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1. Hintergrund — Die Medizin als praktische Wissenschaft

Reducing waste ...

Open access, freely available online

In praktischen Wissenschaften ist Erkenntnis

nicht Selbstzweck. sondern Mittel zum st sk iee U3 problern and /i clisracheslic of he Baid and can
7 some corollaries thereof. vary a lot depending on whether the
E d h k a h Z k ) field targets highly likely relationships
rre I C e n p ra tISC er WeC e . Mod. Ilng‘the_ Framework for False or searches for only one or a few

Positive Findings true relationships among thousands
Several methodologists have and millions of hypotheses that may
pointed out [9-11] that the high be postulated. Let us also consider,
rate of nonrepli (lack of for computational simplicity,
confirmation) of research discoveries circumscribed fields where either there
is a consequence of the convenient, is only one true relationship (among
yet ill-founded strategy of claiming many that can be hypothesized) or
conclusive research findings solely on the power is similar to find any of the
the basis of a single study assessed by several existing true relationships. The
formal statistical significance, typically pre-study probability of a relationship
for a pvalue less than 0.05. Research being true is R/(R + 1). The probability
is not most appropriately represented of a study finding a rue relationship
and summarized by pvalues, but, reflects the power 1 = B (one minus
unfortunately, there is a widespread the Type Il error rate). The probability
notion that medical research articles of claiming a relationship when none

truly exists reflects the Type I error
rate, o Assuming that ¢ relationships
are heing probed in the field, the
expeced values of the 2 x 2 table are
given in Table 1. Afier a research
finding has been claimed based on

In der Medizin ist Heilung von Krankheiten und Shoukd be e s onyon achioingformal il ignifanc,
frvalues. Research findings are defined  the poststudy probability that it is true
L . d L - d d Z . I . ht h here as any relationship reaching is the positive predictive value, PPV,
Inderung von Leiden das Ziel, nic uman- formal satisical significancs, ¢ 5, The PPV is alo the complementary
. . . effective interventions, informative probability of what Wacholder et al.
biologische Erkenntnis i e by iy ooy 1] g
. “Negative” research is also very useful. probability [10]. According to the 2
“Negative” is actually a misnomer, and 2 mble, one gets PPV = (1 - B)R/(R
ublished research findings are the misinterpretation is widespread. = PR + @) A research finding is thus
sometimes refuted by subsequent  However, here we will target
evidence, with ensuing confusi Lt oot Claim Citation: loanniis JPA (2005) Why most published
and disappointment. Refutation and exist, rather than null findings. research findings are false. PLoS Med 2(8): 124,
ersy is ¢ - of As has been sh iously, th
coniroversy is seen across che Tange of R 'y "'"”»“»P'T;”;Y e, Copyright: & 2005 John P A.loannidis. This s an
research designs, from clinical trials probability that a research finding open-access article distributed under the terms
and traditional epidemiological studies is indeed true depends on the prior of the Creative Commons Attribution License,
[1-3] to the most modern molecular probability of it being wue (before which permits ““'?‘"‘(;ﬂi use,distribution, and
3 i iy medium,
research [4,5]. There is increasing doing the study), the statistical power work s properly cited. s
concern that in modern research, false of the study, and the level of statistical .
findings may be the majority or even significance [10,11]. Considera 2 » 2 Abbraviation: PPV, posithue preciciive value
the vast majority of published research table in which research findings are John P.A.loannidis is in the Department of Hyglene
lai ; ever compared against the gold standard B
claims [6-8]. However, this should . pa 5 g i L P Medicine, loannina, Greece, and Institute for Clinical
not be surprising. It can be proven of true relationships in a scientific Research and Heslth Policy Studies, Department of
that most claimed research findings field. In a research field both true and Medicine, Tufts-New England Medical Center, Tufts
et : fal R University School of Medicine, Boston, Massachusetts,
are false. Here I will examine the key alse hypotheses can be made about United States of America, E-mailjicannid@cc.uolgr
the presence of relationships. Let R
be the ratio of the number of “true Competing Interests: The author has declared that

The Essay section contains opinion pieces an topics g v el : s on
of broad interest to a general medical audience. relationships” to “no relationships’

Es ist wissenschaftstheoretisch legitim, die Rl nseet)
Medizin an der Erreichung ihrer praktischen ). PLoS Medicine | wwwplosmedicine.org 0696 August 2005 | Volume 2 | Issue8 | e124
Ziele zu messen.

No competing interests exist.

loannidis 2005
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> 25.000 Artikel aus 6 High-lmpact-
(zw. 1979 und 1983)

101 ,frequently cited” papers mit klaren Aussagen

Uber humanmedizinisches Anwendungspotential

5 zugelassene Anwendungen im Bereich der

Humanmedizin bis 2003

1 Intervention mit breiterem

Anwendungsgebiet bis 2003

1. Hintergrund — Translation als Herausforderung in der Medizin

S S |

B0 <

SPECIAL ARTICLES

Translation of Highly Promising Basic Science
Research into Clinical Applications

Despina G. Contopoulos-Toannidis, MD, Evangelia E. Ntzani, MD, John P. A, Toannidis, MD

PURPOSE: To evaluate the predictors of and time taken for the
translation of highly promising basic research into clinical ex

perimentation and use.

METHODS: We identified 101 articles, published between
1979 and 1983 insix major basic science journals, which dlearly
stated that the technology studied had novel therapeutic or pre-
ventive promises. Each case was evaluated for whether the
promising finding resulted in relevant randomized controlled
trials and clinical use. Main outcomes included the time to pub-
lished trials, time to published trials with favorable results
{“positive” trials), and licensed clinical use.

RESULTS: By October 2002, 27 of the promising technologies
had resulted in at least one published randomized trial, 19 of
which had led to the publication of atleast one positive random-

ized trial. Five basic science findings are currently licensed for
clinical use, but only one has been used extensively for the li
censed indications. Promising technologies that did not lead to
a published human study within 10 to 12 years were unlikely to
be tested in humans subsequently. Some form of industry in-
volvement in the basic science publication was the strongest
predictor of dinical experimentation, accelerating the process
by about eightfold (95% confidence interval: 3 to 19} when an
author had industry affiliations.

CONCLUSION: Even the most promising findings of basic re-
search take a long time to translate into clinical experimenta
tion, and adoption in elinical practice is rare. Am ] Med. 2003;
114:477—484. ©2003 by Excerpta Medica Inc.

edical progress is highly dependent on the
M products of basic research (1), which occasion:

allylead to discoveries that have clinical prom-
ise. However, it is not known how often and how fast
original basic research findings translate into clinical de-
velopment and use, as well as what are the predictors of
and obstacles to realization of these findings. To address
these questions, we evaluated a sample of basic research
publications in highly cited journals that had presented
findings showing a clear clinical promise, and studied
whether the original expectations materialized over a pe-
riod of 20 years.

METHODS

Inclusion Criteria
We searched PubMed for articles published from 1979 to
1983 in six highly cited basic science journals: Science,

From the Clinical Trials and Evidence-Based Medicine Unit, Depart
ment of Hygiene and Epidemiclogy (DCL, EN, JI), Department of
Pediatrics (DCI), University of loannina School of Medicine, loannina,
Greece; Biomedical Research Institute {11), Foundation for Research
and Technology-Hellas, Greece; Department of Pediatrics {DCI),
George Washington University School of Medicine and Health Sci-
ences, Washington, D.C.; and Division of Clinical Care Research (J1),
Tufts-New England Medical Center, Boston, Massachusetts.

Requests for reprints should be addressed to John P. A. Toannidis,
MD, Department of Hygiene and Epidemiology, University of loannina
School of Medicine, loannina 45110, Greece, o jioannid@ce.uoi.gr.

Manuscript submitted August 31,2002, and accepted in revised form
November 12, 2002.

©2003 by Excerpta Medica Inc.
All rights reserved.

Nature, Cell, the Journal of Experimental Medicine, and
the Journal of Clinical Investigation, which had the highest
impact factors in 2000, and the Journal of Biological
Chemistry, which receives the most citations. We identi-
fied all articles that contained the word therapy, therapies,
ki , therapeutical, p , preventive, vaccine,
vaccines, or clinical. From these articles, we retained all
original publications that clearly stated that the studied
technology might have future clinical therapeutic or pre-
ventive application. The 5-year period (1979 to 1983) al-
lowed a meaningful time of approximately 20 years to
elapse for examining the translation of basic science re-
search into clinical research and practice. Eligible tech
nologies included substances, antibodies, vaccines, gene
therapies, technical devices and other nonpharmacologic
interventions, combination therapies, or novel tech-
niques for production of the above technologies. We only
considered technologies that were still at an experimental

stage (molecular, cellular, animal, and early nonrandom-
ized humanstudies) that did nothave priorapplicationin
humans for the specific promise. We also included arti

cles that focused on a novel application (different disease
orindication} of a technology already in use in humans or
on a novel strategy combining technologies already in
use. We excluded articles that did not describe a clear
clinical promise in the abstract; editorials; commentaries;
reviews; news articles; articles that focused on mecha-
nisms of action, pathephysiology, or diagnosis; and arti-
cles on agricultural or veterinary applications. Initial

0002-9343/03/4§-see front matter 477
doi:10. 1016/5S0002-9343(03)00013-5

Contopoulos-loannidis et al. 2003

Downloaded from www.sciencemag.org on Sepltember 5, 2008
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1. Hintergrund — Normative Aspekte der Conversionsproblematik

Schlechte ,conversion rate“ von
Grundlagenforschung zu klinischer Anwendung

Kosten-Ineffizienz — Allokationsethischer Rechtfertigungsdruck im

Unginstige Kosten-Nutzen-Bilanz Hinblick auf 6ffentliche Forschungsforderung

Glaubwurdigkeitsproblem angesichts vollmundiger
Translationsversprechungen
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1. Hintergrund — Ursachen der Conversionsproblematik (Auswahl)

Schlechte ,conversion rate“ von

Grundlagenforschung zu klinischer Anwendung

Methodenprobleme Pragmatische und wissenschaftssoziologische Ursachen

Mangelnde interne Validitat
von GF-Studien
Mangelende interne Validitat
von KF-Studien

Ubertragbarkeitsprobleme
(externe Validitat)

Publication bias im Hinblick Praktische Irrelevanz von
auf ,negative results” GF-Forschung

Ubertreibung von Effekten ,Versickern“ von GF-
in GF-Studien Ergebnissen

Betrug/Falschung UnSMARTe Approaches

< n

< /\
Ausbildungsdefizite Falsche_ Gratifikations-_ Defizite im wissenschatftli-
systeme in der Academia chen Projektmanagement
Fehlende Methodenkritik FalscheLorde_:rpolltlsche ~Marketingdruck"
nreize




Ernst-Moritz-Arndt-Universitat Greifswald

Theologische Fakultat

1. Hintergrund — Ursachen der Conversionsproblematik (Auswahl)

Grundlagenforschung zu klinischer Anwendung

Schlechte ,conversion rate“ von

Methodenprobleme

Pragmatische und wissenschaftssoziologische Ursachen

Mangelnde interne Validitat
von GF-Studien
Mangelende interne Validitat
von KF-Studien

Ubertragbarkeitsprobleme
(externe Validitat)

Publication bias im Hinblick
auf ,negative results”

Ubertreibung von Effekten
in GF-Studien

Betrug/Falschung

Praktische Irrelevanz von
GF-Forschung

LVersickern“ von GF-
Ergebnissen

/\

Ausbildungsdefizite
Fehlende Methodenkritik

Falsche Gratifikations-
systeme in der Academia

Defizite im wissenschaftli-
chen Projektmanagement




Ernst-Moritz-Arndt-Universitat Greifswald

Theologische Fakultat

1. Hintergrund — Ursachen der Conversionsproblematik (Auswahl)

Schlechte ,conversion rate“ von

Grundlagenforschung zu klinischer Anwendung

Methodenprobleme

Pragmatische und wissenschaftssoziologische Ursachen

Mangelnde interne Validitat
von GF-Studien

Mangelende interne Validitat
von KF-Studien

Ubertragbarkeitsprobleme
(externe Validitat)

Publication bias im Hinblick
auf ,negative results”

Ubertreibung von Effekten
in GF-Studien

Betrug/Falschung

n

Praktische Irrelevanz von
GF-Forschung

LVersickern“ von GF-
Ergebnissen

UnSMARTe Approaches

/\

Ausbildungsdefizite

Fehlende Methodenkritik

Falsche Gratifikations-
systeme in der Academia

Falsche forderpolitische
Anreize

~Marketingdruck"

Defizite im wissenschaftli-
chen Projektmanagement




Ernst-Moritz-Arndt-Universitat Greifswald Theologische Fakultat

2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung
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Systems Medicine 3P/4P
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Was ist Personalisierte/Individualisierte Medizin?

Schieidgen et al. BMC Medicai Ethics 2013, 14:55
http/www.biomedcentral.com/1472-6939/14/55
® BMC

Medical Ethics

ESEARCH ARTICLE Open Access

What is personalized medicine: sharpening a
2.754 Artikel aus PubMed-gelisteten Journals vague term based on a systematic literature review

Sebastian Schleidgen'”, Corinna Klingler', Teresa Bertram', Wolf H Rogowski** and Georg Marckmann'

Abstract

Background: Recently, individualized or personalized medicine (PM) has become a buzz ward in the academic as
well as public debate surrounding health care. He r, PM lacks a clear definition and is open to interpretation.
This conceptual vagueness complicates public discourse on chances, risks and limits of PM. Furthermore, stakeholders
might use it ta further their respective interests and preferences. For these reasons it is important to have a shared
understanding of PM. In this paper, we present a sufficiently precise as well as adeguate definition of PM with the
porential of wide acceptance.

683 Al’tlke| mlt DefInItIOH/EXp“katIOH des Terms Methods: | purpose, in a first step a systematic literature review was conducted to understand how PM

actually used in scientific practice. PubMed was searched using the keywords "individualized medicine”, ‘individualised
Perso nal I Zed M edICI ne“ medicine®, "personalized medicine” and "pgr:(\wwaiisec\ mec\igne" nected by the chlean operator OR. A data

” extraction tabloid was developed putting forward a means/ends-division. Full-texts of articles containing the seaich

te 1 tithe or abstract were screened for definitions. Definitions we cted; according to the mea G

dlistinction their elements were assigned to the corresponding category. To reduce complexity of the resufting list

sumimary categories were developed inductively frorm the data using thematic analysis. In a second step, six well-known

criteria for adeguate definitions were applied to these categories to derive a so-called precising definition.

Results: We identified 2457 articles containing the terms PM in title or abstract. Of those 683 contained a definition of

PM and were thus induded in our review ends ar 25 means were found in the definitions. From these we

derived the precising definition: PM seeks to improve stratification and timing of health care by utilizing biological

information and biomarkers on the level of molecular disease pathways, genetics, proteomics as well as metabolormics.

Conclusions: Our definition includes the aspects that

hand, recagnizing the limits of these developments. Furthenmore, it is supported by the guantitative anal

Filter Uber 6 etablierte ”Adaquatheitskriterien“ definitions in the literature, which s acceptable anc: thus has the potential to avoid the abo

mentioned issues,

fU r Defl n Itl 0 n e n Keyweords: Bicrnarkers, Conceptual vagueness, Definition, Individ

re specific for developments labeled as PM while, on the other

it is wic

ggests th

alized medicine, Stratification, Timing

Background whole continuum of PM understandings exists, in which
In recent years, individualized or personalized medicine three main positions can be identified: (a) PM is not a
(IM/PM)* has become a buzz word in the academic as  new concept as medicine has always been individualized,
well as public debate surrounding health care. Promising (b} PM is helistic health care centered around the needs
to make health care more effective and efficient by tai- of the individual patient and (¢) PM is treatment tar-
lored medical interventions it has become one of the geted at stratified subgroups (e.g. pharmacogenetics) [3].
core areas of public research funding and pharmaceutical The prevailing vagueness of the term poses several
research investment [1]. However, PM lacks a clear def- problems. First and foremaost, it unduly complicates pub-
inition and is open to interpretation [2]. Consequently, a  lic discourse on chances, risks and limits of PM: if the
meaning of a term like PM is not clearly defined, it is

Tl trivially impossible to debate questions of its matter as
Ludwig-Max
Theary of Medicine, Munich, Gen well as its (future) handling. As a consequence,

Is available at the end of the anicle

Full list of author informas

() BioMed Central

a
., unless otherwise

Schleidgen et al. 2013
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Was ist Personalisierte/Individualisierte Medizin?

Schieidgen et al. BMC Medicai Ethics 2013, 14:55
httpz/www.biomedcentral.com/1472-6939/14/55

BMC
Medical Ethics

ESEARCH ARTICLE Open Access

What is personalized medicine: sharpening a
vague term based on a systematic literature review

Sebastian Schleidgen'”, Corinna Klingler', Teresa Bertram', Wolf H Rogowski® and Georg Marckmann'

“PM seeks to improve stratification and timing of
health care by utilizing biological information and
biomarkers on the level of molecular disease
pathways, genetics, proteomics as well as
metabolomics.”

Abstract

Background: Recently, individualized or personalized medicine (PM) has become a buzz word in the academic as
well as public debate surrounding health care. However, PM lacks a clear definition and is open to interpretation.
This conceptual vagueness complicates public discourse on chances, risks and limits of PM. Furthermore, stakeholders
might use it ta further their respec: interests and preferences. For these reasons it is important to have a shared
understanding of PM. In this paper, we present a sufficiently precise as well as adeqguate definition of PM with the
porential of wide acceptance.

Methods: For this purpose, in a first step a systematic literature review was conducted to understand how PM is
actually used in scientific practice. PubMed was searched using the keywords “individualized medicine”, “individualised
medicine®, "personalized medicine” and *personalised medicine” connected by the Boolean operator OR. A data
extraction tabloid was developed putting forward a means/ends-division. Fulktexts of articles containing the search
terms in title or abstract were sereened for definitions. Definitions were extracted; according to the means/ends
distinction their elements were assigned to the corresponding category. To reduce complexity of the resuling list,
sumimary categories were developed inductively frorm the data using thematic analysis. In a second step, six well-known
aiteria for adeguate definitions were applied to these categories to derive a so-called precising definition.

Results: We identified 2457 articles containing the terms PM in title or abstract. Of those 683 contained a definition of
PM and were thus induded in our review. 1459 ends and 1025 means were found in the definitions. From these we
derived the precising definition: PM seeks to improve stratification and timing of health care by utilizing biological
inforrmation and biomarkers on the level of molecular disease pathways, genetics, proteomics as well as metabolomics.

Conclusions: Our definition incluces the aspects that are specific for developments labeled as PM while, on the ather
hand, recognizing the limits of these developments. Furthermore, it is supported by the guantitative analysis of PM
definitions in the literature, which suggests that it it is widely acceptable and thus has the potential to avoid the above
mentioned issues.

Keyweords: Bicrnarkers, Conceptual vagueness, Definition, Individualized medicine, Stratification, Timing

Background

In recent years, individualized or personalized medicine
(IM/PM)* has become a buzz word in the academic as
well as public debate surrounding health care. Promising
to make health care more effective and efficient by tai-
lored medical interventions it has become one of the
core areas of public research funding and pharmaceutical
research investment [1]. However, PM lacks a clear def-
inition and is open to interpretation [2]. Consequently, a

Full list of author information Is available at the end of the article

Schieidgen et & licensee Biot
ution License (
and reproduction

Doerain Dedicatior i
article, unless otherw

() BioMed Central

Schleidgen et al. 2013

whole continuum of PM understandings exists, in which
three main positions can be identified: (a) PM is not a
new concept as medicine has always been individualized,
(b) PM is holistic health care centered around the needs
of the individual patient and (¢) PM is treatment tar-
geted at stratified subgroups (e.g. pharmacogenetics) [3].

The prevailing vagueness of the term poses several
problems. First and foremost, it unduly complicates pub-
lic discourse on chances, risks and limits of PM: if the
meaning of a term like PM is not clearly defined, it is
trivially impaossible to debate questions of its matter as
well as its (future) handling. As a consequence, it is
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Advances in Predictive, Preventive and Personalised Medicine
Series Editor: Olga Golubnitschaja

Was ist Personalisierte/Individualisierte Medizin?

Zweckreflexion

| Paul Marschal
v Michl Editors

Logisch-semantisch und pragmatisch angeleitete I n d iVi d u a | ized
Medicine

Analyse ausgewahlter Definitionen/Explikationen

v

Logische und semantische Rekonstruktion

Ethical, Economical and Historical
Perspectives
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Was ist Personalisierte/Individualisierte Medizin?

“Individualized Medicine” (“IM” in short) stands for
current medical fields of research on the one
hand, and for health care practices on the other
hand.

Medical fields of research can be subsumed under
the term Individualized Medicine if they aim at
identifying, validating and integrating biomarkers
into the clinical routine which allow to predict the
outbreak or the course of diseases and/or the
effect of therapies or their unwanted effects for
certain patient groups in a better way.

Preventive, therapeutic or rehabilitative health
care practices, which can be included in the term
of Individualized Medicine, are characterized by
the fact that they use biomarkers for a systematic
prediction of risks or courses of diseases and/or
for the prediction of the effect of therapies or their
unwanted effects.”

Chapter 2

The Meaning of “Individualized Medicine”:
A Terminological Adjustment of a Perplexing
Term

Martin Langanke, Wolfeang Lieb, Pia Erdmann, Marcus Dérr,
Tobias Fischer, Heyo K. Kroemer, Steffen Flessa and Heinrich Assel

Abstract This chapter introduces “Individualized Medicine™ as a technical term. In
order to do this the chapter first gives a precise, logical and conceptual analysis of
relevant explanations and definiions from English and German speaking areas. It
secondly presents a definition according to which the term “Individualized Medicine™
should be used for describing research approaches and health care practices, when the
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Zugelassene Test-Praparat-Kombinationen in Deutschland

Abacavir n-o 2008

Anastrozol 0 1996

Arsentrioxid 0 2002

Azathioprin n-o 2002 ,

Bosutinib o] 2013 /,’

Brentuximab vedotin o] 2012 L . ;
Carbamazepin n-o 2012 +7 7 . zhe\zﬁgggg‘gze
Cetuximab o] 2008 L

Crizotinib 0 2012 ,/

Dasatinib 0 2006 &2 n-o: nicht-onkologische
Erlotinib o] 2011 ,// Anwendungen
Everolimus (o] 2009 L

Exemestan (0] 1999 /’

Fulvestrant (o] 2004 R

Gefitinib o 2009 4

Imatinib o] 2001

Ivacaftor n-o 2012

Lapatinib 0 2008

Letrozol 0 1997

Maraviroc n-o 2007

Mercaptopurin (o] < 2009

Natalizumab n-o 2011

Nilotinib o] 2007

Oxarbazepin n-o 2012

Patinumumab 0 2007

Pertuzumab 0 2013

Tamoxifen ¢} <2009 +4 _

Toremifen 0 1996 -7

Trastuzumab 0 2000 e

Vandetanib 0 2012 -7

Vemurafenib 0 2012 ==

i

IM/PM-Applikationen sind vor allem Test-Praparat-
Anwendungen in der Onkologie Quelle: http://www.vfa.de/de/download-manager/_individualisierte-medizin.pdf

2009 und fruher nach 2009
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Was ist Personalisierte/Individualisierte Medizin?

Muss ein PM/IM-Marker molekular sein? Was ist
mit ,mixed scores“?

“Eine 0konomische Be-
wertung der personli-
sierten oder individuali-
sierten Medizin als Kon-
zept scheiterte regelma-
[3ig an der unscharfen De-
finition des  Terminus.
Denn was man nicht de-
finieren kann (oder will),
kann man auch nicht
abschliel3end okono-
misch bewerten.”

Ist PM/IM ein Forschungs- und/oder ein Versor-
gungsansatz?

Wurde in der Medizin nicht immer schon stratifi-
ziert?

Wollen nicht alle medizinischen Anséatze die Kran-
kenversorgung verbessern?

v

Ist PM/IM gegenuber anderen ,approaches” scharf
abgrenzbar oder nur graduell?

Erdmann et al. 2015
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Was ist Systemmedizin?

Big-Data-Ansatz
Mechanistische bioinformatische Modellierung

Medizininformatische Ansatze

»Systemmedizin“

Modellierungs-
Bioinformatik, ansatz

Systembiologie,
Netzwerktheorie

»Big-data“-Ansatz
Biostatistik,
Biomathematik

Systemmedizin in
medizininformatischer
Spielart

Medizininformatik

dizin als typologisch

Feld verschiedener Ansétze (Quelle: eigene Abbildung)

mead. Erdmann,

MEDIZINISCHE VERSORGUNG

Systemmedizin: Herausforderungen

eines aktue

» Thematisioning

anhergehen, st keinas

Fia Erdmann®, Tobias Fisact

Eiu nenes Zauberwort  prigl
die akivellen Debalten wm
die Gesundheitsversorgung der Fn-
kunft:  Systemmedizin®,  Damit
werden zum enen gnmdlagenthea-
retische Ansitee bezeichnet, die da-
muf zielen, die biclogischen Me-
hani der  Krankhei

hung unter Nutzung von Methoden
aus . omics-Forschung, Sysem-
biologie, Informatik und Netzwerk-
theorie besser zu verstehen. Diese
verorten sich zum Teil explizit in

Ilgn Ansatzes

ncmischaer |

medizinische Zwecke. Dabe reicht
das Spektrum von hoch anspruchs-
vollen biomathematischen Model-
licrungsinstrumenten fiber lypothe-
senfreie  Big-Data“-Ansitze bis hin
zur TT-Unterstiitzung ven Work-
flows in Forschumg und Klinik

® Von der Entwicklung bioinfor-
malischer Modelle erhofft man
sich, pathologische Prozesse und
die dubinter dehenden Mechanis-
men am Compater smulieren und

Staffan Fala, Martin Langanke

nalisierten oder individualisierten
Median verfolgl wurden.

® Wurden schon im Rahmen
der personlisierten Medizin um
Zweck der Biomarker-Bestimmung
grobe  (klinisch-jepi demiologi sche
Studien wie GANI_MED durchge-
fohrt {(11-12), 30 stobt die Assozia-
tionstorschung im Bereich der Sys-
temmedizin in ene nee wissen-
schaftstheoretische Dimension vor.
Denn mit ,Big Data* wird der in-

=0 gezielt Inter

nermedizinisch etablierten Vorge-

der Nachfolge der p i
ten oder individualisierlen Medizn
(1-6). Zum anderen wvermarkten
sich auch stirker anwendumgsorien-

T
ichl-i v aufl ihre E ivill

hin prilfen o kdonen (4, 5). Voraus-
setzung dafilr ist ein kausales Ver-

h ise, fulsifizerbar 1

te Hypolhezen experimentell
Oberprilfen, ein rein auf statistische
A 3t dizinisch relevan-

stindnis der jeweils rel

fierte,  translationale” Konzepte als  pathogenen Zusammenhiinge. Ent-  ter Merkmale abstellender und
Systemumedizing damil sollen EKli-  sprechend arbeilen F Erup- damil ich pr ilisti
ikprozesse unter Nutming medi-  pen, die @ich diesem Strung der  Ansulz  methodisch  vorangestelll
ini i Tools nachhalti dizi an der  (13). Die kausale Uberprifung er-
ger und pati i gestal- A ven Signal und folgt der . Big-Data*-Methodol ogie
tet oder Behandlungsdaten fir die 1 1 zufolge erdt im Nachgang zur Iden-
i Miche A & 2 Genom und Krankheits-Phinotyp  tifikation von statistisch signifik
Greiwad  glnglich gemacht werden (7-2). Al- - {10). An deser Stelle h ten Z hi {13-14). Zur
len diezen Ansiitzen g i ig dch izini Gener einer i star-

AAT30

letztlich eine besonders starke Fo-
kussierng anf den Einsatz informa-
tionstechnologischer Werkzeuge fiir

anliegen hinfig mit Fragestellun-
gen, die in den lebzten Tahren auch
unter den Schlagworten der perso-

ken Power sind dabel hiufig sehr
groe Datenmengen {,n= alles™)
aug verschiedensten Quellen erfor-

Deutsches daxteblan | Jg 112 | Halt 31321 3 duguat 2015

Erdmann et al. 2015
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Was ist Systemmedizin?

[Mit ,Systemmedizin“] werden zum einen grund-
lagentheoretische Ansétze bezeichnet, die darauf
zielen, die biologischen Mechanismen der Krank-
heitsentstehung unter Nutzung von Methoden aus
,omics“-Forschung, Systembiologie, Informatik
und Netzwerktheorie besser zu verstehen. Diese
verorten sich zum Teil explizit in der Nachfolge der
personalisierten oder individualisierten Medizin

Erdmann et al. 2015

Eine Dokumentenanalyse der Abstracts der im
Rahmen der e:med-Initiative des BMBF unter dem
Label ,Systemmedizin® geférderten Vorhaben
zeigt, dass diese Vorhaben PM/IM-Projekte mit
(etwas) starkerem Fokus auf den Einsatz infor-
mationstechnologischer Werkzeuge (der Daten-
auswertung) sind.

Pyt

MEDIZINISCHE VERSORGUNG

Systemmedizin: Herausforderungen
emes aktuellen Ansatzes

1 Ansalz methodisch vorangestellt
(13). Die kausale Uberpritfung er-
Iulydv Ung -Methodol ogie

< (). AJ dl‘-sr( Stel lle

sich fizinische 5
anlie; g l ufig mil Fragestellun-

i nforma-  gen, dic in den letzten Tahren auch  grolle T

w0 tionse h ol oy v.lach \\cfl. seuge flir  unter I.c11 Schlagworten der pers aus verschie I.c11m (et ﬁlm rInr
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Die verschiedenen ,approaches” in der modernen Biomedizin sind unscharf
gegeneinander abgegrenzt.

Sie verfolgen vielfach Ziele, die Ziele medizinischer Forschung Uberhaupt sind.

Die ,approaches” sind methodisch haufig disparate ,Felder” oder die
eingesetzten Methoden sind unspezifisch.

Diese mehrfache Unspezifitat fihrt dazu, dass eine Bewertung der ,appoaches*
erschwert ist, inr Erfolg oder Misserfolg kann kaum klar eingeschatzt werden.

i

Die Frage nach dem translationalen Erfolg biomedizinsicher Forschungsvorhaben ist
auf der Ebene der ,approches® methodisch kaum abschlieend zu klaren. Dies hat
wesentlich (auch) begrifflich-definitorische und damit a-priorische Ursachen.

Das Translationsproblem wird aber nicht gel6st, wenn wir uns der Beurteilbarkeit in der
Biomedizin einfach durch Rekurs auf unspezifische ,Konzepte* entziehen.
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Stattdessen?

S Spezifisch Ziele missen eindeutig definiert sein (nicht vage, sondern so
prazise wie maoglich).

M Messbar Ziele missen messbar sein (Messbarkeitskriterien).

A Akzeptiert Ziele miussen von den Empfangern akzeptiert werden/sein

(auch: angemessen, attraktiv, abgestimmt ausfiihrbar oder
anspruchsvoll).

R Realistisch Ziele mussen moglich sein.

T Terminiert Zu jedem Ziel gehort eine klare Terminvorgabe.
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Stattdessen?

S Spezifisch Ziele einzelner biomedizinischer Forschungsvorhaben
mussen spezifischer formuliert sein als das allgemeine Ziel
der Medizin (,Verbesserung der Gesundheitsversorgung®).

Forschung sollte direkt operationalisierbare Ziele angeben,
d.h. Ziele, die mit spezifischen Methoden verfolgt werden
kbnnen.
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Stattdessen?

M Messbar Ziele biomedizinischer Forschung miussen messbar sein.
Die Ziele abstrakter ,approaches* sind haufig so
unspezifisch, dass Uber die Zielerreichung nicht prazise
entschieden werden kann.
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Stattdessen?

A

Akzeptiert

Die gesellschaftliche Offentlichkeit gibt dem Sektor der
biomedizinischen Forschung grof3en Kredit.

Diese breite Akzeptanz sollte jedoch nicht dazu fthren, die
Offentlichkeit mit wohlfeilen Phrasen (,wir verbessern Ihre
Behandlung®) abzuspeisen. Denn solche Ziele sind nicht
wissenschatftlich anspruchsvoll.

Anspruchsvoll sind in der Wissenschaft nur Ziele, die
operationalisiert und daher auch klar verfehlt werden
konnen.
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Stattdessen?

R

Realistisch

Ziele biomedizinischer Forschung mussen so formuliert sein,
dass sie mit den Methoden der biomedizinischen Disziplinen
auch direkt angegangen werden kénnen.

Die Losung gesellschaftlicher ,GroRaufgaben® (z.B. ,das
demographische Problem®) ist kein sinnvoller methodischer
Selbstanspruch der Biomedizin. Denn solche Ziele kann die
Biomedizin mit ihrem Methodenspektrum nicht direkt
adressieren.
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2. ,Approaches” in der Biomedizin — UnSMARTe Ziele in der Forschung

Stattdessen?

T Terminiert Wissenschaftlicher Fortschritt ist nicht oder nur sehr
eingeschrankt planbar.

Retrospektive Daten zur durchschnittlichen Dauer von
Translationsprozessen sollten jedoch zur Kenntnis
genommen werden, um unhaltbare Versprechungen bzgl.
der Zeitkorridore zu vermeiden.
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3. Tiermodelle — Translation von Tierversuchsergebnissen

Zugelassene
Anwendung

In-vitro- In-vivo- Klinische RCT RCT RCT
Experimente Tierversuch Vorstudien Phase | Phase Il Phase Il

Grundlagenforschung (GF) Klinische Forschung (KF)

Zulassungsphase

Translationsprozess




Ernst-Moritz-Arndt-Universitat Greifswald Theologische Fakultat

3. Tiermodelle — Translation von Tierversuchsergebnissen

Zugelassene
Anwendung

In-vitro-
Experimente

Conversion rate 1

Conversion rate 2
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3. Tiermodelle — Translation von Tierversuchsergebnissen

2000 Artikel aus 7 High-Impact-Journals im
Erscheinungszeitraum 1980 bis 2000

76 Tierversuchsstudien als Sample gemalf
Einschlusskriterien

Hypothesen aus 14 Studien fur
Humananwendungen in KF ,durchgefallen®

8 replizierte KF-Anwendungen
fur Patienten zugelassen

Smoking was an exclusion criterion for controls, whercas
4 of the 21 cases were regular smokers of 2 1o 10 cigarettes
per day. Mean urinary excretion rates of 8-iso-PGF,, were
similar in the 4 smokers (404 pg/mg of creatinine) and in
the 21 cases considered as a whole (482 pg/mg of creati-
nine}, Urine albumin excretion rates were not tested, Th.
was only a small glucose variability between each day (day
1 mean amplitude of glycemic excursions |[MAGE
dL; day 2 MAGE, 76 mg/dL), and MAGE values on day |
and day 2 were highly correlated (r=087; P<.001}

Finally, conflicting observations in the stedy by OByrne
et al* could have resulied from the use of different methods
in differenn groups of patients at different ages: enzyme im-
munoassay in our study (21 patients with type 2 diabetes;
mean age of 64 years) vs stahle isotope dilution mass spec-
wrometry assay in O'Byroe eral {13 patients with type 1 dia-
betes: mean age of 36 years)
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RESEARCH LETTER

T ion of Research Evid
From Animals to Humans

To the Editor: Most medical therapies in use today were ini-
tially developed and tested in animals,! yet animal experi-
ments often fail to replicate when tested in rigorous hu-
man trials ** We conducted a systematic review to determine

2006 American Medical Association. All rights reserved.
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Figure 1. Methodoogical Quality of Arémal Trials (n=76)
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how eften highly cited animal studies translate into suc-
cessful human research

Methads, The 7 leading scientific journals by citation im-
pact factor {Journal Citation Reports, Thomson Scientific,
Philadelphia, Pa, 2004} that regularly publish original ani-
mal studies were searched: Science, Nature, Cell, Nanwre Medi-
ature Genetics, Natere Tmmunology, and Nature Bio-
rechnology. Anicles with more than 500 citations were
retrieved under the assumption that such prominent find-
ings would more likely be tested in subsequent human trials.*
A total of 2000 anicles published between 1980 and 2000
were screened, reflecting advances in molecular biology and
recombinant genetics. Articles were included il they inves-
tigated a preventive of therapeutic intervention inan in vivo
animal model, When there were multiple animal studies of
the same intervention, the most cited study was resained
Power calculations (o= 0005, # =0.05) estimated that 49 ar-
ticles were needed to exclude a translation rate below 3%,

For each included suudy. a literature search identified hu
man studies that translated the animal evidence. Success-
[ul translation was defined as replication in a randomized
trial yielding resulis that were statistically positive accord-
ing to primary eutcome. Interventions and diseases amalo.
gous to those studied in the animal study were allowed,

MEDLIN MBASE, the Cochrane Central Register of
Controlled Trials, the Cochrane Database of Systematic Re-
vicws, the National Institutes of Health Clinical Trials Da-
rabase, BIOSIS Previews, and the Iniernational Pharmaceu-
tical Abstracts Database were searched from their inception
through May 2006. Bibliographies of wopic-specific review
articles were manually searched for additional studies and
experts were contacted if the search was negative

The quality of the studies was assessed based on adapted
standards for the conduct of animal research (Fioure 1.2
Good quality was defined as a global methodology score of
50% or higher. Multivariable logistic regression was used
to assess predictors of translation. The Pearson correlation
test was used to determine if methodological quality of ani-

(Regwinted] IAMA, Ocsober |1, 2006— o

4 13

Downloaded from www jama.com at University of Newcastle, on October 11, 2006

Hackam et al. 2006
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3. Tiermodelle — Translation von Tierversuchsergebnissen

2000 Artikel aus 7 High-Impact-Journals im
Erscheinungszeitraum 1980 bis 2000

76 Tierversuchsstudien als Sample gemalf
Einschlusskriterien

Conversion rate 1 = 379

Hypothesen aus 14 Studien fur

Humananwendungen in KF ,durchgefallen®

8 replizierte KF-Anwendungen
fur Patienten zugelassen

Smoking was an exclusion criterion for controls, whercas
4 of the 21 cases were regular smokers of 2 1o 10 cigarettes
per day. Mean urinary excretion rates of 8-iso-PGF,, were
similar in the 4 smokers (404 pg/mg of creatinine) and in
the 21 cases considered as a whole (482 pg/mg of creati-
nine}. Urine albumin excretion rates were not tested, There
was only a small glucose variability between each day (day
1 mean amplitude of glycemic excursions [MAGE], 74 mg/
dL; day 2 MAGE, 76 mg/dL}, and MAGE values on day |
and day 2 were highly correlated (r=087, P< 001}

Finally, conflicting observations in the study Iy OByrne
et al' could have resulied from the use of different methods
in different groups of patienis at dilferentages: enzyme im-
munoassay in our study (21 patients with type 2 diabetes;
mean age of 64 years) vs stahle isotope dilution mass spec-
wrometry assay in O'Byroe eral {13 patients with type 1 dia-
betes: mean age of 36 years).
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RESEARCH LETTER

T ion of Research Evid
From Animals to Humans

To the Editor: Most medical therapies in use today were ini-
tially developed and tested in animals,! yet animal experi-
ments often fail to replicate when tested in rigorous hu-
man trials ** We conducted a systematic review to determine

2006 American Medical Association. All rights reserved.
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Figure 1. Methodological Cuality of Animal Trials (n=76)

ity Gateria.
e Lo

100

= < ) =
Percartags of Trals Satistyng Ench Guaity Dnliron

how eften highly cited animal studies translate into suc-
cessful human research

Methads, The 7 leading scientific journals by citation im-
pact factor {Journal Citation Reports, Thomson Scientific,
Philadelphia, Pa, 2004} that regularly publish original ani-
mal studies were searched: Science, Nature, Cell, Nanwre Medi-
ature Genetics, Natre Immunology, and Nature Bio-
rechnology. Anicles with more than 500 citations were
retrieved under the assumption that such prominent find-
ings would more likely be tested in subsequent human trials.*
A total of 2000 anicles published between 1980 and 2000
were screened, reflecting advances in molecular biology and
recombinant genetics. Articles were included il they inves-
tigated a preventive of therapeutic intervention inan in vivo
animal model, When there were multiple animal studies of
the same intervention, the most cited study was resained
Power calculations (o= 0005, # =0.05) estimated that 49 ar-
ticles were needed to exclude a translation rate below 3%,

For each included suudy. a literature search identified hu
man studies that translated the animal evidence. Success-
[ul translation was defined as replication in a randomized
trial yielding resulis that were statistically positive accord-
ing to primary eutcome. Interventions and diseases amalo.
gous to those studied in the animal study were allowed,
MEDLIN MBASE, the Cochrane Central Register of
Controlled Trials, the Cochrane Database of Systematic Re-
vicws, the National Institutes of Health Clinical Trials Da-
rabase, BIOSIS Previews, and the Iniernational Pharmaceu-
tical Abstracts Database were searched from their inception
through May 2006. Bibliographies of wopic-specific review
articles were manually searched for additional studies and
experts were contacted if the search was negative

The quality of the studies was assessed based on adapted
standards for the conduct of animal research (Fioure 1.2
Good quality was defined as a global methodology score of
50% or higher. Multivariable logistic regression was used
to assess predictors of translation. The Pearson correlation
test was used to determine il methodological quality of ani-

DRegwinted] JAMA, Ocsober |1, 20060
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Downloaded from www jama.com at University of Newcastle, on October 11, 2006

Hackam et al. 2006




Ernst-Moritz-Arndt-Universitat Greifswald

Theologische Fakultat

3. Tiermodelle — Translation von Tierversuchsergebnissen

2000 Artikel aus 7 High-Impact-Journals im
Erscheinungszeitraum 1980 bis 2000

76 Tierversuchsstudien als Sample gemalf
Einschlusskriterien

Conversion rate 1 = 37%

Hypothesen aus 14 Studien fur
Humananwendungen in KF ,durchgefallen®

Conversion rate 2 = 10,59

Smoking was an exclusion criterion for controls, whercas
4 of the 21 cases were regular smokers of 2 1o 10 cigarettes
per day. Mean urinary excretion rates of 8-iso-PGF,, were
similar in the 4 smokers (404 pg/mg of creatinine) and in
the 21 cases considered as a whole (482 pg/mg of creati-
nine}. Urine albumin excretion rates were not tested, There
was only a small glucose variability between each day (day
1 mean amplitude of glycemic excursions |[MAGE
dL; day 2 MAGE, 76 mg/dL}, and MAGE values on day |
and day 2 were highly correlated (r=087, P< 001}

Finally, conflicting observations in the study by OByrne
et al' could have resulied from the use of different methods
in different groups of patienis at dilferentages: enzyme im-
munoassay in our study (21 patients with type 2 diabetes;
mean age of 64 years) vs stahle isotope dilution mass spec-
wrometry assay in O'Byroe eral {13 patients with type 1 dia-
betes: mean age of 36 years).
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T ion of Research Evid
From Animals to Humans

To the Editor: Most medical therapies in use today were ini-
tially developed and tested in animals,! yet animal experi-
ments often fail to replicate when tested in rigorous hu-
man trials ** We conducted a systematic review to determine

2006 American Medical Association. All rights reserved.
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Figure 1. Methodoogical Quality of Arémal Trials (n=76)
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how eften highly cited animal studies translate into suc-
cessful human research

Methads, The 7 leading scientific journals by citation im-
pact factor {Journal Citation Reports, Thomson Scientific,
Philadelphia, Pa, 2004} that regularly publish original ani-
mal studies were searched: Science, Nature, Cell, Nanwre Medi-
ature Genetics, Natre Immunology, and Nature Bio-
rechnology. Anicles with more than 500 citations were
retrieved under the assumption that such prominent find-
ings would more likely be tested in subsequent human trials.*
A total of 2000 anicles published between 1980 and 2000
were screened, reflecting advances in molecular biology and
recombinant genetics. Articles were included il they inves-
tigated a preventive of therapeutic intervention inan in vivo
animal model, When there were multiple animal studies of
the same intervention, the most cited study was resained
Power calculations (o= 0005, # =0.05) estimated that 49 ar-
ticles were needed to exclude a translation rate below 3%,

For each included suudy. a literature search identified hu
man studies that translated the animal evidence. Success-
[ul translation was defined as replication in a randomized
trial yielding resulis that were statistically positive accord-
ing to primary eutcome. Interventions and diseases amalo.
gous to those studied in the animal study were allowed,
MBASE, the Cochrane Central Register of
Controlled Trials, the Cochrane Database of Systematic Re-
vicws, the National Institutes of Health Clinical Trials Da-
rabase, BIOSIS Previews, and the Iniernational Pharmaceu-
tical Abstracts Database were searched from their inception
through May 2006. Bibliographies of wopic-specific review
articles were manually searched for additional studies and
experts were contacted if the search was negative

The quality of the studies was assessed based on adapted
standards for the conduct of animal research (Fioure 1.2
Good quality was defined as a global methodology score of
50% or higher. Multivariable logistic regression was used
to assess predictors of translation. The Pearson correlation
test was used to determine il methodological quality of ani-

MEDLIN

(Regwinted] IAMA, Ocsober |1, 2006— o

4 13

Downloaded from www jama.com at University of Newcastle, on October 11, 2006

Hackam et al. 2006
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51 eingereichte und genehmigte Tierv

rsuchsvorhaben

aus einer TVK im Zeitraum 1991 bis 1993

16 Vorhaben mit humanmedizinischer Perspektive
und ,positive results”

63 Primarpublikationen

1.183 Referenzierungen der 63 Primarpublikationen

bis 2005
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Abb. 1: Zeitlicher Verlauf sowie Haufiakeit aller Zitierungen innerhalb von 10 Jahren.

Tierversuche in der biomedizinischen

Forschung

Eine Bestandsaufnahme der klinischen Relevanz von genehmigten Tierversuchsvorhaben:
Nach 10 Jahren keine Umsetzung in der Humanmedizin nachweisbar.

Toni Lindl', Manfred Volkel* und Roman Kolar®

*Institut fiir angewandte Zellkultur, D-Miinchen, “Tierversuchskommission Nordbayern, Regierung von Unterfranken,

D-Wiirzburg, *Tierschutzakademie Neubiberg, D-Neubiberg

Zusammenfassung

Tierexperimentell titige Wissenschaftler miissen nach den geseiz-
fichen Vorschriften der Bundesrepublik Deutschland in ihren
Antrigen awf G gung eines Tierversuchs s be-
griinden, inwiewelt diese Tierversuche ethisch und wissenschaft-
lich gerechifertigt sind. Als Begriindung wird meist auf das
Jehlende § Inis der h bei der Enistehs
von Krankheiten bow. mir dem Fehlen entsprechender Therapien
am Menschen hingewiesen.

Dre Basis fiir die vorliegende Studie waren die bet den Genehmi-
gungsbehirden eingereichten Forschungsanirige biomedizini-
scher Arbeirsgruppen aus drei Universitdten in Bayern. Ein-
bezogen wurden 16 Antriige, die von 1991 bis 1993 in einer
Tierversuchskommission nach § 15 des Tierschuizgeseizes
eingereicht, bewilligt und in einer vorausgegangenen Studie
(Toni Lindl er al., 2001) als erfolgreich eingesuft wurden.
Untersucht wurden die Zitierhdufigkets, der Zitierverlauf und die
Frage. in welche Forschungen die Primdrzitate eingegangen
sind: ob in weiteren rierexperimentellen Studien, in in vitro-
Studien, in kiinischen Studien oder in Ubersichisartikeln (sog.

Reviews). Von ausschlieflichem Interesse war, ob die Wissen-
schafiler das in den Antrigen postulierte Versuchsziel, eine
neue Therapie oder titberhaupt kitnisch Relevantes zu entwickeln,
erreichen konnien.

Das Ergebnis war enttduschend: Es konnten swar 97 klimisch
orientierte Veriffenlichungen enmittelt werden, welche die oben
erwihnien Publikarionen zifierten (8% aller Zitierungen), aber
nur bei 4 Studien (0,3%) wurde ein direkier Zusammenhang vi-
schen den tierexperimentellen Befunden der Antragsteller und den
gefundenen Ergebmissen am Menschen hergestellt. Doch selbst
Hhier kennite die im Tierversuch bestitigte Hypothese klinisch nichi
i eine neve Therapie am Menschen umgeserzt werden. Entweder
war kein therapeutischer Effekt nachweisbar, oder die Befunde am
Menschen widersprachen sogar den E am Tier

Als Konsequenz dieser Studie wird gefordert, die gesetzlichen
Begriindungen fiir einen Tierversuch durch die Behorde strenger
zut priffen und projekispezifische Argumente zu fordern, anstan
pauschale Begriindungen mu dulden. Ferner miissen die Kom-
petenzen der priifenden Behirden und der beratenden Kommis-
sienent nach § 15 des TSchG dringend erweitert werden.

Summary: Animal experiments in biomedical research. An eva-
luation of the clinical relevance of approved animal experimental
projects: No evident implementation in human medicine within
10 years

According 1o the German Animal Welfare Act, sciemtists in
Germany must provide an ethical and scientific justification for
their application to the licensing authority prior to undertaking
an aninal experiment. Such justifications commonly include lack
of knowledge on the development of human diseases or the need
Jor better or new therapies for humans.

The present literature research is based on applications to
perform animal experiments from biomedical study groups of
three untversities in Bavaria (Germany) between 1991 and
1993, These applications were classified as successfil in the
animal model in the respective publications (Lindl et al. ALTEX,
18, I71-178, 2001).

We investigaied the frequency of citations, the course of citations,
and in which npe of research the primary publications were
cited: subsequent animal-based studies, in vitro studies, review
articles or clinical studies. The eriterion we applied was wheher
the scientists succeeded in reaching the goal they postulated in
their applications, te. lo contribule o new Iherapies or 10
gain results with direct clinical impact. The outcome was
unambiguous: even though 97 clipically orientated publications
containing citations of the above-mentioned publications were
Jound (8 G of all cirarions), only 4 publications evidenced a
direct correlation between the resulls from animal experiments
and observations in humans (0.3 %). However, even in these
4 cases the hypotheses that had been verified successfully in the
animal experiment failed in every respect.

The implications of our findings may lead to demands concerning
improvement of the licensing practice in Germany.

Keywords: ethical aspects, evaluation, animal experiments, clinical relevance

Das Manuskript wurde am 1. 8. 2005 eingereicht; am 4. 8, 2005 wurde die revidierte Fassung zum Druck angenommen

ALTEX 22, %05

Lindl et al. 2005
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Literatur-Review bzgl. ausgewabhlter Indikationsfelder

Acquired
Sepsis Immunodeficience
Syndrom

Traumatic

Stroke e
Brain Injury

Spinal Cord Injury Asthma

Neurodegenerative

Cancer ;
diseases

Conversion rate (2) fur untersuchte Indikationsfelder : 0 — 5 %

Die erwartete Conversion rate liegt bei ,health care workers*:
> 40%

Eine Conversion rate < 20% wird von ,health care workers*
als unzureichend bewertet.

Joffe et ol. BMC Medical Ethics (2015) 16:29
DOI 10.1186/512910-015-0024x

BMC
Medical Ethics

RESEARCH ARTICLE Open Access

Expectations for methodology and translation of
animal research: a survey of health care workers

Ari R Joffe'?, Meredith Bara®, Natalie Anton' and Nathan Nobis**

Abstract

Background: Health care workers (HCW) oft
(AR); therefore, an awareness of the empiri

rate to humans.
Methods: After develop alidation, an e-mail
unit nurses and respiratory-th s (RTs) affiliated
demographics, methodole R, and expect
compared using Chi-square, with P < .05 considered
Results: Response rate was 44/114(399
quality, most respandents expect that:
for low quality, findings should be rey

thought that thy
benefit to hum.
weatrnent findings), most: expect translation >40%
i hat if translation was to accur <20
1 pediatricians and nurses/RTs.

findings from AR. These expecta
areas of AR significantly improve,

perform, promote, and advacate use of public funds for animal research
osts and benefits of animal research is an important is:
airm to deterrine what health-care-workers consider should be acceptable standards of AR methodlol

survey was sent to all pediatricians and pediatric intensive care
th a Canadian University, We presented gues!
s from AR. Responses of pediatricians and nurses/
ficant.

(pediatricians), and 63/120 (58%) (nurses/RTs). Asked about methodological
done to high guality; costs and difficulty are not acceptable justifica
Hucible between laboratories and strains of the same species; and guid
for AR funded with public money should be consistent with these expectations. Asked about benefits of AR, most

a ‘often large benefits to humans fram AR, and
xpectations of translation to humans (of toxicity, carcinogenicity, teratogenicity, and
the time; thought that
% of the time, they would be less supportive of AR There were few

have high expectations for the methadelogical quality of, and the translation rate to humans of
are higher than the empirical data show having been achieved. Unless these
W support of AR may be tenuous.

Keywords: Animal madels, Animal research, Ethics, Methodology

or HOW. We
v and translation

agreed that “AR rarely produces

eading AR results should occur <21%

Background

Biomedical animal research (AR) involves some harm to
sentient animals including distress (due to confinement,
baoredom, isolation, and fear), pain, and early death [1-3].
AR is said to be morally permissible because the balance
of these costs (harms to the animals) and benefits (to
human medical care, quality of life, and survival) is fa-
vorable [4]. It is generally assumed that the benefits are
great to human medicine [5]. An awareness of the

23, Edmaontan Clinic Heafth
. AB, Canada
enter, University of Alberta, Edmentan, AB

Acader
ZJohn Dossetar
Canada

Full list of author information is available at the end

of the article

() BioMed Central

empirical costs and benefits of AR is an important issue
in medicine for several reasons. Health care workers
(HCW) often perform (and are expected to perform)
AR, promote AR directly with trainees and indirectly as
role models, and advocate for use of public funds (from
granting agencies and charitable foundations) toward
medical related AR.

There is a growing literature that raises concerns about
the empirical practice of AR in at least two domains. First,
the methodological quality of AR is often poor in both ex-
perimental design and animal welfare aspects [6-12]. AR
publications rarely report the use of eligibility criteria,
randomization, allocation concealment, blinding, sample
size calculation, primary outcome specification, and study

Joffe et al. 2015
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Forschungslage zur Translation von Ergebnissen aus Tierversuchen

1 Wenige Studien

2 Unterschiedliches methodisches Vorgehen, schlechte Vergleichbarkeit

3 Methodische Limitationen bei jeder einzelnen Studie

Abschatzung

Hackam et al. 2006 derzeit methodisch beste verfligbare Studie, aber bzgl. der Conversion rates 1 und
2 sicherlich zu hoch (nur vielzitierte Studien aus High-Impact-Journals im Sample).

Die Ergebnisse von Contopoulos-loannidis et al. 2003 legen fiir die Translation von GF zu KF in der
medizinischen Forschung Uberhaupt eine Conversion rate 2 im unteren einstelligen %-Bereich nahe.

Conversion rate 1 fur Tierversuche liegt bei maximal 3 : 1.
Conversion rate 2 fur Tierversuche liegt im kleinen einstelligen %-Bereich (~ 5%).
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Fehlende Randomisierung

Fehlendes blinded outcome assessment

Fehlendes allocation concealment

Fehlende unabhangige study-conduct-Kontrollen

Methodisch-statistische Auswertungsfehler

Falsche oder fehlende Stichproben-Kalkualtion
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Animal experiments have contributed
much to our understanding of mechanisms
of disease, but their value in predicting the
effectiveness of treatment strategies in
dlinical trials has remained controversial
[1 3]. In fact, clinical trials are essential
because animal studies do not prediet with
sufficient certainty what will happen in
humans, In a review of animal studies
published in seven leading scientific jour-
nals of high impact, about one-third of the
studies translated at the level of human

randomised trials, and one-tenth of the
interventions, were subsequently approved
for use in patients [1). However, these
were studies of high impact {median
citation count, 889, and less frequendy
cited animal research probably has a lower
likelihood of translation to the clinic. De
pending on one’s perspective, this attrition
rate of 90% may be viewed as either a

failure or as a success, but it serves to
illustrate the magnitude of the difficulties
in translation that beset even findings of
high impact.

Recent examples of therapies that failed
in large randomised clinical trials despite
substantial reported benefit in a range of
animal studies indude enteral probiotics
for the prevention of infectious complica-
tions of acute pancreatitis, NXY-059 for
acute ischemic stroke, and a range of
strategies to reduce lethal reperfusion
injury in patients with acute myocardial
infarction [4 7). In animal models of
acute ischemic stroke, about 500 “neuro-
protective” treatment strategies have been
reported to improve outcome, but only
aspirin and very early iniravenous throm.
balysis with alteplase (recombinant tissue-
plasminogen activator) have proved effec-

Linked Research Article

This Research in Translation discuss
es the fallowing new study pub-
lished in PLoS Biology:

Sena ES, van der Worp HB, Bath
PMW, Howells DW, Macleod MR
(2010) Publication bias in reports
of animal stroke studies leads to
major overstatement of efficacy.
PLoS Biol 8(3): e1000344. doi:10.
1371/journal. pbio.1000344
Publication bias confounds at-
tempts ta use systematic reviews
to assess the efficacy of various
interventions tested in experiments
modeling acute ischemic stroke,
leading to a 30% overstatement of
efficacy of interventions tested in
animals.

tive in patients, despite numerous clinical
trials of other treatment strategies [8,9].

Causes of Failed Translation

The disparity between the results of
animal models and clinical wials may in
part be explained by shortcomings of the
clinical trials, For instance, these may
have had insufficient statistical power to
detect a true henefit of the treatment

under study. For practical or commercial
purposes, the designs of some clinical
trials have also failed to acknowledge the
limitations of efficacy observed in animal
studies, for example by allowing therapy
at later time points when the window of
opportunity has passed [10,11]. Second
ly, the failure of apparently promising
interventions to translate to the clinic
may also be caused by inadequate ani-
mal data and overoptimistic conclusions
about efficacy drawn from methodalogi-
cally flawed animal studies. A third
passible explanation is the lack of exter.
nal validity, or generalisability, of some
animal models; in other words, that these
do not sufficiently reflect discase in
humans. Finally, peutral or negative
animal studics may be more likely to
remain unpublizhed than neutral clinical
triale, giving the impression that the first
are more often positive than the second.
This article aims to address the possible
sources of bias that threaten the internal
and external validity of animal studies, to
provide solutions to improve the relia
illty of such studies, and thereby to im-
prove their translation to the clinic.

Internal Validity

Adequate internal validity of an animal
experiment implies that the differences
observed hetween groups of animals

ion: van der Worp HB, Howells DW, Sena ES, Porrizt M), Rewell 5, et al, {2010) Can Animal Models of

Disease Refiably Inform Human Studies? PLoS Med 7(3): 1000245, doii10.137 1Journal pmed. 1 000245

Published March 30, 2010
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Research in Translation discusses health interven-
tians in the context of transhation from basic ta
clinical research, or from clinical evidence to
practice.
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Fehlende Berlcksichtigung von Alter und
Comorbiditats-Load bei Zielpatienten

Ubertragung von Effekten aus einer homogenen
Tierpopulation auf heterogene Patientengruppen

Fehlende Berlcksichtigung des Geschlechtsaspekts

Mangelnde Ahnlichkeit zwischen Modell- und
Zielorganismus

,Unrealistische” Interventionsszenarien in den
Tierversuchen

Unterschiede bei den Outcome-Parametern sowie
beim Zeitpunkt der Outcome-Analyse
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Animal experiments have contributed
much to our understanding of mechanisms
of disease, but their value in predicting the
effectiveness of treatment strategies in
dlinical trials has remained controversial
[1 3]. In fact, clinical trials are essential
because animal studies do not prediet with
sufficient certainty what will happen in
humans
published in seven leading scientific jour-
nals of high impact, about one-third of the
studies translated at the level of human

In a review of animal studies

randomised trials, and one-tenth of the
interventions, were subsequently approved
for use in patients [1). However, these
were studies of high impact {median
citation count, 889), and less frequendy
cited animal research probably has a lower
likelihood of translation to the clinic. De
pending on one’s perspective, this attrition
rate of 90% may be viewed as either a
failure or as a success, but it serves to
illustrate the magnitude of the difficulties
in translation that beset even findings of
high impact.

Recent examples of theraples that falled
in Jarge randomised clinical trials despite
substantial reported benefit in a range of
animal studies indude enteral probiotics
for the prevention of infectious complica-
tions of acute pancreatitis, NXY-059 for
acute ischemic stroke, and a range of
strategies to reduce lethal reperfusion
injury in patients with acute myocardial
of

infarction [4 7). In animal models
acute ischemic stroke, about 500 “pe
protective” treatment strategies have been
reported to improve outcome, but only
aspirin and very early iniravenous throm.
balysis with alteplase (recombinant tissue-
plasminogen activator) have proved effec-

under study. For practical or commercial
purposes, the designs of some dlinical

Linked Research Article

This Research in Translation discuss trials have also failed to acknowledge the
es the following new study pub- limitations of efficacy observed in animal
lished in PLoS Biology: studies, for example by allowing therapy
Sena ES, van der Worp HB, Bath at later time points when the window of
PMW, Howells DW, Macleod MR opportunity has passed [10,11]. Second:
{2010) Publication bias in reports ly, the failure of apparently promising
of animal stroke studies leads to interventions to translate to the clinic
major overstatement of efficacy. may also be caused by inadequate ani-
PLoS Biol 8(3): 1000344. doi:10. mal data and overoptimistic conclusions

137 1/journal. pbio.1000344

about efficacy drawn from methodal

Publication bias confounds at- cally flawed animal studies. A
tempts to use systematic reviews passible explanation is the lack of exter.
to assess the efficacy of various nal validity, or generalisability, of some
interventions tested in experiments animal models; in other words, that these
modeling acute ischemic stroke, do not sufficiently reflect disease in
leading to a 30% overstatement of humans. Finally, neutral or negative
efficacy of interventions tested in animal studics may be more likely to
animals. remain unpublizhed than neutral clinical
triale, giving the impression that the first

are more often positive than the second.
This article aims to address the possible

tive in patients, despite numerous clinical sources of bias that threaten the internal
trials of other treatment strategies [8,9]. and external validity of animal studies, to
provide solutions to improve the relia

Causes of Failed Translation bility of such studies, and thereby to im-

-  prove their translation to the clinic.
The disparity between the results of

animal models and clinical wials may in
part be explained by shortcomings of the
clinical trials. For instance, these may Adequate internal validity of an animal
have had insufficient statistical power to experiment implies that the differences
detect a true benefit of the treatment observed between groups of animals

Internal Validity
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Publication Bias in Reports of Animal Stroke Studies
Leads to Major Overstatement of Efficacy
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525 Einzelverdffentlichungen zu stroke-bezogenen
Tierversuchen tber 16 Systematic Reviews erschlossen Rbstract

The consolidation of scientific knowledge proceeds through the interpretation and then distillation of data presented in
research reports, first in review articles and then in textbooks and undergraduate courses, until truths become accepted as
such both amongst “experts” and in the public understanding. Where data are collected but remain unpublished, they
cannat contribute to this distillation of knowledge. If these unpublished data differ substantially from published work,
canclusions may not reflect adequately the underlying biological effects being described. The existence and any impact of
such “publication bias” in the laboratory sciences have not baen describecl. Using the CAMARADES (Collaborative Approach
to Meta-analysis and Review of Animal Data in Experimental Studies) database we identified 16 systematic reviews of
interventions tested in animal studies of acute ischaemic stroke invalving 525 unique publications. Only ten publications
{2%) reported no significant effects on infarct volume and only six (1.2%) did not report at least one significant finding.
Egger regression and trim-and-fill analysis suggested that publication bias was highly prevalent {present in the |iterature for
16 and ten interventions, respectively) in animal studies modelling stroke. Trim-and-fill analysis suggested that publication
bias might account for around one-thire of the efficacy reported in systematic reviews, with reported efficacy falling from
31.3% to 23.8% after adjustment for publication bias. We estimate that a further 214 experiments (in addition to the 1,359
identified through rigorous systematic review; non publication rate 14%) have been conducted but not reported. It is
probable that publication bias has an important impact in other animal disease models, and more broadly in the life
sciences.

Nur 10 Publikationen reporten
keinen signifikanten Effekt der getesteten
Intervention auf das Infarktvolumen

Citation: Sena ES, van der Worp HB, Bath PMW, Howells DW, Macleod MR (2010) Publication Bias in Reports of Animal Stroke Studies Leads to Major
Overstatement of Efficacy. PLoS Biol B(3): €1000344, doi:10.1371 joumal pbic. 1000344
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Introduction opinion and public understanding, will be biased. This is the “file
drawer problem” [2, at its most extreme, the 95% of stdies
ibing natural phenomena are in them that were truly neutral (that is, which reported no significant

Few publications d

Egger- und Trimm-and-fill-Analysen begriinden die
These, dass rund 1/3 der berichteten Effekte auf einen
publication bias, hier: auf das Unpubliziert-Bleiben von
~hegative results” zurickzuftihren sind.

selves sufficient to change our understanding of the world, and
knowledge advances through the summarising of data in
conference presentations, review articles, and books. Traditionally
this process has been rather haphazard, with sometimes partisan
experts using narrative review articles to emphasise their own
particular perspective. Attempts have been made to account for
this bias using the technigue of systematic review, in which there is
prespecification of the biological question being addressed, the
methods through which contributing data will be identified, and
the criteria that will be used to select which data are incloded in
the analysis [1]. While systematic reviewers often go to some
lengths to identify unpublished data sources, both approaches are
potentially confounded by the ability to include only available
data. If experiments have been conducted but are not available to
reviewers, and if the results of these experiments as a group are not
the same as results from experiments that were published, then
both narrative and systematic reviews, and the resulting expert

PLOS Biology | wwwplosbiology.org

@

effects) remain in the files of the investigators, the 5% of
experiments that were falsely positive are published, and reviewers
conclude falsely that the literature represents biclogical truth
The consequences of the drawing of erroneous conclusions
would be troubling if it involved, for instance, the interpretation of
data from clinical trials; indeed, the recognition of a substantial
publication bias in this literature has led to the introduction of
clinical trial registration systems to ensure that those summarising
research findings are at least aware of all relevant clinical trials that
have been performed [4]. Publication bias has ako been observed
in reports of genetie association studies [5] and in ecology and
h 40% of meta-analyses were confounded by
publication bias, and adjusting for publication bias might have
altered the conclusions in around one-third of cases [6]. A related
group of biases, the citafion biases [7], can be addressed through
rigorous systematic review, in that an attempt is made to include
all relevant publications describing data meeting predefined

evolution, in wi
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Abstract

Animal studies generate valuable hypotheses that lead to the conduct of preventive or therapeutic ical trials. We
assessed whether there is evidence for excess statistical significance in results of animal studies on neurological disorders,
suggesting biases. We used data from meta-analyses of i ions deposited in C ive Approach to Meta-Analysis
and Review of Animal Data in Experimental Stuclies (CAMARADES). The number of observed studies with statistically
significant results (0) was compared with the expected number (E), based on the statistical power of each study under
different assumptions for the plausible effect size. We assessed 4445 datasets synthesized in 160 meta-analyses on
Alzheimer disease {n=2), experimental autoimmune encephalomyelitis (n=34), focal ischemia (n=16), intracerebral

hemorrhage (n=61), Parkinson disease {n=45), and spinal cord injury (n=2). 112 meta-analyses {70%) found nominally
1.719 (p=0.05) statistically significant summary fixed effects. Assuming the effect size in the most precise study to be a plausible
effect, 919 out of 4,445 nominally significant results were expected versus 1,719 observed (p=10"%). Excess significance was
present across all ical disorders, in all suk ps defined by methodological characteristics, and also according to
alternative plausible effects. Asymmetry tests also showed evidence of small-study effects in 74 {46%) meta-analyses.
significantly effective interventions with more than 500 animals, and na hints of bias were seen in eight (5%) meta-analyses.
Overall, there are too many animal studies with statistically significant results in the literature of neurological disorders. This
observation suggests strong biases, with selective analysis and outcome reporting biases being plausible explanations, and
provides novel evidence on how these biases might influence the whole research domain of neurological animal literature.
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ests enist.

Introduction randomization, blinding, inadequate application of inclusion and
exclusion criteria, inadequate statistical power, and inappropriate

Animal research studies make a valuable contribution in the  statistical analysis may compromise internal validity [6,
are compounded by different types of reporting
biases [8]. First, bias against publication of “negative” results
{publication bias) or publication after considerable delay (time hg

generation of hypotheses that might be tested in preventative or
therapeutic clinical tria
establish that there is a

These problen:

of new interventions

disease, which justifies the risk to trial participants. bias) may exist [9]. Such findings may not be published at all,

Several empirical evaluations of the preclinical animal literature published with considerable delay, or published in Jow impact or law
have shown limited concordance between treatment effects in  visibility national journals in comparison to studies with “positive”
animal experiments and subsequent clinical trials in humans [1 4], findings. Second, selective analysis and outcome reporting biases

Systennatic assessmer

s of the quality of animal studies have  may emerge when there are many analyses that can be performed,
attributed this translational failure, at least in part, to shortcomings but only the analysis with the “best” results is presented resulting in
in experimental design and in the reporting of results [5]. Lack of  potentially misleading findings [10). This can take many different

PLOS Biology | www.plosbioiogy.org 1 July 2013 | Volume 11 | Issue 7 | e1001609

Statistisch zu erwarten
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4. Empfehlungen

Statt FOrderung nicht direkt operationalisierbarer Visionen, Férderung SMARTer
Ziele!

Systematische krankheitsspezifische Uberpriifung ,etablierter” Tiermodelle auf
externe Validitat durch retrospektive (Meta-)Studien!
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