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BN COMMENTARY

The Meaning of Translational Research

and Why It Matters

Steven H. Woolf, MD, MPH

RANSLATIONAL RESEARCH MEANS DIFFERENT THINGS

to different people, but it seems important to al-

most everyone. The National Institutes of Health

(NIH) has made translational research a priority,
forming centers of translational research at its institutes and
launching the Clinical and Translational Science Award
(CTSA) program in 2006. With 24 CTSA-funded academic
centers already established, other universities are trans-
forming themselves to compete for upcoming CTSA grants.
By 2012, the NIH expects to fund 60 such centers with a
budget of $500 million per year.! Besides academic cen-
ters, foundations, industry, disease-related organizations, and
individual hospitals and health systems have also estab-
lished translational research programs and at least 2 jour-
nals (Translational Medicine and the Journal of Transla-
tional Medicine) are devoted to the topic. By some accounts,
translational research has become a centerpiece of the
European Commission’s €6 billion budget for health-
related research, and the United Kingdom has invested £450
million over 5 years to establish translational research
centers.”

What exactly is translational research? For many, the term
refers to the “bench-to-bedside” enterprise of harnessing
knowledge from basic sciences to produce new drugs, de-
vices, and treatment options for patients. For this area of
research—the interface between basic science and clinical
medicine—the end point is the production of a promising
new treatment that can be used clinically or commercial-
ized (“brought to market”). This enterprise is vital, and has
been characterized as follows: “effective translation of the
new knowledge, mechanisms, and techniques generated by
advances in basic science research into new approaches for
prevention, diagnosis, and treatment of disease is essential
for improving health.”

For others—especially health services researchers and pub-
lic health investigators whose studies focus on health care
and health as the primary outcome—translational research
refers to translating research into practice; ie, ensuring that
new treatments and research knowledge actually reach the
patients or populations for whom they are intended and are
implemented correctly. The production of a new drug, an
end point for “bench-to-bedside” translational research, is
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only the starting point for this second area of research. Ac-
cording to McGlynn et al,* US patients receive only half of
recommended services. The second area of translational re-
search seeks to close that gap and improve quality by im-
proving access, reorganizing and coordinating systems of
care, helping clinicians and patients to change behaviors and
make more informed choices, providing reminders and point-
of-care decision support tools, and strengthening the patient-
clinician relationship.

The distinction between these 2 definitions of transla-
tional research was articulated by the Institute of Medi-
cine’s Clinical Research Roundtable,” which described 2
“translational blocks” in the clinical research enterprise and
which some now label as T1 and T2. The first roadblock
(T1) was described by the roundtable as “the transfer of new
understandings of disease mechanisms gained in the labo-
ratory into the development of new methods for diagnosis,
therapy, and prevention and their first testing in humans.”
The roundtable described the second roadblock (T2) as “the
translation of results from clinical studies into everyday clini-
cal practice and health decision making.”

Referring to T1 and T2 by the same name—translational
research—has become a source of some confusion.® The 2
spheres are alike in name only. Their goals, settings, study
designs, and investigators differ. T1 research requires mas-
tery of molecular biology, genetics, and other basic sci-
ences; appropriately trained clinical scientists working in
strong laboratories and with cutting-edge technology; and
a supportive infrastructure within the institution—all ele-
ments the CTSA seeks to nurture.

In contrast, the “laboratory” for T2 research is the com-
munity and ambulatory care settings, where population-
based interventions and practice-based research networks’
bring the results of T1 research to the public. T2 requires
different research skills: mastery of the “implementation sci-
ence”® of fielding and evaluating interventions in real-
world settings and of the disciplines that inform the design
of those interventions, such as clinical epidemiology and evi-
dence synthesis, communication theory, behavioral sci-
ence, public policy, financing, organizational theory, sys-
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tem redesign, informatics, and mixed methods/qualitative
research. T1 and T2 face different challenges. T1 struggles
more with biological and technological mysteries, trial re-
cruitment, and regulatory concerns. T2 struggles more with
human behavior and organizational inertia, infrastructure
and resource constraints, and the messiness of proving the
effectiveness of “moving targets” under conditions that in-
vestigators cannot fully control.*'°

Both T1 and T2 research are vital, but T1 seems to over-
shadow T2 in the United States.® Most individuals have T1
in mind when they use the term translational research and
T1 attracts more funding. According to Moses et al,'! the
$22.1 billion NIH budget for 2002 included $9.1 billion for
“applied and development research” ($13.0 billion for basic
research) but only $787 million for health services re-
search. The NIH maintains an active program in “dissemi-
nation” research,'? but across all funding sources in 2002—
federal and foundations—spending on health services
research represented only 1.5% of biomedical research fund-
ing." National Institutes of Health leaders and the CTSA pro-
gram advocate both T1 and T2, but the focus is on T1. The
CTSA program does encourage “community engagement,”
but whether this entails T2 is often unclear. Rather than pro-
moting the efferent process of exporting research findings
to the community and facilitating their implementation in
practice, CTSA often portrays community engagement as
an afferent process for researchers; ie, a way to “foster col-
laborative research partnerships and enhance public trust
in clinical and translational research, facilitating the recruit-
ment of research participants from the community.”"

Arguably, the federal responsibility for T2 research lies
not with the NIH but with the Agency for Healthcare
Research and Quality (AHRQ). According to its recent
report to Congress, “the ultimate goal [of AHRQ] is
research translation—that is, making sure that findings
from AHRQ research are widely disseminated and ready to
be used in everyday health care decisionmaking.”'* But
Congress allocates AHRQ only approximately $300 mil-
lion per year for this work: just over 1% of the NIH bud-
get. AHRQ does what it can—in 1999 and 2000 it issued
27 Translating Research into Practice (TRIP) grants,"” and
it has also sponsored TRIP conferences—but funding for
TRIP later declined as congressional earmarks began carv-
ing out much of AHRQ’s budget for specific topics (eg,
patient safety, information technology). In 2000, AHRQ
spent $7 million (3% of its budget) on TRIP studies,'® but
by 2004 it spent only $2 million (1%)."

The T2 research community is still defining itself, both
in name and in scope. Being named TRIP, T2, or even trans-
lational research is unsatisfactory to many in the disci-
pline, but no consensus has coalesced around alternative
terms (eg, dissemination, health services, knowledge trans-
lation/transfer, implementation, or quality improvement re-
search). The scope of T2 research is also unclear. The round-
table model® portrays T2 as one step—the translation of new
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knowledge into clinical practice—but the process is rarely
that simple.®'® Westfall et al'® redrew the model to include
a third step (T3), practice-based research,” which is often
necessary before distilled knowledge (eg, systematic re-
views, guidelines) can be implemented in practice.

Even this expanded model is incomplete because it sees
knowledge implementation only through the eyes of phy-
sicians, but practitioners other than health care profession-
als also translate research into practice. Science informs
choices about health habits (eg, diet, smoking), environ-
mental policy, injury prevention, parenting, healthy work-
places and schools, population health campaigns, and other
interventions outside the clinic. The “practitioners” who ap-
ply evidence in these settings include patients, public health
administrators, employers, school officials, regulators, prod-
uct designers, the food industry, and other consumers of
evidence. Trials that test the implementation of evidence in
these settings can be just as vital as similar T2 work in clini-
cal settings.*

How attention and resources are apportioned to T1 and
T2 matters because, for many diseases, T2 could save more
lives than T1. The “bench-to-bedside” T1 enterprise occa-
sionally yields breakthroughs that markedly improve the
prognosis for a disease,?"** but most new drugs and inter-
ventions produced by T1 only marginally improve effi-
cacy. These incremental advances are certainly welcome, but
patients might benefit even more—and more patients might
benefit—if the health care system performed better in de-
livering existing treatments than in producing new ones. For
example, greater fidelity in administering aspirin to eli-
gible patients might prevent more strokes than developing
more potent antiplatelet agents.”® At a time when experts
warn of the fragmented health care system and of a widen-
ing “chasm™* in access, quality, and disparities, interven-
tions to close these gaps—the work of T2—may do more
to decrease morbidity and mortality than a new imaging de-
vice or class of drugs.

Public interest therefore requires T2 to come out from
under the shadow of T1. It needs a new name; translational
research is now too vague a term for T2 (or T1) and not using
the same label for both endeavors would help to reduce con-
fusion. More than a new name, however, T2 needs new rec-
ognition and emphasis. Policy makers and the academic re-
search community must come to a clearer understanding
of the distinction between inventing treatments and get-
ting them used in practice. Those who fund research must
weigh carefully the relative capacity of each research sphere
to improve health and economic outcomes and should fund
each endeavor accordingly. Disproportion has conse-
quences,” and the current policy of spending 1.5% of re-
search dollars on health services research'! is probably cost-
ing lives.

Moreover, adequate investment in T2 research is vital to
fully salvage investments in T1 research. Bringing a drug
to market without knowing how to bring it to patients un-
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dermines its larger purpose and can only diminish its prof-
itability for investors.

A consequence of a stronger commitment to T2, espe-
cially outside clinical settings, is to expand the boundaries
of basic science beyond the bench research that T1 typi-
cally showcases. Successful health interventions in hospi-
tals, homes, and statehouses require the translation of other
“basic sciences”—such as epidemiology, behavioral sci-
ence, psychology, communication, cognition, social mar-
keting, economics, political science—not only the transla-
tion of biotechnological insights and novel therapies. These
disciplines deserve their place not only in definitions of ba-
sic science but also in funding priorities. Poverty matters
as much as proteomics in understanding disease.

Discovering better ways to ensure that patients receive
the care they need—safely, compassionately, and when they
need it—is not easy and poses formidable methodologic chal-
lenges. Scientific discoveries and spectacular new devices
are more fascinating to the public and more lucrative for
industry. The betterment of health, however, should dic-
tate priorities in health research. Funders should strike a
balance between areas of research—T1 vs T2, clinical vs
population-based research—and emphasize each en-
deavor in proportion to its ability to improve health.
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Pesquisa Translacional: uma interpretacao

Translational research: an interpretation

Abstract Translational Research (TR) appears
to be developing into the key health research is-
sue of the beginning of this century. Initially pro-
posed in the United States, TR is spread rapidly
throughout both the developed and the develop-
ing world. This article discusses the main topics
it covers, such as its definition and scope and the
reasons why it has emerged in the USA and in
this century. It examines the relationship between
TR and the basic principles of US scientific policy
established at the end of World War 11. It sees the
demands of a mighty pharmaceutical industry,
currently facing a major crisis, linked to scientif-
ic genomic and post-genomic output impairments
in terms of real innovative products and process-
es as being the explanation for US government
intervention in biomedical research via the NIH.
It realizes that it is not easy to predict the future
of TR and suggests that it is not sustained by a
solid conceptual and theoretical framework. It also
discusses the opportunities and possibilities of TR
in countries with nascent national innovative
systems, such as Brazil. Lastly, it suggests that the
existence of a universal health system can be an
important tool to provide potential research an-
swers tin health for the demands of innovation
on the part of society.

Key words Scientific policy, Technological poli-
¢y, Translational research, Translational medi-
cine, Translational science

Resumo A Pesquisa Translacional (TR) parece
estar se tornando o principal mote da pesquisa em
satide neste inicio de século. Nascida nos Estados
Unidos da América (EUA), vem se disseminando
rapidamente pelo mundo desenvolvido bem como
pela periferia. O artigo discute os principais topi-
cos relativos a ela. A sua definigdo e o seu escopo, as
razdes de ter nascido nos EUA e o porqué de ter
nascido neste século. Debate as relagdes entre a TR
e os fundamentos da politica cientifica nos EUA,
estabelecidos ao final da Segunda Grande Guerra.
Interpreta a demanda de uma indistria farma-
céutica poderosa e em crise, associada a dificulda-
des de outputs cientificos em quantidade adequa-
da para atendé-la como um mével suficiente para
explicar a intervengdo do governo norte-america-
no na pesquisa biomédica através do NIH. Enten-
de que é dificil prognosticar o futuro da TR, mas
que ndo se trata de uma proposi¢do sustentada em
terreno tedrico-conceitual sélido. Tematiza tam-
bém a oportunidade e as possibilidades da TR em
paises com sistemas nacionais de inovagdo imatu-
ros, como é o caso do Brasil. Finalmente, propde
que a existéncia de um sistema universal de satide
seja a principal ferramenta organizadora das res-
postas possiveis da pesquisa em satide as demandas
de inovagao por parte da sociedade.
Palavras-chave Politica cientifica, Politica tec-
nolégica, Pesquisa translacional, Medicina trans-
lacional, Ciéncia translacional
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Justificativa

“Pesquisa translacional”, “medicina translacio-
nal” e “ciéncia translacional” (daqui em frente
identificadas pelo acronimo comum de TR) pa-
recem estar se tornando o principal mote da pes-
quisa em satide neste inicio de século. A ideia da
translagao ganha o mundo. Uma busca na inter-
net por essas expressoes (Google) mostra que,
além dos EUA (4.400.000 resultados), aparecem
com mais de um milhdo a Alemanha, o Canadi,
o Reino Unido, o Japdo, a China, a Franca, a
Austrélia e a India. A Itélia mostra 920.000 resul-
tados e os demais BRICS e a Coréia do Sul entre
300.000 e 400.000. Com exce¢ao da Suécia, que é
um ator cientifico relevante no campo da saude e
aparece com 438.000 resultados, a distribuicao
quantitativa dos paises acompanha, grosso
modo, sua atuagdo cientifica geral quando me-
dida por niimero de publicag¢oes ou citagoes.
Em 2009, foi langada a revista Science Trans-
lational Medicine, agregada a famosa familia de
periddicos capitaneada pela semanal Science. A
nova revista se propde a cobrir a pesquisa bésica,
translacional e clinica. Existe ainda pelo menos
uma revista prestigiosa sobre o tema, o Journal of
Translational Medicine (virtual e de acesso livre) e
algumas outras com indice de impacto menor.
Mas a translagdo ganha terreno também no capi-
tulo das especialidades e subespecialidades. A epi-
demiologia translacional tem espaco em publica-
¢oes de grande impacto, como é o American Jour-
nal of Epidemiology'. Encontramos também um
programa de pds-graduacao em Cirurgia Trans-
lacional em universidade brasileira de primeira
linha, o registro de marca de uma revista cientifi-
cana mesma especialidade, o Journal of Translati-
onal Surgery, bem como registros de artigos ou
programas docentes referidos a urologia, oftal-
mologia e ortopedia, todas translacionais. Trata-
se, como se vé, de uma marca bem sucedida.
Como se verd mais adiante, muito embora a
TR seja uma inovagao nascida nos Estados Uni-
dos da América, seus impactos ja se fazem sentir
na organizagao politica e institucional da pesqui-
sa em satide em muitos outros paises, inclusive
no Brasil. Dai a necessidade de a conhecermos e a
analisarmos. Este é o objetivo deste texto.

As origens

Em sua origem, o termo TR esteve associado
a pesquisas realizadas no Instituto Nacional de
Cancer dos Estados Unidos (NCI) e apenas na
primeira década deste século foi expandida para

outros campos de pesquisa em satde. Em 2003,
os National Institutes of Health (NIH) publica-
ram os resultados de uma ampla consulta nacio-
nal realizada em 2002 e dirigida a comunidade
cientifica com o objetivo de orientar sua politica
de longo prazo’. Nesta, foram identificados trés
grandes alvos de atuagdo, sendo um deles cha-
mado de “Reengenharia da Iniciativa de Pesquisa
Clinica”. Neste alvo, entre outras agdes, foi desta-
cado o fomento ao “estabelecimento de ambien-
tes académicos para a pesquisa clinica e translaci-
onal™. O passo seguinte deu-se em 2006, com a
criagdo, no mesmo NIH, de uma linha de fomen-
to institucional vinculada especificamente a esse
alvo, os “Apoios para a Pesquisa Clinica e Trans-
lacional (CTSA)”. Finalmente, em 2012 foi criada
uma nova unidade do NIH, dedicada especifica-
mente ao apoio para criagdo de centros de pes-
quisa voltados a TR; o “Centro Nacional para o
Avango das Ciéncias Translacionais (NCATS)”.

A definigao e o escopo
da pesquisa translacional

O que vem a ser TR? Em sua pré-histdria, em
1992 no NCI, ela buscava “promover pesquisa
interdisciplinar e acelerar a troca bidirecional en-
tre ciéncia bdsica e clinica para mover os achados
de pesquisa bésica do laboratério para ambien-
tes aplicados envolvendo pacientes e popula-
¢des”*. Desde entdo a nogdo de TR foi incorpo-
rando mais e mais “etapas” na cadeia de conheci-
mento, transbordando de aspectos inerentes a
pesquisa e desenvolvimento, chegando a englo-
bar processos produtivos e mesmo a incorpora-
¢3o de novos produtos e processos nas praticas
de cuidado a sadde.

Ainda no inicio dos anos 2000, ficou claro que
a proposta de TR dizia respeito a temas muito
amplos. Mais especificamente, para que a TR atin-
gisse os objetivos originalmente propostos, deve-
ria levar em conta aspectos relativos a pesquisa
cientifica, ao desenvolvimento tecnoldgico, a pes-
quisa clinica, ao processo produtivo industrial,
ao mundo da regulagdo, a comercializagao de pro-
dutos e, nio menos importante, aos proprios sis-
temas de satide. Uma primeira tentativa para sis-
tematizar esta complexa rede de relagdes e inte-
resses foi publicada em 20037, tinha como foco a
pesquisa clinica e ai foram identificados dois cam-
pos distintos de compreensao e de interven¢ao: o
primeiro dizia respeito aos fatores que impediam
a translagdo das descobertas cientificas bésicas
para os estudos clinicos e a segunda aos fatores
que barravam a translacao destes para a pratica



médica e a tomada de decisdo nos sistemas de
saide. Posteriormente, essa primeira tentativa foi
ainda mais ampliada e especificada. Em 2007, pes-
quisadores do Center for Disease Control and Pre-
vention (CDC), tendo como foco especifico a pes-
quisa em gendmica® propuseram a existéncia de
quatro fases dentro do escopo da TR, quais seri-
am: na fase T1 haveria a translacdo da pesquisa
bésica para uma “aplicagdo candidata” em saide;
na fase T2 a pesquisa avaliaria o valor da aplica-
¢ao gendmica para a prética de satide levando ao
desenvolvimento de “guidelines” baseados em evi-
déncias; na fase T3 a pesquisa tentaria mover es-
ses guidelines para a prética de satde, mediante a
entrega, disseminac¢do ou difusdo; finalmente, na
fase T4 a translacdo procuraria avaliar os desfe-
chos reais da aplica¢do genoémica na prética do
cuidado a satde.

Ainda mais recentemente, o “campo” da TR
vem se ampliando para além das fronteiras mé-
dico-bioldgicas e sanitdrio-industriais, ousando
incorporar aspectos econdémicos, sociolégicos,
juridicos e éticos. Um exemplo disso é um recente
projeto tri-nacional (Austria, Finlindia e Alema-
nha), também focado em TR no campo da ge-
noémica e pds-gendmica’, cuja justificativa é apre-
sentada como: Translational activities in biome-
dical research are advocated as a solution to seve-
ral challenges... [including]... to integrate public
health aspects as well as social, ethical and legal
aspects into biomedical research.

Muito provavelmente, foi essa expansdo de
campos envolvidos no tema a responsavel pela
correspondente expansdo do escopo do substan-
tivo que é modificado pelo adjetivo “translacio-
nal”. Em seus tempos iniciais, era a “pesquisa”
translacional (cf. T1 e T2, acima). No momento
em que a translagdo se expande para outros as-
pectos de préticas de satude sem relagdo direta
com a pesquisa, nasce a “medicina translacional”
(cf. T3 e T4, acima). Quando temas como o0 co-
mérecio, a ética e o direito sao admitidos no cam-
po translacional (como exposto nos objetivos do
projeto TRI-GEN), apresenta-se a necessidade de
uma “ciéncia” translacional.

O ber¢o da pesquisa translacional.
Por que nos EUA?

Uma das principais formas de exercicio da
hegemonia norte-americana em termos globais
dé-se no plano cultural. Escorada nos terrenos
do seu poder econdémico e militar a utilizagdo da
cultura como ferramenta de construgdo de hege-
monia estd contida no conceito mais amplo de

soft power que pode ser definido como a utiliza-
¢ao por um pais de seus valores culturais ou po-
liticos no &mbito da politica externa®. Para citar
um exemplo de sua utiliza¢do, vale lembrar que
os primeiros movimentos de distensdo no peri-
odo da guerra fria (1945-1989) ocorreram nos
terrenos cientifico, artistico e desportivo. Esse co-
mentdrio objetiva a indagacao: haveria outro lu-
gar no mundo onde o aparecimento da TR tives-
se um ber¢o mais adequado e, principalmente,
uma expansdo da mesma na magnitude que es-
tamos testemunhando? Muito provavelmente
ndo. Dai decorre a minha hipdtese de que essa
expansao em escala global tem muito mais a ver
com a geografia de sua origem do que com o seu
eventual valor enquanto aquisi¢ao tedrica e mes-
mo como ferramenta operacional relevante no
plano mundial. Esta afirmativa serd discutida ao
longo do texto.

Dentre os grandes campos da investigacdo ci-
entifica, o da pesquisa em satide é aquele no qual
os Estados Unidos mais se distanciam de quais-
quer competidores. Os dltimos dados consolida-
dos disponiveis sobre os dispéndios globais com
pesquisa e desenvolvimento em saide humana
sdo de 2005°. Naquele ano estimava-se que US$
160,3 bilhdes haviam sido despendidos com P&D
em satde no mundo, sendo que a fonte de 51%
foi privada, de 41% foi publica e de 8% foi da
filantropia. Naquele mesmo ano, o or¢amento
do NIH, a principal fonte de recursos financeiros
federais para a pesquisa cientifica nos EUA foi de
US$ 27,8 bilhdes'’. Vale ainda dizer que a maior
parte desses recursos foi despendida com proje-
tos no campo da pesquisa biomédica. Esses ni-
meros revelam que os EUA, através do NIH, fo-
ram responsaveis por 42,2% dos dispéndios pu-
blicos globais com pesquisa em saide humana.
No entanto, para um balanco mais preciso, tor-
na-se necessario somar ao orcamento do NIH os
dispéndios com pesquisa em satude cujas fontes
foram outras agéncias federais (NSF, NASA, etc.)
e os estados da federa¢do norte-americana. Um
levantamento também referente a 2005', revela
que US$ 11,51 bilhoes foram oriundos daquelas
fontes. Somados aos recursos do NIH, temos que
naquele ano os EUA foram a origem de cerca de
60% de todos os recursos ptblicos globais desti-
nados a pesquisa em saude.

Analisada segundo outra Optica, a da distri-
bui¢do interna dos recursos federais para pes-
quisa e desenvolvimento, a imensa expressao da
pesquisa em satide nos EUA fica ainda mais cla-
ra. No or¢amento federal proposto para 2013, a
distribui¢do por agéncias estd na Tabela 1.
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Tabela 1. Proposta orcamentdria federal para
pesquisa e desenvolvimento para 2013, segundo
ministérios/agéncias. Estados Unidos da América.

Agéncia US$ bilhoes %
Defesa 72,6 51,0
Saude (NIH) 31,4 22,1
Energia 11,9 8,4
NASA 9,6 6,7
NSF’ 5,9 4,1
Agricultura 2,3 1,6
Comércio 2,6 1.8
Outras 6,0 4,2
Total 142,2 99,9

" National Science Foundation, agéncia de fomento a pesquisa
assemelhada ao CNPq.
Fonte: Matt Hourihan'%.

E a forga que decorre desse notével esforgo
de fomento a pesquisa em satide — biomédica,
epidemioldgica e clinica — esfor¢o que se projeta
globalmente e que se expressa na presen¢a maci-
¢a de trabalhos nas melhores revistas e nas cen-
tenas de milhares de cooperagdes cientificas com
pesquisadores da maioria dos paises, que sugere
a explica¢do de porque a TR nasceu nos EUA e,
principalmente, porque se espalhou tdo intensa e
rapidamente para todo o planeta.

A pesquisa translacional e os fundamentos
da politica cientifica nos EUA

Mas, se ai nasceu e dai se disseminou, resta
responder a outra pergunta: por que nesta vira-
da de século? Qual ou quais tragos de conjuntura
fizeram nascer e prosperar a ideia de que a ma-
quina norte-americana de pesquisa cientifica em
saide — em particular a locomotiva da médquina,
apesquisa biomédica — deveria ser orientada para
algo que nao fosse governado exclusivamente
pelo talento e pela imaginag¢do criativa de seus
pesquisadores? E mais, por que a comunidade
cientifica norte-americana, amadurecida nos ide-
ais liberais da liberdade de pesquisa e principal-
mente na ideia, hoje algo mitica, de que a pesqui-
sa livre e desinteressada — a pesquisa bdsica —
deve governar o avango da técnica, por que essa
comunidade e também o publico em geral pare-
cem estar se deixando levar por essa nova e expli-
cita maneira de organizar a pesquisa?

A defesa da pesquisa bdsica, contra a ascen-
sdo da TR, teve um momento de embate na dis-
cussdo do orcamento do NIH em 2011/2012. Af,
os principais baluartes da pesquisa biomédica nos

EUA, a saber, a Federagao das Sociedades de Bio-
logia Experimental (FASEB), a Associa¢ao Ame-
ricana para o Avango da Ciéncia (AAAS) e a Asso-
ciagao das Universidades Americanas, resistiram
a alocagdo de recursos a TR e também a outro
programa de fomento institucional do NIH, mais
antigo, denominado “Pesquisa Inovadora em Pe-
quenos Negocios” (SBIR)". O centro da argu-
mentagdo dessas entidades foi que as atividades
de pesquisa translacional deveriam ser or¢amen-
tadas exclusivamente com “dinheiro novo”, sem
comprometer os recursos destinados a pesquisa
bésica, em particular a biomédica (responsavel
por pouco mais de 50% do or¢amento do NIH).
O argumento ganha peso quando se sabe que,
atualmente, a “taxa de sucesso” (propor¢ao de
propostas aprovadas em relagdo as apresenta-
das) para um projeto que solicita financiamento
numa linha regular do NIH nao passa de 17%.

Ainda mais recentemente, em artigo da revis-
ta Scientific American', o autor relembra e apoia
a tradigdo da pesquisa cientifica nos EUA. Pela
clareza e contundéncia com que expde seu ponto
de vista, vale a pena a transcricao de um trecho:

...In the last few years this kind of thinking [a
TR] has swamped the public discourse on science.
... The NIH, the largest biomedical research agen-
cy in the world, has also embraced a new National
Center for Advancing Translational Research. The
director of the NIH... has not tired of pointing out
the exciting advances in discovering new drugs
which would be made possible by harnessing data
from the human genome project. ... All this makes
the idea of translational research sound promi-
sing. And yet there must be a good reason why
distinguished Nobel Prize winners like Chalfie,
Steitz, Goldstein and Brown bristle at the mention
of translational research. ... What is wrong is that
translational research is being seen as a panacea
that will address the flagging rate of new biomedi-
cal advances. ..

No nosso modo de ver, o autor expressa sua
convic¢ao baseado num pilar fundamental da cons-
trugdo da imagem da ciéncia e da pesquisa nos
EUA, bem como de sua politica de ciéncia e tecno-
logia, expressas num muito conhecido e reputado
relatdrio assinado por um assessor dos presiden-
tes Roosevelt e Truman, Vannevar Bush. Foi pu-
blicado em 1945 e se intitula Science, the Endless
Frontier™. Bush sustenta dois principios que, em
sua opinido, deveriam ser os organizadores do es-
forgo cientifico norte americano nos entio novos
tempos de paz: (1) o principal pilar da politica ci-
entifica é a pesquisa bdsica e a énfase na pesquisa
aplicada prejudica o desenvolvimento daquela; (2)



0 progresso técnico é o ponto de chegada de um
processo que se inicia na pesquisa bdsica.

O segundo principio de Bush foi atropelado
em meados da década de 1960, com a emergéncia
do boom econdémico japonés, assentado num
modelo tecnoldgico onde a pesquisa cientifica
bésica nao teve maior relevincia. Esse entdo novo
modelo e os outros que se apresentaram mais
tarde (Coreia do Sul e China em particular) fo-
ram adequadamente estudados por grupos de
cientistas sociais da tecnologia na Europa e tam-
bém nos EUA, com destaque para os que cons-
trufram o conceito de Sistemas Nacionais de Ino-
vagdo's. Entretanto, o primeiro postulado, que
rezava a proeminéncia da pesquisa bdsica como
pilar maximo do discurso sobre a politica cienti-
fica tem sido um principio que, com oscilagdes
ocasionais — a mais importante delas, segundo
Smith", ocorrida no periodo que vai de meados
da década de 60 ao final da década seguinte —
permanece na ordem do dia da politica cientifica
norte-americana. Do pds-guerra imediato até hoje
houve grandes ajustes praticos nesse postulado, é
claro, em particular no sentido da construgdo de
uma hoje complexa arquitetura de mediagoes fi-
nanceiras e institucionais entre a fonte principal
da pesquisa basica nos EUA — as universidades —
e o ponto mais frequente de chegada das aplica-
¢Oes cientificas — as empresas — que resultaram
em crescente interpenetragdo entre as duas esfe-
ras. Numa outra vertente, houve ajustes também
no sentido de uma crescente participa¢ao de en-
comendas tecnoldgicas governamentais as uni-
versidades e institutos de pesquisa. Entretanto,
em termos de prestigio e imagem publica, a pes-
quisa cientifica basica como pilar da politica cien-
tifica restou incélume no imagindrio da comuni-
dade cientifica, de boa parte da sociedade politica
e mesmo da populagdo norte-americana. Sobre
essa continuidade, um importante académico de
Harvard e conselheiro cientifico dos presidentes
Eisenhower, Kennedy e Johnson, Harvey Brooks,
argumenta que, a despeito de oscilagoes, a politi-
ca cientifica permanece essencialmente inalterada
desde o relatério de Bush'.

Nesse imagindrio, as propostas da TR agri-
dem de um modo contundente a visao de 1945
quanto ao papel da pesquisa bésica. E ndo é por
outra razao que a recente (2012) proposta de cri-
acao dos NCATS pelo NIH provocou reagao, nao
apenas em segmentos da comunidade cientifica,
como a do artigo do Scientific American e de
organizagdes representativas da comunidade de
pesquisa biomédica, ji citados, como também
no Congresso norte-americano'.

Entretanto, apesar das resisténcias na socie-
dade civil e politica, todas as iniciativas do NIH
em dire¢dao a TR (NCATS, SBIR) foram aprova-
das e devidamente orcamentadas para 2013 (US$
575 milhoes para o NCATS). A TR avang¢a e tudo
indica que terd algum sucesso em corroer de
modo aberto, no campo da pesquisa em saide
humana, o primeiro postulado de Vannevar Bush
sobre o primado da pesquisa basica na politica
cientifica dos EUA. A consolida¢do da TR como
pratica hegemdnica no fazer cientifico no campo
da satide serd uma alteragdo importante em dé-
cadas de um discurso de politica cientifica que,
mesmo que jd ndo correspondesse a prética des-
sa politica, ainda vinha alimentando com eficé-
cia as proje¢oes hegemonicas globais norte-ame-
ricanas no terreno cultural-cientifico, bem como
um dos grandes motivos de orgulho nacional. E
uma evidéncia reveladora da lideran¢a norte-
americana no campo da pesquisa em saide, bem
como de sua utilizagdo no terreno do soft-power
a contabilidade da presenca de pesquisadores
norte-americanos nas listas de prémios Nobel
de Fisiologia e Medicina. Entre 1945 e 2012 fo-
ram 151 premiados e 84 eram norte-americanos
(56%)%. Mas, se aquele discurso é ainda funcio-
nal nos planos politicos interno e externo, por
que a mudanga? Para discutir uma resposta a
essa questdo, é necessrio passar do terreno po-
litico para o econémico.

Promessas frustradas?

Ha consenso hoje em dia quanto a interpreta-
¢do de que a “aplicagdo” da pesquisa bdsica que
alicer¢ou os postulados de Vannevar Bush sobre
a politica cientifica foram as bombas atomicas
langadas sobre o Japao?'. As aquisi¢des tedricas e
experimentais fundamentais da fisica desenvolvi-
das no final do século XIX e na primeira metade
do século XX foram expressas numa inovagao,
num produto, num artefato que foi imaginado
por uma boa parte dos cientistas basicos envolvi-
dos anteriormente naquelas aquisi¢des cientificas,
além de ter sido construido com a participagdo de
muitos deles no Projeto Manhattan.

Entretanto, sem maior pretensao de rigor his-
torico, se poderia dizer que entre o desvelamento
da estrutura do DNA (1953) e o langamento do
Projeto Genoma (1990), paulatinamente, a bio-
logia, tendo a frente as suas aquisi¢des a nivel
molecular, se afirma como a “ciéncia lider” em
substitui¢do a fisica. Essa posi¢ao de “lideran¢a”
foi alcangada essencialmente nos terrenos da ge-
nética, da bioquimica e da pesquisa clinica e pode
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ser avaliada, entre outros indicadores, pelo pres-
tigio social de disciplinas do campo biolégico
expresso, por exemplo, na informacdo quase di-
dria dos jornais e revistas sobre novas descober-
tas nesses campos.

Uma das caracteristicas mais importantes
dessa publicidade de resultados de pesquisas é o
seu “gancho” translacional. Habitualmente, ha
uma promessa de inovagdes associadas a desco-
berta anunciada. Mesmo que, numa avalia¢ao
equilibrada, a possibilidade da inovag¢ao (pro-
duto ou processo no mercado) esteja a muitos
anos (por vezes décadas) de ser concretizada. A
cura do cancer mediante anticorpos monoclo-
nais e vacinas recombinantes, a recuperacio de
tecidos lesados mediante a manipulacdo de célu-
las-tronco e tantas outras promessas sao anun-
ciadas de tal modo que se pode conjecturar que o
principal objetivo do antincio seja o de criar um
mecanismo de retroalimentacao cuja materiali-
dade mais importante talvez seja a de garantir
mais recursos financeiros para a continuidade
das pesquisas.

Vinculada a essas promessas e as expectativas
sociais por elas criadas, crescem as duvidas sobre
se 0s recursos financeiros investidos nos capitu-
los mais dindmicos da biologia molecular, vale
dizer, a genodmica, a protedmica e todas as demais
“Omicas” que vieram a seguir — além da pesquisa
clinica—tém atingido as etapas de translagdo pro-
metidas em escala e tempo adequados. Em ou-
tros termos, crescem as duvidas se a quantidade
de dinheiro colocado a disposi¢ao “da bancada”
tem correspondido em ndmero e relevancia, re-
sultados “na beira do leito” ou “na comunidade”.

Uma estimativa do volume de recursos finan-
ceiros investidos pode ser obtida a partir dos
dados de desembolso recente do NIH segundo
dreas de pesquisa. Ai se evidencia que, em 2011, o
primeiro, o segundo e o quarto destinos dos re-
cursos do NIH foram, respectivamente, a pes-
quisa clinica, a genética e a biotecnologia*. Quan-
do medida por publicagdes, o crescimento da
produgdo cientifica nesses campos é exponenci-
al, conforme os Graficos 1 e 2, que registram o
numero de documentos sobre a genémica e as
demais “Omicas” em anos recentes, a partir dos
registros existentes na base Scopus/Elsevier?.

Na outra ponta da translacdo, entretanto,
essa fartura estd longe de existir. De acordo com
0 ja citado trabalho de Khoury et al.** os autores
afirmam que ndo mais do que 3% das publica-
¢oes alcancem as etapas T2, T3 e T4.

Em outros termos, o que se passa é que, to-
mando como ponto de partida o projeto do Ge-

noma Humano (em 1990 or¢ado em US$ 15 bi-
lhoes para 15 anos), ap6s mais de 20 anos de
pesado estimulo financeiro por muitos paises,
com os EUA a frente, os resultados em termos de
inovac¢des decorrentes de translagdes desde a pes-
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Grafico 1. Numero de documentos sobre pesquisa
em gendmica presentes na Base SCOPUS/Elsevier.
1960-2010.

Fonte: Jones” (Uso do gréfico autorizado por SCOPUS/Elsevier).
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Grifico 2. Numero de documentos sobre pesquisa
em dreas pds-gendmicas presentes na Base
SCOPUS/Elsevier. 1990-2010.

Fonte: Jones® (Uso do gréfico autorizado por SCOPUS/Elsevier)



quisa biomédica ainda ndo sdo entusiasmantes.

Outra evidéncia sobre a falta de entusiasmo
com os resultados das translacoes diz respeito
ao financiamento de empresas do tipo start-up
envolvidas com projetos de TR. Além do NIH e
de outras agéncias federais norte-americanas, esse
financiamento ¢é realizado por empresas de ven-
ture capital que captam recursos de investidores
dispostos a se associar a projetos com promessa
de sucesso, por tempo determinado e com parti-
cipag¢do nos lucros caso o sucesso se confirme.
Nos ultimos anos, a atratividade de projetos de
TR em start-ups biotecnoldgicas ndo tem apre-
sentado crescimento sustentado. A partir de 2009,
o numero de operagdes e o volume financeiro
oscilam, conforme a Tabela 2. Os dados foram
retirados de Art Wuster®.

E verdade que a escassez relativa de atrativi-
dade pode ser decorrente, ndo do desencanto dos
investidores com a TR, mas da crise econdmica
que atingiu os EUA e a Europa a partir de 2008.
Serd, portanto, necessario aguardar a recupera-
¢do0 da economia norte-americana para confir-
mar ou nao a tendéncia mostrada pelos nime-
ros da figura.

O descompasso entre as aquisi¢des cientifi-
cas da biologia molecular e as inovagdes “na bei-
ra do leito” e “na comunidade” poderia ser de-
corrente de um processo natural de desenvolvi-
mento e maturagado de ideias cientificas ao ponto
das mesmas estarem aptas a fornecer respostas
a demandas colocadas pela sociedade. E licito
conjecturar que aquele conhecimento novo tal-
vez ainda necessite de tempo para fazé-lo.

Para explorar esse aspecto da questdo, volte-
mos a histéria do grande momento da “transla-
¢30” entre as aquisi¢oes tedricas e experimentais

Tabela 2. Numero e Valor dos investimentos de
Venture Capital em empresas biotecnoldgicas
vinculadas a gendémica. 2006-2012.

Numero de Valor médio
Anos operagoes das operagoes (AxB)
(A) [US$ milhoes] (B)
2006 13 13,2 172
2007 8 17,8 143
2008 11 14,3 157
2009 18 19,9 357
2010 19 20,1 381
2011 22 15,1 332
2012 16 24,5 392

Fonte: Modificado de Wuster®.

da fisica do inicio do século XX e a sua mais visi-
vel inovagdo tecnolégica, “colocada no mercado”
em 1945. Em 1951, Robert Oppenheimer, entdo
diretor do Laboratério Cientifico de Los Alamos
afirmou:

“as coisas que aprendemos [durante a guer-
ra] ndo sdo muito importantes. As coisas verda-
deiramente novas foram aprendidas em 1890,
1905 e 1920, em todos os anos que conduziram a
guerra, e nds pegamos essa drvore carregada de
frutos maduros e a sacudimos e delas cairam o
radar e as bombas atdmicas... O espirito era o de
uma exploracdo frenética e um pouco inescru-
pulosa do conhecido; ndo o de uma tentativa
sobria e modesta de penetrar o desconhecido™.

Na nossa leitura, essa citacao de um dos lide-
res do desenvolvimento da bomba atdmica reve-
la duas coisas importantes: em primeiro lugar,
ele fala do necessdrio tempo de matura¢io de
ideias cientificas (os frutos devem estar madu-
ros) para que a ciéncia possa responder as de-
mandas da sociedade. Mas Oppenheimer fala
também da pressdo das demandas sociais para
alavancar a “sacudida” na drvore (a exploragao
frenética e um pouco inescrupulosa do conheci-
do). Em outros termos, Oppenheimer sugere que
a pressdo da demanda, neste caso uma pressao
politica e militar, foi importante para acelerar a
“transla¢do”.

Seria possivel encontrar uma pressao de de-
manda correspondente capaz de explicar toda a
mobilizagao politico-institucional e os estimulos
financeiro-organizacionais associados a TR na
conjuntura atual? Algo que, como apontou Oppe-
nheimer na outra conjuntura, pudesse sacudir a
arvore carregada de frutos maduros da qual ca-
issem as inovagdes no campo da satide?

A crise da Industria farmacéutica

E vidvel supor que essa pressao tenha vindo
de um dos mais poderosos setores industriais
norte-americanos. Os Estados Unidos sdo lide-
res mundiais na descoberta, desenvolvimento,
patenteamento, registro, producgdo e vendas de
medicamentos. Com a crescente presenga de tec-
nologias biotecnolégicas, a industria farmacéu-
tica cada vez mais se autodenomina “biofarma-
céutica”. Este mercado,em 2011 (US$ 320 bilhoes
em vendas), respondeu por 37,4% do mercado
coberto pelas 20 maiores empresas globais (US$
855 bilhoes — cerca de 80% do mercado farma-
céutico mundial). No mesmo ano, dentre as dez
maiores empresas biofarmacéuticas no mundo,
quatro (Pfizer, Merck, Johnson & Johnson e Ab-
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bott) eram norte-americanas e responderam por
cerca de 20% do mercado global®. Em 2008 o
setor respondia por 655 mil empregos diretos e
905 mil indiretos, contribuindo com US$ 114 bi-
lhdes para o PIB dos Estados Unidos. Uma in-
ddstria com essa pujang¢a ndo tem alternativa se
ndo a de exercer o seu poder. Nota recente afirma
que a industria biofarmacéutica gastou, desde
1998, US$ 3,2 bilhoes com lobbies e US$ 183 mi-
lhoes com doagdes de campanhas eleitorais®.

Mas a despeito de seu poder e de sua histéri-
calucratividade, a inddstria biofarmacéutica glo-
bal, inclusive a norte-americana, vive uma crise
importante desde a dltima década do século pas-
sado, cujos principais determinantes sao o au-
mento exponencial de custos para o desenvolvi-
mento de novas moléculas, em particular em suas
fases mais tardias de pesquisa clinica e a queda
da protecao patentaria de medicamentos de gran-
de retorno financeiro. O principal indicador da
crise é a diminuicdo do ntimero de registros de
moléculas realmente inovadoras nos principais
mercados, em particular os registros feitos no
Federal Drug Administration (FDA)*. Essa crise
gerou uma intensa disputa entre firmas pela con-
quista de pipelines promissores, em particular os
pertencentes a empresas de biotecnologia, sendo
este campo de conhecimento considerado o ca-
minho alternativo a escassez de moléculas novas
(desenvolvidas historicamente pela rota de sin-
tese quimica). A disputa se expressou por uma
grande onda de fusdes e aquisi¢oes, algumas des-
tas de cardter hostil. Consulta na internet revela
que, entre 2010 e 2012, no minimo 14 empresas
farmacéuticas de base biotecnolégica mudaram
de mios ou se associaram a empresas biofarma-
céuticas maiores. A maior transa¢ao nessa onda
foi a aquisi¢do hostil da empresa norte-america-
na Genzyme pela francesa Sanofi- Aventis, no va-
lor de € 14,7 bilhoes.

A propdsito da crise nos registros de molécu-
las inovadoras, vale registrar que O FDA anun-
ciou que em 2012 foram registradas 35 novas
moléculas inovadoras, nimero idéntico ao de
2011 e que recupera o nimero observado em
2004%. Pode ser o inicio de uma recuperagao, bem
como uma oscila¢ao eventual. Hd que aguardar
a continuac¢ao da série.

Entretanto, as compras e as fusdes nio fo-
ram a Unica resposta do setor a crise. Além delas,
a reagdo tem se orientado em mais quatro dire-
¢oes. A primeira sao mudancas no modelo geral
de negbcios, cuja esséncia reside no refreamento
da verticalizagdo nos processos de desenvolvi-
mento e produgdo, com crescente terceirizagao.

Aqui, o objetivo principal é o compartilhamento
do risco. A segunda é uma mudanca de atitude
em relacao a medicamentos genéricos, que dei-
xaram de ser “criminalizados” e vém sendo cres-
centemente incluidos nos porta-f6lios das gran-
des empresas. A terceira tem sido o tensiona-
mento das politicas de prote¢do a propriedade
intelectual em vdrios paises, com a proposi¢ao
de regras cada vez mais rigidas de prote¢do da
propriedade intelectual mediante patentes. Essas
medidas sdo conhecidas genericamente nos f6-
runs internacionais como medidas Trips-Plus e
vérias de suas propostas restritivas tém sido in-
cluidas nos acordos bilaterais e multilaterais de
livre comércio celebrados entre os Estados Uni-
dos e outros paises. Mencione-se, por exemplo,
a renuncia a aplica¢do de algumas flexibilidades
dos acordos Trips, como a utilizagdo de licencia-
mentos compulsérios. Finalmente, a quarta di-
recao, na verdade a que chegou primeiro, é a que
se poderia chamar de uma radicaliza¢do nas es-
tratégias comerciais das grandes farmacéuticas,
cujas préticas chegaram a atingir as fronteiras da
ética e mesmo da legalidade, o que atestam os
recentes acordos celebrados entre farmacéuticas
de grande prestigio e a justica norte-americana.
Dentre estes, surpreende o que estabeleceu, em
agosto de 2012, multa de US$ 3 bilhoes pelo exer-
cicio de praticas comerciais ilegais realizadas pela
empresa britdnica Glaxo Smith Kline durante a
primeira década deste século®.

Em resumo, a situag¢do atual da inddstria far-
macéutica mundial é a perda de protecdo paten-
téria de produtos geradores de grandes receitas,
num ambiente de diminui¢do de langamentos de
novos produtos que os substituam. E como pode
ser depreendido do que descrevemos acima, as
medidas tomadas pelas empresas ficaram, pre-
dominantemente, a cargo dos seus departamen-
tos, financeiro, comercial, de marketing e juridi-
co. Sendo, no entanto, um setor industrial que se
autodenomina “de pesquisa” (rétulo correto,
haja vista investimentos em P&D das casas-ma-
trizes em torno a 15% na receita de vendas), tor-
nou-se essencial ouvir algo dos departamentos
de P&D. A resposta deste é a necessidade de ex-
ploragdo cada vez maior da rota biotecnoldgica,
na qual o conhecimento oriundo das “6micas” —
insumo fundamental da TR — é essencial.

Torno entdo a pergunta que foi feita mais aci-
ma: seria possivel encontrar uma pressao de de-
manda correspondente capaz de explicar toda a
mobiliza¢ao politico-institucional e os estimulos
financeiro-organizacionais associados a TR na
conjuntura atual? Algo que, como apontou Oppe-



nheimer na outra situa¢io, pudesse colaborar para
sacudir a drvore carregada de frutos maduros e,
da qual caissem as inovagdes no campo da satde?

A demanda de uma industria farmacéutica
poderosa e em crise, associada a dificuldades de
outputs cientificos em quantidade adequada para
atendé-la pode muito bem estar exigindo a inter-
vengdo do governo norte-americano através do
NIH. O objetivo essencial é o de fomentar algum
tipo de esforgo adicional da comunidade cientifi-
ca para suprir uma demanda estratégica para o
pais. Ndo se trata, a rigor, de uma nova “pesqui-
sa”, nem “medicina”, nem muito menos “ciéncia’,
translacionais. Estes sdao nomes para marcas de
fantasia. Trata-se apenas de estimulos para uma
“sacudida” na drvore, para que seus frutos ama-
durecam e possam entdo cair. Resta saber se, como
aconteceu em 1945, ja hé frutos maduros na drvo-
re, ou se serd necessario esperar mais um pouco.

Mas ndo se trata de menosprezar a movida. O
movimento da TR pode significar uma adequa-
¢do importante na politica cientifica norte-ameri-
cana no campo da pesquisa em satude humana,
na medida em que se consiga superar, no 4mbito
do discurso, aquilo que ja tem uma expressao
matizada na sua pratica politica hd muito tempo:
refiro-me ao principio niumero 1 de Vannevar
Bush, a saber: “o principal pilar da politica cienti-
fica é a pesquisa bdsica e a énfase na pesquisa apli-
cada prejudica o desenvolvimento daquela”. Caso
se logre este feito, ndo terd sido pouca coisa.

Conclusio

Qual o futuro da TR? Dificil prognosticar, mas
alguns aspectos podem ser discutidos. Em pri-
meiro lugar, tudo sugere que, a despeito de seu
sucesso, ndo se trata de uma proposi¢do susten-
tada em terreno tedrico-conceitual sélido. Uma
recente discussdo conceitual sobre o tema® apon-
ta trés dimensdes pouco claras nas proposi¢oes
sobre a TR e que as fragilizam.

A primeira delas é a extensdo da “brecha” que
a TR se propde a superar. Por um lado, se consi-
dera aquela entre T1 e T2, conforme trabalho
aqui citado anteriormente®?. Por outro, uma bem
mais ampla a superar, entre T1 e T4, seria o ob-
jetivo da TR. Em nosso entendimento, essa mai-
or ou menor extensdo da brecha a ser superada
decorreu da continua expansao da defini¢ao dos
limites do escopo da TR, conforme discutido por
nés em se¢do anterior deste texto.

Em segundo lugar, hd uma fragilidade nas
explanag¢des quanto aos modelos explicativos da

translagdo. Por um lado, hd uma visao linear e
unidirecional (da bancada para a beira do leito)
que ¢é utilizada pela maioria da bibliografia; ou-
tro modelo seria uma translagdo bidirecional e
ainda linear (da bancada para a beira do leito e,
por vezes, dai novamente para a bancada); final-
mente, uma visio mais complexa, na qual o pro-
cesso de translacdo seria um processo dindmico
e de sentido variado. Em nosso modo de ver,
estes trés modelos de translacao nada tém de novo
e correspondem, em terreno mais restrito, a dis-
cussao dos modelos gerais de explica¢do do pro-
gresso técnico entre o final da Segunda Guerra
Mundial e os dias de hoje, a saber: 0o modelo line-
ar sustentado na perspectiva science push, o mo-
delo linear market pull e o modelo complexo,
combinando estimulos de oferta e demanda e
tendo a ciéncia bdsica como fonte de oportuni-
dade estratégica®.

Em terceiro lugar, Laan e Boenink™ discutem
as ambiguidades sobre a origem da brecha trans-
lacional, apontando duas tendéncias: a primeira
que a considera fora dos marcos da ciéncia como,
por exemplo, as dificuldades financeiras, institu-
cionais e de canais de comunicagdo entre banca-
da e beira do leito, algo como problemas opera-
cionais que dificultariam uma prética cientifica
mais inclinada a superar brechas para a aplica-
¢d0 de descobertas cientificas; a outra situa a ori-
gem da brecha ao interior mesmo do fazer cien-
tifico como, por exemplo, a forma de pesquisar e
a percep¢do que os cientistas tém de seu proprio
papel profissional e social. Frisamos nds que as
propostas politicas postas em pratica pelo go-
verno norte-americano através do NIH tendem
a valorizar a primeira das duas visdes. Os dois
programas de fomento institucional que foram
propostos pela agéncia, os Clinical and Transla-
tional Science Awards (CTSA) e os National Cen-
ters for the Advancement of Translational Science
(NCATS), buscam superar supostas dificulda-
des operacionais que estariam tolhendo os ca-
minhos da transla¢do.

A despeito dessas dificuldades conceituais, vale
reafirmar a importancia de um alinhamento en-
tre o discurso e a pratica na politica cientifica nos
EUA. Como ja observamos mais acima, a maior
contribui¢do da TR para a cultura cientifica nor-
te-americana talvez seja a produgdo deste alinha-
mento no campo da pesquisa em satde e, em
particular, na biomedicina. Entretanto, nos pa-
rece valido perguntar o porqué da construgao de
uma nova marca, com evidentes debilidades te6-
ricas, quando os mesmos EUA ja produziram
outra construcdo sobre as relagdes entre a cién-
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cia e a inovagado tecnoldgica com maior abran-
géncia (ndo apenas relacionada a pesquisa em
saude humana) e, mais relevante ainda, lastrea-
da em sélida evidéncia tedrica e histdrica? Referi-
mo-nos ao tema e as propostas discutidas por
Donald Stokes em seu muito conhecido livro “O
Quadrante de Pasteur”, de 19972,

Entre as inimeras contribui¢cdes do livro de
Stokes, uma das mais importantes talvez seja a
andlise do processo de desconstru¢ao politica do
paradigma orientador das relagdes entre ciéncia
e inovagao nos EUA desde 1945, processo até en-
tao ainda ndo encerrado (o livro de Stokes é de
1997). Para o ponto em que se encontrava o de-
bate no final do século passado, Stokes sumariza
cinco pontos que deveriam orientar a sua conti-
nuidade. Sao eles:

1. “A visao paradigmadtica da ciéncia e da tec-
nologia que emergiu da Segunda Guerra Mun-
dial forneceu uma descri¢ao notoriamente incom-
pleta do relacionamento real entre a pesquisa
bésica e a inovagdo tecnoldgica”

2. “A incompletude do paradigma do pos-
guerra estd prejudicando o didlogo entre a co-
munidade cientifica e a comunidade politica e
atrapalhando a busca por um novo pacto entre
ciéncia e governo”

3.“Uma visdo mais realista do relacionamen-
to entre a ciéncia e a tecnologia deve reservar es-
pago para o papel criticamente importante da
pesquisa bdsica inspirada pelo uso, de fazer a
ligacao entre as trajetérias semiautdénomas do
entendimento cientifico e do conhecimento tec-
nolégico”. Vale lembrar que Stokes localiza a ‘pes-
quisa bdsica inspirada pelo uso’ em seu ‘Qua-
drante de Pasteur, com o nome de pesquisa es-
tratégica.

4. “Um entendimento mais claro, por parte
das comunidades cientifica e politica, do que a
pesquisa bésica inspirada pelo uso pode ajudar a
renovar o pacto entre a ciéncia e o governo, um
pacto que deve também conferir apoio a pesqui-
sa basica pura”.

5.“S6 se poderdo construir agendas de pes-
quisa bdsica inspirada pelo uso por meio da con-
jugacdo de avaliacdes bem fundamentadas das
promessas de pesquisa e das necessidades da so-
ciedade”

No nosso modo de ver, af estaria uma boa
agenda para que se pudesse encaminhar uma dis-
cussdo sobre o futuro da TR. Uma agenda politi-
camente comprometida e conceitualmente fun-
damentada.

Um segundo aspecto a ser discutido é a efica-
cia e a sustentabilidade da TR fora das fronteiras

norte-americanas. Se a nossa interpretagdo da
sinergia conjuntural de interesses entre industria
(demanda), comunidade cientifica da satide (ofer-
ta) e governo (NIH) como motor da construgao
do modelo da TR for confirmada, é licito supor
que esse modelo serd mais consistente e susten-
tdvel nos paises com sistemas nacionais de ino-
va¢ao maduros ou, pelo menos, em situagao de
catching-up, conforme o enquadramento pro-
posto em algumas linhas de pesquisa existentes
entre n6s*%. Paises com sistemas de inova¢do
imaturos, como é o caso do Brasil, mesmo que
com um parque cientifico importante no campo
da satde, tenderdo a ndo reproduzir com eficién-
cia 0 modelo do NIH.

O caso brasileiro

Se for verdadeira a interpretagdo abragada
nesse texto, de que a aparicao e o desenvolvi-
mento da TR nos EUA decorrem de uma conjun-
tura na qual a demanda estabelecida por uma
industria cujo componente tecnolégico possui
forte base cientifica, politicamente poderosa e em
crise ndo tem sido atendida a tempo e a hora
pelos resultados de pesquisas que se esperaria
alimentd-la, cabe indagar sobre a inser¢do do
Brasil nessa equacao.

Como ja foi observado mais acima, o discur-
so — e até certo ponto também a pratica — da TR
se dissemina desde a poténcia lider mundial para
0s outros paises centrais que, como ela, sao tam-
bém possuidores de sistemas nacionais de inova-
¢a0 maduros no setor de saide. E possivel imagi-
nar que paises com sistemas em situagao de ca-
tching up sejam também crescentemente envolvi-
dos nesse ambiente. Mesmo paises com sistemas
nacionais de inova¢ao imaturos, mas com com-
ponentes setoriais diferenciados, podem estar in-
teressados no modelo TR. Por exemplo, no exer-
cicio grosseiro de busca por documentos que tra-
tam do tema da TR mencionado na abertura des-
te texto, verificamos que a India, que se apresenta
na web num padrao similar aos paises centrais e
que ainda ndo tem um sistema nacional de inova-
¢dao maduro”, por certo ja amadureceu seu com-
ponente setorial de saide mediante o desenvolvi-
mento de uma poderosa industria farmacéutica,
hoje em dia um player mundial.

Nao é o caso brasileiro. Muito embora em
franca evolugao no tltimo decénio (para a indus-
tria farmacéutica)’®, o nosso sistema nacional de
inovacao, incluido ai seu componente setorial de
satde ainda ndo foi capaz de desenvolver as insti-
tuigdes e os mecanismos suficientes para que se



possa considerar que entramos numa fase de ca-
tching-up*. Na vertente mais desenvolvida desse
sistema, que estd no lado da oferta, o pais vem
galgando posi¢oes no cendrio internacional con-
forme revelam os levantamentos em bases de da-
dos que indexam trabalhos publicados, bem como
na massa critica envolvida. E neste contexto, o
setor de saide humana é um dos destaques®. Na
comparagdo interna, o setor de satide humana é
aquele com maior capacidade instalada, seja em
numero de grupos de pesquisa ativos*, seja em
numero de programas de pés-graduagdo reco-
mendados, segundo a CAPES/MEC.

A vertente da demanda, entretanto, revela um
complexo industrial da satide ainda em desen-
volvimento, seja quando relacionado com a com-
plexidade e o tamanho da economia brasileira,
seja com a dimensdao do mercado interno, seja
com sua proje¢ao no mercado global. No seg-
mento de equipamentos de saide, observam-se
concentrag¢ao e internacionalizacao crescentes, em
particular nos nichos mais intensos em tecnolo-
gia (eletroeletroénico, 6ptico e de mecanica de pre-
cisdo). No segmento de vacinas a presenga quase
exclusiva do setor publico no desenvolvimento e
produgao é, por um lado, solugao (regulagao de
mercado e melhor aderéncia da produgdo as pri-
oridades de satde publica), mas é também um
problema (maior dificuldade no desenvolvimento
e introdu¢ao de vacinas modernas). E no seg-
mento farmoquimico/farmacéutico, o quadro
enseja otimismo, mas com a consciéncia de que
os desafios sdo ainda gigantescos. Apds sua qua-
se completa destrui¢do durante o periodo de aber-
tura comercial dos anos 90 (principalmente no
componente farmoquimico), a partir da intro-
dugao da Lei dos genéricos (2000) vem se obser-
vando um crescimento vigoroso e sustentado.
Industrias de capital nacional encontram-se hoje
entre as maiores do mercado brasileiro e ensai-
am seus primeiros passos consistentes na busca
do desenvolvimento de produtos inovadores.
Entretanto, se a aposta no nicho dos genéricos
vem garantindo até hoje certa imunidade da in-
dustria brasileira face a crise da Farma mundial,
o crescimento das atividades mais sofisticadas
de inovagao fardao com que essa imunidade di-
minua muito de intensidade. Em particular no
universo das rotas produtivas bioldgicas.

Tal qual no segmento dos equipamentos, no
ambiente farmoquimico/farmacéutico hd tam-
bém um processo de internacionalizacdo em cur-
so. No nosso tema, que é a relagdo entre a cria-
¢do cientifica e a solu¢do de problemas de saude
mediante produtos e processos inovadores, a in-

ternacionaliza¢do é uma ameaga importante, haja
vista que as empresas multinacionais tém difi-
culdade de realizar etapas importantes de pes-
quisa e desenvolvimento em paises periféricos. A
quase totalidade das despesas realizadas no Bra-
sil declaradas por empresas farmacéuticas trans-
nacionais dizem respeito a ensaios clinicos em
suas fases III e IV, nos quais quase ndo existe
participa¢ao de grupos de pesquisa de bancada.
Além disso, nesses ensaios, os graus de liberdade
dos pesquisadores clinicos brasileiros costumam
ser muito limitados pela adesdo estrita a proto-
colos elaborados também no exterior.

Nao é nova a constatagdao de que, entre ou-
tras, as dificuldades enfrentadas pelas politicas
de ciéncia, tecnologia e inovagao no Brasil resi-
dem no fato de que o nosso sistema cientifico-
tecnoldgico se organiza essencialmente segundo
padroes de oferta de conhecimento. Menos, tal-
vez, pelo grande e sustentado apoio aos grupos
de pesquisa cientifica ao longo do tempo e mais
pelo padrao de industrializacao brasileiro, desde
os anos 50 do século passado*'. Visto por outro
angulo, as dificuldades e a intermiténcia nas rela-
¢des entre a pesquisa cientifica, a tecnologia e as
inovagdes ocorreriam menos por uma falta de
preocupacio dos pesquisadores em orientar suas
atividades para responder as demandas do setor
produtivo, e mais pela auséncia dessa demanda
em diregdo as atividades de pesquisa que embu-
tam promessas de serem desenvolvidas.

E no contexto das relagdes entre oferta e de-
manda de conhecimento no campo da satude
humana que se situa a proposta da TR. Seu obje-
tivo, como vimos, é alterar a forma de relaciona-
mento entre os pesquisadores e a industria a partir
de um reforgo na oferta, que hoje em dia estaria
aquém das exigéncias das demandas das empre-
sas farmacéuticas. Uma alteragdo, portanto, nas
tradicionais e intensas relagdes universidade-
empresa nos paises centrais. Esta, decididamen-
te, ndo ¢é a situacdo brasileira. Para nds, o foco
principal do problema é estimular a demanda
das empresas (e também do sistema de satude).
Apenas secundariamente, buscar reorientar ou
mesmo estimular a oferta de conhecimento.

Estudo recente revela que as relagdes entre
grupos de pesquisa e empresas no Brasil vém
crescendo®. Entretanto, sugere também que elas
sdo mais fortes nas situagdes nas quais estdo en-
volvidas tecnologias de média e baixa intensida-
de. Além disso, a industria da saide nao é especi-
almente mencionada como uma das “campeds”
no item da interagdo com as universidades. En-
fatizamos este tltimo aspecto na medida em que
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a TR envolve especialmente atividades genomi-
cas e pés-gendmicas no campo da biologia mo-
lecular, isto é, atividades de alta tecnologia.
Entretanto, a situagdo brasileira introduz
outra vertente de andlise, que ¢ a existéncia de
um sistema de saide publico e universal poten-
cialmente demandante e um mercado interno
importante e crescente como consequéncia de
politicas de inclusio social. Dai que uma politica
industrial setorial fortemente fomentada pelo
mercado publico podera vir a ser um caminho
para o desenvolvimento de uma industria da
saude hoje ainda carente de densidade tecnol6-
gica autdctone, mas que poderd se tornar, no
médio prazo, demandante regular de conheci-
mento ao parque cientifico de satide. No entan-
to, esse caminho ganhard maior viabilidade no
contexto da constru¢ao de uma politica setorial
de ciéncia, tecnologia e inovag¢ao na qual o gestor
do sistema publico de satde tenha grande pre-
senca e, por que nao dizer, posi¢do de lideranca.
Em outras palavras, uma politica na qual a de-
manda da sociedade por mais e melhores servi-
¢os e produtos de satide tenha um papel central.
Desde o ano 2000, com a criagdo do Depar-
tamento de Ciéncia e Tecnologia do Ministério
da Saude e, principalmente a partir de 2003 com
a inauguracao da sua Secretaria de Ciéncia, Tec-
nologia e Insumos Estratégicos, o ministério estd
minimamente apetrechado para o cumprimen-
to dessa missdo. Resta perseverar na construgao
dessa politica que, a nosso ver, nos tltimos dez
anos talvez tenha avangado mais no lado da de-

manda, através do fortalecimento do mercado
publico como demandante do Complexo Indus-
trial da Sadde brasileiro®. Estratégia correta, uma
vez que a mobilizacdo da nossa capacidade insta-
lada em pesquisa cientifica dar-se-d por pressdes
de demanda desse complexo.

Entretanto, no nosso entender, para que uma
politica dessa natureza seja consequente, o gestor
publico deve liderar também a politica no que se
refere a organizagdo da oferta de conhecimento,
mediante o fomento aos grupos que realizam
pesquisa cientifica no campo da sadde, pari passu
ao fortalecimento da capacidade inovadora das
empresas do complexo da satde. Entendemos
que, se ao fortalecimento que ji comega a ser
observado pelo lado da demanda, ndo corres-
ponder um correspondente — pelo Ministério da
Satde em cooperag¢ao com o Ministério da Cién-
cia, Tecnologia e Inovagdo — da oferta, podere-
mos chegar a desconfortdvel situacao de uma
drvore sem “frutos a serem sacudidos”, confor-
me a metafora de Robert Oppenheimer.

Para tanto, serd necessario um olhar especial
para todo o amplo leque da investigacao cientifi-
ca em satde — biomédica, clinica, tecnoldgica e
epidemiolégica — de modo a priorizar as linhas
mais promissoras, muitas delas na vertente de-
nominada por Stokes como ‘pesquisa bdsica ins-
pirada pelo uso. Mais do que programas de pes-
quisa, medicina ou ciéncia translacionais, este
pode ser um caminho para contribuir com o
amadurecimento de nosso sistema nacional se-
torial de inovagao.
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Abstract: The advent of Precision Medicine has globally revolutionized the approach of translational
research suggesting a patient-centric vision with therapeutic choices driven by the identification of
specific predictive biomarkers of response to avoid ineffective therapies and reduce adverse effects.
The spread of “multi-omics” analysis and the use of sensors, together with the ability to acquire
clinical, behavioral, and environmental information on a large scale, will allow the digitization of
the state of health or disease of each person, and the creation of a global health management system
capable of generating real-time knowledge and new opportunities for prevention and therapy in
the individual person (high-definition medicine). Real world data-based translational applications
represent a promising alternative to the traditional evidence-based medicine (EBM) approaches that
are based on the use of randomized clinical trials to test the selected hypothesis. Multi-modality data
integration is necessary for example in precision oncology where an Avatar interface allows several
simulations in order to define the best therapeutic scheme for each cancer patient.
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1. Introduction

Translational research is a rapidly evolving area of biomedical research that aims to
facilitate and speed up the transfer of scientific discoveries into clinical practice. It has
emerged as a scientific discipline rather recently, in order to fill the gap between clinical
and basic research area. The term “translational research” was first used in the national
cancer program of United States in the 1990s and then gradually appeared in academic
context and educational programs worldwide. A PubMed bibliographic search, using
“translational research” OR “translational medicine” terms in the title/abstract field of
manuscripts published up to 2020, resulted in 13,109 records starting from the early 1990s.
The number of published scientific papers has constantly climbed each year over the past
decades with nearly 85% of articles having been published in the last 10 years.

Barry S. Coller, vice president for Medical Affairs and Professor of the Rockefeller
University, defined translational science as “the application of the scientific method to
address a health need”. Indeed, although translational research is built on the progress of
basic research sharing technologies and skills with it, it is characterized by the primary mis-
sion to quickly transform and apply the acquired theoretical knowledge and experimental
breakthroughs into new health products and diagnostic/therapeutic tools. Similarly, the
reverse flow of information, materials and skills returning to laboratory bench from the
clinic is critical for science progression and it should not be overlooked. Indeed, laboratory
research is modeled by the continuous comparison with the clinic integrating questions and
observations, efficacy data, and molecular mechanisms. On this regard, the Nobel Laureate
biologist Sydney Brenner, stressed the importance of failed clinical trials and patients’
unexpected responses as valuable “human experiments” to stimulate new hypotheses that
may help refine the route in its next iteration [1].

The advent of Precision Medicine has globally revolutionized the approach of research
suggesting a patient-centric vision with therapeutic choices driven by the identification of
specific predictive biomarkers of response to avoid ineffective therapies and reduce adverse
effects. While conventional medicine is historically designed for the “average patient”
with a “one-size-fits-all” approach, the new point of view takes into account individual
differences in patients.

The final goal is to obtain the most detailed characterization of each patient identifying
genetic and molecular singularities through omics technologies, such as next-generation
sequencing platforms, immunohistochemical and flow cytometric analysis, microbiota
assessment, proteomics, transcriptomic, and metabolomics.

In addition to the implementation of the most innovative “omics” techniques, the
ability to develop predictable, reproducible, and reliable preclinical study models is an es-
sential tool to accelerate the successful incorporation of Precision Medicine into mainstream
clinical practice. In the oncology field, for instance, the evolution of research technologies
has led to the generation of genetically engineered animal models spontaneously develop-
ing tumors, patient-derived xenografts and humanized immune-avatar models in which
host immune system is replaced by patient’s cells [2-6]. Thus, precision animal modeling
is the link between individualized care in human and advances in animal technologies and
genetic manipulation. To fully accomplish their role, precision animal models have to be
designed to reflect the variability observed in human cohorts in order to define downstream
functional consequences and to discriminate causal from correlative factors at relevant
efficiency [7]. These study models give the possibility to carry out multi-level exploration of
the effects of genetic variants, environmental exposures, or candidate therapeutic strategies
in a way that would be impossible or hard to achieve in human studies.

Finally, the increasing amount of multidimensional data streams coming from omics
technologies and digital-sensing devices requires the development of standardized meth-
ods of data aggregation and analysis, taking advantage from artificial intelligence with
emerging computational techniques, such as machine learning as well as sophisticated
cloud computing approaches for data sharing. This review will dissect the different aspects
of the present and the future of personalized and translational research, specifically focus-
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ing on the rapid evolution of omics approaches and of available technologies, highlighting
few initiatives as examples of the ongoing projects, and describing the advantages and the
challenges of this new era of Medicine.

2. The Evolution of Translational Precision Medicine Research

Although the discipline of Precision Medicine may be considered a relatively young
field, the underlying concept is not new and can be found as isolated genial intuitions
over the last century. The discovery of blood groups in 1901 by Karl Landsteiner may
be accounted as one of the first instances of recognizing differences in patient’s biology
and applying a stratification strategy in order to match blood donors with their recipients
and improve transfusion safety. However, the predictive ability of science had to wait the
development of the surrounding technologic ecosystem to fully show its revolutionary
potential.

In the second half of 1950, Friedrich Vogel coined the term “pharmacogenetics” as
the study of genetics role in drug response and it has been proposed for the first time that
inheritance might explain why many individuals differ in drug efficacy and in adverse
reactions susceptibility [8].

A milestone in Precision Medicine evolution has been reached in 1998 with the ap-
proval of the first matched drug and diagnostic test for monoclonal antibody trastuzumab
in breast-cancer patients overexpressing HER2 protein. Another breakthrough achieve-
ment in molecularly-driven therapeutic strategy was the introduction of imatinib for the
treatment of chronic myeloid leukemia carrying BCR-ABL1 chromosomal translocation [9].

As the mechanistic knowledge of diseases grew together with technology develop-
ment, Precision Medicine efforts exponentially increased. The advent of genetic age and the
end of Human Genome Project in 2003, involving scientists across six nations to sequence
the entire human genome, irreversibly changed healthcare approach.

In 2004, the Food and Drugs Administration (FDA) approved the AmpliChip CYP450
pharmacogenetic test, a microarray that classifies patients according to their cytochrome
P450 enzymes to determine drug-metabolizing capacity and select the right patient for
the right drug at the right dosage. A few years later, the FDA approved a genetic test for
CYP2C9 and VKORC1 to improve the prescription of the anticoagulant warfarin [10].

In the last years, the increased availability of multigene panel tests, whole genome/
exome sequencing, and innovative omic technologies have deeply implemented scientific
tools of Precision Medicine (Figure 1). It is now clear that we are at the beginning of
an epochal paradigm shift in health care that relies heavily on large-scale collection of
biological, radiological, and bioinformatics datasets.

However, to fully apply Precision Medicine vision, a strong institutional support
is needed. Many initiatives are underway to create national implementation strategies
for Precision Medicine worldwide [11]. For instance, in 2012 started in UK the “100,000
Genomes Project” with the aim to sequence 100,000 genomes of people with cancer or rare
diseases and their families and match with National Health Service records and clinical
information to uncover new diagnoses and improved treatments for patients. In 2018,
Health Secretary Matt Hancock announced that the goal of the project has been achieved.
In 2015, the National Institute of Health (NIH) launched a Precision Medicine initiative,
named “All of Us Research Program”, to study the genomes and health status of 1 mil-
lion volunteers with the primary goal of rapidly improving prevention, diagnosis, and
treatment of cancer. This is a pioneering participant-centered model aimed to guarantee
access to leading edge cancer treatment to all patients. In cancer research field, the era of
massive sequencing projects led to unprecedented acceleration toward Precision Medicine.
In 2020, the Pan-Cancer Analysis of Whole Genomes (PCAWG) Consortium, an interdis-
ciplinary group of researchers from four continents, presented the most comprehensive
and ambitious analysis of cancer genomes so far. This worldwide consortium of scientists
carried out integrative analyses of 2658 whole-cancer genomes, matching normal tissues
and 1188 transcriptomes across 38 tumor types focusing on cancer drivers [12], non-coding
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changes [13], mutational signatures [14], structural variants [15], cancer evolution [16],
and RNA alterations [17]. Such large-scale initiatives from cooperative groups, pooling
together huge numbers of samples and clinical data, is a powerful way to uncover new
druggable targets which can be used to tailor therapy to individual patients.

Multiomics .
approach Interactomics Genomics
o0
O
Proteomics N \ . Radiomics
i 2 "
Epigenomics\_ Microbiomics

N Digital

|Og | CO pathology

Transcriptomics

Immunomics Metabolomics

Figure 1. Scheme of “MultiOmics” approach(es). Created with Biorender.com.

Recently, numerous therapeutic development platforms have been proposed, such
as the pan-UK multicenter PRECISION-Panc platform to accelerate the translation of
preclinical molecular advances into clinical practice for pancreatic cancer patients finding
the right trial for each patient [18,19].

Another ground-breaking initiative comes from the U.S. Pancreatic Cancer Action
Network (PanCAN) which is the first pancreatic cancer non-profit organization to develop,
sponsor, and lead an adaptive nationwide clinical trial platform, the Precision Promise
platform trial (NCT04229004).

3. Real-World Data for Translational Research

The rapid technological development that has characterized all the fields of biomedical
research in the last years has led to a significant increase of data availability, boosting data
dimensionality and inter-actionability.

The validation of new data categories, stemmed out the availability of omics data,
opened new frameworks of personalized medicine and translational research.

The number of variables on which the clinical decisional process currently relies in
the field of oncology can be considered as a significant example: Abernethy and colleagues
have demonstrated that a human is able to simultaneously manage up to five factors in his
decision making process (e.g., demographical data like sex or age, signs, and symptoms),
while the potential number of decisional variables could rise up several thousand from
different knowledge domains (e.g., omics sciences) [20].

This huge amount of data needs to be collected, categorized, and analyzed using
appropriate tools and the use of informatics and artificial intelligence has become therefore
crucial to support humans in these tasks.


Biorender.com

J. Pers. Med. 2021, 11, 216

50f 20

Electronic health record (EHR) archiving systems have rapidly become fundamental
tools and it has been demonstrated that healthcare professionals spend two hours of EHR
related back office work for each clinical activity hour dedicated to the patient [21].

In addition to the traditional sources of data, there is great interest in data harvested
from real life contexts, the so called “real world data” (RWD) that are changing data
analysis and interpretation paradigms.

Despite their promising use in research activities, a conclusive definition of RWD is
still an object of debate in the scientific community, varying from “data that are not collected
in conventional randomized clinical trials”, to “data obtained by any non-interventional
methodology that describe what is happening in normal clinical practice” [22].

The European commission has recently released a more comprehensive definition for
health RWD, describing them as data collected in medical records, registries, administrative
or insurance related databases, or through surveys and mobile applications (accessed on 28
February 2021, https:/ /ec.europa.eu/research /health/pdf/factsheets/real_world_data_
factsheet.pdf).

RWD-based translational applications represent a promising alternative to the tradi-
tional evidence-based medicine (EBM) approaches that are based on the use of randomized
clinical trials to test the selected hypothesis. The RWD approach should not be considered
opposite the traditional EBM, but only different from it in terms of collected data quality
and dimension, collection methodologies and interpretation.

More specifically, EBM studies have rigid patients’ inclusion and exclusion criteria and
aim to answer to a very specific question (e.g., the efficacy of a given treatment on a specific
population affected by a single disease). The results of these studies are then summarized
in guidelines that support the clinical decision-making process: despite being practical and
easy to use tools, these guidelines hardly take into account the different characteristics of
the single patients, limiting the impact and the potentialities of a more comprehensive and
aware use of all the available data.

The aforementioned characteristics make standard Randomized Control Trial un-
able to answer the always more complex questions raised by precision and personalized
medicine, requiring a paradigm shift in the generation of clinical and translational scientific
evidence [23].

Researchers aim therefore to integrate RWD in an innovative conjugation of systems
medicine, targeting a more efficacious data governance and enhancing data and knowledge
transferability.

However, the comprehensive integration of these data still presents numerous flaws
connected to different domains, which are no longer contained in the traditional 4Vs of big
data (volume, variety, velocity, and veracity) [24], such as:

- Classification: with ontological inconsistencies at registry, procedural, and research
levels.

- Quality: with syntactic (e.g., uterine cancer in a man), semantic (e.g., erroneous
meaning assignments), or research (e.g., inconsistent correlations) relevance.

- Privacy and intellectual property.

- Technical: relative to informatics or computational limits.

These limits do not allow to take full advantage of healthcare RWD as a complete
research tool, representing a significant obstacle for their introduction in clinical and research
practice, either from an authorization, economical or academic perspectives [25-27].

The introduction of innovative RWD data management Al-based platforms is therefore
strongly needed and will allow a more efficient application of translational-based decisional
support systems, personalized approaches and multi-omics predictive models. These tools
are able to collect and elaborate previously inconceivable amounts of data, leading clinicians
to completely rethink patients’ paths of care, exploring previously unknown correlations
among variables relevant to different and apparently not correlated knowledge domains
(e.g., patient’s prognosis and the quantitative features of his bioimages) [28].


https://ec.europa.eu/research/health/pdf/factsheets/real_world_data_factsheet.pdf
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The informatics architecture of this kind of platform should provide for the continuous
interaction of four structural layers, interconnected and interdependent among them [29].

The first layer (computing layer) is represented by hardware and software computa-
tional resources.

The following second layer (information layer) is represented by a data catalog and
data actionability level, that aims to identify the most appropriate ontological and algorith-
mic approach, moving from traditional statistics approaches (i.e., regression models), to
more advanced machine learning, deep learning, and cognitive analysis applications.

The third layer (user layer) is represented by multidisciplinary working groups in
which researchers and clinicians interact with information technologists to run the transla-
tional analysis and optimize the applied Al tools [30].

The fourth and last layer (market layer) is oriented towards industrial research part-
ners and stakeholders: synthetic RWD data are exposed for the joint development of
models and decisional support systems in protected virtual environments [28,31].

Health data management and interpretation represent for sure one of the most sig-
nificant and contemporary challenges for all the biomedical sciences and particularly for
medicine. New professional figures of clinical data scientists will therefore be needed
in the nearest future, open to the introduction and exploration of these innovative re-
search techniques based on the complex Al analysis of translational, clinical, and patient
generated RWD.

4. Omics Data for Translational Research

Personalized medicine revolutionized disease treatment along with the parallel devel-
opment of innovative technologies: (i) omics technology for the digitalization of genetic,
biological, and morphological characteristics of patient and pathological tissues; (ii) an-
alytic instruments to directly monitor relevant individual or environmental biological
and clinical parameters; (iii) technological analysis of big data (e.g., machine learning
and artificial intelligence); and (iv) technology of connection and sharing of the data (file
systems, Map-Reduce program systems, resilient distributed datasets, etc.).

The widespread use of omics analyses and sensors, together with the ability to acquire
huge clinical, environmental, and behavioral information, will lead to the digitalization
of the monitoring of people’s health and disease, and to the creation of a global system
of real-time management, toward new opportunity for prevention and therapy of the
individual person (high-definition medicine, Figure 2).

Further characterization of tissue/systemic dysfunction at a molecular level will
enhance our ability to understand, explain, and apply the omics analyses: genomics,
epigenomics, transcriptomics, proteomics, interactomics, metabolomics, microbiomics,
radiomics, each of these disciplines evaluates different biological and environmental aspects
(Figure 1). Moreover, their costs are dramatically decreasing. Although the enormous
availability of data, the revolution of the personalized medicine cannot be associated to
the Information and Communication Technologies (ICT) instruments or to the ones that
have been developed to acquire and analyze data. In fact, personalized medicine is the
product of informatics and engineering sciences meeting life sciences. Multi-modality data
integration is necessary, for instance, for precision oncology in which an avatar interface is
required, meaning that each oncologic patient should have a specific number of simulations
to define the best individual therapeutic scheme.

Among all the several existing omics platforms, those for the analysis of nucleic acids are
the most developed and have the lowest costs, although they are the most advanced in the
validation practices; for this reason, they also are the most applicable in the clinic practice. Se-
quences of the human genome significantly aided our comprehension of biological processes,
even if many of the obtained information still needs to be elucidated and related to the func-
tions of classes of biomolecules, especially proteins. With increasing accessibility to genomic
testing and greater understanding of genomic variation on both an individual and worldwide
scale, efforts to promote the integration of genomics—and thus the individualization of health
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care—into health care systems represent a fundamental gain. Biobanks of human germline
DNA samples are being used to generate genomic data linked to clinical information from
Electronic Health Records (EHRs) in health systems. These biobanks represent a rich resource
for the discovery, translationality, and implementation of genomics in medicine. With dense,
longitudinal clinical data, her-linked biobanks can boost the study of the natural history
of disease, facilitating the implementation of individualized strategies for early detection,
prevention, and management of disease. National biobanks are emerging in countries such as
the United Kingdom [32], China [33], Japan [34], and others [35].

Conventional medicine
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Figure 2. Schematic comparison of high-definition medicine with conventional approaches. Created
with Biorender.com.

Structural genomics in the field of cancer basically investigates the three-dimensional
structure of all proteins encoded by a genome using computational techniques along
with experimental work, resulting in a comparative analysis where different fields of
structural biology can be studied simultaneously. Inmunomics identifies the interaction
of cancer biology with the individual’s immune system [36]. Four main types of tumor-
specific antigens are commonly recognized: those encoded by oncogenes, those derived
from mutation of any one gene, those differentially expressed only in cancer cells, and
those encoded by genes overexpressed in certain types of tumors. Thus, it is possible to
determine a genomic profile and to also associate it with the development of a certain
humoral immune response [36] or cellular immune response [37,38] in order to obtain an
immunomic molecular fingerprint of cancer [39]. Currently in the postgenomic era, the
interaction between different omics data (transcriptomics, proteomics, interactomics and
metabolomics) introduced a new concept of disease identification and potential integration
of omics in the perspective of personalized medicine, the operomic profile.
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Precision Medicine, as the ultimate goal of personalized medicine, is a team effort
in which different fields of human biology combine to generate a complete picture that
can help to dissect the complexity of diseases. Genomics gives important information
about the genetic assessment of a human being, but nothing relevant about gene expression
(transcriptome) and whether they are functional (proteomics). Proteins are the functional
molecules of cells/tissues that control the complex biological pathways (interactome)
necessary for health, and whose dysregulation often leads to disease. Furthermore, human
diseases produce measurable changes in the human proteome, and most drug targets are
proteins [40].

Cancer has paved the way for the introduction of Precision Medicine, and several publica-
tions on this topic have demonstrated the potential of proteomics, combined with other omics
platforms, such as the 2014 Pioneer 100 Persons Wellness Project [41]. Improved validation
methodology will lead to a dramatic increase in the number of approved assays entering
the clinic. In this context, interactomics will continue to play an important role, especially in
understanding cancer biology and to identify new biomarkers and drug targets [42].

Undoubtedly, a significant hurdle will be the management of big data, deriving from
the enormous amount of oncoproteogenomic data that will be generated, and from large
heterogeneous datasets of other resources such EHR or data obtained from smartphone
apps and personal monitoring devices, the so-called “Avatar of health” [43]. Specific new
methods to optimize data collection, storage, cleaning, processing, and interpretation have
been and will be developed [44].

The emerging field of digital pathology allowed pathologists to actively contribute
to a better understanding of cancer pathogenesis through histo-genomics, the interface
between morphology and genomics [45]. Histo-radiomics, the interface between radiology
and histology, is another emerging field that integrates radiological imaging with digital
pathology images, genomics, and clinical data, providing a more holistic approach to
understanding and treating cancer [46].

Similar to the association studies in other fields, the epigenomic wide association
study (EWAS) detects epigenetic marks associated with a certain phenotype and, to correct
the confounding factors in the data, technical and biological covariates are added to the
linear regression models used. Epigenetic profiles can be viewed on appropriate web
tools, such as UCSC Genome Browser [47], EpiGenome Browser [48], or coMET [49]. The
Cancer Genome Atlas (TCGA) project has produced DNA methylation data for over 10,000
cancer samples [50]. In addition to validating functional roles in cancer etiopathogenesis,
epigenetics has also provided useful diagnostic biomarkers and drug targets, specifically
among the most promising classes of cancer biomarkers due to their stability, potential
reversibility, and ease of access. Some have been approved in non-invasive cancer diagnosis,
such as Cologuard, the first test for colorectal cancer (CRC), or more recently the Epi
procolon, both assessing DNA methylation [51].

Dynamic profiling of intracellular pathways is a fundamental help in understanding
molecular processes related to oncopathogenic processes. As example, Oncobox and other
similar approaches were effective in finding numerous biomarkers of biological processes
applying the study of interactomics to various aspects of oncology [52].

Metabolomics, still under development in the field of molecular diagnostics, has been
particularly used in the study of cancer, achieving promising results, with integration to
other platforms [53].

Knowledge about the tumor microbiome has raised many expectations as a helpful
potential tool to improve the lives of cancer patients and their response to specific types of
cancer drugs [54]. In this context, personalized medicine, targeting the microbiota with
different strategies (including nutrition, antibiotic selection, probiotic administration, or
fecal microbiota transplantation) will become one of the next frontiers for patients, offering
new opportunities with therapies tailored to individual patients [55-57].

The personalized medicine revolution comes from the integrative convergence of im-
portant developments in systems biology, the “Internet of Things,” and artificial intelligence
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that will allow us to enter the so-called 6-P medicine era (Predictive, Preventive, Person-
alized, Participatory, Psychosocial, and Public). It will impact the health status of society
by enabling democratized access to comprehensive and personalized health care, healthy
lifestyle, through integrative technological and digital (ICT) approaches, combined with
ethics and behavioral sciences, and based on Human Avatar (HA), accurate human models,
developed and implemented using omics sciences, big data, and advanced imaging.

This is the vision that inspires the Health EU program (under Horizon H2020-FETFLAG-
2018-2020) in its vision to provide a Human Avatar (HA) system, composed of two highly
interactive components, on the one hand the Digital Human Avatar (DHA, digital mod-
els/representations of organs and physiological functions with their underlying molecular
network) and on the other hand the Physical Human Avatar (PHA, a component of the HA
that combines experimental data from multi-omics, sensory and imaging sources that can
characterize multiple human conditions). The accuracy and predictive ability of a DHA
and related models are highly dependent on the quality and standards of the datasets and
the technological advances that support the PHA. The two vehicles are highly interactive
and together form a unique Human Avatar technology that can be individually customized.
While most of the digital computing for Human Avatars will be efficiently distributed
among, e.g., fog, and cloud computing, this technology will be accessible and usable by
all categories of end users through disruptive Avatar-based human-computer interfaces.
New generations of Human Avatar User Interfaces (HAUIs) will be developed, with vary-
ing levels of system complexity, interaction, configurability, and advanced visualization
capabilities, addressing both the professional needs of healthcare professionals and the
demands of citizens, including Healthcare Personal Assistant Device (HPAD) feedback
loops and advanced Quantified Self (QS) prevention capabilities and services. In addition,
in the future, Human Avatars will become ideal user interfaces for mobile healthcare
applications and biobehavioral feedback for healthy living (Figure 2).

5. GerSom and GENERAtOR Projects: Italian Initiatives

Recently, two wide Italian projects have been proposed to draw new models of
translational therapeutic development.

The Fondazione Policlinico Universitario “A. Gemelli” IRCCS coordinates a project
aimed at the validation of a gene panel (GerSom) of Alleanza Contro il Cancro (ACC)
within a network of laboratories of scientific institutes for research, Hospitalization and
Healthcare (IRCCS) afferent to ACC in patients with breast, ovarian and colon cancer
(ACC-GerSom project) [58].

This research program aims to study the feasibility of a combined diagnostic pro-
cess including gene expression quantification and the comprehensive identification of
driver and actionable somatic gene alterations in the tumor (for prognostic purposes and
definition of the response to therapy), together with the germ line analysis of 172 genes
whose pathogenic variants predispose to cancer (CPGs). A further genotyping analysis
of ~1,000,000 Single Nucleotide Polymorphisms (SNPs) allows for increased prediction
the prediction potential of the genetic cancer predisposition. For each patient carrying a
genetic predisposition, the analysis is extended to his/her first-degree relatives in order to
organize specific prevention plans for those sharing the cancer predisposition pattern.

The possible benefits for the health care system are the promotion of a national
database for the interpretation of the clinical significance of mutations in cancer, the
implementation of Clinical Trials for the treatment of patients with specific mutations and
the sharing of national guidelines for the management of people with such hereditary
cancer predisposition (Precision Prevention).

Increasingly, patients are empowered with a greater awareness of the implications of
having a specific mutation. Based on the GerSom project is grafted another collaborative
project of the Fondazione Policlinico Universitario A. Gemelli with three other research
institutes and an advocacy group of germline mutation carriers, aiming to create knowledge
and awareness of the prevention and surveillance processes that hereditary predisposition
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to cancer involves and to facilitate enrollment in a dedicated clinical trial, to significantly
improve social awareness of genetic risk management (project Mutagens).

Another ambitious Italian project is the GEmelli NEtwoRk for Analysis and Tests
in Oncology and medical Research (GENERAtOR) research program of the Fondazione
Policlinico Universitario “A. Gemelli” IRCCS, (Accessed on 28 February 2021 at https:
/ / gemelligenerator.it), which is aimed to offer innovative Al solutions for translational
research using the enormous legacy institutional data lake, which is composed by nearly
700 million granular data.

The GENERATOR data analysis multidisciplinary team has developed different Al
tools, end user proposals:

A. Mini-bots: software realized for task automation and standardization, such as data
recognition and collection, process selection and projection, preliminary data analysis,
validation and reporting, or rapid learning solutions, in which the Al tool automati-
cally learns and optimizes its performances during its own activity. These mini-bots
are characterized by explainable AI applications, in which explicit algorithms process
data whose integrity is guaranteed from the semantic and ontological point of view
by the attending researcher. Being explicit algorithms, the human intervention is
always possible, and the given output is directly comprehensible for the average
scientist-user, granting process transparency, repeatability, and traceability in every
phase of the translational analysis. Different mini-bots can be realized: one of the
most popular examples are: the guardian bot, thought to automatically warn the
researchers in case specific events occur (e.g., collection of out of range values); pro-
cess bot, that identifies deviations from selected guidelines or from the expected
behavior of a specific phenomenon; advanced data manager bot that collect and make
actionable data of different sources and type (e.g., elastic search and text mining tools
that integrate into e-platform lab reports, clinical charts and records, surgical reports,
or visits).

B. Avatar: these tools are represented by advanced algorithms, specifically trained to
create decisional support systems able to predict clinical outcomes, such as prognosis,
treatment related toxicities or complications, therapy results, or diagnostic perfor-
mances of a specific approach. These Avatars may represent a digital twin of the
single patient. Avatars may successfully be used in the setup of virtual trials that will
for sure boost the potentialities of these approaches.

C. Synthetic data packages: these totally anonymized, General Data Protection Regu-
lation (GDPR) compliant by design, data packages could be used to generate and
develop translational and clinical studies in certified and protected virtual envi-
ronments in which innovative data analysis techniques, coming from knowledge
domains other than the traditional biomedical ones, can be successfully applied in
the framework of the most fruitful open innovation paradigms.

D. Advanced radiomics and quantitative bio-imaging analysis tools. These image analy-
sis platforms will enrich the value of standard clinical imaging with new decisional
variables and translation meaning, thanks to the extraction of certified radiomics
features. In this way also the institutional imaging data-lake can be successfully
made actionable, flanking the image scientist in both his clinical and research activi-
ties [59,60].

E. Informatics solutions aiming to integrate data extracted from portable devices (i.e.,
fitness bracelets and other types of wearables) in the innovative framework of patient
generated RWD, e-health 2.0 clinical trials.

The goal of this project was to enhance treatment personalization, efficiently overlook-
ing the articulated domains of translational research and creating previously unknown
synergies among the different data sources, integrating them in the research rationale
finding and clinical decision making. The previously described projects are in line with the
current research trend for personalized medicine in Europe, where similar ongoing and
future initiatives have multiplied (Table 1).
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Table 1. EU supported initiatives concerning activities on personalized medicine, in alphabetical order. Source: CORDIS, https://cordis.europa.eu/en (accessed on 5 March 2021). Query:

content type = ‘personalized medicine” AND ‘initiatives” AND ‘ongoing’.

EU-Code Acronym Title Start Date End Date
951724 BIMG Beyond 1M Genomes 1 June 2020 31 May 2023
715772 BabyVir The role of the virome in shaping the gut ecosystem during the first year of life 1 April 2017 30 September 2022
777090 Back-UP Personalized Prognostic Models to Improve Well-being and Return to Work After Neck and Low Back Pain 1 January 2018 30 April 2021
115974 BEAt-DKD Biomarker Enterprise to Attack DKD 1 September 2016 31 August 2021
821511 BIOMAP Biomarkers in Atopic Dermatitis and Psoriasis 1 April 2019 31 March 2024
679586 BUMP BETTER Understanding the metaphysics of pregnancy 1 April 2016 31 March 2021
876362 CHARM Challenging environments tolerant Smart systems for IoT and Al 1 June 2020 31 May 2023
825775 CINECA Common Infrastructure for National Cohorts in Europe, Canada, and Africa 1 January 2019 31 December 2022

Building an ecosystem for better monitoring and communicating of medication safety in pregnancy and .
821520 ConcePTION breastfe%eding: Va}iidated and regulatory enc(lgorsed workflows fo;g fast, optimized evid};ncepgeieratié]n 1 April 2019 31 March 2024
765158 COsMIC COmbatting disorders of adaptive immunity with Systems MedICine 1 January 2018 31 December 2021
949850 DCUBATION Redefining the term ‘Incubation period” using large-scale digital data 1 November 2020 31 October 2025
806968 EHDEN European Health Data and Evidence Network 1 November 2018 30 April 2024
724115 ENABLE European Academy for Biomedical Science 1 July 2016 30 June 2021
824160 EnTimement ENtrainment and synchronization at multiple TIME scales in the MENTal foundations of expressive gesture 1 January 2019 31 December 2022
779282 ERA PerMed ERA-Net Cofund in Personalized Medicine 1 December 2017 30 November 2022
806948 ESCulab European Screening Centre; Unique Library for Attractive Biology 1 December 2018 30 November 2023
964333 EU-Africa PerMed Building links between Europe and Africa in personalized medicine 1 February 2021 31 January 2025
805843 EU-STANDSAPM 2 fcﬁz?ssan standardization framework for data integration and data-driven in silico models for personalized 1 January 2019 31 December 2021
952103 EuCanlmage iA Eu{‘opean Cancer I.m.age Plat.fo.rm .Linked to Biological and Health Data for Next-Generation Artificial 1 October 2020 30 September 2024

ntelligence and Precision Medicine in Oncology

825903 euCanSHare An EU-Canada joint infrastructure for next-generation multi-Study Heart research 1 December 2018 30 November 2022
824753 FETFX Stimulating effects of Future and Emerging Technologies through communication and outreach 1 January 2019 30 June 2021

101017549 GenoMed4ALL Genomics and Personalized Medicine for all though Artificial Intelligence in Hematological Diseases 1 January 2021 31 December 2024

945334 Gravitate-Health Empowering and Equipping Europeans with health information for Active Personal Health Management and 1 November 2020 31 October 2025
Adherence to Treatment

823939 GreenX4Drug Green Enantioselective Halogenation for Drug Discovery and Manufacture 1 April 2019 31 March 2023

116026 HARMONY Healthcare Alliance for Resourceful Medicines Offensive against Neoplasms in HematologY 1 January 2017 31 December 2021

957532 HEART.FM Maximizing the Therapeutic Potential of Music through Tailored Therapy with Physiological Feedback in 1 November 2020 30 April 2022
Cardiovascular Disease

874694 IC2PerMed Integrating China in the International Consortium for Personalized Medicine 1 January 2020 31 December 2023

731366 ICPerMed Secretariat for the International Consortium for Personalized Medicine (IC PerMed) 1 November 2016 30 April 2021

964197 ICPerMed Secretariat for the International Consortium for Personalized Medicine (ICPerMed) 1 March 2021 29 February 2024



https://cordis.europa.eu/en

J. Pers. Med. 2021, 11, 216

12 of 20

Table 1. Cont.

EU-Code Acronym Title Start Date End Date
853981 IDEA-FAST Id.entifying Digital Endpoint.s to Assess FAtigue, Sleep and acTivities in daily living in Neurodegenerative 1 November 2019 30 April 2025
disorders and Immune-mediated inflammatory diseases
831514 Immune-Image Specific Imaging of Immune Cell Dynamics Using Novel Tracer Strategies 1 October 2019 30 September 2024
101016775 INTERVENE International consortium for integrative genomics prediction 1 January 2021 31 December 2025
826121 iPC Individualized Pediatric Cure: Cloud-based virtual-patient models for precision pediatric oncology 1 January 2019 31 May 2023
825821 iReceptor Plus Architecture and to.ols for th? query of. antibody and t-cell receptor sequencing data repositories for enabling 1 January 2019 31 December 2022
improved personalized medicine and immunotherapy
681043 JPsustaiND Coordination Ac'tion i'n support of the sustainability and globalization of the Joint Programming Initiative on 1 November 2015 31 October 2021
Neurodegenerative Diseases
101017453 KATY Knowledge At the Tip of Your fingers: Clinical Knowledge for Humanity 1 January 2021 31 December 2024
678304 LEASP Learning spatiotemporal patterns in longitudinal image data sets of the aging brain 1 September 2016 31 August 2021
732592 Lifebrain Healthy minds from 0-100 years. Optimizing the use of European brain imaging cohorts 1 January 2017 30 June 2022
777377 LITMUS Liver Investigation: Testing Marker Utility in Steatohepatitis 1 November 2017 31 October 2022
965286 MAESTRIA Machine Learning Artificial Intelligence Early Detection Stroke Atrial Fibrillation 1 March 2021 28 February 2026
873262 MAGELIA A disruptive Magnetically Enhanced Library preparation platform for Next Generation Sequencing 1 August 2019 31 July 2021
820820 MOBILISE-D Connecting digital mobility assessment to clinical outcomes for regulatory and clinical endorsement 1 April 2019 31 March 2024
893699 MODIRen Integrative' metabolgmics and genomics analysis for the development of markers of inherited kidney diseases: 4 January 2019 3 January 2023
a personalized medicine approach
806975 NECESsITY NEw Clinical Endpoints in primary Sjogren’s Syndrome: an Interventional Trial based on stratifYing patients 1 January 2019 31 December 2024
724334 NOSUDEP A Wearable Electronics Approach To Reduce Mortality in Epilepsy 1 September 2017 28 February 2023
825410 ONCOBIOME Gut OncoMicrobiome Signatures (GOMS) associated with cancer incidence, prognosis and prediction of 1 January 2019 30 June 2024
treatment response.
693124 ONOFF Perception of voices that do not exist: Tracking the temporal signatures of auditory hallucinations 1 September 2016 31 December 2021
946050 PACE Platform for Rapid Development of Personalized Nanomedicine Drug Delivery Systems 1 September 2020 28 February 2022
101016851 PANCAIM Pancreatic cancer Al for genomics and personalized Medicine 1 January 2021 31 December 2024
951773 PerMedCoE HPC/Exascale Centre of Excellence in Personalized Medicine 1 October 2020 30 September 2023
115976 PHAGO Inflammation and AD: modulating microglia function focusing on TREM2 and CD33 1 November 2016 31 October 2021
716079 PREDICT PREcision medicine Drug combination testing In neuroblastoma organoids to guide Clinical Trials 1 March 2017 28 February 2022
754425 PROMINENT Personalized Medicine in Diabetic Chronic Disease Management 1 September 2017 31 August 2022
754907 R-LINK Optimi?ing response to Li treatment through personalized evaluation of individuals with bipolar I disorder: 1 January 2018 31 December 2022
the R-LiNK initiative
115902 RADAR-CNS Remote Assessment of Disease and Relapse in Central Nervous System Disorders 1 April 2016 31 March 2022
825746 RECODID Integ.rgted human data r.eposi’Fories for infectious disease-related international cohorts to foster personalized 1 January 2019 31 December 2022
medicine approaches to infectious disease research
825812 REGIONS4PERMED  interregional coordination for a fast and deep uptake of personalized health 1 November 2018 30 April 2023
857491 REMODEL Research models in infection, cancer and regeneration: replacement and translation 1 November 2019 31 October 2022
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EU-Code Acronym Title Start Date End Date
801540 RESCUE Local Training Network on REgenerative medicine and Stem Cell technology in UtrEcht 1 June 2018 31 May 2023
847912 RESCUER RESistance under Combinatorial treatment in ER+ and ER- breast cancer. 1 January 2020 31 December 2024
825046 SAPHIRE Securing Adoption of Personalized Health in REgions 1 December 2018 31 May 2022
874556 SINO-EU-PerMed Widening Sino-EU policy and research cooperation in Personalized Medicine 1 January 2020 December 2023
826117 Smart4Health Citizen-centered EU-EHR exchange for personalized health 1 January 2019 28 February 2023
875534 SOPHIA Stratification of Obese Phenotypes to Optimize Future Obesity Therapy 1 June 2020 31 May 2025
733112 SPIDIA4P SPIDIA Standardization of generic Pre-analytical procedures for In-vitro DIAgnostics for Personalized Medicine 1 January 2017 30 June 2021
825884 SYNCHROS SYNergies for Cohorts in Health: integrating the ROle of all Stakeholders 1 January 2019 31 December 2021
733100 SYSCID A Systems medicine approach to chronic inflammatory disease 1 January 2017 31 March 2022
730994 TERRINet The European Robotics Research Infrastructure Network 1 December 2017 30 November 2021
821283 TransBioLine T?anslationall Saf.et.y Biomarker PiPeline:'Enabl'ing development and implementation of novel safety 1 February 2019 31 January 2024

biomarkers in clinical trials and diagnosis of disease
831458 Trials@Home Center of Excellence—Remote Decentralized Clinical Trials 1 September 2019 31 August 2024
668353 U-PGx Ub%qu.itoqs Pharmaf:ogenomics (U-PGx): Mgking actionable pharmacogenomic data and effective treatment 1 January 2016 30 June 2021
optimization accessible to every European citizen
820755 VALUE-Dx The value of diagnostics to combat antimicrobial resistance by optimizing antibiotic use 1 April 2019 31 March 2023
826421 VirtualBrainCloud Personalized Recommendations for Neurodegenerative Disease 1 December 2018 30 November 2022
824128 VIRTUALTIMES Exploring and Modifying the Sense of Time in Virtual Environments 1 January 2019 31 December 2022
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6. The CERVGEN Project: A Next Step towards Precision Medicine in Cervical Cancer

Moreover, in the wake of the initiatives described so far, the Fondazione Policlinico
Universitario A. Gemelli IRCCS has also recently coordinated a project aimed at incorpo-
rating biological information into clinical practice in cervical cancer management. The
project has involved an interdisciplinary consortium of health professionals with diverse
backgrounds, working in different organizations including Hospital (Fondazione Policlin-
ico Universitario A. Gemelli IRCCS), University (Universita Cattolica del Sacro Cuore),
and different National Research Centers (ENEA and CNR). Research results have been
patented and the scientific paper [61] recognized with the award “ICPerMed-Best Practice
in Personalized Medicine-Recognition 2020”.

Using a proteomic approach, integrated with gene expression profiling, the research
team has discovered a panel of three protein-coding genes able to predict neoadjuvant
chemoradiotherapy treatment outcome, in patients with locally advanced cervical cancer.
Importantly, the dataset collected through qPCR analysis of the three genes has been used
as a training dataset to implement and optimize a Random Forest algorithm to classify two
groups of patients according to their response to therapy. The approach proposed might
be easily exploited in the clinical setting to predict the response of new patients, given the
qPCR values of gene expression, as obtained from the pretreatment biopsy analysis. As a
future perspective, an inexpensive and easy-to-use RNA-based array will be developed
allowing patient allocation to personalized treatment procedures, with possibly higher
successful rate and significant benefits to both patients and healthcare system.

7. Data Privacy/Security

Security standards for omics data in electronic health records (EHRs) have not yet
sorted out. So far, data generated by omic tests are collected and protected the same as
any other laboratory test results. Although it is reasonable in terms of privacy/security, it
could poorly feasible due to the fact that often omic results are too large and too sensitive
to store within EHRs; for example, a whole genome sequencing contains about 3 billion
base pairs and requires up to 150 gigabytes.

Moreover, the biggest challenge to data privacy in the era of personalized medicine is
the fact that there are no absolutes; in fact, the perception of privacy is individual and could
change depending on the circumstances; within this context clinical and technical practices,
technologies and laws should be very sensitive to multiomic data that are not inherently
private just because they disclose genetic or other type of personal information. In other
words, the legislation of each country should balance between the individual denied
consent to record predictive indicators on a health-alert wristband and the usefulness of
these information in the management of patient [62].

An important aspect of the security/privacy issue is also how protected information
should be incorporated into HER, solving not only the difficulties of storage as previously
explained, but above all addressing the challenge of sensitivity; for example, a whole
genome should be strongly protected separating phenotypic information from individual’s
demographic data. In this context, the protection processes concern different levels that
could be summarize in three phases: (i) the “possession”, that means holding a copy of
the data; (ii) the “access”, that regards the permission of consulting data; (iii) the “use”,
that implies to formulate or see results derived from the data. Ideally the “data holders”
should be minimized, while researchers and providers should have limited access to data,
preferably encrypting and anonymizing non-essential details for them. In these regards,
federated query across multiple data storage could provide specific responses without
having direct access to the data themselves. Some examples are summarized in Table 2.

Therefore, the unmet need of each country/government, in the era of personalized
medicine, is the establishment of policies to protect the health data of individuals, in terms
of confidentiality, privacy, and security, ensuring at the meantime that the community can
take advantage from the scientific development deriving from the open use of data [63].
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Table 2. Partial examples of data sources and website addresses subdivided for countries. Source: CORDIS, https:

/ /cordis.europa.eu/en, accessed on 5 March 2021. Query: content type = ‘personalized medicine” AND ‘initiatives” and
‘ongoing’. All URLs in the Table have been accessed on 5 March 2021.

Data Sources

Country Website Addresses
https:/ /www.scilifelab.se /news/33-milion-to-large-scale-genomic-research /
https:/ /www.genomeweb.com/informatics /million-european-genomes-alliance-proposed-response-obamas-
Worldwide ﬁreasmn-med%cme-1n1t1at1ve#.YD9g)fZNKg00
ttps:/ /www.icpermed.eu/app/login
http:/ /www.fudan-pgx.org/premedkb /index. html#/home
https:/ /www.cancerimagingarchive.net/
https:/ / project-iasis.eu/
Europe https:/ /upgx.eu/https:/ /precisedq.eu/
https:/ /www.gov.uk/government/news/dna-mapping-to-better-understand-cancer-rare-diseases-and-infectious-
diseases
UK https:/ /www.cancerresearchuk.org/about-us/cancer-news/news-report/2018-02-21-100000-genomes-project-
hits-halfway-milestone
https:/ /www.genomicsengland.co.uk/
https:/ /www.nordforsk.org/search/precision%20medicine
https:/ /nos-m.org/news/nordic-common-strengths-and-future-potential-in-the-field-of-personalised-medicine
https:/ /www.heartbioportal.com/
https:/ /neic.no/tryggve/
Norway  https://www.forskningsradet.no/om-forskningsradet/portefoljer/
https:/ /www.ntnu.no/biobanknorge
https:/ /helse-midt.no/vart-oppdrag/prosjekter/ehelse /helseplattformen
http:/ /www.genomics.no/
https:/ /www.uib.no/praksisnett
https:/ /www.dtu.dk/english/news /2017 /07 / danish-reference-genome-now-mapped
Denmark  https://www.healthcaredenmark.dk/news/new-danish-genome-centre-for-research-on-personalized-medicine.aspx
https:/ /lundbeckfonden.com/soeg?s=personalized+medicine
https:/ /www.riigiteataja.ee/en/eli/531102013003 /consolide
https:/ /julkaisut.valtioneuvosto.fi/handle /10024 /74459
https:/ /stm.fi/julkaisu?pubid=URN:ISBN:978-952-00-3575-4
https:/ /www.sitra.fi/en/topics/well-being-data/
Finland  https://www.finngen.fi/en/about
https:/ /www.eurekalert.org/pub_releases/2017-12 /uoh-fag121917.php
https:/ /www.fimm.fi/en/research/grand-challenge-programmes/finnish-genome-sequencing-preventive-health-
care/sisu-project
https:/ /www.businessfinland.fi/en/for-finnish-customers/services /programs/ personalized-health-finland
Us http:/ /www.personalizedmedicinecoalition.org/
https://pm jh.edu/
Canada  https://www.genomecanada.ca/
Asia https:/ / genomeasial00k.org/

8. Discussion

This vision of a paradigm shift in healthcare is only possible through engineering
advances in sensing, computing, communication, and low energy cloud/fog technologies,
along with new modeling and computational approaches to leverage big data, such as
artificial intelligence and neuromorphic systems, and such as the design and development
of components of a specific data infrastructure and subclass of the Internet of Things called
the Internet of Healthcare (IoH). The IoH will have integrated rules for security, privacy,
and ethics, and will serve as a reference for future e-Health.

Human Avatars are a practical solution that aims to improve people’s health and
disease burden and that can reduce the inefficiency of health care systems due to (a) frag-
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mentation of care, (b) adoption of therapeutic strategies and medications which disregard
individual genetic determinants resulting in poor cost effectiveness, and (c) lack of ac-
tive participation in disease prevention and management and poor patient compliance.
The basic idea is to facilitate the collaborative work of doctors by providing them with
individualized and holistic data and to empower and actively involve each individual
in managing their own health risks. Both these measures should promote wellness and
reduce inequalities and costs in health care systems.

Although there has long been a need and recognition that translational effectiveness
from research to care requires the systematic access and integration of research and health
care at a large scale and possibly across institutions and countries, identifying reliable
tools to integrate datasets remains one of the most daunting challenges faced by the field.
Combining omics data into a single model is also fraught with controversy, and to date,
one of the unmet needs is the identification of a consensual and robust methodology [64].

In more general terms, one of the main obstacles to data integration is data comparabil-
ity and consistency. Biomedical data are often heterogeneous, incomplete, and inaccurate
by nature. Even the task of obtaining and integrating electronic health records (EHRs)
across hospitals, within a country, has proven to be much more complex than expected,
even in the most advanced health systems [65]. Initiatives are underway in Europe to
establish robust platforms for collecting and sharing standardized data, such as DIFUTURE
in Germany [66] (10.3414/ME17-02-0022) and other similar initiatives in individual EU
states, such as Alleanza contro il Cancro in Italy [67]. Compared to the United States, one
Europe advantage seems to be the ability to generate networks such as Data Integration
Centers that could collect and process data at national and supranational levels.

The introduction of machine learning within artificial intelligence (AI) approaches
seems particularly well suited to address these challenges, although even within this
field the amount of original data and its proper standardization remain of paramount
importance [68,69]. Moreover, on several levels beyond the obvious privacy concerns,
artificial intelligence poses serious concerns, including adversarial attacks [70], for which
appropriate ethical boundaries would need to be implemented [71].

Thus, the new era of big data in medicine offers several new challenges, as well as
great opportunities, to improve the health of humankind, not only for rich nations, but also
for developing countries. Patients, doctors, clinical lab technicians, and researchers would
need to gain new knowledge, and most importantly interact and acquire new mind-sets
and perspectives, leading to a completely overhauled healthcare ecosystem [72]. Clinicians
would need to engage in more pervasive interaction with clinical laboratory technicians and
researchers to have a more effective interaction. In addition, patients would be required to
become more disease aware, with the ultimate goal of removing barriers that still prevent
the delivery of the best treatments to patients, leading to a form of “participatory” medicine
between patients, clinicians, and their community [73]. Along these lines, the entire matrix
of data, information, knowledge, and wisdom (DIKW) has been proposed for personalized
medicine, in which “smart, empowered patients” can take a primary and leading role in
their own health, taking greater responsibility for their own health and well-being [74].

9. Conclusions

To realize these exciting prospects, it is critical to address the challenges that underlie
safe and effective technological innovation in this area by developing consensus standards
through the identification and discussion of priority short- and long-term challenges.
Changes in cultural and educational paradigms are needed at various levels, including
the shift to data sharing. Only if the research community is conceptually ready to share
and integrate data across the globe, will the Al tools be able to meet high expectations and
contribute positively to the advancement of biomedical research.
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How long does it take to translate research findings into routine
healthcare practice? —the case of biological drugs for rheumatoid
arthritis in Brazil
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Background: The literature reports long time lags between the several processes involved in the translation
of drug research and development into clinical application. To expedite these processes, translational research
has emerged as a process that can be applied to reduce the lag between scientific discoveries and their
practical application. Thus, the objective of this study was to estimate the time lag in translational research
of biological drugs for the treatment of rheumatoid arthritis included in the Brazilian Unified Health System
[Sistema Unico de Saiide (SUS)].

Methods: A descriptive retrospective study was conducted based on secondary data loaded by SUS users in
public sources and systems to estimate the time lag between the publication of phase I clinical trial results to
drug use in clinical settings. The dates of translational research activities were identified from markers and
steps. Structured searches were conducted in the literature and reports from the National Commission for
the Incorporation of Technologies in the SUS (Conitec) as well as from health authorities, and analyzed.
Results: Between 2012 and 2019, SUS included five biological agents for the treatment of rheumatoid
arthritis. The mean time lag from clinical development to use of these agents was 11.13 years (range, 8.57
to 12.90 years). The mean time lag for the stages of translational research were 5.30 (T'1—basic research
to clinical research), 5.08 (T2—clinical research to research synthesis), and 0.75 (T3—research synthesis to
evidence-based practice) years. A shorter time lag was observed in the Brazilian case when it was possible to
compare with other studies.

Conclusions: The estimated time lag of biological drugs used in the treatment of rheumatoid arthritis
was determined based on the translational research steps model adapted to the Brazilian context. Brazil has
instituted legal frameworks that set deadlines for sanitary registration, health technology assessment (HTA),
and the availability of drugs in the SUS, thus, allowing for a reduced stage T2 time lag. Nevertheless,

improvements are still required in stages T'1 and T2, especially in publishing the results of clinical trials.
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Introduction

The time lag between drug research and development and
ultimate translation into healthcare practice is still a major
barrier to health care access in different contexts (1,2).
The time lag from the initial drug discovery to identifying
a therapeutic target or receptor for drug development
and then final registration or market authorization of a
dosage form has been estimated to take 17 (3), 22 (4), or
even 36 years (1). Owing to this, translational research
seeks to reduce the time gap between obtaining data for
research and practical use of the acquired knowledge for
the benefit of society (5-7). Translational research allows
the identification of strategies and actions to integrate the
steps and stakeholders involved in order to optimize the
drug development processes and thus provide access to
therapeutics (8).

Rheumatoid arthritis is a systemic and progressive
autoimmune disease clinically characterized by joint
pain and swelling. Owing to its chronic and complex
inflammatory nature, several comorbidities and extra-
articular presentations can develop, the most common
being cardiovascular complications, respiratory diseases,
and infections (9,10). In addition to clinical consequences,
the socioeconomic impacts of rheumatoid arthritis, such as
functional disability, poor quality of life, loss of productivity,
and high individual and collective healthcare costs are also
a cause for concern (11). Estimates from the 2017 Global
Burden of Disease (GBD) study showed an age-standardized
global prevalence and incidence of 246.6 and 14.9 per
100,000 in that year, which corresponded to increases
of 7.4% and 8.2% compared to 1990, respectively (12).
Clinical guidelines recommend early diagnosis and
treatment (13-15) as delayed disease management is
associated with the worsening of the clinical condition,
including pain and loss of quality of life, more erosive
joint damage, extra-articular manifestations and increased
morbidity and mortality (16-19). In addition, treatment
delays are related to higher direct and indirect costs of
disease management, as patients fail to achieve better
outcomes and negatively impact health systems (11,20).

The treatment of rheumatoid arthritis involves
controlling inflammation to attain disease remission or low
activity. To this effect, three groups of disease-modifying
antirheumatic drugs (DMARDs) are used: conventional
synthetic, targeted synthetic, and biological drugs (9,13,14).
Biological DMARDs have changed the course of managing
rheumatoid arthritis, through increasing treatment
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safety and effectiveness and providing better clinical and
socioeconomic outcomes (21,22). Nevertheless, even with
the advancement of science and the availability of evidence
on the pathophysiology, diagnosis, treatment, and prognosis
of rheumatoid arthritis, a review of the literature indicated a
mean time lag of 11.76 months between symptom onset and
treatment initiation (16).

Considering that patients may experience failures to
control the disease, it is relevant that physicians and patients
have more medicines available promptly to contain the
progression of the disease. This could minimize the time lag
for switching drugs that have failed to control the disease
for others that can provide personalized treatment, with
better outcomes. Therefore, knowing the time lag of the
translational research process in the context of access to
biological drugs for rheumatoid arthritis is important to
identify priority strategies to reduce the wait. Accordingly, the
objective of this study was to estimate the time lag between
the initial phase of clinical development and the dispensing
of biological DMARDs incorporated in the Brazilian Unified
Health System for the treatment of rheumatoid arthritis.

Methods
Research context

To ensure provision of adequate healthcare in a country
with large socioeconomic and health inequalities, the 1988
Constitution of the Federative Republic of Brazil established
a public, universal, and free health system at the point of
service called the Unified Health System [Sistema Unico
de Saiide (SUS)] (23,24). In addition, the National Health
Policy of this system encompasses several sectorial policies,
including drugs and pharmaceutical services, and establishes
guidelines for free access and rational drug use. Prior to
their inclusion as part of the SUS medicines, drugs must be
authorized for use in the Brazilian market after approval by
the Brazilian Health Regulatory Agency [Agéncia Nacional de
Vigilincia Sanitdria (Anvisa)], a health regulator linked to the
Ministry of Health. According to legislation, the drugs must
be registered with Anvisa and should undergo evaluation
by the National Commission for the Incorporation of
Technologies in the SUS [Comissdo Nacional de Incorporagio
de Tecnologias no SUS (Conitec)] before being included as
part of the SUS. Having fulfilled these requirements, it is up
to the Ministry of Health to decide whether to adopt a new
treatment into the SUS. Since 2012, the Conitec evaluation
requires that it be conducted within 180 days, extendable
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for 90 days, and considers efficacy, safety, effectiveness, cost-
effectiveness, and budget impact criteria. After a possible
inclusion decision, the provision of the drugs must occur
within 180 days of the decision date and is guided by clinical
guidelines (25,26). The drugs can be purchased directly
by the Ministry of Health or by States and municipalities,
as agreed between SUS managers. Clinical guidelines are
used as tools to help manage and regulate access to health
technologies, and include clinical indications, dosages,
monitoring mechanisms, and parameters related to drug
dispensing and clinical management (27).

Research design

The study had a descriptive, retrospective design, with
secondary public data collection to estimate the time
lag between the clinical development of drugs and their
dispensing by the SUS, considering the various stages of
translational research. The dates of events that made it
possible to estimate the time course of the drugs in the
context of translational research were identified within the
Brazilian scenario.

In addition to a structured literature search in medical
literature databases, the study included a documental
analysis of recommendation reports and clinical guidelines
issued by Conitec, drug registration reports issued by
health authorities [Food and Drug Administration (FDA),
European Medicines Agency (EMA), and Anvisa], and
normative acts issued by the Ministry of Health of Brazil.

The sample consisted of all biological drugs used for
the treatment of rheumatoid arthritis evaluated by Conitec
between 2012 and 2019 and incorporated into the SUS.
The data were collected for each drug to identify the dates
on which the events described below occurred.

Variables and data sources

Translational research steps and corresponding markers
previously identified in a review that investigated translational
drug research models, steps, and stakeholders in the Brazilian
context were used (28). Three stages of translational research
were defined as follows: T'1—from basic research to clinical
research; T2—from clinical research to research synthesis;
and T3—from research synthesis to evidence-based practice.
In each one, markers associated with the dates of certain
events were identified. Table 1 shows the steps, markers, event
definitions, and data sources. It should be noted that the
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data collected for each marker refers to the date on which a
particular event occurred.

The data were collected from several sources described
below, with assumptions being adopted to infer the date of
each activity. The date of result publications in scientific
journals or the date of result availability on the clinical trial
registration platform were used as a parameter to infer the
conclusion of phase I, II, and III clinical trials. With both
pieces of information, the oldest date was included.

To collect the date of publication of clinical trial and
systematic review results, a sensitive search strategy was
developed for each drug, aiming at retrieving a greater
number of documents from the Medline (via PubMed)
and ClinicalTrials.gov databases. The Drugbank (29)
database was used to identify terms and codes for each
molecule. Data sources and search strategies are available as
supplementary information (Appendix 1).

The date of the first health registration of the drug
was obtained from the Anvisa, FDA, and EMA websites.
The Conitec website was used to confirm the dates of the
evaluation request, Conitec initial and final deliberations,
decision of incorporation by the Ministry of Health, and
publication of the clinical guideline (30).

The date of the first drug purchase by the Ministry of
Health was retrieved from the Health Price Database,
a system maintained by the Ministry of Health for the
registration and consultation of information on the public
and private purchase of drugs and health products (31). To
infer the dispensing date, data from the SUS Outpatient
Information System [Sisterna de Informacoes Ambulatoriais
do SUS (SIA/SUS)] were extracted through the TABNET
tab (32). The SIA/SUS stores data on drug dispensing
which is accessible via the Specialized Component of the
SUS Pharmaceutical Assistance. Each drug is identified
as a procedure and has a unique identification code.
Dispensing is only allowed with a medical prescription
and by filling out a drug request form. The codes of the
International Statistical Classification of Diseases and
Related Health Problems (ICD-10)-10th Revision and
other parameters established in the clinical guideline of
the Ministry of Health can be observed. Through the SIA/
SUS, the federation units inform the Ministry of Health
about the drug units dispensed throughout their territory
using a month/year date. For calculation purposes, day 15
was standardized for this event. In addition, the date of the
first dispensation registration by any of the 27 Brazilian
federation units was taken into account.
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Table 1 Translational research steps, markers, definitions, and data sources

Data source

Step Marker (date) Marker event definition
T1—basic research to Phase |
clinical research Phase |l

Phase I

Health registration Approval of the first health registration by Anvisa, FDA,

and EMA

T2—clinical research to  Systematic review Publication of the first review with systematic search

research synthesis .
4 Conitec request

Conitec
recommendation

Conitec deliberation Conitec final decision

Decision

Conitec guideline  Guideline, manual, guide, or protocol publication

T3—research synthesis
to evidence-based
practice

Acquisition

Dispensation

Publication of the results of the first phase | clinical trial

Publication of the results of the first phase Il clinical trial

Assessment request from Conitec

Registration of the first purchase after incorporation

First dispensing record

Medline (via PubMed);
ClinicalTrials.gov

Publication of the results of the first phase Il clinical trial

Anvisa; FDA; EMA

Medline (via PubMed)

Conitec recommendation report

Conitec initial recommendation

Ministry of Health decision

Conitec website
Ministry of Health Price Database
SIA/SUS

Source: Own conception using the dates of translational research activities. Anvisa, Brazilian Health Regulatory Agency; Conitec, National
Commission for the Incorporation of Technologies in the SUS; EMA, European Medicines Agency; FDA, Food and Drug Administration;
SIA/SUS, SUS Outpatient Information System; SUS, Brazilian Unified Health System.

Statistical analysis

Descriptive statistics were used to calculate the total and
mean time lags between the clinical development and SUS
dispensing stages. Microsoft Excel 2019 software was used
to calculate the estimates and prepare tables and figures with
a schematic representation of the total time and step time
for each drug. As the variables of each event were “dates”,
the time interval was calculated by subtracting the date
of the marker immediately after the date of the previous
marker, according to the equation: Time (in months) = Date
(marker 2) - Date (marker 1).

Ethical aspects

Approval by an ethics committee is not applicable as this
research used secondary data available in the public domain.

Results

The study included five biological DMARDs: abatacept,
certolizumab, golimumab, rituximab, and tocilizumab.
These were all evaluated within the scope of the Conitec

© Annals of Translational Medicine. All rights reserved.

recommendation report no. 12/2012 and incorporated
into the SUS through Ordinance SCTIE/MS no. 24/2012,
published on 9/11/2012. Some common characteristics of
the drugs refer to high unit price, centralized acquisition
by the Ministry of Health, need for refrigerated storage,
and subcutaneous or intravenous administration (Tuble 2).
All dates of events related to markers and translational
research steps are available as supplementary information
(Appendix 2).

The mean time lag (years) at each stage of the
translational research of the five biological drugs was 5.30
for T1, 5.08 for 12, and 0.75 for T3 (Figure 1). Added
together, the total mean lag was 11.13 years from the
publication of the results of phase I clinical trials to the first
SUS dispensing. The longest time lag corresponded to the
T1 stage, relating to the clinical development of the drug,
which comprises phase I, II, and III clinical trials, as well as
the registration evaluation by the health authority.

The total time lag (in years) for each drug was as follows:
12.90 for certolizumab; 12.48 for abatacept; 11.80 for
tocilizumab; 9.93 for rituximab, and 8.57 for golimumab.
Certolizumab, golimumab, and tocilizumab had a longer
time course at T'1, with abatacept and rituximab having
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Figure 1 Time course of the five biological DMARDs during stages of translational research. Stage 1 (T'1) has as initial and final markers

the publication of the first clinical trial of phase 1 and the registration by Anvisa, respectively. Stage 2 (T2) starts from the first systematic

review until the publication of the practice guideline; stage 3 (T3), from the medicines acquisition to its dispensation in the SUS. Source:

Own conception using the dates of translational research activities. DMARDs, disease-modifying antirheumatic drugs; Anvisa, Brazilian

Health Regulatory Agency; SUS, Brazilian Unified Health System.

longer durations at T2. The longest and shortest lags
at T1 were for certolizumab (8.77 years) and rituximab
(2.24 years). At T2, the lag for rituximab was 2.2 times
longer than for certolizumab, which had the shortest lag in
that stage. T'3 was very similar for all drugs, being shorter
than one year. The lag of the three steps for golimumab
(8.57 years) was shorter than the T1 lag for certolizumab
(8.77 years).

Table 3 shows the time lag between the markers of
the three translational research stages. As for T1, the
longest lag occurred between phase III and II clinical
trials, with certolizumab totaling 74 months (6.17 years).
No publications were found with phase I results for
certolizumab and abatacept, which made the first
calculation unfeasible. Rheumatoid arthritis was included
as a new indication for rituximab before the publication
of phase III results, which resulted in a negative time lag.
For tocilizumab, the calculation corresponded to 0, as the
results of phase II and I studies were available in only one
publication. Negative time lags indicate that certain events
occurred before another marker.

At stage T2, with the exception of rituximab, all drugs
were registered with Anvisa on dates subsequent to
the publication of the first identified systematic review,
resulting in a negative time lag. The longest lags were

© Annals of Translational Medicine. All rights reserved.

between requesting the demand for an assessment from
Conitec and the publication of the first systematic review.
These periods corresponded to 55% of the total time lag in
T2 for certolizumab and 81% for abatacept. The time lag
for abatacept was three times longer than for certolizumab.
More homogeneous time lags were found in T3, with a
longer period between the acquisition and incorporation
decisions than between dispensing and acquisition.

Discussion
Time lags in translational research and their implications

This study evaluated the mean time lag in three stages of
translational research for biological DMARDs, abatacept,
certolizumab, golimumab, rituximab, and tocilizumab,
included in the SUS following Conitec recommendations
in 2012. Added together, the total mean time lag was
11.13 years from the publication of the results of phase
I clinical trials to the first SUS dispensing. The longest
total time lag was 12.90 years for certolizumab and the
lowest was 8.57 years for golimumab. At each stage, the
determined mean time lags (years) were 5.30 for T'1, 5.08
for T2, and 0.75 for T3. At T1, the longest time lag was
between the publication of phase III and II results, while
at T2 it was between the publication of the first systematic

Ann Transl Med 2022;10(13):738 | https://dx.doi.org/10.21037/atm-22-397
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Table 3 Time lag between translational research markers for the five biological drugs
Drugs (time lag in months)
Step Marker Anti-TNF Not an anti-TNF
Certolizumab Golimumab Abatacept Rituximab Tocilizumab
T Phase II-Phase | N/F 131 N/F 22.7 o'
Phase lll-Phase Il 74.0 8.6 17.5 4.2 53.4
Health registration-Phase Il 31.2 28.4 44.0 -0.2 20.9
T2 Systematic review-Health -12.7 -14.9 -7.9 39.7 -2.8
registration
Conitec request-Systematic 21.0 29.4 65.3 31.7 44.4
review
Conitec recommendation- 4.2 o* 2.6 0.5 0.5
Conitec request
Conitec deliberation-Conitec 1.1 1.1 1.1 1.1 1.1
recommendation
Decision-Conitec deliberation 2.3 2.3 2.3 2.3 2.3
Conitec guideline-Decision 9.7 9.7 9.7 9.7 9.7
T3 Acquisition-Decision 4.7 7.5 4.7 59 8.3
Dispensation-Acquisition 6.6 2.7 2.5 1.3 1.0

Stage 1 (T1) has as initial and final markers the publication of the first clinical trial of phase 1 and the registration by Anvisa, respectively.
Stage 2 (T2) starts from the first systematic review until the publication of the practice guideline; stage 3 (T3), from the medicines
acquisition to its dispensation in the SUS. ', phase | and Il clinical trial results published in only one scientific article; *, according to
Conitec Recommendation Report No. 12/2012 (30), the company that holds the registration of golimumab requested Conitec to evaluate
the drug for incorporation into the SUS on 6/21/2012. This date is after the recommendation date of the aforementioned report (6/1/2012).
Conitec decision was on 7/5/2012, while the incorporation decision was on 9/11/2012. TNF, tumor necrosis factor; N/F, not found;
Conitec, National Commission for the Incorporation of Technologies in the SUS; Anvisa, Brazilian Health Regulatory Agency.

review and the request for a Conitec evaluation. Shorter
and more homogeneous time lags were found in T3.

In a literature review by Morris et al. (3), the authors
discussed the trend toward convergence over a 17-year time
lag. The empirical studies cited in the review had different
methods, with varying start and end points for measuring
time. Eder ez al. (4) analyzed 113 innovative FDA-approved
drugs from 1999 to 2013 and found a median time lag of
22 years from the discovery of a therapeutic target to FDA
regulatory approval. McNamee et a/. (1) evaluated 138 new
drugs approved by the FDA between 2010 and 2014 and
found a time lag of 36 years, initiating the count from the
growth of scientific publications on biomarkers related to
the disease. Hanney ez a/. (2) focused on the investigation
of time lags in the UK health system based on the analysis
of two synthetic drugs: amlodipine, used in cardiovascular
diseases, and olanzapine, used in mental health. The
authors included markers from basic (preclinical) research.

© Annals of Translational Medicine. All rights reserved.

At T3 stages, the time lags for drug inclusion in clinical
guidelines and financing policies were considered. The
observed time lags were 23 years for amlodipine and
20 years for olanzapine. The present study identified no
similar comparable studies conducted in Brazil.

The literature shows a diversity of markers in a total
of up to five translational research stages, yet there is no
consensus on which and how many markers correspond to
a particular stage (8). This situation may be related to the
multiplicity of translational research meanings in biomedical
research (37). Whenever possible, individualized data were
sought from published studies to calculate the time lag with
markers similar to the ones used in this study. At T1, the
mean time lag from clinical trials to drug registration with
the FDA was 12 years as reported by McNamee et a/. (1).
Hanney ez al. (2) reported an approximate time lag of four
years from publication of the results of the amlodipine
phase I clinical trial to registration with the EMA. For
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olanzapine, registered in 1996, the time lag was negative
because the results of a phase I clinical study that started
in 1986 were only cited in a study published in 1997. In
the present study, T1 mean time was 5.30 years, which is
shorter than the time identified by McNamee ez al. (1) but
longer than the amlodipine time lag reported by Hanney
et al. (2). As for T2 time lag, the inclusion of amlodipine
in the UK clinical guidelines took approximately 13 years,
counted from the initial health registration. For olanzapine,
this lag was 6 years. Thus, for amlodipine, the sum of T'1
and T2 corresponds to 17 years. In the present study, the
sum of T1 and T2 was 10.4 years, shorter than the one
calculated for amlodipine. The limited comparison with
the studies is highlighted, especially due to (I) inaccurate
starting points for the clinical trial markers; and (II) unique
health system contexts and different types of drugs (synthetic
versus biological).

Abatacept, certolizumab, golimumab, and tocilizumab
had negative time lags between the publication of the
systematic reviews and the product registration by
Anvisa. This may be partly due to the Anvisa registration
having occurred, for the most part, after FDA and EMA
registrations. With the exception of tocilizumab, systematic
reviews were published after the date of registration in
those agencies. Brazil has a large consumer market, with
a diverse pharmacological-epidemiological profile, an
internationally compatible ethical and sanitary environment,
and professional capacities and infrastructure with potential
for the internationalization of clinical research (38,39).
Nevertheless, a first FDA or EMA registration may
reflect several factors, including: (I) the greater innovative
technological density and concentration of pharmaceutical
companies based in the United States and Europe; (II) skills
in conducting clinical trials, especially those with greater
complexity and innovation, such as phase I and II; and (III)
greater investments by the United States and European
countries in research, development, and innovation (40,41).

According to McNamee ez a/. (1), basic research advances
may positively reflect on the characterization of molecular
targets for drugs and on clinical trial designs. In the context
of rheumatoid arthritis in the 1990s, the literature already
indicated that pro-inflammatory cytokines, especially tumor
necrosis factor (TNF), played an important role in its
pathogenesis (42,43). The development of many biological
DMARDs was based on this knowledge, particularly
golimumab, an anti-TNF agent. This drug had the shortest
time lag in the three stages of the translational research,
with 8.57 years. Its clinical development has very close

© Annals of Translational Medicine. All rights reserved.
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dates between clinical trial records and result publications.
For example, phase II started in November 2003 and the
primary outcome was concluded in February 2005 (44). In
a few months, one of the phase III studies was commenced
in December 2005 and completed its primary outcome in
September 2007 (45). Publications with phase I, II, and
IIT results occurred in March 2007, February 2008, and
December 2008, respectively (46-48).

Undesirable delays occur when more time than necessary
is spent to develop activities according to ethical, sanitary,
and best practice standards. T'1 activities classically take
about 10 to 20 years during drug development (4,49), with
low probability of success (50,51) and million to billion
dollar costs (49,52,53). A significant part of this time is
invested in clinical trials and includes processes such as
ethical and health authorizations, registration of the clinical
trial on registration platforms (e.g., ClinicalTrials.gov),
and submission of the clinical development dossier to the
health authority for registration purposes. Implementation
strategies could still be applied in the development of
clinical research to accelerate the translation of knowledge
into its use in real world scenarios (54). In Brazil, evaluation
processes for the registration of drugs by Anvisa have been
increasingly transparent and delimited. The setting of
maximum deadlines for the final decision in registration and
post-registration change processes stands out, with 120 days
for priority drugs and 365 for others (55,56).

T2 delays occur in the dissemination and scientific
publication of clinical trial results, as well as in the
generation of evidence that supports health technology
assessment (HTA) processes. The publication of clinical
trial results is considered an ethical and scientific conduct
obligation (57). The World Health Organization
recommends that such results be submitted to peer-
reviewed journals within 12 months of study completion,
with a view of being published within 24 months (58).
However, studies (59,60) indicate low percentages of
clinical trials that reported results within 12 months:
40.9% (1,722/4,209 trials) on the ClinicalTrials.gov
platform and 49.5% (3,601/7,274 trials) on the EU Clinical
Trials Register. Communicating results is important for
several reasons; it avoids exposing research participants to
ineffective interventions (57,58), reduces selective reporting
bias (61,62), avoids funding research with ineffective
technologies (63), generates data and information for HTA
processes, knowledge translation, and clinical guideline
constitution, and informs decision-making in clinical and
management settings (57,63,64).
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The shortest time lags at T2 were related to Conitec
processes. This may be a reflection of the HTA
institutionalization and improvement in Brazil over the
years. The definition of procedures and deadlines in Law
no. 12.401/2011 provides a solid guideline for structuring
and implementing activities in the country (25,65). It
is noteworthy that Conitec has similar structure and
functioning policies compared to HTA agencies in Australia,
Canada, and the United Kingdom (66). Transparency and
civil society participation are also guaranteed in regulatory
frameworks and have advanced in recent years, although

they may differ (65,67,68).

Literature contributions and study limitations

This study contributes to the literature in several aspects.
First, a translational research steps model adapted to the
Brazilian case was adopted (28), which allowed a closer
approximation with the reality of the country. Second,
explicit, transparent, and reproducible methods were
adopted for each marker, increasing the reliability of the
results obtained. Third, the adopted methodology can
be used for other drugs to investigate whether there are
associated factors that influence the course of time from
drug discovery to use in clinical settings. These include
factors such as type of disease (prevalent versus rare), type of
drug (synthetic versus biological), the existence of generics
available at the time of incorporation, the type of applicant
for Conitec assessment (SUS versus non-SUS). Fourth, it
provides time lag estimates for an upper-middle-income
country with marked socioeconomic health inequalities. As
far as we know, time lag estimates published in the literature
come from high-income countries.

Some limitations of the study should be noted. First,
there was a high heterogeneity in the definition of markers
for each stage of translational research in published studies,
which limits the comparison of time lags between studies.
To get around this limitation, we tried to calculate the
time lag between the markers used in this study when
this information was available. Second, our empirical
strategy was restricted to the five biological DMARDs for
rheumatoid arthritis. Thus, the lags estimated in this study
may not be extrapolated to other classes of drugs, diseases,
drugs demanding incorporation into the SUS, and the form
of drug acquisition. Therefore, it is important to study
other drugs. In addition, the average time it takes to switch
from one biological to another is also not included in the
time interval estimated in this study. When few treatment

© Annals of Translational Medicine. All rights reserved.
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alternatives are available, patients may experience a longer
delay when they need to access other DMARDs. Third,
our estimates may contain some inaccuracies as some data
sources only show the month and year of the marker. In
this case, we adopted the rule of considering day 15 of each
month. Fourth, there may be other scientific articles or
information disclosures with clinical trial results that were
not identified through our sensitive search strategy. This
could influence the measured time lag.

Implications and perspectives for bealth policy, clinical
practice, and research

Some implications for health policy and clinical practice
lie in the fact that the results presented here can be used to
find out whether the time lag is compatible with the desired
situation. Policy makers, the production sector, researchers,
and society must ask themselves what the optimal deadlines
are to access the technologies available, guaranteeing safety,
efficiency, quality, and rationality. Specifically in the clinical
practice, the benefits of faster translation of new biological
drugs can expand therapeutic options for managing the
disease on time. With this, patients could have better
results and quality of life, such as control of erosive joint
damage and fewer extra-articular complications. Thus,
the reasonable time frame to make the drug available
would require the completion of each of the stages of the
translational research. By establishing plausible deadlines
for carrying out the steps, factors that impact, positively
or negatively, on reaching the agreed deadline and the
consequent implementation of access programs and rational
use of medicines could be investigated. Above all, there is
the opportunity to improve legal frameworks to guarantee
timely access to technologies. The creation of a schedule
for the translation of knowledge, implementation, and use
of evidence in the context of translational research would
be an area of special interest to promote more healthcare
benefits to society in a shorter period. Nevertheless,
improving the sharing of documents and experiences among
regulatory agencies could accelerate the analysis needed for
registration and H'TA in health systems.

Among the implications for further research, we
specifically highlight two: the need for a standardization
of translational research markers and research involving
more drug categories. Based on the results of this research,
studies could be carried out with application of the method
to a larger sample with other types of drugs and analyses of
factors related to an increased or reduced time lag.
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Conclusions

The objective of this study was to estimate the time lag
of translational research of biological drugs incorporated
into the Brazilian Unified Health System between 2012
and 2019 for the treatment of rheumatoid arthritis. The
mean time lag from the publication of the results of phase
I clinical trials to the first SUS dispensing was 11.13 years.
A shorter period was observed in the Brazilian case when it
was possible to compare markers between studies. Brazil has
instituted legal frameworks that set deadlines for sanitary
registration and the assessment of health technologies and
their availability in the SUS, which allows reducing stage 2
translational research lags. Improvements are still needed
in the T1 and T2 stages, especially in conducting clinical
trials and publishing their results. Future research should
investigate associated factors that influence the course of
time.
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Abstract The National Commission for incorpo-
ration of Health Technologies (CONITEC), estab-
lished in 2011, advises the Ministry of Health in
decisions related to the incorporation, exclusion or
change of medicines, products and procedures in
the Unified Health System (SUS).The study in-
vestigated the decision-making process, profile of
demands and incorporation of new medicines in
the SUS from January/2012 to June/2016, based
on data available on the CONITEC website. All
submissions were evaluated and characterized by
technology and applicant type. The incorporations
were analyzed according to the Anatomical-Ther-
apeutic-Chemical  classification, International
Classification of Disease of the clinical indication
and active record in the National Health Sur-
veillance Agency. In the period, 485 submissions
were received, 92.2% concerning requests for in-
corporation and 62.1% for medicines, of which
93 (30.1%) received a favorable recommendation
for incorporation. Domestic demands were more
successful than externally originated ones. Six un-
registered drugs were incorporated. Infectious and
parasitic diseases and musculoskeletal diseases
constituted the main clinical indications. The rec-
ommendation of incorporation occurred mainly
based on the additional clinical benefits and low
budget impact.

Key words Medicines, Health technology assess-
ment, Decision making, Unified Health System

Resumo A Comissio Nacional de Incorporagio
de Tecnologias em Satide (Conitec), instituida em
2011, assessora o Ministério da Satide nas decisoes
relacionadas a incorporagdo, exclusio ou alteragio
de novos medicamentos, produtos e procedimentos
no Sistema Unico de Satide. O estudo investigou o
processo de recomendacao pela Conitec e o perfil
das demandas e incorporagdes de medicamentos,
de janeiro/2012 a junho/2016. A fonte de dados
baseou-se nos registros disponiveis no site da Co-
nitec. Demandas foram classificadas pelos tipos de
submissdo, de tecnologia e demandante. Medica-
mentos incorporados foram analisados segundo
as classificacdes Anatomico- Terapéutica-Quimica
e Internacional de Doeng¢a (CID) da indicagio
clinica, e presenca de registro na Agéncia Nacio-
nal de Vigilancia Sanitdria. Foram recebidas 485
submissoes, 92,2% relativas a pedidos de incorpo-
ragdo e 62,1% para medicamentos, dos quais 93
(30,1%) com recomendagdo favordvel a incorpo-
ragdo. Demandas internas obtiveram maior suces-
so que as originadas externamente. Seis medica-
mentos sem registro foram incorporados. Doengas
infecto-parasitdrias e osteomusculares foram as
principais indicagdes clinicas. Beneficios clinicos
adicionais e baixo impacto or¢amentdrio foram as
principais justificativas de recomendagao.
Palavras-chave Medicamentos, Avaliagdo de tec-
nologias em saiide; Tomada de decisao, Sistema
Unico de Satide
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Introducao

A Constitui¢ao Federal de 1988 afirma o direito
a saude como um direito social, e estabelece que
o Estado deve garantir os cuidados de satude, in-
cluindo o financiamento publico que permita o
acesso universal e equitativo aos medicamentos e
a outras tecnologias em saude.

A impossibilidade do Sistema Unico de Sau-
de (SUS), cronicamente subfinanciado, de aten-
der as necessidades sanitdrias e as demandas
crescentes por novas tecnologias desencadeou,
no pafs, o fendmeno das demandas judiciais de
procedimentos propedéuticos ou terapéuticos
nao incorporados pelo Sistema. Muitas dessas
demandas buscam assegurar o direito de acesso
dos pacientes a medicamentos de alto custo, nem
sempre disponiveis no SUS e, muitas vezes, sem
beneficios comprovados, ou até mesmo, em al-
guns casos, deletérios™*.

Este cendrio conduziu a aprovagao da Lei n°
12.401, em abril de 2011, visando regulamentar
o conceito de integralidade e dispondo sobre a
assisténcia terapéutica e a incorpora¢ao de tecno-
logias em satide no ambito do SUS’.

Esta Lei estabeleceu a Comissao Nacional de
Incorporagao de Tecnologias do SUS (Conitec),
com a fun¢do de assessorar o Ministério da Sau-
de (MS) nas decisdes relativas a incorporagaio,
exclusdo ou alteragdo de novos medicamentos,
produtos e procedimentos, na constituicio ou
alteragao de protocolos clinicos ou diretrizes te-
rapéuticas e nas atualiza¢des da Relagao Nacional
de Medicamentos Essenciais (RENAME)*®. Ain-
da em 2011, o Decreto n°® 7.646 regulamentou a
composi¢do, as competéncias e o funcionamento
da Conitec®.

Estes marcos regulatérios definiram o fluxo,
os critérios e os prazos para a avaliacdo e a in-
corporagao das tecnologias no sistema publico de
satde. A estrutura operacional da Conitec con-
siste de duas instancias: o Plendrio e a Secreta-
ria Executiva, sendo o primeiro responsével pela
emissao de recomendagdes. O plendrio possui 13
membros, incluindo representantes de seis secre-
tarias do Ministério da Saude, de suas agéncias
reguladoras (Agéncia Nacional de Vigilancia Sa-
nitaria — Anvisa e Agéncia de Saide Suplementar
— ANS), dos Conselhos Nacionais de Secretarios
de Satide estaduais e municipais, e representacdes
da sociedade civil, a partir do Conselho Fede-
ral de Medicina e Conselho Nacional de Sauide.
Além desses dltimos, a ampliagdo da sociedade
nas decisoes ocorre ainda pela participa¢ao social
nas consultas e audiéncias publicas®.

Toda solicitagdo de incorporagio/exclusdo de
tecnologias submetida a Conitec implica na aber-
tura de processo administrativo, havendo um con-
junto de requisitos a ser cumprido pelo deman-
dante, entre os quais documentacio do nimero e
validade do registro da tecnologia na Anvisa; apre-
sentacdo de evidéncias cientificas demonstrando
que a tecnologia pautada é, no minimo, tao eficaz
e segura quanto aquelas disponiveis no SUS para a
indica¢do pretendida; estudo de avaliagdo econd-
mica comparando a tecnologia solicitada com as
ja disponibilizadas no SUS; e, no caso de medica-
mentos, o prego fixado pela Camara de Regulagio
do Mercado de Medicamentos da Anvisa®.

As recomendagdes iniciais do Plendrio devem
ser submetidas & consulta publica pelo prazo de 20
dias (que pode ser reduzido a 10 dias, em carater
de “urgéncia”). Apos a apreciagao das contribui-
¢oes, a Conitec novamente delibera e o resultado é
encaminhado ao Secretario de Ciéncia, Tecnologia
e Insumos Estratégicos (SCTIE), para decisio fi-
nal a ser posteriormente publicada em Didrio Ofi-
cial. Sendo o resultado favoravel a incorporagio, a
tecnologia deverd estar acessivel para a populagao
em no maximo 180 dias’.

A criagdo da Comissao representou passo im-
portante no desenvolvimento e institucionaliza-
¢do da avaliagdo de tecnologias em satide (ATS)
no pais. A ATS visa apoiar o sistema de saude nas
decisdes de financiamento, aquisi¢do e uso apro-
priado das tecnologias e, também, no desinves-
timento de tecnologias obsoletas ou ineficazes, e
pode contribuir para aumentar a transparéncia e
a responsabiliza¢do do processo de decisdo, auxi-
liando no desenvolvimento de politicas baseadas
em evidéncias®.

Segundo balango sobre a atuagdo da Conitec
publicado em 2014, mais de 100 novas tecnologias
foram incorporadas no SUS até aquela época, vo-
lume este que correspondia a cerca de trés vezes a
média anual de incorpora¢io do periodo anterior
a criagdo da Conitec’.

A mudanga ocorrida na forma e no processo
de incorporagao de tecnologias a partir da consti-
tui¢do da Conitec foi significativa, alterando a di-
namica e a qualidade da entrada de novos produ-
tos no SUS. Todas essas mudangcas, contudo, sdo
ainda muito recentes, com potenciais impactos
que, pela exiguidade do tempo, ainda ndo foram
suficientemente estudados.

Nesse sentido, o trabalho investigou o proces-
so de recomendagdo e o perfil das incorporagdes
de novos medicamentos no Sistema Unico de
Satde aprovadas pela Conitec entre 2012 e junho
de 2016.



Metodologia

Trata-se de estudo exploratério, descritivo, re-
trospectivo, de abordagem qualiquantitativa, re-
lativo as demandas apresentadas a Conitec ocor-
ridas entre 1° de janeiro de 2012, ano de inicio de
seu funcionamento, a 30 de junho de 2016.

A principal fonte de dados foram as infor-
magdes publicas presentes no website da Conitec
(http://conitec.gov.br/) referentes a: (i) registros
das demandas de tecnologias em satide submeti-
das, (ii) relatérios técnicos de recomendacdo da
Conitec, (iii) portarias de decisao do secretdrio
de SCTIE publicadas no Didrio Oficial da Uniao,
e (iv) contribui¢des as consultas publicas.

Essas informacdes, que se encontram disper-
sas em vdrias paginas eletronicas no site da Coni-
tec, foram objeto de dupla extragdo por revisores
independentes para um banco de dados especifi-
camente construido para esse fim no aplicativo
EpiData®. Divergéncias na extra¢ao foram resol-
vidas por consenso.

Uma mesma tecnologia pode ter sido subme-
tida a Conitec mais de uma vez, seja por ter in-
dicagbes terapéuticas distintas, representar solici-
tagoes de apreciacdo por demandantes diferentes
em mais de um momento no tempo, demandar
readequacao de populagdo-alvo ou, ainda, por
ter sido negada em andlises prévias. Além disso,
por vezes, algumas demandas inclufam diferentes
tecnologias na mesma submissdo, e foram tam-
bém individualizadas, de modo a constituirem
demandas em separado. Nesse sentido, a unidade
de anilise individual utilizada nesse trabalho foi
demanda/tecnologia especifica.

O motivo da solicitagdo foi categorizado se-
guindo classificacdo especifica da prépria Coni-
tec, em incorporacdo, exclusio e ampliacdo de
uso, com esta tltima englobando tanto os pedi-
dos de alteragdo de indica¢ao/uso como de uma
nova apresentagao/modelo.

As tecnologias demandadas foram inicial-
mente classificadas em medicamento (incluindo
vacinas e imunobioldgicos), produto, procedi-
mento, e PCDT/protocolo de uso. A categoria
“PCDT/protocolo de uso” agregou Protocolos
Clinicos e Diretrizes Terapéuticas, Diretrizes
Diagnosticas e Terapéuticas em Oncologia, Di-
retrizes Nacionais (como a Conitec denomina
documentos norteadores das melhores préticas a
serem seguidas por profissionais de satde e ges-
tores) e protocolos de uso (documentos norma-
tivos de escopo mais estrito, estabelecendo crité-
rios, parametros e padroes para a utilizagao de
uma tecnologia especifica em determinada doen-

¢a/condi¢do). Para algumas analises especificas,
as tecnologias demandadas foram subdivididas
em “medicamentos” e “diferente de medicamen-
to”, englobando todas as demais.

Todos os demandantes foram registrados, e as
demandas posteriormente categorizadas como:
(1) origem “Interna”, quando procedentes das
secretarias e 6rgaos do MS, autarquias com vin-
culo ao MS (Anvisa e ANS), além das secretarias
estaduais (SES) e municipais de saude (SMS), e
(2) “Externa” (outros 6rgdos do governo federal;
industria; poder judicidrio; instituicdes de sad-
de e de ensino e pesquisa; sociedades médicas e
profissionais; associagdo de pacientes e outras or-
ganizagOes ndo governamentais; profissional de
satde; paciente ou seu familiar/cuidador).

O status da demanda em 30/06/2016 foi clas-
sificado em dois grandes grupos: “processos em
curso’, compreendendo as situagdes de (a) em
andlise de conformidade documental; (b) proces-
sos conformes aguardando andlise pelos técnicos
da Conitec; (¢) em consulta publica; (d) em and-
lise apds consulta publica; e (e) aguardando apre-
ciagdo da recomendacdo final pelo secretdrio da
SCTIE; e “processos encerrados’, que incluiram
encerramentos (i) por ndo conformidade formal
da documentagio, (ii) a pedido do demandante
e (iii) por decisdo da Conitec; as decisdes de (iv)
incorporagao, (v) ndo incorpora¢io e (vi) exclu-
sdo; e (vii) demanda jd incorporada no SUS.

Demandas de medicamentos que foram ob-
jeto de recomenda¢do final no plendrio da Co-
nitec constituiram um segundo plano de anali-
se. Os medicamentos foram categorizados pela
Classificagdo  Anatomico-Terapéutica-Quimica
(ATC) até o quinto nivel (substancia ativa), usan-
do a WHO Collaborating Centre for Drug Statisti-
¢s Methodology®. A condigdo clinica de indica¢do
registrada na demanda foi classificada segundo a
102 versdo da Classifica¢do Internacional da Do-
enga (CID)°.

Foram verificadas a realizagdo de consulta pu-
blica e o numero total de contribui¢des recebidas.

A recomendacio final referente aos medica-
mentos submetidos a delibera¢do em plendrio foi
categorizada em: (i) incorporagdo de novo medi-
camento inexistente nas listas de financiamento
do SUS até a data da decisdo; (ii) incorpora¢io
de uma nova indicagdo, nos casos de medica-
mentos jd presentes nas listas, mas para indica-
¢oes diferentes daquela aprovada na Conitec; (iii)
manuten¢do do medicamento nas listas de finan-
ciamento, quando este ji se encontrava incor-
porado; (iv) ndo incorpora¢io do medicamento
ao SUS; (v) exclusao do medicamento no SUS,
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para qualquer indicagdo clinica; (vi) exclusdo do
medicamento para uma indicagao/CID especifi-
co; e (vii) exclusdo apenas de uma apresentacao
especifica do medicamento. As trés primeiras ca-
tegorias foram posteriormente agregadas como
“Incorporag¢do’, com as demais se constituindo
em decisdo final “Diferente de incorporag¢do”

Por fim, foram registradas todas as justifica-
tivas presentes nos relatérios de recomendacio
final identificadas como motivando a decisdo
de “incorporac¢do” pela Conitec, bem como se a
recomendagdo final foi aceita pelo secretdrio de
SCTIE em sua decisio final publicada no DOU.

O software Stata® versao 12 foi utilizado para
tabulacdo e andlise dos dados. Para a anélise
descritiva, utilizaram-se as frequéncias absoluta
e relativa para as varidveis discretas e os valores
de média, mediana e desvio padrdo para as va-
ridveis continuas. Na compara¢do de varidveis
categoricas, foi utilizado o teste de qui-quadrado
de Pearson, sendo considerado como nivel de sig-
nificancia 5%.

Os dados sobre as demandas, relatorios de re-
comendagdo técnica e contribuicdes as consultas
publicas sdo de acesso publico e livre nas diversas
péginas da Conitec, dispensando a apreciagdo e a
aprovagio prévia do estudo por Comité de Etica
em Pesquisa.

Resultados

No periodo estudado, a Conitec recebeu 485
submissoes, 92,2% das quais relacionadas a pe-
didos de incorporagao de novas tecnologias.
Medicamentos foram o principal objeto de de-
mandas (62,1%), independente da natureza da
solicitagdo. Ainda que as solicitagdes de exclusdes
do SUS tenham representado apenas 7% das de-
mandas, elas se concentraram prioritariamente
em medicamentos (Tabela 1).

Mais de 95% das submissdes se encontrava
encerrada em 30/06/2016. Das 17 submissdes ain-
da sem decisdo final, 14 eram de medicamentos,
sobretudo de demandas cujo pedido ainda esta-
va sob exame. Das 301 demandas relacionadas a
medicamentos, 287 (95,3%) estavam concluidas.
Cerca de 30% (86 processos) foram encerrados
precocemente, geralmente por ndo conformida-
de processual (53,5% desses casos) ou por de-
cisdo dos proprios demandantes (36%). Vinte e
uma submissdes de medicamentos tiveram dois
ou mais demandantes diferentes. Demandas in-
ternas corresponderam a 52,2% do conjunto de
submissoes relativas a medicamentos no perio-

do (Tabela 2). Nas demandas externas, predo-
minaram as oriundas da industria farmacéutica
(40,9% do total).

Duzentos e um processos relativos a medica-
mentos foram a deliberagdo em plendrio (66,8%).
Destes, 60,7% originaram-se internamente, com
destaque para a Secretaria de Aten¢do a Sadde
(SAS) (23,4% das demandas com deliberagdo).
Noventa e trés medicamentos receberam reco-
mendagdo favordvel a incorporagdo, incluindo
seis vacinas e dois imunobiolédgicos (30,9% do
total de demandas de medicamentos e 46,3% das
submetidas a plendrio). Demandas internas por
incorporagdo de medicamentos obtiveram mais
sucesso quando comparadas com as originadas
externamente: 82,8% dos pedidos que receberam
deliberagdo favoravel de inclusdo procediam do
proprio Ministério, da Anvisa ou das SES/SMS (p
=0,000) (Tabela 3).

Cerca de 70% (139/201) das delibera¢oes re-
lativas a medicamentos foram objeto de consulta
publica, enquanto 62 compreenderam processos
simplificados, sem diferencas estatisticamente
significantes em relacdo ao parecer favordvel a
incorporagio (p = 0,186) (Tabela 3).

O numero de contribui¢des recebidas nas
consultas publicas dos medicamentos com re-
comendacgdo de incorporagio foi extremamente
diverso, variando de 0 a 530 (média de 108, me-
diana de 61). Nove dos medicamentos incorpo-
rados receberam mais de 250 contribui¢des (ape-
nas um com mais de 500): fingolimode, para 32
linha do tratamento da Esclerose Mdltipla (530
contribui¢des); cinacalcete e paricalcitol, para
terapéutica do hiperparatireoidismo secundario
a doenca renal cronica em didlise; e os antivirais
dolutegravir sédico, para a infec¢ao pelo HIV, pa-
livizumabe, para preven¢do da infec¢do pelo vi-
rus sincicial respiratério, e sofosbuvir, daclastavir
e simeprevir, indicados para hepatite C cronica, e
a rivastigmina como adesivo cuténeo, para trata-
mento da Doenga de Alzheimer leve a moderada.
Medicamentos com recomendagdo desfavordvel
a incorporagdo apresentaram numero médio de
contribui¢des (136) maior; 21 medicamentos
receberam mais que 250 contribuigdes, com seis
recebendo mais de 500.

No periodo, houve recomendagdo de incor-
poragdo de seis medicamentos sem registro ati-
vo na Anvisa (3% das deliberagdes em plendrio)
(Tabela 3). Todas as demandas originaram-se em
secretarias do MS (duas da SVS, trés da SAS e
uma demanda conjunta SAS e SCTIE) e quatro
ocorreram por processo simplificado, sem con-
sulta publica.



Doengas infecto-parasitdrias (DIP) e osteo-
musculares responderam por 48,4% das de-
mandas de medicamentos com parecer positivo
de incorporagdo. Estes dois grupos, juntamente
com neoplasias, transtornos mentais e compor-

tamentais, e doengas do aparelho respiratorio,
somaram 64,5% dos medicamentos incorpo-
rados. Em termos da propor¢do de aprovagoes
entre as demandas que chegaram a deliberacio,
destacam-se medicamentos relacionados a saide

Tabela 1. Distribuicdo das demandas segundo natureza da solicita¢ao e tipo de tecnologia, Conitec, 2012 a 2016*.

Tipo Tecnologia

Natureza da Solicitagao ~ Medicamento Produto Procedimento PCDT Total
Ne % Ne % Ne % Ne % Ne %
Incorporagao ao SUS 267 59,7 64 14,3 105 23,5 11 2,5 447 92,2
Exclusdo do SUS 31 91,2 0 0,0 3 8,8 0 0,0 34 7,0
Alteracdo de uso** 3 750 0 0,0 1 25,0 0 0,0 4 0,8
Total 301 62,1 64 13,2 109 22,5 11 2,3 485 100,0

Legenda: PCDT — Protocolos Clinicos e Diretrizes Terapéuticas.
Notas: * - 0 ano de 2016 compreende demandas submetidas até 30/06/2016; ** - alteragao de uso envolve as solicitagoes referentes
a pedidos de alteragdo de indicagdo/uso e de uma nova apresentagao/modelo. p = 0,024.

Tabela 2. Distribui¢do das solicitagdes segundo tipo de tecnologia, status final da decisdo e tipo de demanda, Conitec, 2012 a

2016*.
Medicamento Diferente de Medicamento** Total de Solicitagoes
Tipo de Demanda Tipo de Demanda Tipo de Demanda
Status da Decisao Total —— Total
Interna Externa Interna Externa Interna  Externa
Ne % Ne % Ne % Ne % Ne % Ne % Ne % Ne % Ne %
Processo em curso 3 19 1 76 14 47 3 24 0 0,0 3 1,6 6 22 11 5,1 17 3,5
Aguarda apreciagdo final 0 00 1 0,7 1 03 2 1,6 0 00 2 1,1 2 0,7 1 05 3 0,6
Em anilise 1 06 10 69 11 37 1 08 0 00 1 05 2 07 10 47 12 25
Em anadlise apds Consulta 2 1,3 0 0,0 2 07 0 00 0 00 O 0,0 2 0,7 0 0,0 2 04
Publica
Processo encerrado 154 98,1 133 92,4 287 95,3 122 97,6 59100,0 181 98,4 264 97,8 204 94,9 468 96,5
Processo encerrado 32 20,4 54 37,5 86 28,6 20 16,0 42 71,2 62 33,7 45 16,7 103 47,9 148 30,5
precocemente
Encerrado por ndo 0 0,0 46 31,9 46 153 2 1,6 35 59,3 37 20,1 1 04 82 381 83 17,1
conformidade
Encerrado a pedido do 24 153 7 49 31 10,3 18 144 1 1,7 19 10,3 42 15,6 8 3,7 50 10,3
demandante
Encerrado por decisioda 8 5,1 1 0,7 9 30 0 00 6 10,2 6 3,3 2 0,7 13 6,0 15 3,1
Conitec
Encerrado com decisao de 122 77,7 79 54,9 201 66,8 102 81,6 17 28,8 119 64,7 219 81,1 101 47,0 320 66,0
plendrio
Incorporagao 77 49,0 16 11,1 93 30,9 93 744 2 3,4 95 51,6 167 61,9 21 9,8 188 38,8
Nao Incorporagao 15 9,6 63438 78 259 6 4,8 14 23,7 20 10,9 19 7,0 79 36,7 98 20,2
Exclusao 30 19,1 0 00 30 100 3 24 O 0,0 3 1,6 33 12,2 0 00 33 6,8
Demanda jd incorporada 0 0,0 0 0,0 0o 00 O 00 1 1,7 1 0,5 0 0,0 1 0,5 1 0.2
Total 157 52,2 144 47,8 301 100,0 125 66,3 59 33,7 184 100,0 270 55,7 215 44,3 485 100,0

Notas: * — Ano de 2016 compreende demandas submetidas até 30/06/2016; ** — Tecnologia diferente de medicamento envolve o somatério de
demandas relativas a produto, procedimento, e PCDT/protocolo de uso.
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Tabela 3. Caracteristicas selecionadas das submissoes relacionadas a medicamentos avaliadas pelo plendrio da
Conitec, 2012 a 2016*.

Recomendagao Final

Caracteristicas selecionadas do processo de avalia¢ao dos - Diferente Total
. Incorporagao ~
medicamentos Incorporagao

Ne % Ne % Ne %

Demanda interna** !

Sim 77 82,8 45 41,7 122 60,7
Nao 16 17,2 63 58,3 79 39,3
Consulta Publica ?
Sim 60 64,5 79 73,1 139 69,2
Nao (processo simplificado) 33 35,5 29 26,9 62 31,8
Presenca de Registro na Anvisa *
Sim 87 93,6 108 100,0 195 97,0
Nao 6 6,5 0 0,0 6 3,0
Recomendagio Preliminar *
Favoravel a incorpora¢io 68 100,0 0 0,0 68 33,8
Diferente de incorpora¢do 25 18,8 108 81,2 133 66,2
CID-10°
Algumas doengas infecciosas e parasitdrias 28 30,1 8 7,4 36 17,9
Neoplasias 8 8,6 10 9,3 18 9,0
D. do sangue, 6rgaos hematopoiéticos e transtornos 4 4,3 7 6,5 11 5,5
imunitarios
D. enddcrinas, nutricionais e metabolicas 4 4,3 10 9,3 14 7,0
D. do sistema nervoso 2 2,2 8 7,4 10 5,0
Transtornos mentais e comportamentais 8 8,6 2 1,9 10 5,0
D. do olho e anexos 0 0,0 2 1,9 2 1,0
D. do aparelho circulatério 2 2,2 12 11,1 14 7,0
D. do aparelho respiratério 7 7,5 9 8,3 16 8,0
D. do aparelho digestivo 0 0,0 8 7,4 8 4,0
D. da pele e do tecido subcuténeo 2 2,2 5 4,6 7 3,5
Doengas do sistema osteomuscular e do tecido conjuntivo 17 18,3 21 19,4 38 18,9
Doengas do aparelho geniturinario 3 3,2 4 3,7 7 3,5
Gravidez, parto e puerpério 0 0,0 2 1,9 2 1,0
Outros CID 8 8,6 0 0,0 8 4,0
ATC®
A - Trato alimentar e metabolismo 2 2,2 14 13,0 16 8,0
B - Sangue e érgaos hematopoiéticos 1 1,1 8 7,4 9 45
C - Sistema cardiovascular 3 3,2 4 3,7 7 3,5
D - Dermatolégicos 1 1,1 1 0,9 2 1,0
G - Sistema genito-urindrio e hormonios sexuais 1 1,1 4 3,7 5 2,5
H - Preparagdes do sistema hormonal, exceto hormoénios 4 4,3 4 3,7 8 4,0
sexuais e insulinas
J - Anti-infecciosos para uso sistémico 29 31,2 6 5,6 35 17,4
L - Antineoplasicos e agentes imunomoduladores 33 35,5 47 43,5 80 39,8
M - Sistema musculo-esquelético 3 3,2 2 1,9 5 2,5
N - Sistema nervoso 9 9,7 4 3,7 13 6,5
P - Antiprotozodrios 0 0,0 2 1,9 2 1,0
R - Sistema respiratério 6 6,5 9 8,3 15 7,5
S - Orgaos sensores 0 0,0 2 1,9 2 1,0
V - Virios 1 1,1 1 0,9 2 1,0
Total 93 46,3 108 53,7 201 100,0

Notas: * O ano de 2016 compreende demandas submetidas até 30/06/2016; ** Demanda interna corresponde aquelas oriundas das
secretarias e 6rgaos do Ministério da Satde, de autarquias vinculadas a este ministério, e das SES e SMS; ' p = 0,000; % p = 0,186;
> p=0,007; *p =0,004; > p = 0,000; ° p = 0,000.



mental e DIP (aproximadamente 80% das solici-
tagdes aprovadas) (Tabela 3).

Antineopldsicos e agentes imunomodulado-
res (grupo L) responderam por mais de um ter¢o
dos medicamentos incorporados, e também o
grupo mais frequente dentre as demandas sem
recomendagdo favoravel de incorporagdo. Ressal-
ta-se ainda a participacdo dos grupos J (anti-in-
fecciosos para uso sistémico) e N (sistema nervo-
s0) (Tabela 3).

Os anos de 2013 (28,9%) e 2015 (22,9%)
sobressaem em termos da distribuicdo das deli-
beragdes em plendrio relativas a medicamentos.
Entretanto, 2012 apresentou a maior propor¢ao
das recomendagdes favoraveis a incorporacdo
(68,4%), seguido de perto por 2015 (60,9%)
(Griéfico 1).

Perto de 75% dos medicamentos incorpora-
dos até junho/2016 possuiam duas ou mais jus-
tificativas para essa recomendacdo nos relatérios
(média de 2,2). Destacam-se (Tabela 4) as justi-
ficativas de beneficio clinico adicional (40,9%),
baixo impacto financeiro-or¢amentdrio (25,8%),
necessidade clinica ndo preenchida no SUS e re-
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Grifico 1. Distribui¢do dos medicamentos com
recomendacdes submetidas ao Plendrio por ano e
recomendagdo final da decisdo, Conitec, 2012 a 2016*.

Obs.: * 0 ano de 2016 compreende demandas submetidas até
30/06/2016.

comendagao de incorpora¢do em outros paises
(ambos com 21,5%).

Um ou mais condicionantes estiveram pre-
sentes em 26,9% das recomendagdes de medi-
camentos aprovadas no periodo (média de 2,4
condicionantes), sendo os principais a redu¢do
do preco de venda ao governo para viabilizar a
inclusdo no SUS e a incorporagdo vinculada a
atualizacio ou elaboragdo de PCDT especifican-
do as condigdes de acesso e uso.

Todas as recomendacdes feitas pelo plendrio
da Conitec, sem exce¢do, foram aceitas pelo se-
cretdrio da SCTIE.

Discussao

Desde 2006, com a criagdo da antiga Comissdo
de Incorporagao de Tecnologias do Ministério
da Saude (CITEC), existem fluxos e rotinas es-
tabelecidas para a andlise de incorpora¢do de
tecnologias em satide. Com o estabelecimento da
Conitec, a submissao de demandas a esta Comis-
sd0 tornou-se um processo obrigatério e indis-
pensdvel para a incorporagéao tecnoldgica no SUS
e a entrada de novos produtos nas suas listas de
financiamento.

A partir da Lei 12.401/2011, as solicitagoes
podem ser feitas de forma ininterrupta e sem
momentos pré-definidos de entrada de novos pe-
didos. Desde entdo, quase 500 submissdes foram
feitas, correspondendo a uma média de 107 de-
mandas/ano, a maior parte relacionada a pedidos
de incorporacio de medicamentos (261/485),
sejam novos fdrmacos e apresentacdes até entdo
ndo presentes nas listas do SUS, ou situagoes de
amplia¢do de uso de medicamentos ja existentes
para condi¢des clinicas/subpopula¢des nao co-
bertas até entao.

O enfoque prioritario nas solicitagdes de in-
corporag¢do de medicamentos certamente guarda
relacdo com as conhecidas dificuldades de acesso
a essa importante tecnologia para a prote¢ao e a
recuperacgdo da satde. Medicamentos represen-
tam componente expressivo do crescimento dos
gastos em satide em todo mundo e, também, no
Brasil. Dados da Conta Satélite de Saude 2010-
2013 indicam que despesas com medicamentos
representaram 1,6% do Produto Interno Bruto
brasileiro e a mais de 20% nos gastos finais de
bens e servigos de satide em 2013.

Diversos medicamentos foram objeto de mais
de uma solicitacdo no periodo, seja para uma in-
dicag¢do clinica diferente, seja por encerramento
precoce do processo ou, ainda, por decisio prévia
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Tabela 4. Justificativas presentes nos relatérios de recomendagio da Conitec favoraveis a incorporagdo dos
medicamentos, 2012 a 2016*.

%
. . . . B (em relagao total
Justificativas relatadas para a decisao de incorporagao Nof .
medicamentos
incorporados)

Necessidade clinica nao preenchida 20 21,5
Gravidade e/ou prevaléncia da doenga 9 9,7
Auséncia de alternativa terapéutica no SUS 7 7,5
Beneficio clinico adicional 38 40,9
Menores eventos adversos 12 12,9
Maior facilidade de uso 10 10,8
Baixo custo / menor custo que opg¢des disponiveis 15 16,1
Evidéncias de custo-efetividade em relagao as opgdes disponiveis 13 14,0
Baixo impacto financeiro-orgamentario 24 25,8
Incorporagao em outros paises 20 21,5
Qualidade das evidéncias disponiveis 4 4,3
Recomendac¢do em PCDT ou guias terapéuticos do SUS sem presenca nas listas 7 7,5
de financiamento de medicamentos

Ampliagdo de elenco para tratamento jé existente no SUS 7 7,5
Outros 18 19,4

Notas: * — Ano de 2016 compreende demandas submetidas até 30/06/2016; — 8 relatérios apresentavam 4 justificativas
ou mais, 26 apresentavam 3 justificativas, e 35 apresentavam pelo menos duas razoes diferentes; uma tnica justificativa para
a incorporagao so foi referida para 24 medicamentos incorporados; $. — Percentual calculado em relagao ao total de 93

medicamentos incorporados.

de nao incorporagéo. Entre estes, se destacam os
medicamentos everolimo, fingolimode, cetuxi-
mabe, golimumabe, rituximabe, tocilizumabe e
trastuzumabe, com seis ou mais solicitagdes no
periodo.

Everolimo, utilizado na rejei¢ao de transplan-
tes e terapia oncoldgica, foi solicitado oito vezes.
Um processo foi encerrado por nao conformida-
de documental e dois a pedido do demandante. O
mesmo demandante — SAS/MS — posteriormente
reapresentou e teve suas demandas aprovadas,
para as mesmas indicag¢des solicitadas anterior-
mente (imunossupressiao em transplantes cardi-
aco e hepatico). Everolimo foi ainda incorporado
para uso no transplante pulmonar (demanda da
SCTIE), mas os dois pedidos de incorporagao
feitos pela inddstria (para astrocitoma subepen-
dimdrio de células gigantes associado a esclerose
tuberosa e para cancer de mama avangado) fo-
ram recusados.

Fingolimode é outro caso com reiteradas
submissdes (oito no total, oriundas do fabrican-
te, de organizacdo ligada a pesquisa clinica da
condi¢do e de pessoa fisica), a primeira ainda em
2012, sempre para esclerose multipla (EM). Dois
processos foram encerrados por inconformidade
processual. O medicamento foi solicitado em se-

parado para tratamento de 12, 22 e 32 linhas da
doenga, sendo os dois primeiros recusados em
julho/2013. Em maio/2014, ap6s consulta pu-
blica (530 contribui¢des), o medicamento foi
incorporado para a 32 linha de tratamento, res-
trito a “pacientes com EM remitente-recorrente
que apresentem falha ao uso de betainterferona e
de glatirdmer, ndo aptos ao uso do natalizumabe,
além de ndo possuirem contraindica¢des ao uso
do fingolimode™". Tal incorporagao foi condicio-
nada a atualizagdo do PCDT, com clara definicdo
dos critérios de uso; a sua disponibilizacio em
centros especializados, com infraestrutura ade-
quada ao monitoramento dos riscos cardiovas-
culares, e a redugdo de preco a valores de custo
anual do tratamento por paciente abaixo dos me-
dicamentos ja disponibilizados no SUS.

Esse e outros casos fazem suspeitar que multi-
plas solicitagdes — geralmente propostos com po-
pulagdes de uso maiores, que vao se “restringin-
do” a medida que as recusas se sucedem, ou com
redugdes progressivas dos precos propostos, de
modo a minimizar o impacto or¢amentdrio — po-
dem ser uma das estratégias utilizadas para tentar
a incorporacdo de alguns medicamentos no SUS.

Por outro lado, foi significativo o volume de
processos encerrados precocemente por nao con-



formidade documental (30,1% das demandas de
medicamentos). Ndo ha registro publicamente
disponivel dos motivos subjacentes a estas recu-
sas. Trabalho sobre as demandas submetidas a
Conitec até julho/2015 aponta como principais
motivos para o indeferimento dos pedidos a fal-
ta/inadequagdo dos estudos de avaliagdo econd-
mica e de impacto or¢amentdrio e da compila¢ao
das evidéncias de eficicia e seguranca (totali-
zando 51,3% das recusas)'®. E referida reducao
progressiva das recusas (apenas 4% de janeiro a
julho/2015), a partir da disponibilizacdo de guias
metodoldgicos dos estudos requisitados e de ca-
pacitagdes das associacdes de fabricantes de me-
dicamento.

Todos os indeferimentos por nio conformi-
dade observados tiveram origem externa, em que
pese a presenca de alguns relatérios bem simpli-
ficados provindos de “demandas internas’, mui-
tas vezes apresentando apenas meras descrigdes
da tecnologia e estimativas bastante simples dos
impactos orcamentdrios. Os dados disponiveis,
contudo, ndo permitem avancar na investigacao
das possiveis razdes para esse tratamento aparen-
temente diferenciado.

Das 485 submissdes feitas no periodo estuda-
do, 320 tiveram deliberagao final até o fechamen-
to da coleta de dados, sendo 201 pedidos relacio-
nados a medicamentos. Destes, 46,2% receberam
parecer favordvel de incorporagdo, propor¢io
significativamente mais reduzida que a de pro-
dutos e procedimentos, cujo percentual somado
de recomendagdes de incorporagao foi de 79%.

A oscilagdo verificada no nimero de reco-
mendagdes submetidas a Plendrio pode refletir
variagdes no nimero de submissoes, cuja distri-
bui¢do anual ndo é conhecida pelos dados dis-
poniveis. Na época da CITEC, ndo havia prazo
estipulado para a avaliagdo e a recomendacdo, e
todos os processos submetidos ainda sem ava-
liagdo no momento da regulamentacio da Lei
12.401/2011 tiveram que ser reapresentados a
Conitec”, contribuindo potencialmente para
elevar as demandas nos seus primeiros anos de
funcionamento. Estabelecimento de regras mais
claras para as solicitacdes e decisdes de incorpo-
ra¢do pode também ter estimulado os pleitos dos
demandantes.

Medicamentos inteiramente novos no SUS
responderam por 44,1% das recomendagoes de
incorporagao, enquanto 51,5% representaram
aprovagoes de novas indicagdes para medica-
mentos ja existentes.

Entre estes dltimos, cita-se o dolutegravir, in-
corporado em outubro/2015 para a 32 linha de

tratamento para HIV/AIDS. A recomendagdo
preliminar da Conitec foi pela ndo incorporagao,
justificada pela falta de evidéncias da seguranca
de longo prazo e em menores de 12 anos, maior
experiéncia de uso em vida real com o raltegravir
e escolha equivocada do tipo de avaliagdo econd-
mica pelo demandante. Ap6s a consulta puablica
(268 contribuigdes), com novas informagoes so-
bre a seguranga do medicamento, e da apresen-
tagdo de novos estudos de custo-minimizagao e
de impacto or¢amentdrio realizados com valores
atualizados de compra do novo medicamento e
de sua alternativa tecnoldgica, a recomendacio
foi mudada, por unanimidade, para incorpora-
¢ao'. Em setembro/2016, houve nova decisdo de
incorporagdo do medicamento, com mudanga da
indicagdo de seu uso para tratamento inicial (12
linha), substituindo o efavirenz e associado ao
“dois em um” (tenofovir + lamivudina). As ra-
zOes apontadas para a ampliagdo de uso, em pe-
riodo inferior a um ano, incluiram maior eficicia
(devido a menores taxas de resisténcia viral ao
longo do tratamento) e menores eventos adver-
sos, bem como redugao significativa dos pregos
(de US$ 5,10 para US$ 1,53) a partir da aquisi¢do
centralizada em larga escala'.

Essa situagdo de mudanga entre as recomen-
dagdes inicial e final apds a consulta publica ndo
representou uma exce¢do, tendo ocorrido com
18,8% das recomendagdes preliminares de nao
incorporagao dos medicamentos. Apresentacdo
de novas evidéncias de seguranca e eficicia; de
novas avaliagdes econdmicas e de impacto or-
camentdrio, corrigindo falhas apontadas, e pro-
postas de redugdo de precos foram os principais
motivos identificados para estas alteracdes nas
recomendacdes.

Recomendagdes favordveis a incorporagao
foram significativamente mais elevadas para as
demandas internas ao MS, aspecto ja apontado
pelas associagdes da industria farmacéutica (In-
terfarma)®. Até que ponto interfere nas decisoes
o fato da Comissao responsdvel pela avaliagdo da
incorporagao de novos medicamentos pertencer
a estrutura do proprio Ministério que financia
o que é incluido, é aspecto que merece ser mais
aprofundado em estudos ulteriores, dado que a
literatura internacional discute que a estrutura
organizacional ‘ideal’ para os 6rgdos encarrega-
dos da ATS, a nivel nacional, seriam programas
hierarquicamente independentes, mesmo que fi-
nanciados por fundos publicos'®".

Cerca de um ter¢o dos processos de medica-
mentos com delibera¢do em plendrio ocorreu na
forma simplificada e sem submissdo a consulta
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publica, todos oriundos do préprio MS. A maior
parte dos processos simplificados aprovados no
periodo referia-se a situacdes de ampliagdo de
uso.

O Decreto n° 7.646, que regulamentou os
processos de avaliagdo de solicitacdes de incor-
poracdo no SUS, estabelece que todas as reco-
mendagdes emitidas pelo Plenario sejam subme-
tidas & consulta publica’. Entretanto, o artigo 29
deste Decreto prevé a possibilidade de processo
administrativo simplificado, em casos de rele-
vante interesse publico, sem detalhar, contudo,
em que situagdes isso se aplica. De acordo com
os relatdrios da Conitec, estes processos tratam
“de ampliagdo de uso ou exclusdo de tecnologias,
nova apresentacdo de medicamentos ou incorpo-
racdo de medicamentos com tradicionalidade de
uso’, com as demandas “envolvendo tecnologias
de baixos custos e impacto orgamentario para o
SUS ou estando relacionadas a elaboragdo ou re-
visdo de PCDT”.

Seis medicamentos sem registro na Anvisa
foram incorporados no periodo, todos decorren-
tes de demandas internas: biotina (deficiéncia de
biotidinase); doxiciclina injetdvel e cloranfenicol
suspensdo oral (febre maculosa); hidroxiureia
comprimido de 100mg (doenga falciforme); ci-
pionato de hidrocortisona (hiperplasia adrenal
congénita), e cloridrato de hidroxicobalamina
(intoxicagdo por cianeto). Apenas duas das reco-
mendagdes foram submetidas a consulta publica.
As principais justificativas elencadas para a in-
corporagdo desses produtos foram necessidade
clinica ndo preenchida, gravidade da condicdo
clinica, auséncia de alternativa terapéutica no
SUS ou beneficio clinico adicional em relagdo
as op¢oes disponiveis. Os relatérios mencionam
ainda que esses medicamentos seriam objeto de
processos de compra centralizados no exterior, a
cargo do Ministério da Satde'®".

O registro sanitdrio é ferramenta regulaté-
ria essencial na avaliagdo da seguranga, eficicia
e qualidade dos medicamentos, resultando em
protecdo da satide publica®. Mesmo levando em
conta as justificativas dispostas, a incorporac¢ao
de medicamentos sem registro contraria um
critério claramente disposto no regimento legal
para a avaliacdo da submissdo de incorpora¢io’.
A legislacdo brasileira também impede a aquisi-
¢do, dispensa e financiamento de medicamentos
ndo licenciados em todos os niveis do sistema
publico de saude*"*, exceto nos casos previstos
por lei®?,

Ressalta-se o elevado quantitativo de medi-
camentos direcionados ao tratamento da hepa-

tite C cronica (boceprevir, telaprevir, sofosbuvir,
daclatasvir e simeprevir) e da infec¢do pelo HIV
(darunavir, dolutegravir sodico, maraviroque e
raltegravir) incorporados no periodo.

Telaprevir e boceprevir foram incorporados
em julho/2012 para tratamento da infec¢ao pelo
gendtipo 1, forma predominante no pais®, e ex-
cluidos em maio/2016, a partir da introdugdo
dos novos antivirais em junho/2015. Como jus-
tificativas para a exclusdo, o relatério da Conitec
aponta que, embora aumentassem as chances de
resposta viroldgica sustentada, exigiam trata-
mentos prolongados e grande nimero de com-
primidos didrios; inclufam obrigatoriamente o
uso associado de interferon injetdvel e ribaviri-
na, € causavam frequentemente eventos adversos
sanguineos significativos, obrigando a oferta de
outros medicamentos para tratamento da neu-
tropenia (filgastrina) e anemia (alfaepoetina)?®.
Os novos antivirais teriam caracteristicas mais
favordveis: seguranca e eficicia “universais” (>
80% de negativagao viral para todos os genétipos
e, inclusive, em individuos com cirrose avangada
e coinfectados com HIV/HCV); maior facilidade
de tratamento (uso oral, dois comprimidos/dia,
menor necessidade de monitoramento de efica-
cia e seguranca), favorecendo a administracao e
o seguimento do tratamento, de duragao média
de trés meses. Ademais, foram referidos custos de
aquisi¢do dos tratamentos com associagdes dos
novos medicamentos inferiores aos da terapia
com telaprevir e boceprevir®®?.

Todos os cinco medicamentos foram aprova-
dos para incorporagdo pouco tempo depois do
seu registro no pais (nos ultimos antivirais apro-
vados, entre 1 e 5 meses). Em que pese a abran-
gente busca por evidéncias descritas no relatério
de recomendagao, sao medicamentos bem recen-
tes, com pouco tempo no mercado e experién-
cia de uso, sendo sabido que informag¢des mais
abrangentes de efetividade e do perfil completo
de seguranca sdao usualmente desconhecidas no
momento do registro, devido ao pequeno tama-
nho amostral, curta duragio e limitada generali-
zagdo dos ensaios pré-aprovacio®. A eficacia dos
novos antivirais relativa as opgoes disponiveis,
baseou-se em compara¢des indiretas, dada a au-
séncia de estudos head-to-head. Sao medicamen-
tos de custo bastante elevados e os impactos or-
gamentarios previstos para o SUS eram da ordem
de R$ 467 a R$ 666 milhdes/ano, considerando o
tratamento de 15.000 individuos infectados por
diferentes gendtipos. A despeito da importéncia
da hepatite C como problema de satide no pais,
esses diversos aspectos sdo, certamente, objeto de



bastante preocupagdo, dado os potenciais impac-
tos para a saide e para o uso dos escassos recur-
sos de saide no pais.

Beneficio clinico adicional sobre as tecnolo-
gias ja disponiveis, baixo impacto financeiro-or-
camentario e necessidades clinicas ndo preenchi-
das foram as principais justificativas usadas para
a incorporag¢do de novos medicamentos no SUS.
Estudos internacionais que examinaram proces-
sos relativos a reembolso de medicamentos tém
chamado a aten¢do para a importincia do valor
terapéutico e do beneficio adicionais como cri-
térios relevantes para as decisdes tomadas®. Por
outro lado, a participagdo das estimativas de im-
pacto or¢camentario pequeno foi possivelmente
amplificada pelo expressivo volume de recomen-
dag¢des de incorporagdes conduzidas como pro-
cessos simplificados, os quais sdo aplicados para
demandas que envolvem, dentre outros critérios,
a previsao de baixos custos e impacto or¢amen-
tario para o SUS.

Estudos do processo e fatores que influen-
cilam as decisdes dos corpos governamentais
responsaveis pela incorporagdo das tecnologias
nos sistemas de saide apontam para multiplos
e variados critérios nos diversos paises®***'. Mes-
mo em relagdo a um tipo de tecnologia®* ou em
um Unico pais e agéncia, estes elementos podem
apresentar diferencas®. Green e Hutton compa-
raram os diferentes programas existentes dentro
do NICE relacionados a ATS, mostrando que
eficicia/efetividade clinica e custo-efetividade
sdo critérios uniformemente usados pelos pro-
gramas para a tomada de decisdo, mas hd graus
de exigéncia diferentes relacionados a qualidade
da evidéncia; métodos de avaliacdo (presenca de
caso de referéncia, tipo de avalia¢do econdmica,
limitar de custo-efetividade, etc.); requerimentos
de infraestrutura e do tipo de beneficios para pa-
cientes e para o NHS em relacdo as tecnologias
disponiveis™.

Estudo nacional avaliando experiéncias de
ATS de 16 paises mapeou 21 critérios relacio-
nados ao impacto da doenga, a tecnologia, as
questdes econdmicas, a qualidade de evidéncia e
as questdes de equidade, éticas e sociais e organi-
zacionais. Exame de 12 relatdrios elaborados pela
Conitec mostrou que, da mesma forma que nos
paises avaliados, informacdes sobre efetividade,
seguranca e custo-efetividade foram considera-
das relevantes no processo de incorpora¢io de
tecnologias pela Comissao™.

Cabe mencionar, contudo, que os relatérios
da Conitec foram selecionados por amostra
de conveniéncia. Ademais, muitos dos relato-
rios examinados no presente estudo se limitam,
por vezes, a meras descrigdes da tecnologia e a
estimativas bastante simples dos impactos or-
¢amentarios, reforcando a importincia de um
aprimoramento ainda necessdrio nos critérios
e na transparéncia dos processos utilizados pela
Conitec.

Algumas limitacoes do trabalho merecem ser
comentadas. Ndo hd informagdes nas paginas da
Conitec sobre as datas de submissio, impossibi-
litando examinar o cumprimento de alguns dos
prazos legais estabelecidos pela legislagdo, como
o prazo maximo de 270 dias entre submissdo e
avaliagdo. Embora todos os relatérios da Coni-
tec estejam publicamente disponiveis, ndo exis-
te acesso aos documentos originais submetidos,
apenas ao presente nos relatos. O formato, tama-
nho e contetido dos relatérios sao bastante he-
terogéneos e alguns sio muito simplificados. A
exigéncia legal de estudo de avaliacdo econdmica
comparando a tecnologia proposta com aquelas
disponibilizadas no SUS ndo se encontra presen-
te em todos os relatdrios, sobretudo nos casos
de processos simplificados. Por fim, nem sem-
pre fica claro, principalmente nas demandas de
origem interna, o que sao informagdes trazidas
pelos demandantes e o que sdo evidéncias levan-
tadas pelos técnicos.

A criagao da Conitec constitui certamente
um amadurecimento da institucionalizacio da
ATS no sistema de saide brasileiro. Sua estru-
turagdo representa, hoje, um aspecto central no
complexo processo de tomada de decisdo que
rege o financiamento e o acesso a produtos far-
macéuticos no SUS. Os resultados do estudo si-
nalizam para incrementos da racionalidade e da
presenca de evidéncias clinicas e econdmicas em-
basando as decisdes relativas a medicamentos ao
longo do periodo. Porém, também apontam para
a necessidade de um continuo investimento no
rigor cientifico, na transparéncia e na indepen-
déncia das decisdes. Isso se faz ainda mais rele-
vante no contexto de subfinanciamento cronico
do sistema publico de saude, com tendéncia a
agudiza¢do nesse momento de grave crise eco-
noémica, e de um processo de implementacdo do
SUS que possa garantir o acesso universal a todos
os cidadaos, ainda em andamento.
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