.7
system ’ ’ ’ ’ ’ '
Xl. Complications of pregnancy, 6.132 848 5612765 -520.083 85
delivery, puerperium S T ’ ’
XII. Disgases of the skin, subcuta- 2.929 547 3.282.216 352,669 12.0
neous tissue
Xlll. Diseases of the skeleton, 14,392,246 | 16,530,092 | 2,137,846 | 14.9
muscles, connective tissue
XIV. Congenital diseases 967,059 904,590 -62,469 -6.5
XV. Certain affections originating in 1592 247 1 465 346 -126.901 80
the perinatal period ' ’ ' ’ ’ ’
XVI. Symptoms, poorly denomi- 4387757 | 5,214,056 826,299 18.8
nated affections e o ’ ’
XVII. Injuries, intoxications 16,539,846 19,229,646 2,689,800 16.3
Without diagnosis 228,092 253,583 25,491 11.2
Other factors that influence the
health status 864,791 936,518 71,727 8.3
Total 169,787,966 | 194,366,053 | 24,578,087 14.5

Source: Farkas et al. 2004 (calculations on basis of the German statistical office)

13 The days of inpatient care were calculated on basis of the numbers given in the official
hospital statistics of the year 1999 multiplied with the demographic factor taken from coor-
dinated population prognosis. This model allowed the estimation of inpatient care in the
year 2020 for specific diagnose groups (Farkas et al. 2004).
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In order to check whether these projections for Germany can, at least in tendency, be
extrapolated to Europe, European data on the average lengths of stay in hospital were
analysed14 (Table 2.4). They show that neoplasms, cardiovascular diseases, muscu-
loskeletal diseases and in some countries respiratory diseases are an important factor
in health expenditures according to average length of stay in hospital: On average,
patients with malignant neoplasms are discharged from hospital after 10.2 days, pa-
tients with cardiovascular disease after 9.6 days, patients with musculoskeletal dis-
eases after 9.1 days and patients with respiratory disease after 7.7 days. The numbers
for Germany are slightly above the average. From this it can be concluded that the re-
sults about health economic impact of nanobiotechnology which were gained from un-
derlying assumptions drawn from the German health economic analysis by Farkas et al
(2004) will in principle apply also for most European countries.

In countries with very short stay in hospital such as the United Kingdom, Denmark,
Luxembourg, Norway, Sweden and Turkey, the health economic impact of nanobio-
technology will most likely be smaller than in countries with more days of in-patient
care such as Belgium, the Netherlands, Ireland, and Germany. This is due to the fact
that in the former countries, nanotechnologies-enabled innovations that help to reduce
the number of days in hospital can contribute only to a smaller reduction of the average
time in hospital. Further details are described below.

14 The year 1999 was chosen from the set of data because it contained data for most coun-
tries. For some countries information was only available for other years than 1999. In these
cases the reference year is indicated in brackets after the country name.
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Table 2.4: Average days spent in hospital by diagnosis in 1999
DEOOSe SO Malignant | 80| Respratory | 'GERIS | Freenanon
Country Neoplasms Diseases Discases Diseases Puerperium

Austria 71 141 8,9 11,2 5,6
Belgium (1998) 12,5 9,9 9,2 12,0 5,6
Bulgaria (2000) 13,4 12,6 11,5 14,6 53
Cyprus 9,7 7,4 55 9,6 6,2
Czech Republic 10,4 10,0 7,1 9,6 5,9
Denmark 7.4 7,5 5,5 7,5 3,4
Estonia 10,2 11,0 7,8 10,5 4,3
Finland 7,7 15,6 11,3 6,0 3,6
France (1997) 10,2 7.7 6,8 7,2 55
Germany 11,0 11,3 7,8 10,5 5,8
Greece 12,5 7,3 53 8,0 4.4
Hungary 9,4 10,2 7,7 11,7 5,2
Ireland 13,4 10,8 7,1 9,0 3,9
Italy 11,7 8,3 7.5 7,0 44
Latvia 11,9 10,4 9,5 12,4 5,8
Lithuania 12,9 13,0 9,4 121 54
Luxembourg 9,0 8,7 5,6 5,8 43
Malta (2000) 6,9 7,0 51 6,9 3,3
Netherlands 11,2 10,5 9,1 9,2 4,5
Norway 8,8 6,6 6,2 7,2 4.4
Poland 11,7 11,4 11,2 16,1 6,3
Portugal 13,3 8,5 8,4 8,8 3,6
Romania 10,5 10,5 8,9 11,8 4.7
Slovakia 10,3 10,5 8,0 10,4 6,9
Slovenia 11,4 10,5 8,8 10,1 4,9
Spain 12,5 9,8 8,2 7.4 3,8
Sweden 7.9 6,7 54 6,8 3,2
Turkey 9,9 6,4 6,1 3,3 10,2
United Kingdom 4,2 8,7 6,4 7,2 1,9
United States 7,0 4,9 54 4,3 2,6
Average 10,2 9,6 7,7 9,1 4,8

Source: European Commission 2005;

http://europa.eu.int/comm/health/ph_information/dissemination/echi/echi_22_en.pdf
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Model calculation 2

Model calculation 1 has the disadvantage that future health care expenditure is as-
sessed on the basis of days of inpatient care, but not on cost information. To overcome
this limitation, Farkas et al. 2004 performed a second model calculation in which — pre-
liminary — cost information was used. The approach was similar to model calculation 1:
Cost information was multiplied with demographic factors for each age group in order
to calculate future health care costs per disease group in 2020. The cost information
used were actual cost data from a sample of German hospitals which were used to
calculate flat rates for the respective diagnosis-related groups1516. On this basis, Far-
kas et al. (2004) modelled a prognosis for future health care costs in 2020. According
to this calculation, the highest costs are expected for diseases of the nervous system
(MDC1 (major diagnosis category 1)), cardiovascular diseases (MDC 5), diseases of
the digestive system (MDC 6), and diseases of the musculoskeletal system and con-
nective tissue (MDC8) (Table 2.5). For each of these disease groups, health care ex-
penditures are expected to increase between 20-30 % in the coming 20 years. Neo-
plasms, identified in model calculation 1 as a major cost driver, do not form a separate
DRG and therefore their expected cost change over time cannot be estimated with
model calculation 2.

15 Cost information was derived from the first calculation of average costs per case for so-
called diagnosis-related groups, published in September 2002. The sample on which the
cost calculations were based corresponded to 3 % of all cases treated in hospitals, and to
5 % of all hospitals in Germany.

16 Diagnosis-related groups is a classification scheme with which to categorize patients ac-
cording to diagnoses, similar clinical conditions and expected treatment costs. This classifi-
cation scheme is used to pay a hospital for their services. In Germany, hospitals are paid a
fixed flat rate per case in a given diagnosis-related group, irrespective of the actual treat-
ment costs for the individual case.
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Table 2.5: Expected costs for different disease groups in Germany in 202017
orogon | mpetenans”! | Tomooss | FEZIS | orange
(2001) (2020)"2 2001/2020

MDC18 8: Diseases

of the musculoskele- 747.894 9247897 | 110.42932 19.41 %

tal system and con-
nective tissue

MDC 5: Cardiovas-

; 548.663 74.077,20 97.630,27 31,80 %
cular diseases
MDC 6: Diseases of 407.504 50.100,16 | 60.264,49 20,29 %
the digestive system
MDC 1: Diseases of 387.917 4235548 | 52.541,45 24,05 %
the nervous system
MDC 4: Diseases of
the respiratory sys- 358.855 34.925,66 43.487,34 2451 %
tem
MDC 9: Diseases of
skin, subcutaneous 154.834 17.141,02 20.052,97 16,99 %

tissue and breast

MDC 7: Diseases of
hepatobilaric sys- 148.379 16.803,82 20.000,73 19,02 %
tems and pancreas

MDC 3: Diseases of

ear and mastoid 140.211 1642490 | 16.796.18 2.26 %
process

MDC 2: Diseases of 58.872 8.268.05 11.069,37 33.88 %
the eyes

Source: Farkas et al. 2004 (calculation on basis of DRG first calculations (www.g-drg.de), sta-
tistical office of Germany)

Model calculation 3

A third analysis, performed by Farkas et al. 2004, aimed at identifying the major costs
for a given disease group according to their origin. They used the DRG-case-cost cal-
culation data which had also been used in model caculation 2. All costs that are primar-

17 The costs are given in dimensionless figures. The value 1 equals an average hospital case
which is rated with € 2.900 per case.

18 MDC: Major diagnosis category. The German DRG catalogue is divided into chapters, the
major diagnosis groups, which structure the DRGs with respect to the organ system or the
cause of the disease.
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ily determined by technology, i. e. drugs, implants, medicinal products were summa-
rised in one category which was compared to costs for personnel and infrastructure
(Figure 2.4). It turned out that the technology-dependent costs were a maximum of
20 % of the total costs (Farkas et al. 2004).

Figure 2.4: MDC-based group costs differentiated by cost origin, based on Ger-
man hospital cost data in 2002
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Source: Farkas et al. 2004

From these results, Farkas et al. concluded the following: As technology dependent
costs such as drugs, implants and medicinal products contribute only to a small propor-
tion to the total costs in the health care system, nanotechnological innovations will im-
pact health care costs only significantly if they act indirectly on personnel and infra-
structure costs. Those innovations that will allow a reduction of the time spent in hospi-
tal will have the potential to reduce the personnel costs and thus reduce the total health
care costs. By, contrast, those nanotechnological innovations that act only on the tech-
nological level are likely to have little effect on health expenditures because technology
dependent costs are appr. only 20 % of total costs. Provided, that observation in the
past from medical innovations can be transferred to nanomedical innovations as well, it
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can be expected that most innovations come as add-on technologies which in most
cases act as a cost driver for the health system or are at best cost neutral (see also
chapter 2.3.1) (Farkas et al. 2004).

Two types of innovations can be identified: process innovations and product innova-
tions. As described by Zweifel (2003) the willingness and openness of consumers and
physicians/hospitals to adopt an innovation differ between the two types of innovations.
As long as patients are fully insured and gain no profit out of cheaper or more efficient
therapy by a process innovation but hope to get a better treatment by a product innova-
tion they will prefer product innovations. Similarly, hospitals cannot attract patients by
cheaper or more cost-efficient therapies but by the offer to use novel product innova-
tions. Of course this changes if insurers had the right to engage in selective contracting
or if a hospital is under financial pressure due to high costs for personnel costs.

The lack of interest in process innovations finally influences the strategic positioning of
medical suppliers such as pharmaceutical companies. They are hesitant to invest in
new products that promise to reduce the cost of service in hospital and medical prac-
tices (Zweifel 2003). This behaviour is a significant barrier to positive cost impacts of
nanotechnological products with process innovation characteristics.

Table 2.6: Aspects of process and product innovation
Aspect Process innovation Product innovation

Basic idea The same process, but less costly | New attributes, may also cost more
and/or faster

Consumer’s will- Unchanged Increased and enhanced by a limited

ingness to pay monopoly (patents)

Response within Considerable resistance Support

the user group

Market result The mix of the two types of innovation depends on cost—benefit consid-
erations on the part of consumers

Source: Zweifel 2003

24 Relevance of nanotechnology in the health care sys-
tem

As shown in WP 1 and 2, there are several areas with nanotechnological products in
development and near commercialisation: 158 products are in an advanced develop-
ment stage, 35 products on the market are enhanced by nanotechnology (Wagner,
Zweck 2005). Farkas et al. 2004 used a bibliometric approach and searched the inno-
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vation data base of the Institut fur Gesundheits- und Sozialforschung (IGES) for
nanomedicine innovations in the health sector. Both studies identified mostly identical
fields of interest which are summarised in Table 2.7.

Table 2.7: Technological fields with nanotechnology relevance in the field of
health care
Fields as identified Fields as identified
in this project (Wagner, Zweck 2005) in the IGES innovation database
Drug delivery systems Drug delivery
Drugs and therapies Combined (physical-pharmacological)
therapies

Predominantly physical therapy (e. g.
hyperthermy, hypothermy, nuclear medi-

cine etc.)

in vivo imaging imaging, in vivo diagnostics

in vitro diagnostics in vitro diagnostics

Implant materials medical devices/implants

Active implants Organ replacement, autologous material,
tissue engineering

Cosmetics not determined

not determined medical aids (e. g. wheel chairs)

not determined Protection from bioterrorism and natural
disasters

not determined Environmental toxicology, hygiene, oc-

cupational health, social medicine

In the IGES database 85 data sets were identified with the search term “nano* for the
above mentioned technological fields. However, most of the identified innovations were
predominantly in an early developmental stage (basic research or preclinical research).
Only 13 results could be related directly defined diseases. Six of them were innovations
in the field of neoplasms (Farkas et al. 2004).

2.5 Effects of nanotechnological products

251 Cardiovascular diseases

The diagnostic group with the highest number of days of inpatient care in Germany is
the group of cardiovascular diseases (Table 2.3). With 30 % of the projected total
worldwide deaths it is the diagnostic group with a high relevance to public health.
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As shown in chapter 2.3.3, Figure 2.4, stents and catheters are the cost drivers in ther-
apy of cardiovascular diseases. Nanotechnologically modified stents could reduce the
rate for restenosis. Currently radioactive and drug-coated stents are already in clinical
use. Stents with nano-surface could not be detected so far. As drug coated stents show
already significant improvements with respect to the rate of restenosis, Farkas et al
(2004) do not expect a high substitution potential for nano-stents.

An in vivo sensor for the detection of creatine kinase and myoglobin was identified in
the IGES innovation database. This sensor could allow the early detection of cardiac
infarction and thus facilitate early lysis therapy. However, on the one hand this inven-
tion is in a very early stage of development (preclinical stage) and it is only a secondary
preventive measure, i.e. the cause of the disease itself is not treated.

Due to these findings, Farkas et al (2004) do not expect any health economic impacts
of nanotechnology in the cardiovascular field before 2010 because there are only few
relevant innovations, which, in addition, are in a very early developmental stage.

It should be kept in mind, however, that due to the high number of patients with cardio-
vascular diseases, this is a segment of the health care system where even small cost
effects (positive or negative ones) on a case basis will result in large cost impacts, if
the whole affected population is taken into consideration.

2.5.2 Neoplasms

Neoplasms contribute approximately 10 % of the total number of days of inpatient care
(data for Germany) (Farkas et al. 2004) and require an average stay in hospital of
10 days in Europe (Table 2.4). Several nanotechnological products with relevance for
cancer diagnostics and treatment could be identified. Among them are several diagnos-
tic methods which allow an early detection of tumours and consecutively the genetic
analysis of tumour cells could lead to personalized cancer therapy. Diagnostic microar-
rays are seen as an opportunity for efficient early diagnosis. However, they compete
with various already established methods for early detection of cancer such as spec-
troscopic screening, cell biological and biochemical marker analysis. HTA of nanotech-
nologically assisted microarrays show some comparative advantages. However, further
studies are necessary for a final evaluation (Ntzani und lonnadis 2003). At present
critical aspects are data analysis, reproducibility, cross-comparability, validation, and
costs (Bucca et al. 2004).

Against the background of the ageing society, an overall increase of health care ex-
penditure due to higher numbers of diagnostic procedures seems to be more likely than
cost reductions unless nanotechnological diagnostic procedures are significantly
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cheaper, more sensitive and more specific than established diagnostic procedures
(Farkas et al. 2004).

Nanotechnological tumour therapeutics comprise ferrous nanoparticles for magnetic
liquid hyperthermy and e. g. liposomal doxorubicin. The latter method is evaluated
sceptically. As shown in the case study in more detail for liposomal doxorubicin (chap-
ter 2.7) this therapeutic approach is not superior to the conventional therapy but more
cost effective. With respect to therapeutic cancer interventions, Farkas et al. 2004
doubt that — from a systems perspective — significant cost savings will be possible even
if nanomedical interventions were more cost-efficient than existing treatments because
the number of patients will increase who survive their first tumour, and who will then
suffer from a second tumour which also requires treatment.

253 Diseases of the nervous system

In the diagnostic group of nervous disease no nanotechnological product has reached
late stage of clinical studies. However, there are strong research activities. As many
diseases in this area such as neurodegenerative diseases and muscle dystrophies can
not be treated satisfactorily, new products could impact significantly the health system.
Many patients with inflammatory brain disease are still young — a new therapy could
lead to a significant reduction of required days of inpatient care.

254 Infectious diseases

Currently, infectious diseases do not present a significant economic problem for the
health system of industrialised countries. As the number of opportunistic infections
rises due to the rising number of aggressive tumour therapies and transplantations
(both are therapies that weaken the immune system), the spectrum of morbidity could
change in the future. The same applies for fungal infections. A certain improvement of
drug therapy can be expected as nano-encapsulated drugs could be applied site-
directed and in higher concentrations. The case study of liposomal Amphotericin B will
describe this in more detail (chapter 2.6). Also therapy for fungal keratomycoses could
benefit from new drug formulations. However, there have been no detailed cost-
effectiveness analyses of fungal keratitis (inflammation of the cornea) in the recent past
(Ganegoda and Rao 2004). Microarrays for the detection of pathogens will play an in-
creasing role. However, costs and limited sample throughput make it unlikely that pla-
nar microarrays will play a significant role in future pathogen detection schemes. Alter-
native microarray formats such as bead arrays may circumvent the cost and throughput
limitations so that robust pathogen detection systems could be developed (Call 2005).
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255 Musculoskeletal diseases, endoprostheses

The model calculation 2 showed that this field will be the diagnose group with the high-
est health care costs due to high share of costs for personnel in care and physiother-
apy but also for drugs and implants.

Nanotechnology-enhanced surfaces could improve lifespan of endoprostheses. Espe-
cially younger patients could benefit from this. However, in Germany only 12 % of all
patients that undergo hip replacement belong to the group younger than 55 years19.
Currently the costs of the implant average out at 950 €. This is only 15 % of the total
costs (Farkas et al. 2004). Cost drivers are again personnel and infrastructure.
Nanotechnologically improved implants could help to reduce health expenditures if they
were significantly cheaper than other implants (small cost effects) or if they resulted in
reduced inpatient care (significant cost effects).

2.6 Case study 1: Liposomal amphotericin B (AmBisome®)

In the following chapters, health-economic impacts of nanotechnologies-enabled health
innovations will be analysed in more depth for two case studies. The key criterion for
the choice of these case studies was the availability of meaningful health economic
data for a nanotechnologies-enabled health innovation.

Amphotericin B is an antifungal drug which is mainly used against fungal infections in
transplant recipients, patients suffering from AIDS, or cancer patients. The major draw-
back of amphotericin B is its nephrotoxicity which can be overcome by liposomal deliv-
ery of the drug. Liposomal amphotericin B (AmBisome® is a product of the US-based
company Gilead Sciences.

Drug targeting is an efficient means to increase drug concentrations at the site of action
and simultaneously reduce systemic adverse events. Liposomal drug delivery has sev-
eral benefits. Liposomes are closed lipid spheres (1/1000th the width of a human hair)
comprised of the basic components of natural human cell walls. By enclosing a drug in
a liposome, it could be demonstrated improvements in the way a drug is released
throughout the body and the amount of time it remains within the body. Liposomes may
circulate in the bloodstream for extended periods, as compared to the same drug in a
non-liposomal form. This may result in an extended treatment effect and a simplified
dosing regimen for physicians and patients. In some cases, liposomal drugs have been

19 It was not analysed in the study by Farkas et al. 2004 to which extent an increased life
expectancy of old people would translate into an additional demand for endoprostheses
with prolonged life-span.
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shown to accumulate at the site of a tumour or infection delivering higher concentra-
tions of the drug to a disease target. The liposome carrier is believed to play a role in
reducing the harmful effects of certain drugs on healthy tissues, thereby offering the
potential for an improved safety profile for certain drugs.

2.6.1 Clinical effectiveness

In a study conducted by the Australasian Society for Infectious Diseases (ASID)
(Sharon et al. 2002) the effectiveness of AmBisome® in comparison to conventional
amphotericin was evaluated. In a randomized study of patients with cryptococcal men-
ingitis AmBisome produced mycological eradication in 73 % of patients compared to
38 % with conventional amphotericin. AmBisome resulted in significantly earlier sterili-
zation of cerebrospinal fluid than conventional amphotericin (7-14 days versus 21 days)
and was less toxic. Hann and Prentice analysed the effectiveness of different lipid
based amphotericin preparations (liposomal amphotericin, amphotericin B lipid com-
plex, and amphotericin B colloidal dispersion). They found that doses of amphotericin B
lipid preparations could be safely increased in serious fungal infections whereas the
problems of nephrotoxicity and infusion related reactions such as chills, rigors, fevers
and hypoxia could be reduced. There was also much less need for premedication, in-
cluding steroids (Hann and Prentice 2001). Finally good properties of AmBisome in
reducing proven emergent fungal infections, infusion-related toxicity and nephrotoxicity
were demonstrated by a randomized double-blind comparative, multicentre trial
(Cagnoni et al. 2000).

2.6.2 Cost-effectiveness

In a clinical trial by Cagnoni et al. with persistently febrile neutropenic (drug induced
destruction of certain blood cells) patients hospital costs from the time of first dose to
discharge were significantly higher for all patients who received liposomal amphotericin
B (€ 40,801 versus € 35,985) (Cagnoni et al. 2000). However, hospital costs were
highly sensitive to the cost of study medication (€ 33,040 versus € 34,873 when drug
costs were not included). Using decision analysis models and sensitivity analyses to
vary the cost of study medications and the risk of nephrotoxicity, the break even-points
for the cost of liposomal therapy were calculated to range from € 60 to € 73 per 50 mg
for all patients and € 69 to € 93 per 50 mg in allogeneic bone marrow transplant pa-
tients. From this the authors concluded that the cost of liposomal amphotericin B and
the patient risk for developing nephrotoxicity play a large role in determining whether
liposomal amphotericin B is cost-effective as first-line empirical therapy in persistent
febrile neutropenic patients (Cagnoni et al. 2000).



26 2: Impact of nanobiotechnology applications on health care costs

A randomized double-blind, placebo-controlled antifungal prophylaxis study of liver
transplant recipients revealed that total costs for all antifungal drugs were the same in
the two study groups. However, general prophylaxis against fungal infections with Am-
Bisome was € 4,166 less expensive than treatment of proven invasive fungal infections
among placebo patients (Tollemar et al. 1995).

In the case of three patients with a Candida vertebral osteomyelitis the therapy of two
patients with liposomal amphotericin B resulted in reduced treatment times (Cone et al.
2004). The third person could be cured with non-liposomal amphotericin B.

In the case of a patient with cutaneous leishmaniasis (CL) which was resistant to tradi-
tional drugs a short course treatment of parenteral liposomal amphotericin B led to
clinical cure with no side effects. The high cost of the drug was counterbalanced by
easiest administration of the drug, reduction of hospitalization duration, absence of
adverse side effects and a gain of comfort (Rapp et al. 2003). The authors conclude
that for this patient the short course treatment with AmBisome proved to be suitable.

2.6.3 Barriers for the utilisation

The enormous costs20 (represent a high barrier for the prescription and utilisation of
AmBisome (Sharon et al. 2002, Dupouy-Camet 2004). The high costs resulted in delib-
erately wrong information to patients. Sharon et al. illustrated that the benefit of re-
duced toxicity was denied to patients because of the high costs. Acceptable indication
for the application of AmBisome is a failed therapy with conventional amphotericin B in
the opinion of a group of Australian medical doctors (Sharon et al. 2002). In general
this group thought that there was no difference between AmBisome and conventional
amphotericin. This opinion was shared by several publications, especially as AmBi-
some competes not only with the conventional amphotericin B but also with innovative
new active antifungal substances.

2.7 Case study 2: Pegylated liposomal doxorubicin hydro-
chloride

Most liposomal encapsulated drugs existed prior to their encapsulation as conventional
therapeutic active substances. By encapsulation of the active substance in vesicular
particles with a phospholipid bilayer, it is possible to alter pharmacological characteris-

20 A standard therapy (3-6 weeks) against invasive aspergillosis in hemato-oncology with non
liposomal amphotericin B costs € 107 to € 214. The same therapy with AmBisome® costs
€ 26,453- to € 52,906 (Dr. Claudia Wild, Institut fiir Technikfolgen-Abschatzung, Osterrei-
chische Akademie der Wissenschaften).
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tics of a drug. Although drug targeting systems with nanoparticles and liposomal vesi-
cles are the largest group among the patented nano-products only few studies were
carried out under cost aspects. One example is pegylated liposomal doxorubicin. It is
used as second-line therapeutic in the case of failure and resistance to platinum-
containing regimen in ovarian carcinoma. Worldwide nearly 150 clinical studies were
conducted dealing with cost effectiveness of this drug formulation. In a systematic re-
view Forbes et al. analysed 143 studies (Forbes et al. 2002). The National Institute of
Health and Clinical Excellence (NICE) published guidelines for the use of paclitaxel,
pegylated liposomal doxorubicin hydrochloride and topotecan for second-line or subse-
quent treatment of advanced ovarian cancer (Nice 2005).

2.71 Clinical effectiveness

In the systematic review of Forbes et al. (2002) no significant differences in clinical ef-
fectiveness were reported between pegylated liposomal doxorubicin hydrochloride and
topotecan, the former gold standard concerning overall survival, median survival, re-
sponse rate, median time to response, median duration of response and quality of life
(QoL). A new randomized phase lll trial showed some improvement of quality of life
and a survival advantage in platinum-sensitive patients (patients that can be treated
with platinum as chemotherapeutic agent) (Thigpen et al. 2005). All studies showed
significant differences in the incidence of adverse events. Topotecan was associated
with increased haematological toxicities (including neutropenia, leukopenia, anaemia,
and thrombocytopenia), alopecia (the status of having no hair), nausea and vomiting.
Pegylated liposomal doxorubicin hydrochloride increased the incidence of palmar-
plantar erythrodysesthesia, stomatitis, mucous membrane disorders and skin rashes
(Forbes et al. 2002). Thigpen et al. reported results from prospective and retrospective
studies that demonstrated the improved cardiac safety of pegylated liposomal doxoru-
bicin compared to conventional anthracyclines (Thigpen et al. 2005).

2.7.2 Cost-effectiveness

The cost analysis in different countries revealed cost saving potential by therapy with
pegylated liposomal doxorubicin in comparison to topotecan. Ojeda et al. (2003) re-
ported a cost saving of 2,209 € for Spain (total costs 9,614 € with pegylated liposomal
doxorubicin versus 11,824 € with topotecan), Capri et al. (2003) reported a cost saving
of 6,979 € for Italy (total mean costs 8,812 € with pegylated liposomal doxorubicin ver-
sus 15,788 € with topotecan). In both cases the higher acquisition cost of pegylated
liposomal doxorubicin offset the higher costs of managing the adverse events related to
treatment with topotecan. Further analysis showed that when a full probabilistic cost-
effectiveness analysis was undertaken and effectiveness expressed in terms of mean
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survival duration, there was a high probability that pegylated liposomal doxorubicin is
more cost effective (70-80 %). However, the possible differences in health-related qual-
ity of life (HRQoL) between the two therapies, reflecting the differences in adverse
events, may produce quite different cost-effectiveness results when effectiveness is
expressed in terms of quality-adjusted life-years (QALY's) — a preferable measure when
both length of life and quality of life (QoL) are potentially influenced. Therefore, al-
though pegylated liposomal doxorubicin is very likely to have lower costs than topo-
tecan, its overall cost-effectiveness is unclear (Forbes et al. 2002).

2.7.3 Barriers for the utilisation

Currently, most trials do not show significant improvement in clinical effectiveness in
the main clinical outcomes (Forbes et al. 2002). Thus pegylated liposomal doxorubicin
is recommended by the NICE only as second-line agent for the treatment of women
with relapsed or refractory disease (Johnston 2004). The high price is a barrier for its
utilisation. As long as pegylated liposomal doxorubicin costs 20 times more than stan-
dard doxorubicin in France the standard form is postulated to be suitable for most pa-
tients as long as cardiac function is closely monitored (Anonymous 2004). However,
future clinical trials could further define and maximize the role of pegylated liposomal
doxorubicin in the treatment of ovarian cancer and other gynaecologic malignancies
(Thigpen et al. 2005).

2.8 Conclusions

In the past, health innovations were mainly assessed with respect to efficacy and im-
proved quality of life, whereas cost considerations were not of prominent importance.
Nowadays, the situation has changed: health care costs do matter — for various rea-
sons:

On the one hand, national health expenditures will increase significantly if the current
practice is also pursued in the future: while EU-15 member states spent 6.2 % of their
Gross Domestic Product on health care in 2002, this share is likely to rise to 8.9 % in
2050 (chapter 2.3.2). The main drivers are demographic changes, leading to an ageing
society, due to decreasing birth rates and increasing life expectancy, and medical inno-
vations which alter the patterns of the most prevalent diseases (increase of complex
and chronic diseases), and which offer new diagnostic and therapeutic options for
higher quality of life and higher quality of care, but often also at higher costs.

The changing age structure of the society together with an increase in health care ex-
penditure challenges the sustainability of the health care systems, because most of
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these systems are based on a pay-as-you-go financing mode. Because of this mode,
population ageing unbalances the relation between health care expenditures and
health care contributions, because fewer people of working age will have to support
those in retirement. This is reflected by the indicator of old-age dependency, which is
expected to rise in EU-15 from 24.1 in 2000 to 47.2 in 2050.

Therefore, present health care systems will no longer be affordable in the medium to
long term and require significant changes for which several options can be taken into
consideration, among them

o Structural reforms (e. g. change financing mode of health care systems, reduced
coverage, reduce institutional inefficiencies in health care delivery),

¢ Investments into the health of the population,

e Main cost drivers as priority targets for cost reductions.

With respect to health innovations, it can be concluded that efficacy and improved qual-
ity of life will remain a necessary prerequisite, but will no longer be sufficient. In addi-
tion, health innovations will increasingly be assessed with respect to the costs at which
the improvements come.

Against this background, it was the aim of this chapter to assess

o what the possible impact of nanomedical innovations on future health care costs
might be, i. e., to which extent nanomedical innovations bear the potential of in-
creasing or decreasing health care costs,

¢ what their competitiveness with respect to established products, procedures or in-
terventions may be.

Based on model calculations performed by Farkas et al. 2004 for Germany, major driv-
ers for future health care costs were identified: In addition to demographic changes,
these are major cost-causing diseases (cardiovascular diseases, diseases of the nerv-
ous system, musculosceletal diseases, and neoplasms) and personnel-intensive care
(e. g. days in hospital). From this, it could be concluded that nanomedical innovations
are likely to have a positive impact on future health care costs by reducing them if they

e aim at major cost-causing diseases, such as cardiovascular diseases, diseases of
the nervous system, musculosceletal diseases, and neoplasms,

e reduce personnel costs, e. g. by reducing the required days of inpatient care, for a
given disease,

e contribute to "healthy ageing", i. e. in raising the health status of the population.

On the other hand, nanomedical innovations are likely to increase future health care
costs if they
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e come as add-on technology, which offer a measurable, but only small health effect
at significant costs, so that the cost-benefit-ratio is unfavourable,

e aim at diseases of minor cost relevance (e. g. infections, diseases with low preva-
lence and incidence),

e induce additional procedures without substantial health effect (e. g. earlier or more
frequent diagnosis).

In the chapters 2.4 and 2.5, it was analysed to which extent the currently foreseeable
nanomedical innovations fit into the general considerations outlined above. The analy-
sis of nanotechnological innovations has shown that 158 products are in an advanced
development stage, 35 products on the market are enhanced by nanotechnology. Due
to few products in the clinic, and most of them in the R&D pipeline, it is expected that
until 2010, nanotechnology will not significantly impact the health care costs.

According to the study of Farkas et al 2004, and supported by the views of the re-
sponding European experts in our survey (see chapters 2.2.2, 4.2) relevant fields for
the evaluation of effects of nanotechnology cost drivers in the health system will be the
major disease groups cardiovascular disease, neoplasms, diseases of the nervous
system and musculo-skeletal diseases. For all groups technology dependent costs
account for a maximum of 20 % of the total costs. Thus nanotechnological innovations
can have a significant impact on health costs if they reduce personnel costs by reduc-
tion of the number of days in hospital. Other savings may occur in ambulatory care
costs, i.e. for diagnostic tests and for some pharmaceutical therapies.

In detail nanotechnology is likely to impact future health expenditures as follows:

e Cardiovascular disease (including stroke) and neurodegenerative disease do not
show significant potential for cost reduction through nanotechnologies. Cost drivers
in this disease groups are intensive care for chronic patients and rehabilitation of
stroke patients. Some cost reduction seems to be possible in diagnostic tests.

e Neoplasms show a certain potential for some cost savings by early screening and
prevention. On the other hand, add-on innovations of conventional chemotherapeu-
tic drugs. i. e. new drug formulations which improve the efficacy of conventional
drugs, are likely to come at higher drug costs whereas it remains to be seen whether
the overall case costs can be reduced (e. g. by shorter stay in hospital, fewer com-
plications). Another consequence, which again could result in higher health care ex-
penditure from a systems perspective, could be that an increasing share of tumour
patients survive their first tumour, but require additional treatments due to the occur-
rence of secondary tumours.

e Infectious disease could undergo a certain improvement of drug therapy as nano-
encapsulated drugs could be applied site-directed and in higher concentrations.
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o Musculoskeletal diseases are the group with expected small effect, as prosthesis
with longer durability do not play an important role for the (mainly older) recipients of
endoprostheses. Moreover medicinal products and implants account for only 15 %
of the total costs. Nanotechnological products will only have the potential to reduce
health expenditures if they reduce the number of days of inpatient care.

Significant impetus for innovation activities is expected from the development of com-
bined therapeutic approaches (i.e. combination of diagnosis and therapy) which will
lead to personalized medicine. Still, apart from the technological improvement future
framework for approval and reimbursement are key issues for the economic impact of
nanotechnology on the health care system. The extent to which innovative technolo-
gies are added to the list of reimbursement by insurances or the national health system
is a political question — facing the financial shortage in the health system prices and
cost-effectiveness rations will be very crucial. Only cost efficient health technologies
are likely to be reimbursed. This is a change to foster also process innovations that
help to reduce costs in the health system.

Despite significant efforts to identify case studies which allow the analysis of costs of
nanotechnological products in more detail, only few studies could be found at all. A
broader set of health economic data was only available for two case studies, liposomal
amphotericin B and pegylated liposomal doxorubicin hydrochloride, presented in chap-
ters 2.6 and 2.7. Liposomal amphotericin B is an example for a conventional drug
whose profile of side effects (nephrotoxicity) can be positively changed due to lipo-
somal drug delivery. However, the additional positive health effect of reduced nephor-
toxicity comes at prohibitively high costs, which has up to now prevented liposomal
amphotericin C from being used more broadly than in exceptional cases. Competitive-
ness with conventional amphotericin B can only be expected if the cost-effectiveness
can be substantially improved. The case is different for pegylated liposomal doxorubi-
cin hydrochloride. It shows a similar or even better effectiveness than the current gold
standard topotecan, but shows a different pattern of adverse effects. Although there is
a high probability that treatment with pegylated doxorubicin is cheaper than conven-
tional treatments due to lower treatment costs for adverse effects, the overall cost-
effectiveness has not yet been convincingly established. From these few studies it
cannot yet be concluded whether and which nanotechnologically derived therapies will
be more cost efficient than conventional therapies.
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3 Social and ethical issues in nanobiotechnology in
the medical sector

3.1 Introduction

The necessity to address social and ethical issues of nanotechnologies in addition to
scientific, economic and political issues (as analysed by Wagner, Zweck 2005) has
been widely recognised, as reflected e. g. in the Communication from the European
Commission “Towards a European Strategy for Nanotechnology”21 and the Action Plan
"Nanosciences and nanotechnologies: An action plan for Europe 2005-2009"22,

Nanotechnologies have also been identified as challenging new ethical issues for the
coming decade by the European Group on Ethics in Science and New Technologies to
the European Commission23, and the international Nordic Committee on Bioethics?4.
Ethical issues of nanotechnologies are on the agenda at the French Comité consultatif
national d'éthique pour les sciences de la vie et de la santé (CCNE)25 and lItaly's Na-
tional Bioethics Committee, as well as in Canada by the Science and Technology Eth-
ics Committee (CEST) in Quebec, Canada26. The CEST has announced a preliminary
report on the subject and a public forum for autumn 2005, and a position statement for
spring 200627,

This reflects on the one hand the intention to avoid mistakes that have been made with
other technologies, such as biotechnology and genetic engineering (see e. g. Fisher
2005; Toumey 2004; Mehta 2004; Einsiedel, Goldenberg 2004; Matsuura 2004). On
the other hand, it reflects the notion that science and technology only exist in a social
context, and that we cannot understand how science and technology develop without
understanding both the social conditions that produce them and the social impacts of
science and technology on society. A better understanding of the interaction and mu-
tual interdependence of science, technology and society could lead to more informed

21 COM(2004) 338; ftp://ftp.cordis.lu/pub/nanotechnology/docs/nano_com_en.pdf
22 COM(2005) 243; ftp://ftp.cordis.lu/pub/nanotechnology/docs/nano_action_plan2005_en.pdf

23 see EGE-Newsletter "Ethically speaking" No.5, p. 5;
http://europa.eu.int/comm/european_group_ethics/docs/issue5.pdf

24 Result of the Think tank "Bioprophecy - the future of ethics and biotechnology", 25-26 No-
vember 2004 in Denmark; http://www.ncbio.org/bioprofetier.pdf

25 nttp://www.ccne-ethique.fr
26 http://www.ethique.gouv.qc.ca

27 see EGE-Newsletter "Ethically speaking" No.5, p. 21;
http://europa.eu.int/comm/european_group_ethics/docs/issue5.pdf
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decisions about how to invest in science and technology, when and how to (not) regu-
late technological development, how to address ethical challenges etc (Lewenstein
2005; Macnaghten et al. 2005). As a consequence, ethical and sociological reflection
should not be considered as an "add-on" which follows scientific-technological research
and development, but rather accompany it as an integral part (Schummer 2004).

In the following chapters, we will give an overview of the social and ethical issues of
nanotechnologies with specific reference to biomedical applications which are presently
being discussed. However, there are several difficulties and limitations to it:

o Despite several reports and publications, the scientific investigation of social and
ethical issues of nanotechnologies is just emerging and not yet well developed.

e In addition, the topic in itself is difficult to deal with for the following reasons:

— Nanotechnologies is an umbrella term for manipulations at the atomic level, in-
volving a broad range of disciplines and having a multitude of possible products,
services and applications. In addition to this large diversity, nanotechnologies are
at the same time at an early stage of development: first applications are just
emerging, while most applications are still hypothetical with considerable uncer-
tainty whether, when and how they will (ever) become realised and what the con-
texts of their application might be: some currently envisioned applications of
nanotechnologies may never be realised on a significant scale, while unantici-
pated scientific breakthroughs or societal demands may lead to applications that
are currently not foreseen (The Royal Society & The Royal Academy of Engi-
neering 2004, p. 51).

— This makes a specific analysis of ethical and social issues difficult, because it is
not clear which developments should be covered in the analysis, and into which
contexts the analysed developments should be embedded.

e Nevertheless, some, albeit few and preliminary research has taken place: Several
recent reports have addressed these social and ethical issues, among them
Paschen et al. 2003; The Royal Society & The Royal Academy of Engineering 2004;
Malsch et al. 2004; Wood et al. 2005; Turk et al. 2005a; Turk et al. 2005b, and many
articles have been published (e. g. Roco 2003a; Mnyusiwalla et al. 2003; Sweeney
et al. 2003; Weil 2003; Sheremeta, Daar 2004; Dunkley 2004; Berne 2004b; Berne
2004a; Baber 2004; Lopez 2004; Baird, Vogt 2004; Laurent, Petit 2005; Grunwald
2005; Invernizzi, Foladori 2005 to name but a few). However, these analyses relate
to the whole field of nanotechnologies rather than to selected subfields. Due to the
early stage of the whole field, these are mainly basic and general deliberations, and
are therefore often not highly specific for nanotechnologies, but rather valid for
emerging technologies with a certain potential.

* A more differentiated analysis of social and ethical issues in subfields of nanotech-
nologies, e. g. medicine, is only beginning. Therefore, there are only few publica-
tions which specifically deal with social and ethical issues of medical applications of
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nanotechnologies (see e.g. Baumgartner et al. 2003; Sheremeta 2004
Baumgartner 2004; Turk et al. 2005a).

e |Issues raised by nanotechnologies applications have, in part, been dealt with in
depth in other technological contexts, so that the analysis of ethical and social is-
sues of nanotechnologies can establish links with this work (MacDonald 2004). For
example, nanotechnologies-enabled diagnostics may have close links with aspects
of genetic testing. But even if the ethical and social issues are not genuinely new or
exclusively specific for nanotechnologies, this does not render them less valid.
Rather, due to the enabling nature of nanotechnology some issues may become
(even) more critical, and there may be shifts in emphasis. In addition, new and spe-
cific issues may arise (Baumgartner 2004). Moreover, many potential applications
and visions explicitly refer to the convergence of nanotechnologies, biotechnology,
ICT and cognitive sciences (National Science Foundation 2002; Roco 2003b), which
seems to be a specific feature of the nanotechnologies discourse (see chap-
ter 3.12.1).

In the following chapters, we will give an overview of the social and ethical issues of
nanotechnologies with specific reference to biomedical applications which are presently
being discussed, and which were derived from an analysis of recent publications as
well as from interviews.

3.2 Human health impacts

3.21 Introduction

The expectation that nanotechnological applications in medicine will lead to positive
health impacts for individual patients as well as the public is a major driving force for
this field, and also characterises the prevailing view in the general public (see chap-
ter 3.12). Health benefits from nanotechnologies have extensively been addressed in
the WP 1 and 2-report of this project (Wagner, Zweck 2005) and will be summarised
shortly in chapter 3.2.2. However, possible health benefits must be carefully balanced
against possible adverse health effects. An overview of health risks will be given in
chapter 3.2.3 and more detailed information on health risks related to nanoparticles in
chapter 3.4. In addition, broader use of nanotechnological applications in medicine will
have impacts on the structure and organisation of health care delivery which will be
outlined in chapter 3.2.4. Possible cost impacts have been addressed in chapter 2.
Finally, the question will be addressed what the relevant prerequisites and frame condi-
tions are to realise health benefits and minimise health risks (chapter 3.2.5).
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3.2.2 Health benefits from nanotechnological applications in
medicine

Health benefits from nanotechnologies have extensively been addressed in the
WP 1 and 2-report of this project (Wagner, Zweck 2005), as well as by Paschen et al.
2003; Baumgartner et al. 2003; Bogedahl et al. 2003 and Farkas et al. 2004, with the
following key findings:

e Biomedical and pharmaceutical research. Nanotechnologies are expected to con-
tribute to biomedical research, leading to a better understanding of mechanisms and
causes of disease, and to pharmaceutical drug discovery and development (Jain
2005).

o Diagnostics. In the field of diagnostics, the optimisation of existing diagnostic proce-
dures is expected, as well as the development of new diagnostic tools. With the help
of nanotechnologies, the quality of diagnostic procedures is expected to increase
with respect to sensitivity, specificity and the range of testable functions and states.
Moreover, nanotechnologies-derived diagnostics will not only be available to spe-
cialists, but certain forms (e. g. lab-on-a-chip) will also be available to e. g. general
practitioners or even the patient himself, and will also enable point-of-care diagnos-
tics. Certain diagnostic procedures will become quicker, making high-throughput
analysis and screening possible, will be performed earlier in the disease course, will
be performed more often in order to monitor the development of risk factors or the
progression of disease, and even permanent surveillance and real-time monitoring
of risk patients is possible.

e Therapeutic interventions. Nanotechnologies are expected to contribute to the opti-
misation of existing therapies by making the interventions less invasive, by develop-
ing more specific treatments with fewer side-effects and higher effectiveness, and by
providing more causal than symptomatic treatments. Moreover, the development of
new therapeutic principles is expected, the development of treatments for previously
untreatable or incurable diseases, the improved compensation of disabilities and
impaired functions, and the provision of alternatives to ethically problematic bio-
medical procedures (such as fetal cell transplantation or therapies based on human
embryonic stem cells, organ donation and transplantation, xenotransplantation (see
e. g. Hasing, Schicktanz 2000; Husing et al. 2001; Husing et al. 2003).

e Theranostics. It is the aim to integrate diagnosis and therapeutic intervention into
one procedure, termed theranostics. If, e. g. a tumour is detected by medical imag-
ing, it should become possible to remove or treat it immediately. In this way, the
number of subsequent interventions performed on one patient should be minimized.
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It is expected that the new and improved diagnostic procedures and therapeutic inter-
ventions outlined above will result in

improved quality of health care,

a higher proportion of intervention and prevention in very early stages of diseases
before symptoms become clinically manifest, instead of treating chronic diseases,

improved quality of life, and

a prolonged life span, but also an increase in healthy life years28.

3.2.3 Health risks from nanotechnological applications in medi-

cine

The present discussion about possible health risks emanating from nanotechnologies
focus on the biological effects of nanoparticles. This issue will be dealt with in detail in
chapter 3.4. Also related, but not restricted to possible health risks due to nanoparticles
are health risks due to

Substandard quality, safety and efficacy. In the EU, medicinal products and medical
devices are not allowed to enter the market unless their compliance with regulatory
requirements has been shown convincingly. For medical devices, the regulatory re-
quirements are laid down in the three European Directives 93/42/EEC (Medical De-
vices Directive), 90/385/EEC (Active Implantable Medical Devices Directive) and
98/79/EC (In Vitro Diagnostic Directive). For medicinal products, the directives
2001/83/EC (Medicinal Products for Human Use) and 2001/20/EC (Clinical Trials on
Medicinal Products for Human Use) apply. These regulations do not apply to cos-
metics. Although it is the purpose of these directives to ensure that only those prod-
ucts enter the market which are of sufficient quality, safety and efficacy, it may be
challenging to carry out this assessment in practice, because the required know-
ledge about the behaviour and biological effects of nanoparticles is presently too
patchy and assessment schemes are not specifically tailored to assess nanoparti-
cle-specific questions and require amendment (SCENIHR 2005; chapter 3.4; chap-
ter 3.7) in order to take the specificities of nanotechnologies into account appropri-
ately.

In addition, the regulatory requirements and assessment schemes differ, depending
on whether a product is classified as a medical device, a medicinal product, or a
cosmetic. For safety and quality reasons, it is therefore of high importance that

28 Healthy life years (HLY) is a health expectancy indicator which combines information on

mortality and morbidity. The data required are the age-specific prevalence (proportions) of
the population in healthy and unhealthy conditions and age-specific mortality information. A
healthy condition is defined by the absence of limitations in functioning/disability. The indi-
cator is calculated separately for males and females. The indicator is also called disability-
free life expectancy (DFLE).
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products are subjected to the appropriate regulation and assessment schemes.
However, it is expected that more "borderline" products will result from the applica-
tion of nanotechnologies for medical applications. These "borderline" products will
be difficult to classify because they do not unambiguously fall into the definitions
given by the directives mentioned above29 (Paschen et al. 2003) so that a "clearing-
house mechanism" and, eventually, an amendment of the regulations, will be re-
quired in the medium term. Regulatory expertise in nanotechnologies is of major im-
portance to deal with these challenges and strike an appropriate balance between
ensuring health, safety and quality and at the same time make innovation and com-
mercialisation of nanotechnologies derived products possible.

Side and adverse effects. The above-mentioned regulations, but also principles of
biomedical ethics require a careful balancing of the benefits of a medical interven-
tion or diagnostic procedure with the risks, not only when placing such products on
the market, but also in the research phase. A careful balancing of benefits and risks
is especially important, because not all risks may be known or deducible from exist-
ing therapies. Moreover, it cannot be ruled out that medical interventions based on
nanotechnologies could have unprecedented biological and adverse effects, which
have not been encountered before due to the novelty of these interventions. This is
especially true due to the lack of knowledge regarding the behaviour of nanoparti-
cles in the human body, due to the inherent properties of some drug delivery sys-
tems to move across biological barriers, if new therapeutic principles are to be es-
tablished (e. g. gene therapy), and if complex systems which e. g. comprise biologi-
cal, nanotechnological and IT components and/or for which not all relevant parame-
ters of safety and quality can reasonably be tested beforehand (e. g. long-term ef-
fects, interference with other components or systems).

Balancing of patients interests against scientific and commercial interests. In addi-
tion to the above-mentioned uncertainties in our knowledge of certain risks, the striv-
ing for scientific reputation or commercial interests could also pose challenges to a
risk-benefit assessment on the basis of the principles of medical ethics of non-
maleficience and duty of beneficence.

3.2.4 Changes in health care delivery

Several changes in health care delivery can be expected from the scientific-
technological developments outlined in chapter 3.2.2:

Personalised medicine. By providing diagnostic systems (e.g. for screening),
nanotechnologies will be an enabler for extended risk specifications on the level of

29 An example are human tissue engineered products which are neither covered by the me-

dicinal products nor the medical device directives in their present form. Therefore, an
amendment of the medicinal products directive by a regulation for advanced therapies has
been proposed; for details see http://pharmacos.eudra.org/F2/advtherapies/index.htm#pb
and Husing et al. 2004b
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the individual, which may open up the possibility to adopt preventive risk manage-
ment strategies and to chose the most appropriate intervention for the affected indi-
vidual. Therapeutic interventions (e. g. dosing of drugs) could be tailored to the indi-
vidual response, if nanotechnologies-enabled monitoring of disease progression and
monitoring of effects of therapeutic interventions could be applied. This trend to-
wards personalised medicine could increase the available options for patients to ex-
ert more self-determination and self-responsibility on their health, but on the other
hand this option may also turn into a duty. The question to which extent patients
wish to and are able to use these options for their benefit is discussed in chap-
ter 3.2.5.

o Convergence with ambient intelligence. The application of nanotechnologies will
support the introduction of telemedicine into health care delivery; on the one hand
through nanotechnologies-enabled devices such as sensors which include ICT
components. On the other hand, these devices will increasingly be interconnected,
leading to a convergence of telemedicine/e-health with ambient intelligence. This will
not only require an appropriate ICT infrastructure. It will also lead to changes in work
and information flow in health care, and in the tasks that have to be performed by
medical staff.

o Shift of (chronic) diseases to older age. Earlier diagnosis and risk specification be-
fore clinical symptoms become manifest, coupled with preventive measures and im-
proved therapies are expected to shift chronic disease states to older age. This, on
the one hand, should allow a higher quality of life until older age, but could on the
other hand have significant impacts on demographic development, and the need for
social support systems for the elderly. If treatments for those diseases improve
which formerly led to death at young age (e. g. cystic fibrosis, phenylketonury), but
the disease cannot be cured or the defects remedied, then there will be an increas-
ing need for research and specific care concepts how adults with these diseases
can be treated appropriately.

e "Exchange of spare parts". Nanotechnologies are seen as an enabler for the provi-
sion of interventions which compensate disabilities and impaired motor, sensory and
cognitive functions. This could lead to a notion of medicine as providing "spare
parts" which are exchanged in case of disease or accident in order to "repair" de-
fects, with significant impacts on the role of the body for personal identity (see also
chapter 3.10), and also on our understanding of health and disease.

3.25 Prerequisites and frame conditions for realising health
benefits and minimising health risks

Whether health benefits of nanotechnologies can be realised and associated health
risks minimised, depends to a large extent on the frame conditions under which the
development, commercialisation and clinical use of nanotechnologies for biomedical
applications takes place.
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e R&D. In order to ensure that only products and services with proven safety, quality,
effectiveness and efficacy are brought to the clinic, high quality preclinical and clini-
cal research is required. Moreover, frame conditions should be such that a prema-
ture "rush to the clinic" can be effectively prevented and that general ethical princi-
ples are respected (e. g. respect for free and informed consent, respect for vulner-
able persons, respect for privacy and confidentiality, respect for justice and inclu-
siveness, balancing benefits and harms, minimizing harm, maximising benefit)
(Sheremeta 2004).

e Market approval. As outlined in chapter 3.2.3, the present EU regulations for market
approval of medical devices, medicinal products and cosmetics do not take the spe-
cific health risks emanating from nanoparticles sufficiently into account in the exist-
ing assessment schemes. Related research needs, needs for the development of
test systems and needs for amendments of regulation have been identified by
SCENIHR 2005 (see also chapter 3.4).

Moreover, "borderline products” which do neither clearly fall into the scope of the
medicinal products nor the medical devices regulation are known from the field of
tissue engineering (Husing et al. 2004a; Bock et al. 2005). Today, nanotechnology is
being applied to develop scaffolds for human tissue engineered products with the
aim to improve scaffolds customised for specific tissue growth (Wagner, Zweck
2005, chapter 10). In the nutrition field, functional food products also fall between
food and medicinal products regulations (Husing et al. 1999; Menrad et al. 2000),
and nanotechnology drug delivery systems or nanoparticulate nutrient preparations
are also applied for improved nutrient or functional ingredient delivery in functional
foods. Against this background, "clearing house mechanisms" in regulatory authori-
ties may be required in order to properly deal with such "borderline products" and
which may involve nanotechnologies in their manufacturing. However, the "border-
line character" is inherent to these specific products, but is not specifically conveyed
to them by nanotechnologies. Nevertheless, nanotechnologies expertise in regula-
tory authorities is of major importance to deal with these challenges and strike an
appropriate balance between ensuring health, safety and quality and at the same
time make innovation and commercialisation of nanotechnologies-derived products
possible.

The latter is an important prerequisite for the realisation of possible health benefits
of nanotechnologies-derived products and services which depends on their availabil-
ity and commercial viability on the market. The higher the requirements to prove
safety, quality, efficacy, and — possibly also superiority over existing products and
services in terms of costs or quality of life gains — the higher the barriers are for in-
novative products and services, especially if they are targeted at a relatively small
patient population (rare diseases, orphan drugs), are developed by relatively re-
source-poor SMEs, or show superiority only in difficult to prove characteristics, such
as long-term effects (e. g. avoidance of frequent relapse) or cost savings related
with different cost distributions. In the regulatory approval of medicinal products,
provisions are established to reduce these barriers, e. g. the orphan drug regulation,
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possibilities for reduced fees for SMEs, or conditional approvals. The performance
and appropriateness of these provisions should be evaluated regularly, also with re-
spect to nanotechnologies.

Clinical availability. Of major importance are the conditions under which patients
who could benefit from nanotechnologies-enabled products and services have ac-
cess to them. In most health care systems, reimbursement by statutory and private
health insurances will function as a gate-keeper. Given the fact that most nanotech-
nologies-enabled products and services will not come at lower costs than their con-
ventional counterparts with which they compete (see chapter 2), there is an urgent
need for transparency in these resource allocation decisions in health care and that
the decisions are made on a well-informed basis. Health economic assessments
should play an important role in these decisions. In addition, information and educa-
tion of patients as well as enabling them to take self-responsibility for their health is
important.

Quality assurance during use. Quality assurance during use strongly contributes to
the realisation of health benefits and the avoidance of unintended impacts. This
comprises

— Vigilance systems by which faulty medical devices or adverse effects of medicinal
products can be discovered and tracked,

— Education, qualification and information of medical staff, but also of patients,

— Certification, if applicable, of institutions offering certain services (e. g. genetic
testing) (Ibarreta et al. 2004),

— Health technology assessments and guidelines for the improvement of medical
care and for supporting the choice of the most appropriate intervention, and

— Using the products and devices only in defined and appropriate contexts (e. g. for
medical purposes, with sufficient counselling).

3.3

Environmental impacts

Nanotechnologies have basic characteristics from which both possible positive envi-
ronmental impacts as well as negative ones can be deduced (Table 3.1). In general,
the environmental impacts of nanotechnologies for biomedical applications are thought
to be lower than for other application areas, e. g. energy conversion or materials. Nev-

ertheless, several issues require consideration, with risks from nanoparticles (for de-
tails see chapter 3.4) being the most prominent ones.
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Several environmental benefits can be expected from the use of nanotechnologies
for biomedical applications. In general, reduced resource consumption in terms of en-
ergy feedstocks and auxiliaries and reduced emissions could be realised in production.
In the use phase, reduced resource consumptions could be due to small volumes and
high specificities, e. g. in lab-on-a-chip applications in diagnostics and analytics (Turk
et al. 2005a) or due to drugs with high specificities and effectiveness. Moreover, highly
toxic substances (e. g. radioactive markers in certain diagnostic procedures) could be
substituted by less toxic ones. In recent years, it has become an issue of both envi-
ronmental chemistry and policy to minimise the discharge of pharmaceutically active
compounds (PhACs) into the environment. The main route of emission is a diffuse re-
lease of the drug substance and/or its metabolites by patients into the environment with
urine or faeces, followed by further dispersion and an eventual uptake by man and liv-
ing organisms in the food chain30. This problem in the after-use or disposal phase
could also be reduced if, due to nanotechnologies, fewer amounts of drugs could be
used or excreted.

However, hardly anything is known to which extent and under which conditions the
above-mentioned general environmental benefits could become effective in the bio-
medical field. For example, reducing the resource consumption of production proc-
esses is of subordinate importance for new and innovative drugs due to high perform-
ance and quality requirements of the both the process and the product, and due to pric-
ing strategies. However, the aspect of reduced resource consumption may be relatively
more important for drugs and devices with incremental improvements and with more
intensive competition on a cost basis (e. g. generic drugs). In addition, it should be kept
in mind that the sophisticated production processes for nanostructures could well lead
to a much higher resource consumption in production processes than for conventional
products, because they e. g. involve high temperatures or toxic chemicals. Whether the
small volumes, related to more effective drugs or miniaturised analytical and diagnostic
procedures, translate into reduced environmental burdens does not depend on the vol-
umes only, but also the biological effects of the substances, their persistence and ac-
cumulation in the environment etc. Whether e. g. labs-on-a-chip also lead to waste re-

30  According to Article 8 of the Directive 2001/83/EC on the Community code relating to me-
dicinal products for human use an "indication of any potential risks presented by the me-
dicinal product for the environment" is required in the application for obtaining an authorisa-
tion to place a medicinal product on the market. This applies in particular to new active
substances, but not to orphan drugs. Draft guidance how to perform an environmental risk
assessment of medicinal products for human use has been published by the European
Medicines Evaluation Agency (EMEA) for consultation in January 2005.
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duction in the after-use phase, depends to a large extent on product concepts, e. g.
single-use devices, or their recycling or reuse.

As a consequence, life cycle assessments and related tools should be used to identify
potential environmental benefits and costs already in early stages of technology and
product development in order to shape them accordingly. This has already been per-
formed for several applications of nanotechnologies31, but — to the best of our know-
ledge — not yet for biomedical applications. In the field of cosmetics, sun cream with
nanoparticles would be a useful example.

Environmental risks arising from nanoparticles will be dealt with in more detail in
chapter 3.4.

Finally, the potential environmental impacts of autonomously acting nanorobots
which might also be able to self-replicate, has been addressed as an issue of concern,
albeit this is a rather far-in-the-future scenario ("grey goo32"). The deliberate or uninten-
tional release of such nanorobots would most likely be irreversible and would pose the
difficulty to track and control their dispersal in the environment. The option of an inter-
national ban of the development of such systems has been suggested in the context of
military uses of nanotechnologies (see chapter 3.11).

3.4 Health and environmental risks associated with
nanoparticles

In recent years, concerns have been expressed that products of nanotechnologies may
pose a risk to human health and the environment due to the nanoparticle structures
involved (see e. g. ETC Group 2003b; ETC Group 2003a; Paschen et al. 2003; Health
and Consumer Protection Directorate General of the European Commission 2004; The
Royal Society & The Royal Academy of Engineering 2004; Aitken et al. 2004; Luther,
(ed) 2004; Swiss Re 2004; Tomellini, de Villepin 2005; Mark 2005; SCENIHR 2005; de
Jong et al. 2005; Ldchtefeld et al. 2005a; Balshaw et al. 2005). These concerns are
based on the following considerations (SCENIHR 2005):

31 E. g. nano-lacquers and -varnishes, process innovation in styrol synthesis, displays, light,
suncream (Steinfeldt et al. 2004); automobile catalysts (Lloyd et al. 2005) and nanocompo-
site materials for use in automobiles (Lloyd, Lave 2003).

32 Grey goo is a term first used by molecular nanotechnology pioneer Eric Drexler in his book
"Engines of Creation". The term refers to a hypothetical end-of-the-world event involving
molecular nanotechnology in which out-of-control self-replicating robots consume all life on
Earth while building more of themselves. It is usually used in a science fictional context
(http://en.wikipedia.org/wiki/Grey_goo).
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Health risks of particulate matter. Health risks are well-known which are due to ex-
posure of humans and animals to particulate matter, e. g. to ultrafine dust. Although
it is unclear how this can be extrapolated to toxicity of nanoparticles, it gives an indi-
cation for possible effects.

Changes in properties due to size. Nanotechnologies exploit characteristic changes
of material properties and behaviour which are due to the small size of the materials.
If changes in properties are exploited for beneficial effects, the biological effects of
the materials could also be changed in a way that may be detrimental to health and
the environment. It is already well established that toxicological and ecotoxicological
data obtained for the bulk material are not reliable in predicting the toxicological and
ecotoxicological properties of the same material in nanoparticulate form. Although
there is no evidence yet, it cannot be ruled out that unique adverse effects could oc-
cur which have never been observed for chemicals in other physical forms.

Mobility across biological barriers. The mobility of nanoparticles across biological
barriers is exploited in drug delivery systems, but could also lead to unintended mo-
bility of nanoparticles in the body after their uptake.

New, not naturally occurring substances. In addition to the small size, new sub-
stances such as fullerenes and carbon nanotubes are exploited in nanotechnolo-
gies. They do not occur naturally and their biological effects are not yet well under-
stood.

Nanoparticle sources are on the one hand natural phenomena, on the other hand
they are unintentionally produced and released in several "classical, familiar" human

processes such as cooking, material fabrication and transportation (internal combus-

tion, jet engines). Relatively new is the production and intentional or unintentional re-

lease of engineered nanoscale components which occur either in the workplace or in
consumer products (or, in the case of nanomedicine, in medicinal products or medical

devices). Presently, it is not known how significant the increase in exposure due to in-
tentionally engineered nanoparticles is, and will be in the future (SCENIHR 2005,

p. 17).

Two types of nanostructures have to be distinguished with respect to exposure:

Nanoparticles can be an integral feature of larger objects (e. g. in the form of nano-
composites and nanocrystalline solids) which are thought to pose a low risk as long
as they remain fixed. In medical applications, such immobilized nanostructures can
be found inside or on surfaces of medical devices such as surgical implants, but
may be released due to continuous chemical processes and/or mechanical stress at
the interface of implants and surrounding tissues (de Jong et al. 2005).

Nanoparticles may also occur as free nanoparticles. In medical applications, this is
the case e. g. in novel drug delivery systems. In free form, nanoparticles pose a
higher risk.
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Nanoparticle emission, intentionally or unintentionally, can occur during R&D, manu-
facturing, during use, and after use/during disposal, and after their dispersion in the
environment. Exposed groups comprise

e Patients. Patients are intentionally exposed to nanoparticles during diagnosis or
treatment, but may also be unintentionally exposed, e. g. if clearance of nanoparti-
cles from the body after completed diagnosis or therapy takes longer periods of
time, if implants release nanoparticles due to wear or chemical processes, or if
nanoparticles move to non-target organs due to their mobility.

o Staff. Occupational exposure of staff involved in R&D, manufacturing, diagnosis and
treatment, disposal, recycling, remediation and cleaning, transport and trade, and
accidents must be taken into consideration. It has to be noted that typically, workers
are exposed to higher levels of chemicals and for longer periods of time than the
general population.

e General population. The general population may mainly be exposed to nanopatrticles
from medical applications due to re-exposure through the environment. Local popu-
lations in the vicinity of R&D, manufacturing or medical facilities such as hospitals or
waste disposal sites may be exposed to nanoparticle emissions from these sites.

In principle, uptake of nanoparticles may occur via inhalation, dermal exposure or in-
gestion. For medical applications, injection and implantation are additional, very rele-
vant and specific routes of uptake. While inhalation of nanoparticles is the uptake route
that has, up to now, been investigated relatively extensively, hardly anything in known
about the other routes of uptake, and the biological fate of the nanoparticles in the body
(e. g. distribution, accumulation, metabolism, organ specific toxicity).

There is consensus that the present level and scope of knowledge is insufficient in or-
der to carry out a risk assessment, comprising exposure assessment, hazard identifica-
tion, hazard characterisation and risk characterisation. For risk assessment, sufficient
knowledge would have to be available regarding

e Nanopatrticle characterisation. Presently, there is a need to establish appropriate
methodologies for nanoparticle characterisation and routine measurements. It is al-
ready established that the traditional mass concentration is not sufficient. It will also
be required to measure the number of particles and/or their surface area. Moreover,
there is a need for internationally harmonised nomenclature.

e Exposure evaluation. For exposure evaluation at workplaces and in the environ-
ment, equipment needs to be developed for routine measurement in various media.
Moreover, methods need to be developed which allow the determination of the envi-
ronmental fate of nanoparticles and their detection in the environment, and new
sampling techniques and strategies for exposure assessment should be elaborated.

e Physiological responses to nanopatrticles. The knowledge about the toxicology and
ecotoxicology of nanoparticles must be broadened. In addition to nanoparticle char-
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acterisation, hardly anything is known yet about dose-response relationships, the
transport of nanoparticles in the human body, their distribution, accumulation, me-
tabolism and persistence in the human body as well as in the environment. More-
over, the mechanisms of toxicity need to be elucidated at sub-cellular and molecular
levels. One mechanism is the induction of reactive oxygen species, leading to oxida-
tive stress. This bears the potential that nanoparticles could exacerbate pre-existing
medical conditions. Based on such findings, conventional toxicity and ecotoxicity
tests may require modification.

o Epidemiological studies. In order to better characterise possible health risks due to
nanoparticles, monitoring of occupational exposure is important. Moreover, epide-
miological data on the potential impact of nanoparticles on human health are re-
quired.

Impacts for regulatory approval of new chemicals, nanotechnologies-enabled medical
devices, medicinal products and cosmetics are outlined in chapter 3.7.1.

3.5 Equal access and just allocation of resources

3.51 Introduction

Fairness is one of the key principles of biomedical ethics which translates into the goal
that there should be equal access to nanotechnologies-enabled medical diagnostics,
therapies and services for all those in need of it. However, the concern is often brought
forward that this equal access may be challenged in nanotechnologies, leading to a
"nano-divide". This term has been coined in analogy to the "digital divide33"
(Mnyusiwalla et al. 2003; Baird, Vogt 2004; Invernizzi, Foladori 2005) and implies that
there will be both winners (i. e. countries, parts of the population, certain companies or
other relevant players who have access to nanotechnologies and benefit from it) and
losers (i. e. players with limited access to or capabilities to exploit the benefits of
nanotechnologies, but may be affected by negative impacts and risks), and that this is
in conflict with the ethical principle of fairness.

In the following paragraphs, we will outline what may be understood as "equal access"
for various applications and levels of nanotechnologies in the biomedical sector, what

33  The digital divide is a social/political issue referring to the socio-economic gap between
communities that have access to computers and the Internet and those who do not. The
term also refers to gaps that exist between groups regarding their ability to use information
and communications technologies effectively, due to differing levels of literacy and
technical skills, as well as the gap between those groups that have access to quality, useful
digital content and those that do not. The term became popular among concerned parties,
such as scholars, policy makers, and advocacy groups, in the late 1990s
(http://en.wikipedia.org; accessed Oct 27, 2005).
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is understood by "equal access", who the winners and losers might be, for which rea-
sons, how deep the resulting or imminent nano-divide might be, and what can or
should be done to avoid its formation or its deepening. There is a close link to the so-
cial and ethical issue of governance (see chapter 3.8), because those with a weak po-
sition in decision-making are likely to belong to the losers.

3.5.2 Macro-socioeconomic impacts of access to nanotechnolo-
gies for biomedical applications

On an international and macro-economic level, access to scientific-technical know-how
in nano(bio)technologies and access to applications, products and services derived
from it are seen as a prerequisite to support on the one hand the goals of reaching or
maintaining economic competitiveness in international competition. On the other hand,
it could support an increase in quality of health care, which by itself could contribute to
inner security and social peace (see also chapter 3.11) as well as to quality of life. By
contrast, if access to know-how is impaired, also the attainment of these goals may be
at stake. Among the instruments employed to reach these goals are research policy,
patents, and (international) cooperation.

3.5.21 Priorities in research policy

With respect to research policy, nanotechnologies for biomedical applications would,
in a first step, have to be defined as a research priority within nanotechnologies (see
Wagner, Zweck 2005, chapter 4). Developing nanotechnologies for health applications
is also among the research priorities that are fully supported and called for in participa-
tory fora involving the general public (e. g. citizens' juries; see chapter 3.12). Moreover,
fine-tuning within such a research priority would be required in order to actively strive
for realising the benefits of nanomedicine while avoiding its risks, posing the question
of how future trajectories of nanomedicine can be steered towards serving the public
good. Here, decision support tools within the framework of Health Technology As-
sessment (HTA) could be more widely used, among them health economic assess-
ments, cost-benefit-assessments, and evaluations, which systematically analyse prop-
erties, effects, and/or impacts of health care technology and procedures with respect to
costs and/or health effects. Moreover, there are close connections to governance is-
sues (see chapter 3.8). In addition, serving the public good could also comprise the
allocation of sufficient resources to research into the health and environmental effects
of nanoparticles, as outlined in chapter 3.4 and recommended by many (e. g. Paschen
et al. 2003; The Royal Society & The Royal Academy of Engineering 2004; Health and
Consumer Protection Directorate General of the European Commission 2004;
Tomellini, de Villepin 2005; Mark 2005; SCENIHR 2005; de Jong et al. 2005). It also
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raises the question which research resources should be allocated by developed coun-
tries to support research into applications which would be especially of benefit for de-
veloping countries. A "Global Dialogue on Nanotechnology and the Poor: Opportunities
and Risks"34 is presently ongoing in the USA, carried out by the Meridian Institute and
sponsored by The Rockefeller Foundation (US) and International Development Re-
search Centre (Canada) (see also chapter 3.12).

3.5.2.2 Patents

While patents can work as beneficial instruments for the protection of intellectual prop-
erty, they also bear the potential to contribute to deepening the "nano-divide" both be-
tween countries as well as between companies or (global) corporations and countries.
The latter could be the case especially if patent claims are very broad, e. g. by cross-
industry patent claims which span several industry sectors, or by claims which relate to
whole classes of nanoparticulate substances and materials (ETC Group 2005b). There
is concern that such broad claims could stifle innovation (The Royal Society & The
Royal Academy of Engineering 2004). Moreover, it bears the potential that patent mo-
nopolies could arise in certain fields. In this case, patent owners might get significant
influence over certain trajectories of nanotechnologies development, and be in a gate-
keeper position, thus determining access and price for licences, excluding non-patent
holders and those not able or willing to pay licence fees. This could mean that poorer
countries could be prevented from access to much needed medication, as has been
the case (outside nanotechnology) e. g. in producing generics of drugs for AIDS treat-
ments (Invernizzi, Foladori 2005). The influence of policy on these decisions may be
limited if the patent holders are private corporations, without the obligation of democ-
ratic legitimation. So one of the main issues of concern here is ownership and control
(see also chapter 3.8). To which extent the above-mentioned — and general, not spe-
cific for nanotechnologies — disadvantages of patents become true for nanotechnolo-
gies, depends to a large extent on how broad the patent claims can be, how strict the
criteria of novelty and non-obviousness and distinction between discovery and inven-
tion are interpreted in practice (Stipkala 2005), e. g. whether a known (and patented)
drug can also be patented in nanoparticulate form. This remains a challenge mainly for
patent offices.

Moreover, the ethical challenge where to draw the borderline of patentability of
nanotechnology inventions is still to solve, especially, if, as is most likely in biomedical

34 http://www.nanoandthepoor.org/
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applications, living organisms or their components are involved. In addition to the
above-mentioned governance and control issues, this raises the ethical questions of

o the patentability of living matter or of atoms as basic building blocks of nature,

o whether such patents would offend against public policy or morality and thus would
qualify as non-patentable,

e whether human dignity is protected (GAEIB 1993; GAEIB 1996).

This has already been a major controversial issue in the biotechnology field (e. g. with
the campaign "No patents on life"), and it could well be that the controversial discus-
sion could also extend to nanotechnologies. An indication for this could be that the
technology-critical civil-society group Action Group on Erosion, Technology and Con-
centration (etc-group) has already addressed the issue (ETC Group 2005b; see also
chapter 3.12.4).

3.5.3 Resource allocation in health care systems

One issue subsumed under the "nano-divide" term is the concern that not all patients
who could benefit from nanotechnologies-enabled diagnostics, therapeutic interven-
tions or services would have equal access to them. This concern relates on the one
hand to the question whether health care systems in poor countries will be in the posi-
tion to provide them. On the other hand, in developed countries, access to advanced
diagnostic and therapeutic options often depends on whether such interventions are
reimbursed by statutory or private health insurances, or whether the patient has to pay
for it himself. Given the fact that most nanotechnologies-enabled products and services
will not come at lower costs than their conventional counterparts with which they com-
pete, only those patients able to afford the costly interventions would have access. On
the other hand, if the limited (!) health care resources were generally spent on expen-
sive nanotechnologies-enabled interventions when the same health effect could be
achieved in a more cost-effective way with alternative interventions, this would also
prevent other patients from access to appropriate treatments, because of the misallo-
cation of scarce resources.

Against this background, there is a need for fairness and transparency in such re-
source allocation decisions. This means that the decisions should be oriented towards
the health outcomes that are to be achieved in a cost-effective way. This could imply a
comparative assessment of nanotechnologies-enabled interventions with alternative
options to achieve the objective, in order to avoid that certain options are unduly fa-
voured over others. Health technology assessments, health economic assessments
and a systems perspective, taking the entire disease management process into ac-
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count, would substantially support the knowledge base for and transparency of such
decisions.

3.54 Prerequisites for taking advantage of extended options for
self-determination

As outlined in chapter 3.2, nanotechnologies-enabled diagnostic and therapeutic inter-
ventions will provide extended options for self-determination with respect to one's
health, especially through predictive testing and risk specifications in early, asympto-
matic stages of disease. However, in order to use these options for one's benefit, cer-
tain skills and abilities will be required (Rohr, Schade 2000). Among them are the will-
ingness and motivation to care for one's future life, to have the means and motivation
to alter one's way of living in order to avoid or reduce health risk factors in case a pre-
disposition for a disease is detected, to cope with this knowledge of an imminent health
threat, and to invest in disease prevention. In order to avoid a "nano-divide" in this re-
spect, information and education of patients as well as enabling them to take self-
responsibility for their health is important.

3.5.5 Right not to use available options

The broadening of options to exert self-determination with respect to one's health also
bear the downsides that it could, under perceived or factual social pressure, also turn
into a duty for self-responsibility in a context where diseases are no longer perceived
as "fate", but as "preventable", especially, if population screening schemes are intro-
duced. In this context, patients could be exposed to factual or perceived discrimination,
if they do not make use of the predictive testing and risk specification options available.
This requires a broader debate about the question to which extent man can be held
responsible for his own life and health, and how this responsibility can in practice be
balanced with the right not to know and with patient's autonomy.
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3.6 Privacy

3.6.1 Overview of relevant privacy issues and measures to gua-
rantee privacy

The issue of privacy is especially relevant for nanotechnologies applications in medical
diagnostics which is a near-term development in in vivo imaging and in vitro diagnos-
tics (Wagner, Zweck 2005, chapters 8 and 9). With respect to social impacts and ethi-
cal deliberations, one can build on an extensive analysis in the genetic testing and
pharmacogenomics/pharmacogenetics field (see e.g. CIOMS Working Group on
Pharmacogenetics 2005; The Royal Society 2005; Kollek et al. 2004) as well as the
telemedicine/ambient intelligence field (see e.g. Friedewald, Da Costa 2004;
Friedewald et al. 2005). Despite these links to similar issues, a nano-specific analysis
is nevertheless desirable for the following reasons:

e The nanotechnologies community is — at least in part — not fully aware of and famil-
iar with the debate in the above-mentioned fields,

» Nanotechnologies-enabled diagnostics have specific features and imply both a new
quality as well as new contexts of diagnostic procedures, which make certain social
implications and ethical consideration even more important and/or mean a shift in
emphasis. This is outlined in more detail in the excursus on nanodiagnostics and
nanoanalytics in chapter 3.6.2.

The major concern regarding privacy is the potential misuse of the very sensitive and
personal data obtained by the above-mentioned procedures. In related fields, the fol-
lowing safeguards against potential misuse have been discussed and — partly — imple-
mented. They could also serve as a guidance for the debate of nanotechnologies-
related issues:

e free and informed consent. A consequence from the ethics principles of autonomy
and self-determination is the mandatory requirement for free and informed consent,
before a diagnostic procedure is performed. However, there are several critical
points which must be resolved for a given diagnostic procedure and its context in
order to reduce the risk that sensitive personal information is collected, stored, dis-
tributed, integrated and analysed without adequate consent:

— Scope of the consent. It must be resolved to which scope and which use of data
the consent relates, to which extent and in which form (e. g. anonymised form)
will the data be made available to third parties.

— How informed? Some future nanotechnologies-enabled diagnostic or analytic
procedures may technically allow covert surveillance, without consent and know-
ledge of the person surveyed. Another important aspect is that it is well known
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from genetic testing that, although extensive information and counselling of the
person to be tested is required, the provision very often is of substandard quality
and quantity (see e. g. Ibarreta et al. 2004; Hennen et al. 2000). This situation will
most likely also occur for nanotechnologies-enabled diagnostics and analytics or
will even worsen if a broader diffusion of these diagnostic procedures into (non-
specialist) clinical practice takes place. In addition, several diagnostic procedures
are likely to be performed on persons with impaired ability to understand the con-
sequences of testing or not testing their conditions. This impaired ability may be
due to (young) age, cognitive impairment, a low level of education, disease or
disablement. For these especially vulnerable groups, specific efforts for counsel-
ling or protecting them from undue interventions are required.

— How free? As outlined in chapter 3.5.5, patients could see themselves exposed to
perceived or factual social pressure and discrimination if they wish to make use
of their right not to know and do not make use of the predictive testing and risk
specification options available. This is especially likely if the notion prevails that
diseases are no longer "fate", but are preventable.

e Purpose of tests. Nanotechnologies-enabled diagnostic and analytic procedures
bear the potential to be used for a broad variety of purposes, including defined
medical purposes, research involving human beings, criminal investigations as well
as national security, surveillance and control, testing for workplace and for insurance
purposes. Against this background, there is a clear need for political control and le-
gitimation for which purposes personal data, which allow the identification, classifi-
cation and evaluation of individuals, may be collected and analysed in order to avoid
discrimination, social control and to ensure civil rights.

e Data access and use. There is concern regarding an appropriate confinement of
data access and use, especially if personal data are increasingly interlinked. There
is concern that information may be concentrated in the hand of those with the re-
sources to develop, run and control such networks.

Summarising, it can be stated that the challenge lies in operationalising the above-
mentioned principles in practice and in the resolving of conflicting interests in a fair
way. Moreover, it may be required to establish whether current regulatory frameworks
and institutions provide appropriate safeguards to individual or group privacy (The
Royal Society & The Royal Academy of Engineering 2004, p. 54).

3.6.2 Excursus: Nanodiagnostics and -analytics

In addition to the issue of privacy (chapter 3.6), nanotechnologies applications in medi-
cal diagnostics have also significant other social impacts and ethical implications which
will be outlined in this excursus. This excursus serves as an example how the analysis
of social and ethical implications of nanotechnologies on the one hand can build on an
extensive analysis in related fields (e. g. genetic testing, ambient intelligence), but on
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the other hand implies a shift of emphasis to certain issues. Nanodiagnostics and
—analytics have also been chosen because they are a development which is rather
close to clinical application (Wagner, Zweck 2005; Tirk et al. 2005a).

3.6.2.1  Specific features and characteristics of nanodiagnostics and
nanoanalytics

It is expected that nanotechnologies-enabled diagnostics and analytics will enable a
significant extension in various dimensions of present capabilities to diagnose and ana-
lyse. These features, in their sum, can only be achieved by a convergence of
nanotechnologies with bio- and IC technologies:

e Range of testable conditions. It is expected that the range of testable conditions
(e. g. body functions and states, diseases or disease predispositions) will signifi-
cantly expand, and that tests at the cellular or molecular level will become available.

e Time and frequency. Testing will become possible at earlier disease states (i. e.
before clinical symptoms become manifest) and even before an elevated individual
risk is suspected (i. e. screening), resulting in an increase in predictive testing. It is
likely that also the frequency of testing will increase, in order to monitor the progres-
sion of disease or the effects of therapeutic or preventive interventions, and even
continuous surveillance and control can be expected.

e Ocecasions for testing. While biomedical diagnostics are presently performed mainly
for diagnostic purposes if clinical symptoms or at least an elevated individual risk is
suspected, new occasions are likely to emerge: general screening for preventive
purposes, for specification of individual risk, for monitoring of health status if a
higher individual risk has been identified, and continuous surveillance.

o Sites of testing. In addition to specialists, testing will also be performed by non-
specialist doctors and laboratories, by the care staff or the patient himself; with an
increase in point-of-care and home testing.

e Populations tested. Broader segments of the population will be subjected to testing,
e. g. to healthy people without clinical symptoms, to children, newborns and un-
borns, to tissues and gametes.

o Data acquired. Both the quantity of data acquired will increase, but also the quality
will change: In case of continuous surveillance of at-risk patients, data on behaviour,
activity profiles and life style will inevitably also be acquired. Moreover, the risk of in-
cidental findings, i. e. information about conditions where there was no intention to
obtain them, will increase (see e. g. llles et al. 2004; llles et al. 2002). The sheer in-
crease in quantity and quality of highly sensitive personal data and the increasing
abilities to interlink and process them makes the need for privacy and data protec-
tion even more pressing.
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e Linking diagnostics to intervention. Especially in surveillance applications, deviations
from normal conditions will trigger interventional procedures.

3.6.2.2 Impacts for privacy

Concerns regarding privacy have been analysed in detail in chapter 3.6.1.

3.6.2.3 Quality assurance of tests and related counselling

Given the likely rapid expansion of testable conditions and test systems, there is a
clear need for validation and quality assurance of the tests, especially if they will in-
creasingly be applied outside specialists' facilities and increasingly provide predictive
information. This does not only relate to genetic testing, but also to the testing of dis-
ease conditions in presymptomatic stages of the disease. However, already today, cer-
tification of testing facilities, quality assurance and counselling are not provided in the
required quantity and quality (see e. g. Ibarreta et al. 2004; Hennen et al. 2000; Hising
et al. 2005). Moreover, medical staff must be qualified to appropriately understand and
interpret the results of the tests, which often only give a probability for a disease condi-
tion, in terms that are understandable by the patients and can be transformed into ap-
propriate (changes of) behaviour.

Especially in surveillance applications and "intelligent" devices, the reliability of these
complex systems and vulnerability to interferences is important. They may also pose
new problems with respect to liability in case of failure (see also chapter 3.7).

3.6.2.4 Dealing and coping with information from diagnostic proce-
dures

Many concerns related to expanded options for diagnosis are not directed at the testing
procedures themselves, but relate to the knowledge that is acquired in this way:

o Gap between diagnostic and therapeutic capabilities. While the diagnostic capabili-
ties expand (as outlined in chapter 3.6.2.1), this is not necessarily the case for the
abilities to treat and cure the respective disease or disorder, leading to a widening
gap between diagnosability and curability. It also poses the question to which extent
a diagnostic (predictive) test is justified if no appropriate therapeutic interventions
can be offered to the patient.

o Interpretation of test results. Many diagnostic tests, especially if they are of predic-
tive character, only give a specification of the individual risk in terms of increased
probabilities. Whether the increased risk will, in the future, become manifest as clini-
cal symptoms in the individual case, has inherent prognostic uncertainties. For both
the medical staff as well as the patients it is very difficult to understand and interpret
these test results, and to transform them into an appropriate behaviour. It could re-
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sult in significant psychological stress for the patient and his relatives, if one feels
the sword of Damocles hanging constantly above one's head. If a predisposition for
a severe disorder or disease is diagnosed, this also bears the risk of (perceived or
factual) discrimination, even if the disorder never becomes manifest in the individual
case.

o Incidental findings. The more diagnostic tests are performed, the higher the prob-
ability of incidental findings, i. e. information about conditions where there was no in-
tention to obtain them, and, because of the unintentional character, there are often
no appropriate structures and provisions available or consistently enforced to deal
with these findings, thus increasing the risk that privacy, patient autonomy and the
right not to know, as well as access to counselling and psychosocial support, and
other interests of the patient are at risk.

e Medicalisation of deviations from normal status. The more diagnostic tests are per-
formed, the higher the likelihood that any deviations from a "normal" status are seen
as pathologic and as requiring medical treatment. On the one hand, this poses the
question what — in the light of the wide variability in living organisms — constitutes a
"normal" condition and by whom and on what empirical basis this has been estab-
lished, bearing also in mind that the definition of "normal status" has a clear cultural
component (see also chapter 3.9). On the other hand, this could imply a "systematic
hypochondria" and also a loss of confidence into one's own body, delegating the
sensitivity to body signals to external surveillance systems and also delegating the
responsibility for one's body and health to external monitoring and control. And fi-
nally, the tendency to medicalisation could also imply that other interventions than
medical ones to the deviation could be neglected, although they may be equally ef-
fective.

e Right not to know. The more diagnostic tests are performed, the more the notion
could prevail that people have a duty to perform (predictive) diagnostic tests, result-
ing in social pressure or discrimination if such tests are refused. Against this back-
ground, a broader debate is required about the question to which extent man can be
held responsible for his own life and health, and how this responsibility can in prac-
tice be balanced with the right not to know and with patient's autonomy (see also
chapter 3.5.5).

These issues underline the importance that extensive human testing must be embed-
ded in appropriate structures in terms of quality assurance, counselling and psychoso-
cial support, as has been outlined in chapter 3.6.2.3.
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3.7 Regulation, control, liability

At present, no specific regulations exist in Europe which refer specifically to the produc-
tion and use of nanoparticles either for workers', consumers' or patients' safety or for
environmental protection, so that current rules and operational practices are applied.

In the view of the concerned public, the implementation and enforcement of appropriate
and effective regulations and control are major instruments in order to limit possible
misuse and potential risks (see chapter 3.12). In the shaping of appropriate regulations,
governance issues (chapter 3.8) play an important role.

3.71 Regulatory impacts of possible risks of nanoparticles

At present, possible health and environmental risks are a major issue of debate (chap-
ters 3.4), with possibly significant implications for regulation, once the still existing
knowledge gaps have been narrowed through research in order to enable an appropri-
ate assessment of the possible risks emanating from nanoparticles (SCENIHR 2005).
In the directives which regulate market access for medicinal products and medical de-
vices35, a risk assessment and management is already required in order to obtain mar-
ket approval. However, researchers, manufacturers, notified bodies and competent
authorities should be made aware of the need to carry out a dedicated (nano)toxicolo-
gical risk assessment (de Jong et al. 2005). This risk assessment should especially
take into account

o the biological fate of nanoparticles (distribution, accumulation, metabolism, organ
specific toxicity),

« medical-specific uptake routes (injection, implantation),

e possible side effects, based on mechanisms of interaction of nanoparticles with liv-
ing matter (e. g. formation of reactive oxygen species, exacerbation of preexisting
medical conditions), and on transport in the body (e. g. ability to cross the blood-
brain-barrier).

Appropriate and nano-specific test systems and assessment schemes for the above-
mentioned may still have to be developed (SCENIHR 2005), so that the development
of specific guidance documents at a European level for the safety evaluation of

35  For medical devices, the regulatory requirements are laid down in the three European Di-
rectives 93/42/EEC (Medical Devices Directive), 90/385/EEC (Active Implantable Medical
Devices Directive )the (MDD), 93/42/EEC; and 98/79/EC (In Vitro Diagnostic Directive), for
medicinal products, the directives 2001/83/EC (Medicinal Products for Human Use) and
2001/20/EC (Clinical Trials on Medicinal Products for Human Use) apply.
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nanotechnology products applied in medical technology is strongly recommended (de
Jong et al. 2005). Moreover, there will be a need for appropriate labelling and safety
sheets.

In addition to the development of assessment schemes for medical devices and me-
dicinal products which take the specificities of nanoparticles into account, it will also be
required to investigate whether the present classification of products into medicinal
products, medical devices or cosmetics is deemed appropriate to deal with the related
nanoparticle risks. This is important because the regulatory requirements one has to
comply with differ, depending on the relevant regulatory framework. The challenge is to
strike the appropriate balance between ensuring high safety and quality standards for
the patient, consumer and the public and making innovations and market access pos-
sible.

The issue of proper classification is also relevant with respect to the expectation that
there will be an increase in "borderline products" which will be difficult to classify un-
ambiguously, so that a "clearing house mechanism" in regulatory authorities might be
required. Examples for such products are cosmetics with health claims, bio-hybrid arti-
ficial organs, and also autonomous intelligent medical systems. For the latter, it should
be examined whether existing risk assessment and quality control schemes are sulffi-
cient to assess complex systems, operating with distributed decisions, and for which
not all relevant conditions can be tested beforehand.

With respect to occupational health, new workplace standards will be required, as
those established for dust are insufficient. Moreover, the establishing of occupational
exposure limits for chemicals in the form of nanoparticles should be considered
(SCENIHR 2005). Because it is insufficient to rely on knowledge of the classical toxicity
testing of chemicals and materials when the risks of nanoparticles and nanostructures
have to be assessed, it should also be considered whether nanoparticulate materials
should fall within REACH (SCENIHR 2005; The Royal Society & The Royal Academy
of Engineering 2004).

Moreover, an internationally harmonised terminology and nomenclature is required, as
well as international cooperation in research and regulation. Nanotechnology expertise
in regulatory authorities is of major importance to deal with these challenges and strike
an appropriate balance between ensuring health, safety and quality and at the same
time make innovation and commercialisation of nanotechnologies-derived products
possible. Stakeholders' positions regarding the regulatory impacts of possible risks of
nanoparticles are depicted in chapter 3.12.4.2.
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3.7.2 Liability and insurability

It is in the interest of the public, of industry and policy that risks from nanotechnologies
are insurable. At present, there are no special policy exclusions or terms in regular use
that are tailored to address risks from nanotechnologies (Munich Re Group 2002;
Swiss Re 2004; Hett, Herold 2005; Allianz, OECD 2005). In principle, the following
types of damages and losses, to be covered by insurances, are possible:

e Personal injury, leading to workers' or patients' compensation,

e property damage, e. g. through dust explosion during manufacturing,

e financial losses, e. g. due to general and products liability, products recall,
¢ environmental damage, leading to environmental liability,

o third party liability.

Because it will not be possible at present and for a longer period of time, to quantify the
probability of potential losses occurring and their possible extent, the insurance indus-
try works with loss scenarios. These scenarios have the following basic characteristics
(Allianz, OECD 2005, p. 43):

e occupational exposure is a major concern, with increasing numbers of persons be-
ing exposed to nanoparticles,

o causal relationships between action and damage will be difficult to establish in indi-
vidual cases,

o dangers will be chronic rather than acute, harmful effects will evolve over longer
time,

e increasing and high numbers of insurance holders (companies) are likely to be af-
fected.

o thus, resemblance with major product liability cases from the past (e. g. asbestos).

Insurance companies fear ruinous loss accumulation from late claims, but presently do
not seem to take a general exclusion of nanotechnologies from insurance cover into
considerations. Rather, they aim at employing risk management and loss-limiting
measures, such as excluding certain high-risk industrial activities from cover, active
steering of the insurance company's portfolio, or detailed individual risk assessments
(Allianz, OECD 2005). Their strategy also depends on the future development of the
European regulation with respect to the burden of proof to establish liability.
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3.7.3 Free will, responsibility and possible impacts for criminal
law and justice

There is concern that nanotechnologies-enabled ICT brain implants could significantly
modify human behaviour and decision-making, posing the question whether it is the
person or the device that "decides". If intelligent systems intervene substantially with
control of human behaviour, to which extent can either man or the technical artefact be
held responsible for his deeds? This poses on the one hand questions of liability for the
device manufacturer. On the other hand, it could also challenge our ways of thinking
about responsibility and blame, with possible, yet disputed impacts on the criminal law
and justice, because our intuitions about a person's responsibility for his actions de-
pends on a free will (Raeymaekers et al. 2004; Husing et al. 2005, chapter 21). This
controversial discussion is presently being led in the neuroscience field, but could well
extend also to nanotechnologies.

3.74 Military uses

As outlined in more detail in chapter 3.11, Paschen et al. 2003, p. 366ff recommend to
start deliberations whether existing preventive arms control frameworks for biological,
chemical and nuclear weapons are sufficient or whether they should be amended to
also cover nanotechnologies-derived weapons. In addition, nanotechnologies-related
arms control measures should be initiated, such as e. g. trust-building measures and
international cooperation, and — if their development is technically deemed feasible —
an international ban of self-replicating nanosystems.

3.8 Governance

Major concerns of the public with nanotechnologies, but also with new technologies in
general, relate to governance and trust questions which cut across most categories
discussed in this chapter 3. It is acknowledged that nanotechnologies bear the potential
to be both beneficial as well as harmful, but that the outcome depends on the choices
that are made in the further development of nanotechnologies (Arnall 2003). In this
context, the critical questions are (The Royal Society & The Royal Academy of Engi-
neering 2004)

o how future trajectories of nanotechnologies can be steered towards wider social
goals and be exploited for the public good, whether the technology will be shaped in
such a way that its outcomes will genuinely benefit society, the environment and
people,

e to which extent alternative trajectories are also taken into account in order to reach
these goals, and
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e to which extent the rights and interests of all concerned stakeholders are respected,
taken into account and balanced in a fair way in order to avoid a "nano-divide".

There is a prevailing lack of trust in the institutions usually in charge of dealing with
these questions, e. g. policy and administration, multinational corporations, scientists
etc and also in the instruments employed (e. g. research priorities, patents, liability).
These concerns are mostly based on empirical lay knowledge about the past behaviour
of institutions responsible for the development and regulation of technological innova-
tions and risks which is considered to be unsatisfactory in many ways and as a conse-
quence leads to a lack of trustworthiness of these institutions (Marris et al. 2001).

Marris et al. 2001 have also suggested key elements of consistent behaviour over a
longer period, and across different fields, how to restore trust in these institutions,
among them

e admitting uncertainty, and explaining how this has been taken into account in deci-
sion-making,

o utilising input from all relevant sources (not only scientific experts) in order to im-
prove the knowledge base on which decisions are taken,

e being transparent about how decisions are made, including explanations how differ-
ent interests, risks and benefits have been balanced against one another,

e imposing heavy sanctions in cases where mismanagement or fraud is identified,

o demonstrating that the views of the public are understood, valued, respected and
taken into account by decision-makers — even if they cannot all be satisfied (Marris
et al. 2001, p. 11).

Against this background, The Royal Society & The Royal Academy of Engineering
2004 (p. 64ff) have advocated for a broader stakeholders' and the public's involvement
already in "upstream issues" by

¢ informing and educating people,

e learning about the public's and stakeholders' attitudes and preferences,
¢ incorporating public values in decisions,

e improving decision quality,

e resolving conflicts, and

e improving trust in institutions.
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3.9 Enhancement

3.9.1 Introduction

Biomedical applications of nanotechnologies can not only be used to treat and restore
impaired body functions, but also for enhancing them. Enhancement is understood as
interventions which aim at an improvement of human abilities and performance beyond
"normal” levels - also in an excessive and undesired manner (Friele, Fulford 2004).

Enhancement is not at all new or specific to nanotechnologies. Examples can be found
in e. g. use of growth hormones in paediatrics, plastic and cosmetic surgery, doping in
sports, or genetic engineering (Fuchs et al. 2002), and it is also discussed in neurosci-
ence for cognitive, motor and sensory enhancement (Kennedy 2004; McGuire, McGee
1999; Wolpe 2002; Farah et al. 2004; Chatterjee 2004; Hising et al. 2005). Neverthe-
less, nanotechnologies, especially in their convergence with biotechnology and ICT,
are often seen as powerful potential enablers to perform such interventions into a
broad variety of motor, sensory and cognitive functions with unprecedented precision.
As a consequence, enhancement of human capabilities has played a significant role in
nanotechnologies visions (see e. g. National Science Foundation 2002), is envisioned
for military applications (see chapter 3.11, e. g. soldiers with enhanced vision through
retinal implants) and also conjures long-term visions of technologically enhanced man-
machine hybrids ("cyborgs") (see also chapter 3.10). Human enhancement is promi-
nently advocated by the transhumanists and extropiers. This is a sociocultural group
which advocates "the moral right for those who so wish to use technology to extend
their mental and physical (including reproductive) capacities and to improve their con-
trol over their own lives. [They] seek personal growth beyond [their] current biological
limitations" and aim at "redesigning the human condition, including such parameters as
the inevitability of aging, limitations on human and artificial intellects, unchosen psy-
chology, suffering, and our confinement to the planet earth"36.

Apart from these utopian and far-reaching visions, a latent societal demand for en-
hancement of certain human functions (e. g. cognitive performance, alertness, mood,
endurance) is not unlikely. Against this background, ethical deliberations and social
debates are required whether there is a difference between helping someone whose
capacities are below average to reach the average, and helping someone already
above average to reach a still higher level of functioning (Friele, Fulford 2004).

36 quoted from "The Transhumanists Declaration", see http://transhumanism.org/index.php/
WTA/declaration/; accessed Oct 23, 2005
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The present discussion whether enhancement can be seen as an ethically legitimate
goal — inside or outside the medical profession — focuses on the arguments of fairness
and justice, medicalisation of an increasingly wide range of aspects of human life, ac-
complishment, authenticity, and the moral status of human contingency (Fuchs et al.
2002), and an overview will be given in the following paragraphs3’.

3.9.2 Blurred borderline between enhancement and treatment

To choose health and disease conditions as a distinction whether interventions into
human abilities and functions should be considered ethically legitimate or not is prob-
lematic because there is no fixed and clear definition of what can be considered as
"healthy" or "normal". As a consequence, the borderline between "health/enhance-
ment/illegitimate" and "disease/treatment/legitimate” is blurred. This is due to several
factors:

e Broad biological variation of human functions, abilities and performance,

e Social, cultural and subjective elements play an important role in the perception of
what is "normal", and are also subject to change,

e lItis inherent to the interventional procedure that it can be both used for treatment as
well as enhancement. One cannot have the treatment options without having the
risk of using it also with the aim of enhancement.

3.9.3 Consistency of enhancement with ethos of the medical pro-
fession?

In the debate, it is often brought forward that it is the physician's role to have (only) the
duty to heal. In this context, this medical ethos is often seen as a certain precaution
against the use of interventional methods for enhancement and against misuse and
manipulations. This, however, would require a clear and operational distinction be-
tween treatment and enhancement which is difficult to draw. On the other hand, it can
be argued that patient autonomy is increasing, and physician's duties also aim at im-
proving patients' quality of life, so that physicians' roles could well also encompass en-
hancement if it contributes to the (subjective) improvement of an individual's quality of
life. This could, however, lead to a "medicalisation" of conditions which could otherwise
be considered as "beyond the normal limits" but now become a condition requiring
treatment. It could also promote medical interventions as the preferred means of tack-

37 The following text is a modified version of chapter 17 "Enhancement of cognitive functions"
in Husing et al. 2005.
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ling the underlying problem although interventional alternatives, which might be even
more effective, may also be adequate.

3.9.4 Health economics perspective

Interventions with an enhancement purpose also raise the health economic questions
whether and under which conditions health care systems should provide and pay such
interventions. On the one hand, the provision of such interventions could be rejected if
a health care system is understood as a system which only has the duty to compensate
impaired equality of opportunity if it is due to disease, and to restore it to a level which
is the normal function within the species or relevant reference group of the population.
It would be an unjust allocation of scarce resources to provide interventions beyond
this level. On the other hand, it is argued that impaired equality of opportunity may al-
ready arise if the subject's abilities are still within the reference group range. If the per-
ceived level of suffering were equivalent to suffering from disease, it could be consid-
ered unfair not to provide the intervention.

3.9.5 Principle considerations regarding the ethical legitimacy of
enhancement

In the context of enhancement through nanotechnologies, it is not sufficient to take a
health care perspective, as has been done in the previous paragraphs. It is likely that
nanotechnological enhancement would not be confined to the health care systems, and
would also be carried out by other than medical professions.

A central general concern is equality and fairness. It is likely that access to enhancing
interventions will not be equal, so that certain segments of the population will be fa-
voured over others, thus leading to a further widening of socio-economic divide ("nano-
divide"). This does not rule out the possibility that enhancement could be used by indi-
viduals to compensate for existing inequalities, and to narrow the socioeconomic gap.
In this case, it has to be asked whether enhancement on the level of the individual
should be the preferred means, or whether other means (e. g. changing social condi-
tions) are ethically more acceptable in order to diminish socioeconomic disparities. In
this context, the issue of accomplice arises: it is a controversial issue to which extent
the interests of the affected individual should be followed by provision of enhancement
— even if this perpetuates unfair and discriminating tendencies, or whether the individ-
ual's wishes should be denied due to these reasons. In this context, it is also argued
that some forms of enhancement are not only chosen in order to achieve a competitive
advantage, but for the sake of non-competitive, intrinsic benefits. If enhancement were
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rejected in order to avoid socio-economic inequalities, the achievement of intrinsic
benefits would also be ruled out.

The issue of medicalisation of problem-solving by biomedical enhancement has al-
ready been discussed above.

Biomedical enhancement also challenges the authenticity of an accomplishment. In
e. g. contests or exams, not the achieved result or level of performance is important,
but also whether it can be attributed to a person as his/her personal accomplishment. If
the result is, however, achieved with the help of enhancement, this undermines the
accomplishment. The risk that enhancement of human, especially cognitive functions
may also alter the authenticity of a personality, a person's identity and autonomy, has
already been discussed above.

And finally, enhancement has been understood by some authors as a means to over-
ride the human contingency, in the sense of fragility, imperfection and finitude, because
humans are subject to chance and change. They reject enhancement due to the high
moral status of these integral elements of the conditio humana, whereas groups as the
transhumanists deny a high moral status of the conditio humana, and explicitly want to
overcome its limitations.

3.10 Blurring the borderline between humans and technical
artefacts

A tendency within nanotechnologies for biomedical applications is the blurring of the
borderline between humans and technical artefacts. There is a certain overlap with the
issue of enhancement (see chapter 3.9), but also poses specific questions.

The use of technical artefacts or interventions for restoring or substituting impaired
functions of the human body is an integral part of human culture, as exemplified by
glasses for impaired vision, limb prostheses, dental implants, pacemakers and organ
transplants. Against this background, the use of nanotechnologies in biomedical appli-
cations pose the question whether such applications bring about a new quality in the
foreseeable time which might push the — culturally defined — borderline between hu-
mans and technical artefacts further (chapter 3.10.1), and if so, whether this borderline
has a moral status and should therefore be fix to a certain extent, or whether it may or
should be subject to change? The latter poses the question how far-reaching these
changes and interventions may go.
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3.10.1 Relevant technical trends

Among the technical trends with the potential to blur the borderline between humans
and technical artefacts are

o Devices as replacements for or complementation of biological components, e. g.
retinal or cochlear implants, artificial organs,

e Intimate integration of miniaturised devices into the human body (e. g. sensors,
pacemakers, artificial organs),

e Interlinkage of humans with internal or external devices (e. g. remote surveillance
and control, brain-computer interfaces), also hybrid systems of distributed action,
i. e. interaction of humans with intelligent technical artefacts,

e "Humanisation" of devices (e. g. "intelligent" devices, autonomously acting systems,
futuristic visions of self-replicating and autonomous nanorobots),

e Far-reaching visions, advocated e. g. by transhumanists (see chapter 3.9), which
explicitly aim at deliberately crossing the borderline between humans and machines
in order to overcome "human limitations".

3.10.2 Quality of intervention

One important question to be discussed in this context is whether it makes a difference
to use e. g. glasses to restore impaired vision, or a pacemaker to support cardiac per-
formance, or to realise devices depicted in chapter 3.10.1. Among the criteria for as-
sessing this questions are

o availability of alternative options for restoring the impaired function,
e severity of the impairment,

o type of impaired function (vital/non-vital, cognitive or sensory/motor/metabolic func-
tion),

o extent (depth) of intervention, including external device or implant/transplant,
(ir)reversibility of device use, controllability of the device by the patient vs. autono-
mously acting devices.

A new quality which may challenge human dignity, fundamental rights, integrity of the
human body and non-instrumentalisation is especially seen in nanotechnologies-
enabled interventions if (EGE 2005, p. 26)

o the devices cannot be removed easily (implants),

o they influence, determine or change cognitive and psychic functions, thus influenc-
ing human identity as a species as well as individual subjectivity and autonomy,

o they could be misused, due to their network capability, for all kinds of social surveil-
lance and manipulation,
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they serve military applications (see also chapter 3.11),

no clear distinction between therapeutic intervention and enhancement can be
drawn (see chapter 3.9),

if technology by-passes normal sensory experience,

if implants influence future generations, biologically and/or culturally.

3.10.3 Concerns and possible impacts

In addition to concerns related to privacy (see chapter 3.6), informed consent (see

chapter 3.5), difficulties to draw the borderline to enhancement (see chapter 3.9), fair
access (chapter 3.5), which are covered elsewhere in this report, we will address here
two fundamental concerns (Baumgartner 2004):

Possible impacts on our understanding of what makes humans human (conditio
humana). What makes humans human is a central question in philosophy and relig-
ion. It also comprises the question against what humans can be distinguished in or-
der to define their identity. In the past, these reflections related to borderlines be-
tween man and animal, or man and God. The developments depicted in chap-
ter 3.10.1 could lead to the requirement to also reflect about the borderline between
man and machine/technical artefacts.

In addition, basic to personal identity is the intimate relationship between bodily and
psychic functions. This personal identity may be challenged if a major proportion of
bodily or psychic functions is performed or supported by technical artefacts.

Autonomy is also considered a central characteristic of personal identity which
would be, in hybrid systems of distributed action, be (partly) delegated to "intelligent"
technical artefacts which act autonomously and adaptively, perhaps leading to
emergent behaviour of the systems with properties that no individual component of
the system has. On the one hand, this poses the more technical question how such
systems can operate safely, effectively and in a coordinate and cooperative manner,
how controllable they are and how unintended impacts of technical autonomy can
be prevented (see also chapter 3.3). It also poses questions regarding liability, if
these systems function in an unintended way (see chapter 3.7). And finally, our con-
cept of a human being as well as human societies are based on the notion that hu-
man beings have a free will, a view that is currently being challenged by some in the
view of recent findings from brain imaging studies (see e. g. Roth 2001; Wegner
2002; Singer 2003), and is very controversially being discussed (see e. g. Pauen
2004; Prasident der Berlin-Brandenburgischen Akademie der Wissenschaften 2004;
Raeymaekers et al. 2004). If technical devices would interfere with the free will, then
our ways of thinking about responsibility and blame would be challenged, with pos-
sible, yet disputed impacts on the criminal law and justice, because our intuitions
about a person's responsibility for his actions depends on a free will (HUsing et al.
2005, chapter 21). This discussion from the neuroscience/philosophy-field could
also extend to nanotechnologies.
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e Moral status of "made" artefacts. The question is also raised whether "made" arte-
facts which fulfil important criteria of known forms of living organisms can claim the
moral and normative status that is currently assigned to humans, animals or other
life forms.

3.11 Military uses

Biomedical applications of nanotechnologies bear the potential to be used both for civil
as well as military purposes. At least in the USA, the Department of Defence is a major
funding agency for nanotechnologies, carries out own research, and also several vi-
sions, goals and applications are clearly military. Among them are (Paschen et al.
2003, p. 127ff)

o the use of nanotechnology drug delivery systems for the improvement of chemical
and biological weapons,

e nanoparticles as or nanomanufacturing for the design of new classes of weapons,
e improved detection of biological and chemical weapons through nanosensors,

e enhancement of soldiers' performance in battles, e. g. by improved vision through
devices such as retinal implants, or antimicrobial battle-suits,

e improved surveillance of the population or the enemy in espionage through
nanosensors,

e manipulating widely-used nanosensors and delivery systems in order to harm the
enemy forces and population,

e autonomous, perhaps self-replicating nanorobots with human-destructive potential
("Grey goo").

Moreover, a widening "nano-divide" (see chapter 3.5) could contribute to the aggrava-
tion of conflicts both within one country ("social peace" under threat) and between
countries or regions.

Against this background, a US citizens' jury on nanotechnologies has recommended
"that nanotechnology not be used to develop weaponry" (Kleinman, Powell 2005).
There are concerns that nanotechnologies could trigger new forms of arms race, and
that new forms of weapons could be developed which are not covered by existing arms
control frameworks. Moreover, as civil and military R&D in nanotechnologies cannot be
unambiguously be distinguished, it may be difficult to detect, monitor and control
nanotechnologies weapons development programmes. As secrecy is an inherent fea-
ture of military R&D, this secrecy could fuel also the public's distrust in nanotechnolo-
gies R&D which may not be restricted to military R&D, but might also extend to clearly
civil developments. As a consequence, Paschen et al. 2003, p. 366ff) recommend
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e to increase transparency and provide information in order to make clear which
nanotechnology developments and applications are civil, military or dual-purpose,

o to start deliberations whether existing preventive arms control frameworks for bio-
logical, chemical and nuclear weapons are sufficient or whether they should be
amended to also cover nanotechnologies-derived weapons, and

¢ to initiate nanotechnologies-related arms control measures, such as e. g. trust-
building measures and international cooperation, and — if their development is tech-
nically deemed feasible — an international ban of self-replicating nanosystems.

3.12 Public perception of and attitudes towards nanotech-
nology and nanobiotechnology in the medical sector

3.12.1 Media coverage of nanotechnology

Mass media play a significant role in the shaping of public attitudes to nanotechnology
because they are a major source of information for the general public. Moreover, they
have a role as agenda-setters for public discourse and as gatekeeper who confer
status on issues, stakeholders, and policy makers. Therefore it is of interest to examine

¢ to which extent nanotechnology has become an issue that is covered in mass print
media (salience38),

e which themes are covered and how they are framed; i. e. what type of arguments
are being mobilized, and

o what the proportion of stories with positive and negative assessments is.

Such studies have extensively been carried out for biotechnology. Meanwhile, several
studies have also been carried out which address the media coverage of nanotechnol-
ogy. They mainly focus on the USA and UK print media coverage of nanotechnology,
and most of them are modelled on similar studies of biotechnology which allows — to a
certain extent — a comparison of the media coverage of the two technologies. Table 3.2
gives an overview of published or ongoing studies on media coverage of nanotechnol-

ogy.

38 Salience is an indicator of the attention given to an issue.
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Table 3.2: Overview of published studies on media coverage of nanotechnology
Country Media analysed Tm_1e Remarks Source
period
UK 10 UK-based daily 4/2003- | Framing of nanotech- Anderson et al.
newspapers39 and 8 UK- | 6/2004 | nology during period of | 2005
based national Sunday rising public salience
newspapers40
USA New York Times 1990- Analysis of risk and Gaskell et al.
UK Independent (London) 2003 benefit coverage 2004; Gaskell et
al. 2005
USA Selected US and UK 2000- Conference abstract, no | Friedman and
UK newspapers and wire 2004 data published yet Egolf, 2005
services
USA New York Times, Wash- | 1986- Comparison with media | Gorss, Lewen-
ington Post, Wall Street | 2004 coverage of biotechnol- | stein 2005
Journal, Associated ogy, analysis of salience
Press and framing
USA US newspapers, maga- 1986- Faber 2005
zines, general interest 1999
publications (not speci-
fied) retrieved from
ABI/Proquest database
(mostly) 94 mostly US newspa- 1988- up to now quantitative Stephens,
USA pers and popular peri- 2003 analysis, content analy- | McKissick 2004
odicals sis in progress
national television and
radio broadcasts
(mostly) 94 mostly US newspa- 1988- content analysis of 350 | Stephens 2005
USA pers and popular peri- mid200 | articles
odicals 4
(mostly) (Mainly) US media avail- | 12/2003 | Content analysis, topics: | Schummer
USA able online and covered | -6/2004 | business, politics, 2004
by the news portal SciTech, ELS concerns
Topix.net
not speci- Nanotechnology books, 2004 Purchase of nano-books | Schummer
fied, reach | available through from online-bookstore 2005
of WWWw.amazon.com as indicator for public
www.amaz interest in nanotechnol-
on.com ogy; network analysis of

co-purchase book data
combined with content
analysis

39  The Times, The Guardian, The Daily Telegraph, The Independent, The Financial Times,
The Daily Mail, The Daily Express, The Daily Mirror, The Sun, The Daily Star.

40  The Sunday Times, The Observer, The Sunday Telegraph, The Independent on Sunday,
The Mail on Sunday, The Sunday Express, The Sunday Mirror, The News of the World
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The most extensive study has been conducted by Gorss, Lewenstein 2005 for the
USA, whereas data from Europe are only available for the UK (Gaskell et al. 2005, and,
most recently, from Anderson et al. 2005). In the following, we summarise the key re-
sults from these two studies. Because no studies have been published up to now which
specify media coverage of biomedical nanotechnology applications, the results relate to
media coverage of nanotechnology in general.

In the Gorss, Lewenstein 2005 study, a content analysis of all nano-related articles was
carried out which had been published between 1986 and 2004 in three US elite news-
papers (New York Times, Washington Post, Wall Street Journal) and one general
newspaper (Associated Press). The content analysis comprised the classification of the
themes41 covered in the articles, as well as the frames42 (the context in which the
themes are presented). The main findings can be summarised as follows:

e Nanotechnology coverage in the selected US newspapers remained on a low level
of only a few articles per year from 1986 to 1998. From 1999 onwards, media cov-
erage increased strongly and steadily over time, reaching more than 150 articles
in 2003, and is expected to rise further in the coming years.

e Media interest in nanotechnology began to spread from the opinion-leading elite
press which mainly addresses leaders in America also to a wider public addressed
by the general press in 2003, which corresponds to a time delay of approximately
4 to 5 years.

e Media coverage of nanotechnology throughout the entire period is overwhelmingly
positive. This is due to two factors: on the one hand, articles about applications and
finance dominate the coverage, and these tend to be inherently more positive in
tone. On the other hand, articles about nanotechnology risks are clearly negative in
tone, but are less prevalent. In addition, the positive stories tend to be much more
positive than the negative stories are negative.

41 Six themes were distinguished: 1. proposed and actual uses of nanotechnology ("Applica-
tions"), 2. current legislation ("policy"), 3. bipartisan support or disagreement, federal mon-
ies issues ("politics"), 4. investment reports, economic opportunities ("financial"), 5. "safety
and risks", and 6. "Others".

42 Nine typologies of framing for nanotechnology were applied: 1. report of technical devel-
opment, nanotechnology represents the "wave of the future" ("Progress");
2. nanotechnology's effect on the economy ("Economic Prospects"); 3. Nanotechnology is
either morally necessary or morally repugnant ("Ethical"); 4. Developing nanotechnology
will create unforeseen ills ("Pandora's box"); 5. Nanotechnology may spiral out of human
control ("Runaway"); 6. Coverage about ethical, legal, and societal implications; influence
over research and development ("Public Accountability"); 7. Applications from nanotech-
nology will be in the distant future ("Long Way Away"); 8. Nanotechnology represents a
confluence of technologies including biotechnology, information technology, and cognitive
science ("Confluence"); 9. "Others".
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o With respect to the framing, the vast majority of articles tend to frame nanotechnol-
ogy in terms of progress and economic prospects. From these data it can be con-
cluded that the analysed media mainly present nanotechnology as a distinctive new
source of progress.

e The "public accountability frame"42 arises early and remains present throughout. It
appears about as often as the "scary science fiction scenarios" which are repre-
sented by the frames "Pandora's box" and "Runaway" and address nanotechnology
as uncontrollable. According to the authors, this may be due to the media reflecting
that the public is worried more by questions of trust and credibility than by risks and
"scary science fiction scenarios".

e Nanotechnology media coverage appears to be event-driven rather than issue-
driven.

Comparison of nanotechnology media coverage USA - UK

While these data relate to newspaper coverage in the USA, Gaskell et al. 2005 per-
formed a comparative analysis of nanotechnology coverage in the US newspaper New
York Times and the UK newspaper Independent. This study confirms the results of
Gorss, Lewenstein 2005 that the media interest in nanotechnology does not begin be-
fore 1999, and that there is subsequently a steady and strong rise of nanotechnology
coverage in the press. This holds true for both the USA and the UK. However, the
rather low number of articles is seen as an indicator that nanotechnology is only just
appearing on the radar screen of press and public attention. Moreover, in both coun-
tries benefits of nanotechnology (e. g. advances, improvements of any kind) are more
often reported than risks (e. g. threats, dangers). However, there was considerably
more reference to benefits in the New York Times than in the Independent, rendering
UK media coverage of nanotechnology less overwhelmingly positive than in the USA.
Three sources dominated the increasing risk coverage in 2002/2003: the publication of
Michael Crichton's novel "Prey" (2002), the publication of the ETC group reports (ETC
Group 2003b; ETC Group 2003a) and, especially, a speech of Prince Charles in 2003
(Anderson et al. 2005). Further monitoring of the media coverage is required to decide
whether US media keep on reporting much more positively about nanotechnology than
UK media.

Comparison of nanotechnology and biotechnology media coverage in the USA

The media analysis of Gorss, Lewenstein 2005 also allows a comparison of US media
coverage of nanotechnology with biotechnology in its early stages. The key findings
are:
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In both technologies, the media coverage shows a similar pattern regarding the time
course and amount of articles. Media interest in biotechnology started in 1977-1980,
whereas media attention for nanotechnology became apparent from 1999 onwards.

Both technologies in their early stages are predominantly framed as "progress".

Therefore, the media coverage of both biotechnology in its early stages as well as of
nanotechnology seem to follow a similar pattern in terms of salience and framing
which might point to a common pattern of "emerging technologies".

The framing as "progress" was much more dominant in biotechnology in its early
stages, where overall strongly positive assessments and hardly any "negative"
frames were reported in the articles. By contrast, nanotechnology is presented in the
media not as overwhelmingly positive as was biotechnology; negative frames and
especially the "public accountability" frame are included much earlier and at a more
significant level. The reasons for this difference have not yet been analysed. Among
the hypotheses discussed are

— having learnt the lessons from the very controversial and polarised biotechnology
public debate in biotechnology, trying to "avoid the same mistakes with
nanotechnology",

— inherent feature of nanotechnology as an issue,

— effect of the current public climate where people seem to be more inclined to pay
attention to risks and possible impacts (of technologies).

Most articles for biotechnology as well as nanotechnology can be appropriately
classified according to the chosen themes and frames. However, two frames asso-
ciated with biotechnology ("Nature/nurture"-frame, "Globalization"-frame) are not
(yet?) pertinent to nanotechnology. On the other hand, nanotechnology media cov-
erage employs two new frames42, "Long way away" and "Confluence" which are not
prominent for biotechnology.
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3.12.2 Public opinion — knowledge and attitudes as revealed in

surveys

Since 2002, several surveys have been completed which aimed at elucidating the
(general) public's knowledge of and attitudes towards nanotechnology. An overview of

these surveys is given in Table 3.3.

Table 3.3: Overview of surveys of the general public's knowledge of and attitudes
to nanotechnology
Country Population sample Time of Remarks Source
analysed survey
EU 15 15,000; 1,000 in each Sept-Oct Part of the Euro- Gaskell et al.
EU member state 2002 barometer 55.2 2004; Gaskell et
survey, random al. 2005
probability survey,
face-to-face inter-
views
USA 850 Dec 2002 to | Random probability
Feb 2003 survey, telephone
interviews
EU25 32,897 citizens, aged 15 | Jan-Feb Part of the Euro- Eurobarome-
or above; appr. 1,000 or | 2005 barometer 224 and | ter 224
500 in each country 225 survey, ran- and 225, wave
EU25 Member States, dom probability 63.1, special
Candidate countries survey, face-to-face | survey "Euro-
(Bulgaria, Romania, interviews peans, Science
Croatia, Turkey) and and Technol-
EFTA countries (Iceland, ogy"43
Norway, Switzerland)
UK 1,005, aged 15 or over Jan 8-14, Representative The Royal So-
2004 quantitative three- ciety & The
question survey, Royal Academy
part of a larger of Engineering
face-to-face survey | 2004; BMRB
Two workshops for | 2004
qualitative results
DE 1,019 general popula- Sep 10-19, Random-digit di- komm.passion
tion, aged 14 and above | 2004 alled survey, face- | GmbH 2004
to-face interviews

43 http://europa.eu.int/comm/public_opinion/archives/ebs/ebs 224 report_en.pdf;
http://europa.eu.int/comm/public_opinion/archives/ebs/ebs 225 report_en.pdf
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Table 3.3 continued

Population sample

Time of

Country Remarks Source
analysed survey
USA 3,909 Oct 2001 Non-random inter- Bainbridge
net survey, 3 nano- | 2002
items within the
larger Survey2001
USA 1,536 general popula- Late March National random Cobb, Macou-
tion, aged 18 years or to early April | probability tele- brie 2004
older 2004 phone survey
USA 1,536 general popula- Late March Experiment em- Cobb 2005
tion, aged 18 years or to early April | bedded in the tele-
older 2004 phone survey; par-
ticipants were pre-
sented different
framings of
nanotechnologies
USA, 978 students and staff of | not speci- Multiple choice Sheetz et al.
Texas University of Texas Pan | fied; 2004 questionnaire 2005
America, > 18 years of likely
age, not related to sci-
ence and engineering
fields
USA 706 Fall 2004 Representative, Scheufele,
carefully con- Lewenstein

structed probability
sample, national
telephone survey

2005; Lee et al.
2005

The more extensive and detailed surveys have addressed the following questions:

e What does the public currently know about nanotechnology?

e Which attitudes prevail in the public?

e How does knowledge about nanotechnology affect attitudes towards it?

o Which role do risks play? Do they dominate public perceptions, or is there a bal-

anced view of risks and benefits?

o What is the role of social embedding of nanotechnology?

Although the surveys are difficult to compare in detail because of important differences
in how the questions were asked and how the answers were recorded, there are sev-

eral common findings:

e Low awareness. In general, the awareness of the general population of nanotech-
nology in all countries surveyed is low. For example, only 29 % of all respondents in




3: Social and ethical issues in nanobiotechnology in the medical sector

the UK survey had heard of nanotechnology (The Royal Society & The Royal Acad-
emy of Engineering 2004, p. 59; BMRB 2004); in Germany, a share of 45 % was
found (komm.passion GmbH 2004); and according to a US survey 48.2 % of the re-
spondents had heard of nanotechnology (Cobb, Macoubrie 2004). In the 2005
Eurobarometer survey, nanotechnologies received by far the lowest rate of interest
among the suggested eight items, with a mere 8 % developing interest in this field43.
This, however, represented a doubling of interest compared to the 2001 survey
where only 4 % of the respondents showed interest in nanotechnologies.

Little factual knowledge. In accordance with the low awareness of nanotechnology,
the factual knowledge is even lower in the general population. For example, only
19 % of all respondents in the UK survey could offer some definition of nanotech-
nology (The Royal Society & The Royal Academy of Engineering 2004, p. 59; BMRB
2004); in Germany, 15 % could specify what they associate with nanotechnology
(komm.passion GmbH 2004); and in the USA, respondents on average could an-
swer correctly only one of three factual true or false questions about nanotechnology
(Cobb, Macoubrie 2004).

Overall positive assessment, more benefits than risks. First exploratory surveys into
the public's attitudes towards nanotechnology found a very positive assessment of
nanotechnology. In a US internet survey of a segment of the population which is
more likely to be positive about science and technology, 57.5 % of the respondents
supported the statement that "human beings will benefit greatly from nanotechnol-
ogy", whereas only 9 % agreed with the statement that "our most powerful 21 cen-
tury technologies - robotics, genetic engineering, and nanotechnology — are threat-
ening to make humans an endangered species" (Bainbridge 2002). In a US survey
of the general population, the majority of Americans expected improvements (50 %)
from nanotechnology regarding our way of living, 35 % of US respondents didn't
know, whereas "no effect" was assumed by 12 % and "will make things worse" by
only 4 %. Similar patterns prevailed in the EU15 regarding the "no effect" and "will
make things worse" answers, but significantly less Europeans expected improve-
ments (29 % of EU respondents) while the majority (53 %) answered "don't know".
These results can be interpreted that people in the USA are more likely to take an
optimistic stance on the (yet) unknown technology whereas the maijority of Europe-
ans adopts a wait-and-see position (Gaskell et al. 2004; Gaskell et al. 2005).

In 2005, the following attitudes towards nanotechnologies were found in the EU25:
"Positive effects" on our way of life in the next 20 years were expected by 48 % of
respondents, "no effect" by 4 % and "negative effects" by 8 %, and 40 % didn't
know. Compared to the results obtained two years earlier, the share of undecided
respondents had decreased significantly, as had the share of those assuming posi-
tive effects of nanotechnologies43.

Benefits and risks. Some surveys address the questions which benefits and risks
the public expects or fears from nanotechnology. In the USA, respondents could
choose only one risk and one benefit from a list of five potential benefits or risks as
the most important one to obtain or avoid. "New ways to detect and treat human
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diseases" clearly scored highest among the benefits (chosen by 57 % of respon-
dents), followed by "New ways to clean the environment" (16 %), "Increased na-
tional security and defence" (12 %), "Physical and mental improvements for hu-
mans" (12 %) and "Cheaper, better consumer products" (4 %). Regarding the risks,
there was no similarly clear consensus which risk was perceived to be the most im-
portant one to avoid. "Losing personal privacy" scored highest (31 %), followed by
"arms race" (24 %), "breathing nanoparticles that accumulate in the body" (19 %),
"economic disruption" (14 %) and "uncontrollable spread of nanorobots" (12 %).
Which benefits or risks were chosen was largely independent of the respondents'
level of knowledge of nanotechnology (Cobb, Macoubrie 2004).

The survey in Germany also covered expectations and fears related to nanotech-
nology. As in the USA, use of nanotechnology for medical progress and environ-
mental protection, as well as for economic growth was supported by more than 60 %
of the respondents and rated as very positive (average score 2.5-2.8 on a scale of
1to 6 (1 = strong support, 6 = strong rejection)). On the other hand, only 38 % "are
afraid of nanoparticles which cannot be seen, heard or felt", whereas 50 % reject
being afraid of them (komm.passion GmbH 2004).

Scheufele, Lewenstein 2005 found no significant influence of the awareness of
nanotechnology on the perceptions of risks, but of benefits: respondents aware of
nanotechnology perceived the benefits stronger than the unaware respondents,
whereas no significant difference between the two groups was found regarding the
risks.

e Emotions. Because emotions also play an important role in the construction of atti-
tudes, Cobb, Macoubrie 2004 in their US survey also explored emotional reactions
to nanotechnology. Most Americans hold positive, not negative emotions when
asked how they feel about nanotechnology, with the absence of negative emotions
being even stronger than the presence of positive emotions (70 % hopeful, 84 % not
worried, and 95 % not angry).

e Trust and social embedding of nanotechnology. In the USA, the majority of respon-
dents report low trust in business leaders within the nanotechnology industry to
minimize risks to humans (60 % answer "not much", 40 % "somewhat" or "a lot")
(Cobb, Macoubrie 2004). In Germany, 50 % of the respondents support the state-
ment "The risk of companies using nanotechnology in an irresponsible way is too
large". The survey in Germany reveals preferences regarding the social embedding
of the future development of nanotechnology (komm.passion GmbH 2004):

— Support of independent basic research which also addresses dangers and risks
(supported by 69 % of respondents, score 2.1),

— Stronger governmental control of nanotechnology (supported by 64 %, score
2.6),

— Clear labelling of products produced with the help of nanotechnology (supported
by 60 %, score 2.7),
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— Research of nanoparticle effects on the environment prior to placing nanoparticle-
containing products on the market (supported by 53 %, score 3.0).

All in all, the combined findings from the surveys show that levels of awareness of
nanotechnology as an issue and levels of perceived knowledge are very low. Neverthe-
less, (even) in the absence of relevant scientific or policy-related information, people
form opinions and make judgements about nanotechnology. Their opinions are cur-
rently influenced by factors other than factual and nanotechnology-specific information.
Among these influencing factors are attitudes towards science and technology in gen-
eral, scientific literacy, emotions, and cognitive shortcuts (e. g. personal predisposi-
tions, such as religion, ideology) and heuristics which are often provided by the mass
media (for media coverage of nanotechnology, see chapter 3.12.1). Popular metaphors
such as the "grey goo" have not been taken up widely and significantly by the general
public, as benefits and positive emotions prevail. This perception, however, depends
strongly on the social and regulatory context in which nanotechnology is embedded
(Cobb, Macoubrie 2004; Scheufele, Lewenstein 2005; Priest 2005).

3.12.3 Focus groups and Citizens' juries

Because surveys of the general public's attitude towards nanotechnology revealed a
prevalence of "uninformed opinions about nanotechnology", findings from these sur-
veys are of very limited value for the identification of genuinely considered beliefs about
nanotechnology. In order to address this issue, some qualitative methods such as fo-
cus groups and workshops have been applied. Moreover, "upstream engagement" of
citizens by participatory elements such as citizens' juries or consensus conferences
have been started. As can be seen from the overview in Table 3.4 and
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Table 3.5, most activities so far have taken place in the USA and the UK. Additional
dialogues will be performed in EU countries within recently started EU-funded projects,
such as Nanologue44, Nanobio-RAISE, and NanoDialogue (Monk, Rachamim 2005).

44 http://www.nanologue.net
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Table 3.4: Selected focus groups on nanotechnology
Country Instrument Date Remarks Source
UK Two moderated not Commissioned by the Royal BMRB 2004,
workshops with speci- Society and the Royal Academy | The Royal So-
participants from fied; late | of Engineering; ciety & The
the general public 2_003 Workshops aimed at exploring Royal Acadgmy
London likely the participants' ideas about and | of Engineering
(23 participants) attitudes towards nanotechnolo- | 2004, p. 59ff
Birmingham gies, the everyday concepts that
(27 participants) people might use to understand
and interpret the technology,
and to identify and discuss ar-
eas for concern and questions
they might have.
USA Experimental issue | 2004 Participants were provided with Macoubrie
groups in three background materials on 2005;
different cities nanotechnology and possible Macoubrie 2006
scenarios. Data were collected
from the participants regarding
attitudes, levels of concern for
risk, trust in government and
industry, individual level reflec-
tions and insights, demographic
data.
Funded by the National Science
Foundation
USA 12 groups with a May- Participants were provided with Macoubrie 2005
total of June balanced, clearly-written infor-
177 participants in 2005 mation on nanotechnology and

3 locations, repre-
sentative of the
demographics in
the respective loca-
tions

Spokane, Washing-
ton

Dallas, Texas
Cleveland, Ohio

on US regulatory and policy
making bodies relevant to
nanotechnology.

Part of the Project on Emerging
Nanotechnologies at the Wood-
row Wilson International Center
for Scholars, in partnership with
the Pew Charitable Trust




3: Social and ethical issues in nanobiotechnology in the medical sector

83

Table 3.4 continued

Country Instrument Date Remarks Source
USA Global Dialogue on | 2005 Carried out by the Meridian In- http://www.nano
Nanotechnology stitute, sponsored by The andthepoor.org/
and the Poor: Op- Rockefeller Foundation (US)
portunities and and International Development
Risks: Research Centre (Canada)
Paper on The dialogue goals are
nanotechnology e Raise awareness about the
implications for the implications of nanotechnology
poor for the poor;
o;(l)lge-conlsultat!on ¢ Close the gaps within and
,E dpggg € regis- between sectors of society to
ereq, c_:orré- develop an action plan that ad-
ments received) dresses opportunities and risks,
Multi-Stakeholder and
Dialogue Meetings ¢ |dentify ways that science and
technology can play an appro-
priate role in the development
process.
Austria | 196; Students at March Non-random sample Wiedemann,
the University of 2005 Schitz 2005

Innsbruck, staff at
the Competence
Centre for Alpine
Risk Management,
Innsbruck

3X2 factorial analysis on risk
perception of nanotechnology
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Table 3.5:

Citizens' juries on nanotechnology

Country

Instrument

Date

Remarks

Source

UK

Citizens' jury
20 UK citizens

April-
Sep 200
5

The Citizens' Jury aims to:

to provide a potential vehicle for
people's informed views on
nanotechnology to have an im-
pact on policy

to facilitate a mutually educative
dialogue between people with
diverse perspectives and inter-
ests

to explore the potential for de-
liberative processes to broaden
discussions about nanotechnol-
ogy research policy

Sponsored by the IRC in
Nanotechnology at the Univer-
sity of Cambridge, Greenpeace
UK, the Guardian and the Pol-
icy, Ethics and Life Sciences
Research Centre at the Univer-
sity of Newcastle.

www.nanojury.o
rg

USA

Madison Area Citi-
zen Consensus
Conference on
Nanotechnology

13 citizens from the
Madison area

April
2005

Organised by University of Wis-
consin-Madison, Rural Sociol-
ogy

Sponsored by the Nanoscale
Science and Engineering Center
at the University of Wisconsin
and the UW Integrated Liberal
Studies Program

Kleinman, Po-
well 2005

http://www.lafoll
et-
te.wisc.edu/rese
arch/Nano/

Austra-
lia

Citizens' Panel on
Nanotechnology

Public engagement
workshop with self-
selected partici-
pants, some of
them associated
with civil society
groups; Melbourne,
Australia

April
2005

Organised by CSIRO as a com-
ponent of the SEI Nanotechnol-
ogy Scoping Project

Katz et al. 2005
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From moderated workshop discussions as performed in the UK (BMRB 2004; The
Royal Society & The Royal Academy of Engineering 2004, p. 59ff) and the USA
(Macoubrie 2005; Macoubrie 2006), the following key findings can be derived:

Major benefits anticipated. Workshop participants anticipate major benefits from
nanotechnologies. In addition to acknowledgement of the general high potential of
nanotechnologies for a broad range of applications and its contribution to general
progress, possible contributions to medical applications, i. e. the development of
new diagnostics and therapeutics are especially emphasised. In addition, benefits
are expected with respect to new materials, environment, energy, consumer prod-
ucts, and improved food and nutrition, and positive impacts on employment and in-
ternational competitiveness are anticipated.

Uncertainty. A major theme in the workshops is the uncertainty associated with
nanotechnologies. This relates to the anticipated benefits as well as the risks and
the possible future balance of benefits and risks, the possible trajectories along
which nanotechnologies might develop in the future, the untried nature of nanotech-
nology, and possible unforeseeable and long-term effects.

Many aspects of concern. In the workshops, many aspects of concern were brought
forward. Among them were the uncertainty and unknown effects of nanotechnolo-
gies, health risks, long-term and side effects, use of nanotechnologies in a way that
was not perceived beneficial for society (e. g. military applications, impaired social
freedom and stronger control), negative impacts for the developing world, insuffi-
cient control of nanotechnology, uneasiness with the governance of decision-making
in nanotechnologies, and "playing God/messing with nature"; see also Table 3.6.

Low trust in government, suspicions of industry. Many concerns related to role and
behaviour of governmental as well as corporate institutions in decision-making about
nanotechnologies. Trust is low that these players will recognise and manage risks of
nanotechnologies proactively and appropriately, and will set priorities in a way that
nanotechnologies develop along trajectories that are socially beneficial and do not
only serve the interests of few (e. g. corporations, stakeholders, countries). Rather, it
is suspected that e. g. corporations could gain too much influence and put economic
interests before safety and general social benefits.

High demand for effective regulation and control. In order to control anticipated
health and environmental risks as well as to avoid that economic interests win over
safety aspects, there is a high demand for the application of the precautionary prin-
ciple, more testing of nanoproducts before their placing on the market, and the pro-
active research into long-term and side effects. Moreover, the enforcement of effec-
tive regulation, not only compliance with voluntary standards is called for — but at the
same time people are sceptical whether governmental bodies will do the job prop-
erly because trust in them is low.

Governance issues, public engagement in technology decision-making. In accor-
dance with low trust in players such as governmental bodies and corporations which
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presently play a dominant role in nanotechnology decision-making, there is a strong
desire for public engagement in nanotechnology decision-making. On the one hand,
workshop participants wish more transparency and to be more informed about the
role and behaviour of the institutions which are involved in decision-making. On the
other hand, they wish "public voices" to be directly involved in decision-making in
order to ensure that in technology development, socially beneficial trajectories are
being followed.

Table 3.6: Concerns related to nanotechnology, as identified in workshops with
177 US citizens
Concern Percentage
True unknowns 13
Regulatory concerns 13
Human health risks 13
Testing and research for safety 12
Effect on the environment 10
Food and food chain concerns 7
Industry irresponsibility 7
Privacy 6
Military uses, international political instability 6
Playing God, messing with nature 4.5
Economic access and education 4
Consumer knowledge and information 3
People-centred goals for progress 1
Taxpayer cost of development 1
Fearful people stopping good 1
Mistrust of government in general 1
Social upheaval and adjustment 0.5
Total (N=426) 100

Source: Macoubrie 2005, p. 11-12

In addition to such workshops, citizens' juries are an instrument for public engagement
in decision-making which on the one hand allow citizens a say in decisions about sci-
ence and technology issues which may affect their lives, and on the other hand may
offer insights or give emphasis to issues that experts would not consider in this way.

Up to now, one citizens' jury on nanotechnology was held in the EU (
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Table 3.5). NanoJury UK was held in Halifax, Yorkshire, UK during the spring and
summer 2005. It was sponsored by the IRC in Nanotechnology University of Cam-
bridge, Greenpeace UK, the Guardian and the Policy, Ethics and Life Sciences Re-
search Centre of the University of Newcastle. After being presented with information
and perspectives from a range of different witnesses, the citizens' jury discussed the
evidence amongst them and made up 20recommendations, of which
10 recommendations received majority support from jury members whereas the other
recommendations were supported only by a minority. The recommendations are pre-
sented in Table 3.7. Because formal and informal links have been established between
the UK Nanojury and nanotechnology-related policy makers, the Nanojury recommen-
dations are likely to receive political attention and have a certain policy impact.
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3.12.4 Non-governmental organisations (NGOs) — Involvement
and positions

3.12.41 Overview

At the present stage of development of the public debate about nanotechnologies, only
few non-governmental organisations (NGOs) have developed a position, communica-
ted it and taken a prominent and visible role in the debate in the EU. The majority of
potentially affected non-governmental organisations45 in the field of biomedical applica-
tions of nanotechnologies are still in an earlier stage of engagement: while the impor-
tance and relevance of nanotechnologies and their possible impacts have been ac-
knowledged by many NGOs, the prevailing activity is the monitoring of the develop-
ment. The monitoring comprises the designation of persons within the organisation who
are responsible for this monitoring, and closely following relevant publications and ac-
tivities such as conferences, workshops etc. Depending on the further course of
nanotechnology development and the public debate as well as on organisation-internal
strategies and resources, a more active engagement or even projects or campaigns
are not ruled out for the future, but are not yet in a concrete conception phase. This
assessment of the present stage of the public debate and the involvement of NGOs
was unanimously given by all experts interviewed for this study.

In accordance with the focus of the present activities on research policy and the identi-
fication and first exploitation of economic potentials of nanotechnologies, science and
industry organisations have advocated for public RTD funding in the field of
nanotechnology, and emphasised the potentials of nanotechnologies and their impor-
tance for international competitiveness and have also been involved in related policy
processes. Noteworthy is the early and prominent engagement of insurance compa-
nies, documented by several studies and position papers (Munich Re Group 2002;
Swiss Re 2004; Allianz, OECD 2005) which has not been observed in other key tech-
nologies.

According to the experts interviewed, only two civil-society groups have gained inter-
national visibility and influence in the field of nanotechnologies: the Canadian based
Action Group on Erosion, Technology and Concentration (etc group) and Greenpeace

45  This relates mainly to consumer organisations, environmental organisations, civil society
groups, and industry unions. We are not aware of patient organisations which have genu-
inely engaged in nanotechnology issues.



3: Social and ethical issues in nanobiotechnology in the medical sector 9

UK. The ETC group46, formerly RAFI - the Rural Advancement Foundation Interna-
tional — is an international civil society organisation which analyses technological infor-
mation, provides information and analysis of socioeconomic and technological trends
and alternatives to civil society organizations and develops strategic options related to
the socioeconomic ramifications of new technologies. According to its own mission
statement, it supports socially responsible developments of technologies useful to the
poor and marginalized, addresses international governance issues, and monitors the
ownership and control of technologies and the consolidation of corporate power. The
head of ETC, Pat Mooney, is known for this fight against Monsanto's genetically modi-
fied seeds. In early 2003, the ETC group called for (ETC Group 2003b; p. 72):

e an immediate moratorium on commercial production of new nanomaterials,

o the launch of a transparent global process for evaluating the socio-economic, health
and environmental implications of the technology,

e proposed the development of an International Convention for the Evaluation of New
Technologies in order to make informed decisions about risks, benefits and ultimate
value of emerging technologies, and

o called for the participation of citizens in open, informed debates.

The group also published reports on

e possible health and environmental risks of nanoparticles (ETC Group 2003a),
o the impact of nanotechnologies on food and agriculture (ETC Group 2004),

e political developments in policy and public debate (ETC Group 2005a) and

e patent issues of nanotechnologies (ETC Group 2005b).

In contrast to the ETC Group, Greenpeace takes a much more balanced position. Key
person is Greenpeace UK's chief scientist, Doug Parr. In the report (Arnall 2003) and
subsequent papers (Arnall, Parr 2005; Parr 2005), the potential of nanotechnologies to
be used for both good and bad purposes is acknowledged and a differentiated opinion,
depending on the applications and taken the present uncertainties into account, is ad-
vocated. Against this background, the process and the knowledge base, on which de-
cisions about future trajectories of technology development are taken, are emphasised.
There is a call for broadening the knowledge base especially regarding effects of
nanoparticles, for transparency and information, and for upstream stakeholder and citi-
zens' involvement in political decisions. As a consequence, Greenpeace UK has been
one of the major initiators and supporters of the UK citizens' jury on nanotechnology
(see chapter 3.12.3). A moratorium is not supported by Greenpeace.

46 http://www.etcgroup.org/about.asp
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According to the experts interviewed, other NGOs, if monitoring nanotechnologies at
all, have not yet formed or published an "official" opinion, but may be in the process of
doing so. The above-mentioned publications and positions by the etc group and
Greenpeace are used as a major input in this process.

3.12.4.2 Debate about health and environmental impacts of nanoparti-
cles

In the last years, a debate about possible health and environmental risks of engineered
nanoparticles has developed. It is mainly an expert debate in which the relevant pro-
fessionals (scientists from toxicology and ecotoxicology, industry representatives, re-
presentatives of relevant governmental bodies and agencies responsible for scientific
advice of government, for surveillance and control of public and occupational health
and the environment, insurance companies) are involved, both on national as well as
international (EU, OECD) levels. Consumer and environmental groups monitor the de-
bate, but have not yet taken an active part in it.

According to the experts interviewed, there is consensus among the different players in
both national as well as the international (EU) debate with respect to the following as-
pects:

o The acknowledgement of both potentials and risks of nanotechnology,
o the need for an early, open and constructive dialogue,

e need for action regarding
— standardisation, common nomenclature, availability of reference materials,
— further research into potential risks of nanoparticles and expositions along all
stages of the life cycle of products,
— further development of test systems,

whereas different views prevail regarding the question whether and which need for
regulation results. Moreover, only few stakeholders know and reflect the interests of the
other stakeholders involved. The following positions can broadly be distinguished:

e Industry. The main interest is the development and commercial exploitation of new
products and services through nanotechnology. Product and process safety in rela-
tion to liability claims play an important role for investments in R&D. Existing regula-
tory regimes are deemed sufficient. Transparency is supported as long as protection
of economically important know-how is guaranteed.

e Governmental agencies, administration. Governmental agencies are in the process
of defining their responsibilities and tasks with respect to nanoparticles and start de-
veloping strategies. They aim at supporting the further development of nanotech-
nologies.
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e Environmental, consumer and civil society groups. Environmental, consumer and
civil society groups aim at preventing or reducing risks for the environment, con-
sumers and workers. They want to critically monitor the developments. They support
increased research into the identification and assessment of risks. Environmental
and consumer groups aim at increasing the transparency for consumers and citi-
zens and therefore support measures such as product labelling.

e Science and research. Science and research see themselves as service providers in
order to close knowledge gaps. Moreover, they hope for more research funding.

e Unions, occupational health. Unions as well as public and private professionals
dealing with occupational health want to examine whether the existing precautionary
and protective measures and regulations need amendment and adaptation.

These positions have also been described for stakeholders in Germany by Ldchtefeld
et al. 2005b.

3.13 Conclusions

In this report, an overview of the social and ethical issues of nanotechnologies is given,
based on the analysis of recent reports, studies and other grey literature, scientific lit-
erature, discussions at conferences and workshops, and interviews with stakeholders,
academics and administration staff with an excellent knowledge of the field. This over-
view comprises the following lines of analysis:

e An overview of social and ethical issues of nanotechnologies which are especially
relevant for policymakers and decision-makers (chapters 3.2-3.847),

e Ethical and philosophical deliberations of possible impacts of nanotechnologies with
respect to enhancement and blurring the borderline between technical artefacts and
living organisms, especially humans (chapters 3.9-3.10),

o Stakeholder attitudes towards and public perception of nanotechnologies (chap-
ter 3.12).

All in all, the analysis shows that it has been widely recognised that there is a need to
address social and ethical issues of nanotechnologies in addition to scientific, eco-
nomic and political issues (as analysed by Wagner, Zweck 2005). Moreover, the ethical
and sociological reflection should rather not be considered as an "add-on" which fol-
lows scientific-technological research and development, but should accompany it as an
integral part. It is hoped that a better understanding of the interaction and mutual inter-
dependence of science, technology and society could lead to more informed decisions
about how to shape the development of nanotechnologies, and that mistakes that have

47  Military uses (chapter 3.11) were included for reasons of completeness
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been made with other technologies, such as biotechnology and genetic engineering,
might be avoided by dealing proactively with the social and ethical embedding of
nanotechnologies.

However, the systematic exploration of social and ethical issues of nanotechnologies
has begun only recently. Due to the early stage of nanotechnologies, these are mainly
basic and general deliberations about possible social and ethical issues for nanotech-
nologies in general. The majority of these analyses relates to nanotechnologies in their
entirety, but is not (yet) differentiated to certain application areas or subfields of
nanotechnologies (e. g. to nanomedicine) or to specific product lines (e. g. drug deliv-
ery). Moreover, because the development of nanotechnologies applications is a rather
long-term endeavour, the exploration of social and ethical issues is hampered by the
inherent uncertainty of this process and by the uncertainty about the future social con-
texts into which the use of the respective applications should be embedded. As a con-
sequence, this report gives an overview of all issues discussed in the context of
nanotechnologies, and makes specific reference to nanomedicine, where possible and
appropriate.

It is striking that the current discussion of social and ethical issues of nanomedicine
applications focuses on applications which are significantly different from the actual
nanomedicine research and development which is pursued by public and private re-
search institutions and companies: Whereas drug delivery systems play by far the larg-
est role in current research and commercialisation efforts in nanomedicine (see
Wagner, Zweck 2005), they have not at all been specifically analysed with respect to
their social and ethical issues. One focus of social and ethical deliberations is on
nanomedicine applications which are still in an embryonic stage, especially nanotech-
nologies-enhanced diagnostic procedures (e.g. in vitro diagnostics and imaging
agents, see chapter 3.6.2). In this area, crucial issues from the social and ethical per-
spective are: purposes of diagnostic tests, dealing with the information thus obtained,
quality assurance and qualification, informed consent, privacy and non-discrimination.
Although a debate about similar issues is already well-developed in the field of genetic
testing, there is nevertheless also a need to debate these issues in the context of
nanotechnologies for various reasons:

o different (scientific) and stakeholder communities are involved which may not be
fully aware of the debate in analogous fields,

e nanotechnologies-enabled diagnostics may have specific features which are differ-
ent from genetic testing, and may be performed in other institutions and structures
so that measures developed for genetic testing may not be fully appropriate for
nanotechnologies-enabled diagnostic procedures and may need adaptation.
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Social and ethical analyses of nanotechnologies also deal to a substantial extent with
the potentially disruptive character of nanotechnologies which has generally been
claimed for nanotechnologies, among them also futuristic visions of nanotechnologies-
enabled autonomous systems capable of replication and of nanotechnologies-enabled
human enhancement (e. g. through "intelligent implants") which are seen as "unrealis-
tic" by the scientific community in the foreseeable future. As a consequence, the chal-
lenge should be met by the social sciences in the coming years to complement the
analysis of the potential disruptive character of nanotechnologies by a differentiated
view for nanomedicine where the majority of innovations "in the pipeline" will most likely
not be disruptive and revolutionary, but will predominantly lead to stepwise and incre-
mental innovations.

Application of nanotechnologies in the medical sector bears the potential for both
health benefits and health risks (see chapter 3.2). The expected health benefits are,
together with environmental benefits, the major driver for the very positive attitudes
towards nanotechnologies in their entirety prevailing in the general public (chap-
ter 3.12). This high level of the public expectations in nanomedicine forms a certain
contrast to the level of public funding devoted to this application area, which, according
to estimations of Wagner, Zweck 2005 is in the order of magnitude of 5 % (nanomedi-
cine) to 20 % (life science related nanotechnologies research) of the total nanotech-
nologies related funding. Findings from surveys, focus groups and citizens' juries point
to the importance of transparency in the political decision-making process with respect
to the pursued goals and allocation of research funding, to the proactive addressing of
potential risks (e. g. from nanoparticles) in research, and call for appropriate forms of
involvement of "the public" in this process. In order to realise the potential health bene-
fits, and minimise the health risks, it is required

o to broaden the knowledge base about the health and environmental effects of
nanoparticles by high-quality research, and to carry out risk assessments on this
basis (see chapter 3.4),

o to take measures (e. g. basic research, development of test schemes, guidance
documents, nanotechnologies-specific qualification of staff in regulatory authorities)
in order to be able to carry out a dedicated nanotoxicological risk assessment in the
frame of market approval of medicinal products and medical devices (see chapter
3.4),

o to strike an appropriate balance in the medicinal products and medical devices mar-
ket approval process between sufficiently rigid regulatory requirements to ensure
safety and quality of the products, but not overly extensive requirements which hin-
der the access of innovative products to the market,
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e to ensure on the one hand that patients have equal access to appropriate diagnostic
and therapeutic procedures, among them also nanotechnologies enabled proce-
dures, but to also ensure a just and transparent allocation of scarce health care re-
sources, especially if innovative nanotechnologies-enabled interventions come at
higher costs. This requires the integration of health technology assessments and
cost-effectiveness studies in the development of these new interventions.

At the present stage of development of the public debate about nanotechnologies, only
few non-governmental organisations (NGOs) have developed a position, communica-
ted it and taken a prominent and visible role in the debate in the EU, especially Green-
peace and the etc group. The majority of potentially affected non-governmental organi-
sations48 in the field of biomedical applications of nanotechnologies are still in an ear-
lier stage of engagement: while the importance and relevance of nanotechnologies and
their possible impacts have been acknowledged by many NGOs, the prevailing activity
is the monitoring of the development.

Research into the public's attitudes towards nanotechnologies have, so far, only ad-
dressed nanotechnologies in their entirety and have not been specifically devoted to
nanomedicine. The results obtained so far can be summarised as follows (chap-
ter 3.12): In the general population, there is only a low awareness of nanotechnologies,
and very little factual knowledge. Despite specific knowledge, overall assessments of
nanotechnologies are positive, and major benefits are anticipated, especially from
health and environmental applications of nanotechnologies. However, focus groups
and citizens' juries also reveal many aspects which are of concern for the layman,
among them mainly how to deal with the inherent uncertainty, and low trust in govern-
mental bodies as well as industry to take decisions for the benefit of the general popu-
lation. Against this background, there is a high demand for effective regulation and con-
trol. In addition, governance issues are stressed and transparency of and public in-
volvement in technology decision-making is called for.
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4 Annex

4.1 Email survey, conducted for chapter 2

The following e-mail was sent to a total of 25 experts:

Dear Professor [name],

On behalf of the EU and the Institute for Prospective Technological Studies (IPTS) we
conduct a study on nanobiotechnology in the medical sector.

We would like to evaluate the impact of nanobiotechnology on health care costs.

In order to put the German results analyzed by Farkas et al 2004 in the European con-
text | would like to ask you to comment on the following six theses and questions from
the [insert country of expert] and European perspective.

1. The ~cost drivers in the health system are the following MDC:
neoplasms, cardiovascular disease, diseases of the nervous system, musculo-skeletal
disease.

2. Disease groups that contribute significantly to the total days in hospital (inpatient
care) are:
neoplasms, psychiatric diseases, cardiovascular diseases

3. Technology dependent costs account for a maximum of 20 % of the total costs.
Thus nanotechnological innovations can have only a significant impact on health costs
if they reduce personnel costs by reduction of the number of days in hospital.

4. In detail nanotechnology will impact health expenditures as follows:

— Cardiovascular disease (including stroke) and neurodegenerative disease: no
significant potential for cost reduction, cost drivers are intensive care for chronic
patients and rehabilitation of stroke patients.

— Neoplasms: potential for some cost savings by early screening and prevention.
However, add on innovations of conventional chemotherapeutic drugs will result
in higher costs.

— Musculoskeletal diseases: small effect, as prosthesis with longer lifespan do not
play an important role for the (older) recipients of endoprotheses.

— The development of combined therapeutic approaches (combination of diagnosis
and therapy; personalized medicine) will give significant impetus for innovations
activities.
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5. Apart from the technological improvement future framework for approval and reim-
bursement are key issues for the impact of nanotechnology on the health system.

6. Finally | would like to ask you for further information:
— Which nanotechnological innovations will impact the health care costs in your
opinion?

— Do you know relevant cost analyses of nanotechnological studies for the medical
sector? (So far we identified comprehensive information about liposomal Ampho-
tericin B (AmBisome) and pegylated doxorubicin).

7. Comments?

Thank you very much for your help. If you would like further information please contact
me via phone (+49/(0) 721-68 09 205) or email (s.gaisser@isi.fraunhofer.de). | would
be very happy if you could send your reply until 14th of October 2005.

Kind regards

Dr. Sibylle Gaisser

4.2 Health economics experts contacted in the frame of
the email survey in chapter 2

Name Institution Country Commented
results
P. Leclercq Dep. de Economie de la Santé, Université BE no
libre de Brussel
Prof. Peter Socioeconomic Institute, University of Zurich | CH yes
Zweifel
Prof. Bernard Institute of Public Health, University of DK no
Jeune Southern Denmark
F. Guillemin Ecole du Santé Public, Université de Nancy FR no
R. Salamon Department d’'informacion medicale, Univer- | FR no
sité de Bordeaux
S. Briancon Ecole de Santé Public, Université de Nancy FR no
Dr. Samantha Trinity College Dublin IRL yes
Smith
Prof. Miriam The Economic and Social Research Institute, | IRL no
Wiley ESRI
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I Commented
Name Institution Country results

Dr. Michael Bar- | Economist at St. James’ Hospital, Dublin IRL no

ry

Dr. Stefano Institute for Economy, University Carlo Cat- IT yes

Capri taneo-LIUC

Prof. Pieter National Institute for Public Health and Envi- | NL yes

Kramers ronment

Prof. Frans Rut- | Institute for Medical Technology Assessment, | NL no

ten Erasmus University, Rotterdam

Prof. Grete Bot- | Institute for Health Management and Health No no

ten Economics, University of Oslo

Prof. Jan E. Department of Economics, University of Ber- | No no

Askildsen gen

Prof. Terje P. Institute for Health Economy, University of No no

Hagen Oslo

Prof. Bjorn Lind- | Centre for Health Economics, Lund Univer- SE no

gren sity

Prof. Carl H. Department of Economics, Lund University SE no

Lyttkens

Prof. Gill Walt Institute for Health Policy, University of Lon- UK no
don

Prof. Robin Department of Economics, University of UK no

Milne Glasgow

T. Kirkwood Institute for Ageing and Health, University of | UK no
Newcastle

F. Noorbakhsh Department of Economics, University of UK no
Glasgow

I.K. Crombie Institute for Epidemiology and Public Health, | UK no
University of Dundee

J. Edwardson Institute for Ageing and Health, University of | UK no
Newcastle

M. Drummond Centre for Health Economics, University of UK no
York

R. Zimmern Public Health Genetics Unit, University of UK no
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4.3 Experts interviewed for chapter 3

Dr. Donald Bruce, Society, Religion and Technology Project, Church of Scotland, Edin-
burgh, Scotland

Dr. Wolfgang Dubbert, Scientist in charge of nanotechnology, Federal Environmental
Agency, Berlin, Germany

Dr. Angela Hullmann, European Commission, DG Research, Brussels, Belgium

Dr. Hans G. Kastenholz, Technology and Society Lab, Head of Unit, Innovation and
Technology Analysis, Swiss Federal Laboratories for Materials Testing and Research
(EMPA), St. Gallen, Switzerland

Ulrich Klotz, Department Economy, Technology, Environment, Management Board, 1G
Metall (Metal Trade Union), Frankfurt/M., Germany

Christoph Lauterwasser, Allianz Center for Technology GmbH, Ismaning, Germany
Dr. Christoph Meili, Die Innovationsgesellschaft mbH, St. Gallen, Switzerland
Doug Parr, Chief Scientist, in charge of nanotechnology, Greenpeace UK, London, UK

Dr. Tilo Propp, Department of Business, Public Administration and Technology, Univer-
sity of Twente, Enschede, The Netherlands

Prof. Dr. Arie Rip, Professor of Philosophy of Science and Technology, Department of
Business, Public Administration and Technology, University of Twente, Enschede, The
Netherlands

Volker Turk, Wuppertal Institute, Sustainable Production and Consumption Depart-
ment, Wuppertal, Germany

Iris Wolf, Head of Department Research — Technology, Industriegewerkschaft Bergbau,
Chemie, Energie (Mining, Chemical and Energy Industrial Union), Hannover, Germany

Dr. René Zimmer, Department 22 (Risk Perception and Early Warning), Bundesinstitut
fur Risikobewertung (Federal Institute for Risk Assessment), Berlin, Germany
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