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perforin+ PD1-, CD57- “early effector” profile predicted
by current models. The EEC to Treg (CD4+ FOXP3+)
ratio, in tissues from a panel of melanoma patients, was
1.8±1.6 in primary lesions, 0.3±0.2 in cutaneous
metastases and 0.09± 0.07 in tumor-invaded lymph
nodes, indicating a progressive reduction of EECs in
favor of suppressive T cells, along with tumor
progression. At the functional level, EECs expressed Ki-67
upon ex-vivo analysis, indicating competence for
proliferation. In vitro, in response to autologous tumor
plus cytokines such as IL-2 and IL-15, the EECs
proliferated promptly and showed competence for
differentiation towards the "short-lived effector cell
"(SLEC) fate as indicated by progressive loss of CD27,
associated with a gradual up-regulation of T-bet. These
results suggest development of early phases of anti-tumor
immunity even in advanced melanoma. Moreover, the
CD8+ FOXP3+ “early effector” subset may be an
invaluable tool for monitoring immunity at tumor site.

Biological classification of melanoma based on a
phosphoproteomics approach for constitutively active
intracellular signaling pathways. This project is being
carried out in collaboration with the Istituto Regina Elena
(Rome) and the Istituto Superiore di Sanità (Rome). The
goal is to define a new classification of human melanoma
based on the expression of constitutively-active
components of intracellular signaling pathways. Phospho-
flow cytometry for detection of phosphorylated
components of the MAPK, PI3/AKT and STAT signaling
pathways has been applied to 95 short-term melanoma
cell lines, all with the already known profile for BRAF or
NRAS activating mutations.

Keywords: tumor vaccines, immune escape, BRAF/MEK inhibitors, melanoma stem
cells
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Overview
Soft tissue and bone sarcomas, including GISTs, are rare and highly heterogeneous tumors.
Heterogeneity is firstly related to their ubiquitous anatomic origin. In this regard, it is well
known that applying good surgical principles to all sarcoma primary sites is not feasible. In
particular, it is known that retroperitoneal and thoracic sarcomas have a poorer prognosis,
primarily for surgical reasons. It is realized that new therapeutic avenues should be explored
for these tumors, exploiting all disciplines, from surgery to radiation and medical therapy.
Heterogeneity is also related to the pathology of these tumors, as there are dozens of
histological subtypes. It is well-known that the natural history of sarcomas differs substantially
depending on the histological subtype. In the last few years, it also became clear that
histologic subtypes possess distinct cytogenetic and molecular profiles that affect sensitivity
to medical therapies, including cytotoxic and targeted agents. These latter have mechanisms
of action that are more specifically dependent on the molecular profile of the tumor. This
poses new challenges to medical therapy of sarcomas, reinforcing the need to personalize
medical treatment, mainly exploiting knowledge of deregulated molecular profiles. In this
regard, GISTs constitute a tumor model that the sarcoma medical community has had the
privilege to explore, and the model can now be tested in other types of sarcomas. In
particular, it is clear that the current approach to sarcomas should be highly personalized,
on a highly multidisciplinary basis. GISTs constitute an advanced platform, but other
sarcomas are catching up rapidly, as new targeted agents are becoming available at a
steady pace. The aim of this project is to strengthen the institutional research platform, aimed
at gaining new insights on the antitumor activity of cytotoxics and molecular targeted agents
in selected types of sarcoma, including the rarest ones. New insights will also be gained on
how to incorporate these medical therapies into multidisciplinary treatment strategies, with
insights even in the most challenging clinical presentations of sarcoma. New avenues in the
methodology of clinical research will be attempted, so that an additional value of the project
will be the assessment of new strategies for clinical research, potentially serving as a model
for other rare tumors.
The patient populations involved in this project include all patients affected by sarcoma,
which for practical reasons are mainly divided into: adult soft tissue sarcoma; GIST; small
blue round cell sarcoma; osteosarcoma; chordoma and chondrosarcoma; rare histological
types.

Paolo G. Casali Group Leader

PARTICIPATING UNITS
Adult Sarcoma Medical Treatment - Coordinator
Biomarkers
Clinical PET
Evaluative Epidemiology
Immunotherapy of Human Tumors
Laboratory Medicine
Melanoma and Sarcoma
Molecular Diagnostic laboratory
Palliative Care
Molecular Basis of Genetic Risk, Polygenic Models
Tumor Genomics

PERSONALIZED TREATMENT OF SARCOMAS
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The project intends:
• To strengthen the institutional infrastructure for clinical
studies on new agents in sarcoma. The aim of the
infrastructure is to place the INT in the best position to
launch and/or to join phase II and phase III clinical
studies on new agents in sarcoma.
• To support the institutional infrastructure for
translational research related to the targeted use of new
molecular agents in sarcoma. The infrastructure will aim
to place the INT in the best position to perform
translational research on the use of new agents in
sarcoma in tailored manner.
• To support the sarcoma networking coordinated by
this Institute to allow prospective and retrospective studies
even on the rarest sarcoma subtypes and presentations.
INT coordinates the Italian Network on Rare Tumors,
which is a powerful means to perform prospective and
retrospective studies on rare presentations, with regards
to their natural history and sensitivity to treatments.
• To study the clinical utility of new targeted agents for
treatment of sarcoma. Targeted agents imply considerable
rethinking of clinical methodology (e.g., with regard to
tumor response, assessment etc.). However, only centers
with a large number of patients can embark on such a
project, through systematic clinical observations and
studies focusing on treatment strategies.
• To develop and to test new methodologies for clinical
research in rare tumors. An effort will be made to test
new options firsthand at least on the rarest presentations.

RELEVANT OUTPUT
During the second year of the project, the main effort was
to foster a global collaboration among the most important
international sarcoma centers to develop new agents. The
ESMO International Conference on Sarcoma & GIST was
organized by INT on March 2010; during this event an
advisory board convened by the global community

together with major pharmaceutical companies took
place to identify new drugs for early screening in
sarcomas through methodologically innovative studies.

Several clinical trials on rare sarcoma subtypes are
ongoing:
A Phase II trial on nilotinib in pigmented villonodular
tenosynovitis. It is a rare condition in which tumor growth
is sustained by CSF1R/CSF1 through an autocrine-
paracrine loop potentially inhibited by nilotinib. Results
on the activity of imatinib were presented at ASCO 2010
in collaboration with other European centers. A pooled
review on a series from both INT, in collaboration with
the Istituto G. Pini-Milan and IOR Bologna, has been
published.
A Phase II trial on the activity of NGR-TNF, a fusion
protein derived from NGR and TNF. We postulated that it
would have anti-tumor activity in vascular sarcoma
histotypes, such as angiosarcoma, fibrous solitary tumor,
and alveolar soft part sarcoma. Five patients had been
enrolled to date by the INT.
Two Phase II trials in imatinib-pre-treated chordoma: a)
lapatinib, an EGFR inhibitor (11 pts enrolled by INT); b)
everolimus + imatinib (not yet enrolling).
Two Phase II trials on GIST: a) everolimus + imatinib in
imatinib-naïve patients with a PDGFRA-D842V mutation;
b) regorafenib, a BRAF inhibitor, as third line therapy in s
An observational study on the prognostic and predictive
role of the mechanisms of immunosuppression in sarcoma
and GIST patients treated with targeted therapies. This
study will provide new data on the possible effects of
immunomodulation by targeted drugs. This information
can provide new tools for immunotherapy and
vaccination in oncology.

With regards to solitary fibrous tumors, we published a
paper reporting observations on the translational and
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clinical activity of sunitinib, with one observed partial
response to an anti-IGF1R agent. This data was
confirmed by a US experience. A series of 30 patients
treated with sunitinib was updated in a presentation at
ESMO 2010. The animal model is under study in order to
identify the mechanism of action of the drug. A paper will
be submitted for publication.
We first presented at ASCO 2010 an update of our data
on sunitinib in ASPS, confirming its antitumor activity, that
was later published. We also reported that sunitinib is
active both by a direct antitumor effect and an
antiangiogenic mechanism. We also documented
sunitinib activity in a case of clear cell sarcoma, also
called "melanoma of soft tissues". During the last ASCO
meeting, we presented a retrospective study on a series
of 20 cases of CCS, 50% of which were not translocated,
showing that the morphology and the molecular profile is
the same whether or not translocation has occurred. The
results of this study extended to a series of melanoma has
been submitted for publication.

We established the activity of imatinib in chordoma. A
publication on the final analysis of the phase II study on
imatinib in advanced chordoma has been finalized. As
already mentioned, two new Phase II studies are ongoing
in imatinib pre-treated patients.

We also reported on the activity of trabected in in myxoid
liposarcoma in the advanced setting. The molecular data
on the mechanism of action of this drug in myxoid

liposarcoma were studied, and novel models of myxoid
liposarcoma xenografts have been published,
demonstrating biological and pharmacologic features that
mimick human tumors. The results of a recently completed
Italian Sarcoma Group Phase II study on neoadjuvant
trabectedin were presented at ESMO 2010.

An institutional series of extremity soft tissue sarcoma
was published, showing improved local control over the
two last decades and a direct impact of this treatment on
survival.

Regarding retroperitoneal sarcomas, a combined analysis
from a series at our Institute and from the Gustave-Roussy
Institute (Paris) demonstrated that aggressive surgery is
safe and is also associated with improved local control.

Concerning response criteria evaluation in sarcoma
patients, we have attempted to compare RECIST versus
Choi criteria, and to correlate these with outcome in a
series of patients affected by high-grade limb and
superficial soft tissue sarcoma, within the framework of a
trial by Spanish and Italian Sarcoma Groups. Data have
been submitted to ASCO 2011. Evaluation of response
according both to RECIST and Choi criteria was carried
out in a series of retroperitoneal sarcoma patients; data
were presented at CTOS 2010.

Keywords: sarcomas, rare sarcoma subtypes, genetic alterations
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Gastrointestinal stromal tumours: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up.
Casali PG, Blay JY; ESMO/CONTICANET/EUROBONET Consensus
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Soft tissue sarcomas: ESMO Clinical Practice Guidelines for diagnosis,
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Overview
Multiple myeloma (MM) and chronic lymphocytic leukemia (CLL) are mature B-cell cancers
with an incidence that increases with age. Despite novel drugs, MM remains incurable for
the vast majority of patients, with a highly variable outcome in different prognostic
subgroups. The same applies to CLL: the disease is incurable and prognosis is extremely
variable depending upon several clinicopathological factors. The selection of the most
appropriate treatment (chemo-immunotherapy or stem cell transplantation [SCT]) must
include knowledge of the clinical and genetic prognostic factors of the patient. For example,
the limited duration of response after autologous SCT for MM patients with
t(4;14)(p16;q32), t(14;16)(q32;q23) and 17p13 deletions highlights the need to develop a
risk-adapted treatment strategy. The same applies to CLL patients carrying the 17p13
deletion. From an idealistic point of view, treatment strategies should be tailored based on
clinical risk determination, adverse genetic prognostic factors, and host features. Although
there is some data from gene expression profiling studies, there are no clear and firm
conclusions on prognostic relevance and applicability in a clinical setting. While flow
cytometry, cytogenetics, and molecular analysis may provide prognostically important
information for both MM and CLL, they are not routinely used, and not frequently used
together in a prospective fashion. Modern treatment protocols lead to complete remission
(CR) in a considerable proportion of patients with MM and CLL. However, many patients will
ultimately relapse, implying that the achievement of a clinical CR is compatible with a
significant amount of residual malignant cells. For these reasons, a comprehensive approach
prospectively integrating clinical and laboratory data is required for better stratification of
patients, which will in turn translate into better allocation of healthcare resources.

Paolo Corradini Group Leader

PARTICIPATING UNITS
Hematology and Bone Marrow Transplantation - Coordinator
Immunobiology of Human Tumor
Medical Oncology 3
Medical Statistics and Biometry
Pathology
Proteomic Laboratories
Radiology and Diagnostic Imaging

NOVEL APPROACHES TO DETERMINE PROGNOSIS AND RESPONSE TO TREATMENT IN
MATURE B-CELL MALIGNANCIES
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Our major objective is to analyze the pre-treatment
clinical and biological features of patients to determine
their value in predicting disease response and survival. In
particular, focus is placed on four main research areas: i)
the genetic features of the tumor (cytogenetics and FISH
studies of MM cells, detection of MM stem cells,
validation of the 17-gene expression-based risk-
stratification model, identification of circulating MM
specific miRNAs, the use of a proteomic strategy on both
leukemic cells and plasma specimens to identify novel
proteins as biologic indicators of prognosis and response
to treatment for CLL); ii) the immunological evaluation of
the host and tumor interaction (evaluation of the T cell,
natural killer cell and myeloid derived suppressor cell
compartment); iii) monitoring of minimal residual disease
(multiparameter flow cytometry and molecular methods);
iv) assessment of bone lesions using a novel imaging
method [whole body magnetic resonance imaging (DW-
MRI)]. A fundamental goal of this project is to find a
panel of biomarkers that can be easily and routinely used
in a clinical setting.

RELEVANT OUTPUT
Promising results have been obtained during the last year
of activity. In particular, we have demonstrated that:
• Preliminary analyses with diffusion weighted MRI
(DW-MRI) on 50 patients showed that the number of
lesions revealed by DW-MRI is significantly higher than
that revealed using standard radiological examinations.
There was a significant difference in the number of
lesions detected in patients with symptomatic MM
compared to patients in follow-up. Complex image
analysis defined a diffusion coefficient (ADC, apparent
diffusion coefficient) that is inversely correlated with
tumor cellularity. In particular, most patients with MM had
lesions characterized by a median ADC of 0.7, with a

narrow standard deviation. The ADC value increases with
response to treatment. The monitoring of the ADC value
allows functional and morphological evaluation of bone
lesions, indicating the enormous potential of applying
DW-MRI for evaluation of MM.
• Circulating miRNAs can be detected and analyzed by
quantitative RT-PCR in peripheral blood plasma samples
of MM patients. We have characterized a specific
circulating miRNA signature that differentiates MM
patients from healthy subjects. The altered MM-related
miRNA signature in this subset of patients is
characterized by increased expression of miR-124, -19b,
-135b, -380, and -548a.3p, and decreased expression
miR-187. Targets of overexpressed miRNAs include tumor
suppressor genes as well as genes encoding proteins
acting as negative regulators of cell proliferation,
survival, and osteogenesis. In addition, it was possible to
identify a correlation between the levels of specific
circulating miRNAs and prognostic factors defined by the
ISS and cytogenetics. Further studies are aimed at
identifying the role of differentially-expressed miRNAs in
the plasma of myeloma patients. Nonetheless, these
preliminary results indicate that miRNAs present in the
peripheral blood could be used for disease monitoring in
MM patients.
• Elevated levels of serum amyloid A (SAA) protein in
the plasma of CLL patients were identified using a
proteomic strategy. To detect new plasma biomarkers in
CLL patients, surface-enhanced laser desorption
ionization time-of-flight (SELDI-TOF) mass spectrometry
was applied. The analysis revealed statistically significant
differences in SAA expression between the plasma of LLC
patients and healthy subjects (P=0.002). In addition, SAA
levels are elevated in the plasma of patients with an
unfavorable cytogenetic profile (try12; del17 del11)
compared to patients with normal or other cytogenetic
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Publications
Bortezomib with thalidomide plus dexamethasone compared with
thalidomide plus dexamethasone as induction therapy before, and
consolidation therapy after, double autologous stem-cell transplantation
in newly diagnosed multiple myeloma: a randomised phase 3 study.
Cavo M, Tacchetti P, Patriarca F, Petrucci MT, Pantani L, Galli M, Di
Raimondo F, Crippa C, Zamagni E, Palumbo A, Offidani M, Corradini
P, Narni F, Spadano A, Pescosta N, Deliliers GL, Ledda A, Cellini C,
Caravita T, Tosi P, Baccarani M; GIMEMA Italian Myeloma Network.
Lancet. 376(9758):2075-85, 2010.
Pretransplantation [18-F]fluorodeoxyglucose positron emission
tomography scan predicts outcome in patients with recurrent Hodgkin
lymphoma or aggressive non-Hodgkin lymphoma undergoing reduced-
intensity conditioning followed by allogeneic stem cell transplantation.
Dodero A, Crocchiolo R, Patriarca F, Miceli R, Castagna L, Ciceri F,
Bramanti S, Frungillo N, Milani R, Crippa F, Fallanca F, Englaro E,
Corradini P.
Cancer. 116(21):5001-11, 2010.
Allogeneic transplantation improves the overall and progression-free
survival of Hodgkin lymphoma patients relapsing after autologous
transplantation: a retrospective study based on the time of HLA typing
and donor availability.
Sarina B, Castagna L, Farina L, Patriarca F, Benedetti F, Carella AM,
Falda M, Guidi S, Ciceri F, Bonini A, Ferrari S, Malagola M, Morello E,
Milone G, Bruno B, Mordini N, Viviani S, Levis A, Giordano L, Santoro
A, Corradini P; Gruppo Italiano Trapianto di Midollo Osseo.
Blood. 115(18):3671-7, 2010.

status (P=0.02). In CLL patients, SAA plasma levels also
positively correlated with a peripheral lymphocyte
doubling times of less than one year (P=0.009). Although
preliminary, these data suggest that elevated SAA levels
are associated with unfavorable prognostic markers and
support the view that inflammation is implicated in
development of CLL.
• Clonogenic MM cells can be stained using the
Hoechst side population and Aldefluor assays. Each
assay identified CD138neg cells, suggesting a high drug
efflux capacity and intracellular drug detoxification
activity. We also found that these cells express the CD56

marker. Our results complement those recently obtained
by other groups. The combined use of surface phenotype
with flow cytometric–based functional stem cell properties
facilitates identification of these circulating cells in MM
patients. Therefore, it is possible to use these methods
quantify MM stem cells for use as a surrogate marker for
clinical response during therapy.

Keywords: multiple myeloma; response to therapy; biomarkers; chronic
lymphocytic leukemia
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Overview
The Montabone Project was started in 2001 and is one of the strategic projects of the
Science Directorate. It major aim is develop new drugs, chemotherapies, and molecular
targets for the treatment of solid tumors in Phase I and early Phase II studies. It also includes
assessments of pharmacokinetics, including translational research with pharmacodynamic
endpoints. Another goal is to enrich these studies with pharmacogenetic evaluations with the
objective of increasing safety and efficacy based on individual genetic profiles. The final
ambition is the creation of a research Unit that can independently provide planning of
studies in Phases I and Ib, which also comprises clinical management of patients through
collaboration with the Laboratory of Clinical Pharmacology and the support of two
researchers. It is also our intention to train nurses in the administration of novel therapies
and techniques of pharmacokinetic and pharmacodynamic sampling. Lastly, as part of the
same project, clinical data will be evaluated together with biological data, all of which is
managed through collaboration with a dedicated data manager.
Screening of patients takes place using a team of physicians in two walk-in clinics, one of
which is open on a daily basis, and the other two days per week. External visits are
followed by a clinical report that is sent to the referring physician. In 2010, there were a
total of 204 visits. In addition, a system of active patient recruitment has been established, in
addition to pre-existing programs: 51 were treated with chemotherapy combined with
targeted drugs; 26 patients were treated with new agents combined with traditional
chemotherapy or new chemotherapeutic agents; lastly, 17 patients received an innovative
molecularly targeted drug. All patients were also subjected to pharmacokinetic assessment,
and the majority was also evaluated with pharmacodynamics and pharmacogenetics.
Continuous collaboration was seen with other departments with constant case referral;
together with the Diagnostic Imaging Department several individual cases were also re-
evaluated. A total of 204 visits were carried out as part of the Montabone Project
considering patients potentially eligible for phase I studies. Most visits were for breast,
gynecological, gastroenteric, and head and neck cancers.

Luca Gianni Group Leader

PROJECT LEADERS
Cristiana Sessa and Giuseppe Capri
PROJECT GROUP
Sara Cresta, Gianluca Del Conte, Angelica Fasolo, Antonella Perotti,
Alberta Locatelli, Lucia Viganò, Giovanni Brambilla, Mauro Desogus

MONTABONE PROJECT FOR DEVELOPMENT OF NEW DRUGS IN MEDICAL ONCOLOGY
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The main objective of the Montabone Project was to
actively participate in patient enrolment for two
interesting clinical trials. The first involves the
combination of two drugs with antiangiogenic and
antivascular activity (bevacizumab and ombrabulin,
respectively) with endpoints of pharmacodynamic
radiologic evaluation using DCE-US, in addition to
assessment of pharmacokinetic interactions. The project
relies on collaboration with the Cardiology Unit for real-
time evaluation of cardiac function with Holter
monitoring, echocardiography, and clinical assessment
following drug infusion.
The second trial will use a new generation anti-EGFR
monoclonal antibody, with should be active even in
patients with a Fc-gamma genetic profile that is typically
not responsive to traditional therapy with currently-
employed anti-EGFR monoclonal antibodies.
Pharmacokinetic, pharmacodynamic, and
pharmacogenetic studies will also be carried out in this
trial.

The camptothecin analog namitecan (ST1968). The new
inhibitor of topoisomerase I that is being investigated as
part of a phase I study with the objective of establishing
safety and dose during a 3-day schedule every 21 days.
Currently in pre-clinical studies, namitecan has shown
signs of activity in ovarian, head and neck, and uterine
cancers. The study is being carried out together with two
centers in Switzerland. In 2010 at our institute, 15
patients have been treated with namitecan, all of whom
were also subjected to pharmacokinetic evaluation. The
drug showed good activity and acceptable hematological
toxicity. Definition of the optimal dose is still in progress.

Monoclonal antibody anti-TA-MUC1 (Pankomab). The
humanized antibody, defucosylated, is directed against
TA-MUC-1, and can be determined using
immunohistochemical analysis in a centralized laboratory
in Germany. The drug is “first in human”, and dose
escalation studies are in progress in three centers (INT,
IOSI, and Tumorzentrum in Hamburg). In 2010, 12
patients received the drug after showing positivity for the
target, with good tolerability and some evidence of
control of disease. Pharmacokinetic, pharmacodynamic,
and pharmacogenetic studies were carried out on all
patients enrolled.

Taxol combined with lenalidomide. The phase Ib study is
carried out at the IOSI and INT and all doses have been
completed such that the optimal dose can be defined in
association. The expansion phase is in progress. Studies
involving pharmacokinetics and pharmacodynamics are
aimed at investigating eventual kinetic interferences
between the two drugs in combination, and evaluating
the impact of immunomodulating therapy and the tumoral
microenvironmental level. Nine patients have received the
treatment with preliminary evidence of limited collateral
effects, especially hematological toxicity.

Keywords: phase I study, antivascular drugs, monoclonal antibodies
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Phase IB study of the mTOR inhibitor ridaforolimus with
capecitabine.
Perotti A, Locatelli A, Sessa C, Hess D, Viganò L, Capri G,
Maur M, Cerny T, Cresta S, Rojo F, Albanell J, Marsoni S,
Corradino I, Berk L, Rivera VM, Haluska F, Gianni L.
J Clin Oncol. 28(30):4554-61, 2010.
Phase Ib study of weekly mammalian target of rapamycin
inhibitor ridaforolimus (AP23573;MK-8669) with weekly
paclitaxel.
Sessa C, Tosi D, Viganò L, Albanell J, Hess D, Maur M, Cresta
S, Locatelli A, Angst R, Rojo F, Coceani N, Rivera VM, Berk L,
Haluska F, Gianni L.
Ann Oncol. 21:1315-22, 2010.
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Overview
The project will develop and implement an integrated functional model of human
resources and institutional logistics for Phase I and II studies in solid tumors. This will
entail integration of the knowledge and resources of several collaborative Units on
specific projects at the IRCCS Foundation - INT. Once established, this project will permit
the identification of new agents and/or novel uses for already known compounds. At a
later phase, such a model can be applied to other research projects at the Foundation.
The creation of a Consortium for the Development of Innovative Therapies in Oncology,
coordinated by Unit 1 of the present program, will manage clinical and translational
studies for the development of new drugs and therapeutic approaches in solid tumors.
The collaboration will allow for independent clinical research and will establish a
partnership with pharmaceutical industry.

Luca Gianni and Angela Moliterni Group Leaders

PARTICIPATING UNITS
Montabone Project
Biomarkers
Molecular Pharmacology
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INTEGRATED UNIT FOR THE CONCERTED TRANSLATIONAL EARLY DEVELOPMENT
OF NEW DRUGS AND/OR THERAPEUTIC APPROACHES IN SOLID TUMORS
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The multidisciplinary program intends:
• Develop innovative therapies for solid tumors through
Phase I and II studies. The major objective is to carry out
pharmacokinetic and pharmacodynamic investigations
with the support of the Labatory of Clinical Pharmacology
within Unit 1.

• Identify new inhibitors of Hsp90 (by molecular
modeling approaches) to determine in silico the
possibility that compounds belonging to public collections
(NCI) can inhibit Hsp90 by interacting with the ATP
binding pocket or by acting as an allosteric inhibitor. A
major objective is to study non-conventional
pharmacological targets to evaluate the antiproliferative
activity of stabilizers of guanine quartets at DNA
telomeres. Optimization of animal models of human
breast cancer that can spontaneously generate
metastases following xenotransplantation in nude mice.

• Develop focused animal models for optimization of
targeted therapy and their combination with cytotoxic
drugs using methodology available at the Genomics Core
Facility of the INT.

• Carry out centralized multidisciplinary revision of
radiologic images from subjects included in Phase I and II
trials. Evaluate the possibility to carry out rapid biopsies
for diagnosis and/or research.

• Activation and management of a consortium for
clinical and translational studies for the development of
new drugs and/or therapeutic approaches in solid tumors
- Consorzio per la Ricerca Oncologica Lombarda sul
Territorio (CROLT) - with the collaboration of the
Michelangelo Foundation.

Relevant output
In 2010 two clinincal studies were initiated, one with a
new monoclonal antibody and the other investigating the
combination of two drugs with a molecular vascular
target.
Patients are being actively recruited, in addition to those
already participating: 51 patients have been treated with
combined chemotherapy with targeted drugs; 26 patients
have been treated with a new combination and
traditional chemotherapy or with new chemotherapeutic
agents; 17 patients have been treated with an innovative
drug with a molecular target. In all patients
pharamacokinetic assessment was carried out, and in the
majority of cases pharmacodynamic and
pharmacogenetic evaluation was also performed.

A selected panel of human breast cancer cell lines was
evaluated to determine the relative sensitivity to targeted
drugs. In addition to cytotoxicity, the biochemical
interactions and relevant pathways were also examined.
In the case of pharmacological associations, the type of
interaction with the drug was determined using an
appropriate mathematical model (combination index,

isobolograms). Interestingly, interaction between a HDAC
inhibitor and an inhibitor of mTOR was seen, which in
some lines had an additive/synergistic effect.
Nine molecules are under study in terms of their ability to
interact with recombinant Hsp90 in vitro and deregulate
Hsp90 client proteins in cells exposed to drugs. It has
been observed that guanine stabilizers lead to inhibition
of cellular proliferation through induction of replicative
senescence following destabilization of telomeres (after
release of proteins TRF2 and POT1) and inhibition of
telomerase activity.
Animal models of human breast carcinoma have been
optimized that are able to spontaneously generate
metastases following xenotransplantation in nude mice.
Based on in vitro analyses, the MDA-MB231 line appears
to be an interesting model to study the antitumoral and
antimetastatic activity of drugs and drug combinations.

The molecular alterations associated with resistance to
platinum has been investigated using a panel of cell lines
(3 parent lines and 5 resistant lines), and a “signature” of
77 transcripts and 11 microRNA that are differentially-
expressed has been identified. An analysis of gene and
miRNA expression has been carried out using software
that is based on an anti-correlation approach, which
allows for integration of the available predictions on-line
for interactions between miRNA and the target gene.
From this analysis, several interactions have been found
that will be validated experimentally. Study of rational
pharmacological combinations in also in progress using
cellular models of ovarian carcinoma.

A reduction in the levels of mRNA and proteins belonging
to the DUSP family (which dephosphorylates ERK1/2), in
IGROV-1/OHP and in other resistant variants with respect
to the parental lines has been found. Since p53 can bind
to the DUSP5 and DUSP6 promoter regions, mutations in
IGROV-1/OHP cells could bring about down-regulation of
DUSP5 and DUSP6. Additionally, targeting of the MAPK
pathway could increase the sensitivity of ovarian
carcinoma cells to platinum compounds, and a better
understanding of the molecular interactions that favor a
synergic action could potentially provide the basis for the
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design of rational drug combinations. Moreover, the
combination of histone deacetylase inhibitors and
proteosome inhibitors has been studied in models of
ovarian cancer with p53 mutations and resistance to
platinum compounds, and a synergistic interaction has
been observed
The Unit has provided a valuable contribution to the
overall collaboration in accordance with the project
proposal.

The support of the Michelangelo Foundation has
permitted the activation of the CROLT study and
contributed to the design of the study protocols in

accordance with GCP standards, statistical considerations
and data analysis. For the first trial (CROLT1), the
Michelangelo Foundation has provided electronic a Case
Report Form (e-CRF) using compatible systems and
procedures. The study was granted approval from the
relevant Ethics Committees and will initiate in 2011.
Concerning the second study (CROLT2), the relative e-CRF
is being prepared. The protocol will be subjected to the
approval of the Ethics Committees from participating
centers in the first quarter of 2011, and will initiate as
soon as approved.

Keywords: innovative therapies, targeted therapy, mechanisms of drug resistance
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Overview
The use of Nuclear Medicine tracers for tumor imaging offers the advantage of
providing not only morphological data, but also information on the biology of tumor
tissue, describing several parameters such as aggressiveness, proliferative activity,
hypoxia, and amino acid uptake. All these features can be considered prognostic and
may be useful when selecting the most effective treatment. The use of metabolic tracers
in monitoring treatment effectiveness can also overcome the intrinsic limitations of
morphological assessment of tumor response. In addition to metabolic tracers, new
tracers based on specific recognition and binding to tumor targets can be exploited as
diagnostic radiopharmaceuticals. Furthermore, the same radiopharmaceuticals proposed
for tumor imaging, when labeled with high activity radioisotopes, might be able to
deliver a sufficient amount of radiation to kill cancer cells. In this regard, it is essential
to: choose a specific target on cancer cells; select a metabolic ‘bullet’ that can bind the
target with high affinity; radiolabel this tracer in order to localize the disease, taking
into account the physicochemical characteristics of the radionuclide (positron, beta or
gamma emitters). In the case of thyroid cancer, which is already treated with
radioisotopes, the optimization of dosimetry and better knowledge of its biology could
greatly improve treatment strategies. This project is focused on the development of: a) 3'-
deoxy-3' 18F-fluorothymidine as a radiopharmaceutical for PET imaging; b) radiolabeled
somatostatin analogues for radioreceptor therapy of neuroendocrine tumors (NET); c) a
radiolabeled monoclonal antibody fragment directed to the prostatic specific membrane
antigen (PSMA) as a diagnostic tracer and therapeutic agent for prostate cancer; d)
novel techniques for radiopharmaceutical and nuclear medicine, and to provide
biological insights to optimize therapy of thyroid cancer.
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PARTICIPATING UNITS
Nuclear Medicine - Coordinator
Molecular Therapies
Medical Oncology
Prostate Program
Molecular Immunology
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The projects of this multidisciplinary program have as:
• The first objective to provide a new prognostic marker
for PET imaging that is able to differentiate malignant
from normal tissues and to measure cancer cell
proliferation. The tracer under investigation is 18F-
fluorothymidine (18F-FLT) that can be used for diagnosis
and monitoring the effectiveness of anticancer treatments.
In particular, the tracer will be assessed in both pre-
clinical and clinical studies in patients with locally
advanced breast cancer undergoing neoadjuvant
chemotherapy.
• The second objective to design a new radioreceptor
therapy for NETs. The radiolabeling of somatostatin
analogues with lanthanides or lanthanides-like
radiometals has already been optimized using beta
emitters such as 90Y and 177Lu, and with 68Ga for PET.
Here, the objective is to evaluate whether combined
treatment with 177Lu-DOTA-TATE and 90Y-DOTA-TATE can
exploit the different emission energy of the two
radionuclides to improve the killing effects on both micro-
and macro-metastases.
• The third objective the development of immunological
probes against PSMA, a transmembrane protein
overexpressed in prostatic cancer. The anti-PSMA single
chain Fv, after radiolabeling, can detect prostate cancer
cells better than traditional anti-PSA antibodies due to its
binding to the cell surface. Both positron and electron
emitting radioisotopes are considered for radiolabeling
since the reliable tracers used for diagnostic imaging can
potentially be utilized for therapy when conjugated with
131I, 90Y, or 177Lu.
• The last objective to develop new approaches for
treatment of thyroid cancer. The first step will be to
investigate the expression of IGFBP7 and TIMP3,
rearrangement of the oncogenes RET/PTC, and the
mechanism of tumor response to combined treatment with
gimatecam and HSP90 or MEK-CI-1040 inhibitors. When
131I is used, pre-treatment dosimetry is essential to
establish the optimal activity and to maximize the dose of
irradiation.

An original method for 18F-FLT synthesis that allows easy
production of 18F-FDG has been patented. The
radiopharmaceutical fulfills the requirements of the
Pharmacopea (sterility, pyrogenicity, pH, chemical and
radiochemical purity, analysis of residual reagents).
Animal models bearing breast cancer tumors have been
studied to compare the uptake of 18F-FLT with 18F-FDG
and to determine 18F-FLT uptake and behavior, and in
particular its relationship with the biology of cancer tissue
(cell proliferation, necrosis, prognostic markers). Studies
using micro-PET have confirmed the feasibility of an in
vivo approach. A clinical protocol has been approved by
an Independent Ethics Committee, which entails
evaluation of early response to primary chemotherapy
(AT+CMF) in patients with locally advanced breast
cancer, stage T2-4,N0-3,M0. A PET evaluation with 18F-
FLT is planned at the beginning of treatment, after the first
cycle, and at the end of the treatment prior to surgery.
The uptake of 18F-FLT uptake will be compared with
pathological response, prognostic parameters, and other
modalities of diagnostic imaging. This ongoing study
aims to validate the use of 18F-FLT PET as an early
predictor of response to chemotherapy.

The study of radioreceptor therapy of NETs has been
continued with tyr(3)-octreotate (TATE) bound to DOTA
with 90Y or 177Lu radioisotopes. Because these
radionuclides have different emission energies, combined
treatment is associated with optimal irradiation of tumor
lesions with different sizes. The protocol adopted
(repeated cycles with 5.5 GBq of 177Lu DOTA-TATE and
2.6 GBq of 90Y DOTA-TATE) resulted in an objective
response in 21 of 26 cases (80.1%), and included 8
partial responses (30.1%), 1 complete response (3.8%),
and 12 stable disease (46.1%). Side effects were limited
to transient leucopenia in a few cases; no renal toxicity
was described. On the basis of these results, it is planned
to increase the activity of the radiopharmaceuticals
injected (7.4 GBq for 177Lu and 3.7 GBq for 90Y) to
further improve clinical response in patients with
advanced disease that is refractory to traditional
approaches.

The murine monoclonal anti-PSMA engineered fragment
(D2B) has been radiolabeled with different radionuclides
that are suitable for diagnostic imaging (111In) and
therapy (131I and 90Y). The conditions for radiolabeling
have been studied along with the stability of the fragment
and its affinity, all with satisfactory results. Animal models
based on cell lines having different expression of the
antigen of interest (PC3-PSMA, cells transfected with
PSMA, and PC3-WT, the same line not expressing the
antigen) have been prepared. Initial data have shown
that the biokinetics of the D2B fragment is better than the
intact antibody, and tumor visualization is very clear
within 6 hours after injection (vs 48-72 hours), and the
tumor/background ratio is more favorable. In addition,
the specificity of D2B uptake was very high with the
fragment, which detects only lesions expressing PSMA.
Successive studies will involve the use of this
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radiopharmaceutical in animal models for diagnostic
imaging of prostate cancer and treatment of metastases.

The biological characterization of thyroid cancer and the
study of new therapeutic approaches are being carried
out. In particular, the genetic mechanisms in thyroid
cancer have been studied (BRAF mutations, RET/PTC and
TRK oncogenes in papillary cancer, and
PAX8/PPARgamma rearrangements and RAS mutations in
follicular cancer). The development of new anticancer
drugs is being investigated by identifying the role of the
RET/PC (TPC-1) translocation, the BRAF V600E (BCPAP
and NIM1) mutation, and the double lesions BRAF
V600E/PI3K E54K (K1). The antiproliferative activity of
gimatecan, a topoisomerase inhibitor, and several agents
that influence the transduction pathway such as the

HSP90 inhibitor 17-AAG and the MEK 1/2 inhibitor CI-
1040 have been investigated. Considering
radiometabolic treatment of thyroid cancer,
individualized dosimetry has been developed which
demonstrates that there is a need to optimize the activity
of 131iodine according to the characteristics of tumor
lesions. A multicenter Italian study was also coordinated
to calculate the dose of irradiation of bone marrow and
blood in patients treated with activities ranging from 3.7
to 12 GBq. The mean dose to bone marrow per unit was
0.074 Gy/GBq, and to blood was 0.102 Gy/GBq. This
implies that the activities currently used in these types of
treatment can be increased.

Keywords: molecular imaging, radiopharmaceutical development, radiometabolic
therapy
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