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ABSTRACT

Biotherapy of cancer holds great promise for its potential to lead to the identification
of novel, selective, and effective treatments against cancer. However, the clinical de-
velopment of biopharmaceuticals and biotherapy products is hampered by several
and diverse barriers.

Herein, we will address some of the critical issues identified both at the national and
European level as the major obstacles for the translation of knowledge into clinical
applications in the field of biotherapy and immunotherapy of cancer. We will also il-
lustrate specific initiatives undertaken both in Europe and in Italy in order to support
the translational and clinical research and that are expected to have a favorable im-
pact on the process of clinical development of novel and more effective therapeutic
interventions against cancer.

The contents of this article are directly referred to the event “International Clinical
Trials’ Day on Biotherapy of Cancer” organized in the context of the OECI Genova
2008, with the sponsorship of Alliance Against Cancer and the Istituto Superiore di
Sanita (the Italian National Institute of Health), and under the auspices of the Euro-
pean Clinical Research Infrastructures Network (ECRIN). This event sees the active
participation of representatives of the ISS and of the Italian Network for Tumor Bio-
therapy, both involved in a project recently funded by ACC and aimed at the promo-
tion of clinical research in the field of cancer biotherapy and immunotherapy,
through the creation of a national network of clinical cancer research centers and
GMP facilities dedicated to the production of biological drugs and advanced medici-
nal products.

Introduction

The recent advances in tumor immunology and biotechnologies have opened new
perspectives for cancer biotherapy. Today, these perspectives hold great promise for
the development of up to date effective cancer treatment strategies. However, a num-
ber of critical issues need to be solved and barriers have to be overcome in order to
give biotherapy and immunotherapy of cancer the chance of fully demonstrating its
potential of becoming one of the standard approaches for the management of neo-
plastic diseases.

Specific initiatives are being undertaken in Europe for supporting the translational
and clinical research driven by academic institutions. It is expected that these actions
will foster the pre-clinical and clinical development of novel biological drugs and bio-
therapy approaches for cancer treatment. It is of outmost importance that national
programs parallel the European initiatives, particularly concerning the realization of
research infrastructures.

Alliance Against Cancer (ACC) and the Istituto Superiore di Sanita (ISS), within the
framework of the programs provided for in Art. 3 of the National Program for Cancer
Research launched by the Italian Ministry of Health in July 2006, have recently fund-
ed a project aimed at the promotion of clinical research in the field of cancer biother-
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apy and immunotherapy, through the creation of a na-
tional network of clinical cancer research centers and
GMP facilities dedicated to the production of biological
drugs and advanced medicinal products. This project
involves the Italian Network for Tumor Biotherapy (NIB-
IT)! as well as representatives of the ISS.

The recent entry of the ISS as a partner in the prepara-
tory phase of the pan-European ECRIN - Infrastructure
for Clinical Trials and Biotherapy has prompted the ini-
tiative of a satellite celebration of the International Clin-
ical Trials’ Day dedicated to biotherapy of cancer. The
International Clinical Trials’ Day is a traditional yearly
appointment for ECRIN partners, dedicated to the cele-
bration of what can be considered the first documented
randomized clinical trial in the history of medicine. In
fact, on 20th May 1747, James Lind, while serving as
naval surgeon on HMS Salisbury, carried out the first
comparative trial on 12 sailors afflicted by scurvy. Lind
gave the sailors in each group different additions to
their basic diet: cider; seawater; a mixture of garlic;
mustard and horseradish; and, spoonfuls of vinegar.
The last group received oranges and lemons. Only the
sailors fed citrus fruits experienced a remarkable recov-
ery. Although the antiscorbutic effect of citrus fruits had
been known at least since 1600, by conducting this clin-
ical trial, Lind had definitively established the superior-
ity of citrus fruits above all other ‘remedies’ and proved
that citrus fruits cure scurvy. Lind’s recommendation on
the inclusion of fresh citrus fruits and lemon juice in the
diet of seamen eventually resulted in the eradication of
scurvy from the British Navy.

Nowadays, randomized clinical trials are used world-
wide to identify and validate novel diagnostic and ther-
apeutic interventions.

The great expectations for the impact of biological
and immunological interventions against cancer can
only be met through the application of a clinical devel-
opment paradigm best suited to address the peculiar
and unique characteristics of biologics, and particularly
of cancer vaccines and immunotherapeutic agents.

The “OECI 2008 Cancer Week” represented an ideal
forum for debating among scientists and with represen-
tatives of patients’ associations and of industry on the
state of art and perspectives of cancer biotherapies, as
well as on critical regulatory, ethical, and clinical devel-
opment issues pertaining to these innovative therapeu-
tic strategies.

Promotion of biotherapy of cancer
at the European level

Lessons from the EUROCAN+PLUS project

Europe, thanks to the presence of several top-level
laboratories, hospitals and institutions with a long-
standing record of excellent preclinical and clinical re-

search in cancer biotherapy, has a great potential in
playing a leading role in the progress of the research in
this field and in the translation of the new knowledge
into the clinical management of cancer. However, some
steps need to be taken in order to promote clinical re-
search, remove barriers, avoid excessive fragmentation
and duplication, harmonize rules and requirements for
clinical experimentation in the different member states,
and to foster cooperation on critical issues of special
importance.

In the context of the project EUROCAN+PLUS “Feasi-
bility Study for Coordination of National Cancer Re-
search Activities”, funded within the EC 6% Framework
Programme (FP) and coordinated by the International
Agency for Research on Cancer (IARC), the ISS has real-
ized, in its capacity of Italian partner, a series of activi-
ties to identify bottlenecks and possible solutions for
promoting the translational and clinical research in on-
cology, with particular regard to the field of biotherapy
and immunotherapy of cancer. These activities have re-
sulted in recommendations concerning specific initia-
tives to be undertaken in the context of the EC FP7.
These recommendations have been delivered to the EC
and are summarized in the following paragraphs.

A clearly urgent need is the definition of a new para-
digm for the clinical development of cancer vaccines
and biopharmaceuticals, as single agents or in combi-
nation with other therapeutic interventions, in consid-
eration of their peculiar characteristics and differences
with respect to conventional drugs and therapies. The
debate on this important issue has been prompted by
the publication of the consensus document prepared by
the Cancer Vaccine Clinical Trial Working Group
(CVCTWG)?. The paradigm proposed in the CVCTWG
document suggests investigating cancer vaccines in two
phases: proof-of-principle (exploratory trials) and effi-
cacy trials, with early and informed decision making
through prospectively defined “go” or “no go” decision
points, use of biologic end points, adjusted clinical end
points, early use of randomized trials and, when possi-
ble, adaptive design components. In Europe, the com-
prehensive cancer centers and their networks would
represent the ideal entities for the development and
“validation” of the new paradigm, and coordination be-
tween cancer centers would be instrumental to reach
these objectives. However, a prerequisite is that the new
paradigm finds acceptance by the national regulatory
authorities and by EMEA. Therefore, the crucial initia-
tives to be undertaken are those promoting the discus-
sion between laboratory and clinical investigators and
experts of regulatory bodies, aimed at the definition of a
shared and highly agreeable set of rules for the develop-
mental process for clinical investigation of cancer vac-
cines and related biologics. These rules should obvious-
ly warrant the safety of the patients and at the same
time allows a more efficient and adequate evaluation of
the biological and clinical efficacy of cancer vaccines,
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biopharmaceuticals, immunotherapy and combination
therapy strategies.

The second important recommendation is based on
the consensus registered on the need and importance of
fostering academy-driven clinical and related laborato-
ry investigation aimed at acquiring new knowledge, in
cancer patients, on the tumor-immune system interac-
tions and on the mechanisms underlying tumor re-
sponse or non-response to immunological interven-
tions. Exploitation of this knowledge will allow to opti-
mize the design and clinical development of new drugs
and therapeutic strategies against cancer based on the
manipulation of the immune system.

The third recommendation concerns the launch of an
European initiative for the development, validation and
standardization of immunomonitoring assays for as-
sessing the biological response and predicting the clini-
cal response to cancer vaccines and immunotherapy. Of
note, this initiative can take advantage from the exis-
tence of immune monitoring platforms in different Eu-
ropean countries, that, however, need to be better con-
nected and integrated among themselves and with oth-
er platforms outside the EU, particularly in the USA.

The fourth recommendation stems from the absolute
need, in order to facilitate the running of multi-center
clinical studies between different European member
states, of harmonization of rules for standardization
and characterization of cancer vaccines and reagents
for cancer biotherapy, and of facilitation of the access of
public research institutions to GMP reagents. Of note,
one of the major goals of two ESFRI infrastructures,
namely the ECRIN® - Infrastructure for Clinical Trials
and Biotherapy and the EATRIS* (European Advanced
Translational Research Infrastructure in Medicine) (see
below), is to perform a survey on needs and existing re-
sources in terms of GMP facilities for biopharmaceuti-
cals and biotherapy products. The outcome of the sur-
vey will then be used for the design and planning of the
construction of the necessary GMP facilities.

A final recommendation concerns the identification
of instruments and policies for establishing a partner-
ship between academy and industry in the field of can-
cer biotherapy. It is absolutely necessary to join forces,
sources and knowledge, both private and governmental
ones, in order to develop a solid biotech sector through-
out Europe, transforming needs and problems into op-
portunities. To this regard, both the participation of
SME:s in EC projects and the establishment of a public-
private partnership within the Innovative Medicine Ini-
tiative in the field of cancer immunotherapy should be
fostered.

The above mentioned proposals have been included
in the framework of the more general recommendations
that the EUROCAN+PLUS has forwarded to the EC con-
cerning initiatives to be undertaken at the European
level in the context of the FP7. These recommendations
include the establishment of a Network of Comprehen-
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sive Cancer Centers and the launch of an ERA-Net for
the translational research in oncology.

The opportunities offered by the European
infrastructures

The European Strategy Forum for Research Infra-
structure (ESFRI)® published in late 2006 a Roadmap?®
which identifies 35 large scale infrastructure projects, at
various stages of development, in seven key research ar-
eas including Biomedical and Life Sciences. In this area,
two infrastructures appear of particular relevance for
the field of cancer biotherapy, namely the Infrastructure
for Clinical Trials and Biotherapy and the European Ad-
vanced Translational Research Infrastructure in Medi-
cine (EATRIS). The preparatory phase of both infra-
structures has started in 2008, and with specific regard
to the Infrastructure for Clinical Trials and Biotherapy
this phase represents the third phase of the European
Clinical Research Infrastructures Network program?,
previously funded in the context of the EC FP6.

The ECRIN program is aimed at building an integrat-
ed, pan-European infrastructure able to provide sup-
port to clinical research in any medical field, and for any
type of clinical research, and to the conduct of multina-
tional studies in Europe®. ECRIN is designed to bridge
the fragmentation of clinical research in Europe
through the interconnection of national networks of
clinical research centers and clinical trial units. A first
phase of the ECRIN program helped identify bottle-
necks to multinational cooperation. In the current sec-
ond phase, transnational working groups are in charge
of defining procedures and guidelines for multinational
studies in the EU. The third phase of the program will
consist of building the infrastructure for EU-wide clini-
cal trials and biotherapy described in the ESFRI
Roadmap. This distributed infrastructure, based on the
integration of competence centers coupled to data cen-
ters and biotherapy facilities, will provide access to clin-
ical research projects through a set of flexible services
offered by ECRIN. These services are particularly rele-
vant for academic clinical research and for clinical trials
sponsored by biotechnology, drug, and device enter-
prises that may lack the capacity to conduct EU-wide
studies. In addition, ECRIN will enable efficient imple-
mentation of the Innovative Medicines Initiative (IMI)
strategic research agenda, providing support and infra-
structure for public-private partnership in EU-wide
studies. Ultimately, ECRIN will stimulate EU research
on prevention, diagnosis and treatment, hence improv-
ing healthcare delivery to patients and citizens.

The EATRIS preparatory phase is aimed at the realiza-
tion of a distributed pan-European infrastructure con-
sisting of a network of biomedical translation research
centers across Europe®. The ultimate goal of EATRIS is
to support a faster and more efficient translation of re-
search findings into the development of innovative
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strategies for the prevention, diagnosis and treatment of
diseases which are of particular relevance for European
member states and that have a high medical and eco-
nomic burden.

The need of a EU-wide infrastructures supporting
translational research stems from the observation that
in Europe the translation of basic research discoveries
into industrial applications has been hampered by di-
verse barriers and represents a major challenge for the
European Research Area. A major bottleneck is the frag-
mented nature of basic and clinical research infrastruc-
ture, leading to unnecessary delays and difficulties in
drug development or the implementation of new diag-
nostic strategies.

The EATRIS program will be focused initially on the
disease areas of cancer, metabolic diseases, neurologi-
cal disorders, cardiovascular diseases and infectious
diseases. The EATRIS infrastructure will provide access
to preclinical and clinical research infrastructures, com-
prising a number of physical such as animal facilities for
preclinical validation studies, small molecule screening
facilities to identify and characterize new drug targets,
disease specific patient and population cohorts to de-
velop and validate new hypothesis for innovative diag-
nostic and therapeutic strategies, centralized GMP facil-
ities for bioprocess development and manufacturing,
and facilities to carry out clinical phase I studies. In ad-
dition, the EATRIS infrastructure will offer to its users
(laboratory biomedical investigators and clinical scien-
tists, acting in the context of public institutions or
SMEs, and industrial partners) consulting services, in
order to support an efficient and well-controlled devel-
opment process from the discovery to the preclinical
and clinical stage. The consulting services will include
scientific assessment, intellectual property issues, ad-
vise on regulatory issues, benchmarking with regard to
existing technologies, potential risks, market potential,
cost, medical need and ethical issues. Importantly,
EATRIS will dedicate a particular attention to the devel-
opment of programs of education and training of the
next generation of translation researchers, a major bot-
tleneck also identified by the European technology plat-
form IMI (Innovative Medicine Initiative).

Promotion of biotherapy of cancer at the Italian
and European level.

The role of the Istituto Superiore di Sanita and
Alliance against Cancer

The commitment of the ISS in promoting the field of
biotherapy and immunotherapy of cancer in Italy dates
back to 1999, when the first of a series of international
conferences dedicated to this sector was organized by
this institution’-1%. In the recent years, the ISS has devot-
ed an increasing attention to the internationalization of
the Italian biomedical research, particularly in the on-

cology field. In addition to its role in the EUROCAN-
+PLUS project, the ISS is presently involved in the
preparatory phases of pan-European infrastructures in
the biomedicine area. In fact, the Italian Ministry of Ed-
ucation, University and Research, in agreement with the
Italian Ministry of Health, has charged the ISS with the
role of coordinating the organization of the Italian par-
ticipation to the construction of the EATRIS infrastruc-
tures. This assignment has determined the involvement
of the ISS in the present preparatory phase of EATRIS. In
this context, taking advantage of the co-existence with-
in the same institution of expertise in various research
fields as well as in the regulatory and ethical fields, the
ISS participates with the leadership and responsibility
of the activities aimed at developing, in agreement with
the other EATRIS member states, a consensus regulatory
and ethical framework for the construction and opera-
tion of the EATRIS infrastructure. The contemporary
participation of the ISS in the preparatory phases of the
infrastructures EATRIS, ECRIN, as illustrated below, and
BBMRI (Biobanking and Biomolecular Resources Re-
search Infrastructure), should represent an advantage
for an efficient and harmonized coordination in the bio-
medicine area.

Of relevance for the field of cancer biotherapy is the
involvement of the ISS in the ECRIN preparatory phase
with the responsibility of defining, in close coordination
with the EATRIS project, the existing resources and
needs, on both the academic and the biotechnology in-
dustry sides, regarding the GMP compliant manufactur-
ing facilities for clinical batches of biopharmaceuti-
cals/biotherapy products, and of deciding on the con-
nection or construction of such facilities under the um-
brella of either ECRIN or EATRIS.

As pointed out also in the context of the EURO-
CAN+PLUS project, the access to GMP-compliant
manufacturing facilities providing clinical grade
batches of medicinal products often represents a bot-
tleneck for academic institutions and biotechnology
SMEs acting in the field of biotechnology and biother-
apy. In particular, there is a clear need for flexible aca-
demic GMP facilities providing, in a non-commercial
context, small amounts of biopharmaceuticals and ad-
vanced medicinal products for phase I-1I “proof-of-
concept” trials. For this reason both the ECRIN and the
EATRIS projects included the development of GMP
manufacturing facilities accessible to the users for the
clinical proof of concept and, if relevant, subsequent
clinical development on innovative biotherapy and
biopharmaceutical products.

The role of the ISS in the European context can be
paralleled at the national level. In fact, the Italian Min-
istry of Health, as provided for in Art. 3 of the National
Program for Cancer Research launched in July 2006, has
assigned to the ISS the role of coordinating the network
activities of the Italian Comprehensive Cancer Centers
(IRCCS) and thus of establishing a synergy with Alliance
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against Cancer (ACC), that represents the network of the
IRCCS. The Art. 3 is entitled “National solidary network
and international collaborations” and identifies, among
the four programs indicated as priorities to be funded in
the oncology field and in the context of ACC, the inte-
gration of the research activities trough the realization
of national networks (Program 2) and the promotion of
the international collaboration with preferential refer-
ence to Europe (Program 4).

The ISS, in its capacity of coordinator of the ACC ac-
tivities included in Art. 3, has taken the commitment to
realize national networks considered of primary impor-
tance by ACC and to promote their entry in the Euro-
pean context (Figure 1). In this context, the “National
Network for Clinical Studies and GMP facilities” is
aimed at the implementation of infrastructural activi-
ties supporting the clinical research in the field of bio-
therapy and immunotherapy of cancer, including the
facilitation of access to GMP facilities certified for the
preparation of biopharmaceuticals and advanced me-
dicinal products. The priority given to the realization of
this national network, among the others, is motivated
by the notable delay and inefficiency that is registered
in Italy in the process of translation of knowledge into
clinical experimentation of advanced therapies against
cancer. In this context, it is to be hoped that this Italian
network will connect to the ECRIN and EATRIS infra-
structures, in agreement with the other partners of the
respective preparatory phases. To this regard it is worth
pointing out that the ISS is committed to play a role in
fostering at the national and European level the synergy
and cooperation of all the components that are neces-
sary for promoting the process of translational research
and, thus, the development of more efficacious and safe
drugs and therapies (Figure 2).
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Figure 1 - Parallelism between the Italian ISS-ACC networks and
the ESFRI pan-European infrastructures of the Biomedical and
Life Sciences area.
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Figure 2 - Role of the ISS in the process of integration of the na-
tional networks in the construction of the pan-European infra-
structures for translational and clinical research.

Concluding remarks

In the conclusion of this article, we would like to add
a few considerations. First, we would like to stress the
urgent need in translational medicine of fostering the
formation of interdisciplinary teams comprising labo-
ratory scientists, clinical practitioners, and profession-
als dedicated to solving the regulatory and logistical
problems. This type of institutional infrastructure sup-
port has a general importance, but more specifically in
the field of cancer biotherapy in consideration of the
complexity of the regulatory and clinical experimenta-
tion issues.

Secondly, the availability of a database containing the
blueprints and the results of the clinical research in can-
cer biotherapy would greatly contribute to overcome
the fragmentation and duplication existing in Europe in
this sector.

Finally, we believe that it would be beneficial, for ren-
dering the European research on cancer immunothera-
py more competitive, avoiding unnecessary fragmenta-
tion and duplication and favouring cooperation, to
work towards the establishment of a European network
for immunotherapy. This network should include: pub-
lic institutions (academic, governmental, clinical cen-
ters), private institutions (foundations, organizations),
industries, representatives of EMEA, and patients’ or-
ganizations for adequately addressing quality of life and
of care issues. This may be a long route; defined EC in-
struments in the context of the FP7 can be used for
paving the way, in the context of more comprehensive
coordination initiatives at the EU level.
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