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1. Summary
The inhibition of angiogenesis represents a major step towards a more selective and
better tolerated therapy of cancer and of other angiogenesis‐related diseases. The
technology of "antibody‐based vascular targeting" aims at the selective delivery of
bioactive molecules to the site of disease by their conjugation to a carrier antibody
that recognizes a vascular antigen expressed under pathological conditions.
The alternatively spliced extra‐domains A1 of tenascin‐C, and A and B of Zibronectin
(EDA and EDB) are well‐characterized markers of the modiZied extracellular matrix
that is produced in conditions of tissue remodeling, such as cancer or inZlammation.
The high‐afZinity monoclonal antibodies F16, F8, and L19 (speciZic for the domains
A1 of tenascin‐C, and EDA and EDB of Zibronectin respectively) have demonstrated a
remarkable ability to selectively localize to the tumor neo‐vasculature and to the
modiZied extracellular matrix in chronic inZlammatory processes. Some derivatives
of these antibodies have already progressed from pre‐clinical animal experiments to
clinical studies, acting as vehicles for the site‐speciZic pharmacodelivery of
therapeutic cytokines, or of radionuclides.
The three projects presented in this thesis are related to the characterization of the
F16, F8, and L19 antibodies in human pathological samples and to the use of their
derivatives for therapeutic applications.
The Zirst study featured a direct comparative immunohistochemical analysis of the
F16 and L19 antibodies in 103 freshly frozen human tissue specimens obtained
after thoracic surgery, including 52 lung tumors or mesothelioma, and 51 matched
normal samples. The majority of non‐small cell lung cancer and mesothelioma
specimens were stained with both antibodies in the stroma, while non‐tumoral lung
and mesothelium samples rarely exhibited reactivity with either F16 or L19. In our
analysis, the anti‐tenascin F16 antibody was found to generally exhibit a stronger
staining of desmoplastic stroma surrounding tumor. This superior performance was
particularly striking in the case of low‐grade non‐small cell lung cancer. These
results support the development of clinical trials for lung cancer and mesothelioma
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based on therapeutic derivatives of these antibodies.
The second project was a pre‐clinical therapy investigation of the F16‐IL2
immunocytokine in combination with temozolomide for the treatment of human
glioblastoma xenografts. We performed three studies, using subcutaneous and
intracranial U87MG human glioblastoma tumors xenografted in BALB/c nude mice.
In the therapy with subcutaneous xenografts, the combination of F16‐IL2 with
temozolomide induced the complete remission of the animals, which remained
tumor‐free for over 160 days. The same combination treatment led to a substantial
size reduction of the intracranial xenografts (73% decrease in tumor volume 25
days after beginning of the therapy), and to a longer survival of mice (4 out of 9 alive
after 180 days) compared to the other therapeutic groups. The immunocytokine
F16‐IL2 promoted the recruitment of leukocytes into both subcutaneous and
intracranial glioblastoma tumors. Based on these results, the combined use of
temozolomide with F16‐IL2 deserves clinical investigations, which will be facilitated
by the excellent safety proZile in cynomolgus monkeys and by the fact that F16‐IL2 is
currently in clinical trials in patients with metastatic breast and ovarian cancer. For
this purpose, we wrote a phase Ib clinical trial with the combination of F16‐IL2 and
temozolomide for malignant glioma patients (WHO III and IV) at recurrence.
Finally, we analyzed the localization of the F16, F8, and L19 antibodies in the most
prevalent and mortality‐ and morbidity‐related inZlammatory disease:
atherosclerosis. We performed a comparative immunohistochemical analysis with
the F16, F8, and L19 antibodies in 28 human carotid atherosclerotic plaques and in
11 normal arteries. Furthermore, we assessed the localization of the antibodies in
relation to the inZiltrating macrophages, vasa vasorum, and Ki67‐positive
proliferating cells of the plaque. A detailed knowledge of the ability of these
antibodies to react with atherosclerotic plaques in patients is important not only in
view of possible imaging and pharmacodelivery applications in the cardiovascular
Zield, but also in consideration of the fact that these clinical‐stage antibodies may be
administered to polymorbid cancer patients and may thus target cytokines or
radionuclides to sites of atherosclerosis. The F16 antibody, speciZic for the extra‐
8

domain A1 of tenascin‐C, stained plaques with a selective and intense pattern, while
F8 and L19, speciZic for the EDA and EDB domains of Zibronectin respectively,
exhibited a less selective and intense staining. In immunoZluorescence, F16 was
found to bind regions rich in macrophages, vasa vasorum, and proliferating cells,
while showing no detectable versus weak staining of normal arteries and of
quiescent plaque structures. The human monoclonal antibody F16 may therefore
deserve to be investigated as a suitable building block for the development of
radiopharmaceuticals for plaque imaging or for the antibody‐based targeted
delivery of therapeutic agents to atherosclerotic lesions.
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1. Sommario
L'inibizione dell'angiogenesi rappresenta un importante passo verso una terapia più
selettiva e meglio tollerata del cancro e delle malattie ad esso correlate. La
tecnologia dell’ "antibody‐based vascular targeting" mira al rilascio selettivo di
molecole bioattive sul locus patologico, mediante la loro coniugazione con un
anticorpo vettore speciZico per un antigene vascolare.
Gli extra‐domini A1 di tenascina‐C ed A e B di Zibronectina (EDA e EDB) sono frutto
di splicing alternativo e sono marcatori ben caratterizzati della matrice
extracellulare modiZicata che viene prodotta in condizioni di rimodellamento, come
il cancro o l'inZiammazione. Gli anticorpi monoclonali ad alta afZinità F16, F8 e L19
(speciZici rispettivamente per i domini A1 di tenascina‐C ed EDA e EDB di
Zibronectina) hanno dimostrato un’elevata capacità di localizzarsi selettivamente sui
vasi neo‐formati e sulla matrice extracellulare modiZicata di tumori e di patologie
inZiammatorie. Alcuni derivati di questi anticorpi hanno già terminato la
sperimentazione preclinica ed hanno iniziato studi clinici. Essi sono veicoli per il
rilascio selettivo di citochine pro‐ o antinZiammatorie e di radionuclidi.
I tre progetti presentati in questa tesi sono correlati con la caratterizzazione degli
anticorpi F16, F8 e L19 su tessuti umani patologici e con il loro sviluppo preclinico e
clinico.
Il primo studio è un'analisi immunoistochimica comparativa degli anticorpi L19 e
F16 su 103 campioni umani congelati immediatamente dopo chirurgia toracica. Di
questi, 52 erano tumori al polmone o mesoteliomi e 51 campioni di tessuto normale
adiacente. La maggior parte dei tumori al polmone non a piccole cellule e dei
mesoteliomi hanno mostrato reattività stromale per entrambi gli anticorpi, mentre il
tessuto polmonare ed il mesotelio sani raramente hanno dato reattività con L19 o
con F16. Nella nostra analisi, l'anticorpo anti‐tenascina F16 ha manifestato la
colorazione più forte dello stroma desmoplastico circostante il tumore. Questa
prestazione superiore è risultata particolarmente evidente nel caso del carcinoma
polmonare non a piccole cellule di basso grado. Tali risultati contribuiscono al
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razionale per la sperimentazione clinica di derivati terapeutici di questi anticorpi
per il cancro al polmone ed il mesotelioma.
Il secondo progetto è uno studio di terapia preclinica della combinazione
dell’immunocitochina F16‐IL2 con temozolomide per il trattamento di modelli
murini di glioblastoma umano. Abbiamo effettuato tre terapie utilizzando topi nudi
BALB/c xenotrapiantati a livello sottocutaneo ed intracranico con cellule di
glioblastoma umano U87MG. Nella terapia con xenotrapianti sottocutanei, la
combinazione di F16‐IL2 con temozolomide ha indotto la remissione completa degli
animali, che sono rimasti esenti da tumore per oltre 160 giorni. La stessa terapia
combinata ha portato ad una riduzione consistente dei tumori intracranici
(diminuzione del 73% del volume tumorale 25 giorni dopo l’inizio della terapia) e
ad una maggiore sopravvivenza degli animali (4 su 9 in vita dopo 180 giorni)
rispetto agli altri gruppi terapeutici. L’immunocitochina F16‐IL2 ha dimostrato di
stimolare il reclutamento di leucociti nei glioblastomi xenotrapiantati sia a livello
sottocutaneo che intracranico. Sulla base di questi risultati, l'uso combinato di
temozolomide e F16‐IL2 merita l’iniziazione di indagini cliniche, che saranno
facilitate dagli ottimi risultati degli studi tossicologici su scimmie e dal fatto che F16‐
IL2 è attualmente in sperimentazione clinica in pazienti con tumore alla mammella
metastatico e carcinoma ovarico. A questo scopo, abbiamo scritto un trial clinico di
fase Ib con F16‐IL2 in combinazione a temozolomide per pazienti con glioma
maligno (WHO III e IV) in fase di recidiva.
InZine, abbiamo analizzato la reattività degli anticorpi F16, F8 e L19 nella malattia
inZiammatoria più diffusa e correlata a mortalità e morbidità: l'aterosclerosi.
Abbiamo effettuato un'analisi immunoistochimica comparativa con gli anticorpi F16,
F8 e L19 in 28 placche aterosclerotiche carotidee ed in 11 arterie normali. Abbiamo
inoltre valutato la localizzazione degli anticorpi in relazione ai macrofagi inZiltranti,
ai vasa vasorum ed alle cellule proliferanti (positive al Ki67). La conoscenza
dettagliata della capacità di questi anticorpi di localizzarsi su placche
aterosclerotiche umane è importante non solo in vista di eventuali applicazioni
terapeutiche, ma anche in considerazione del fatto che questi anticorpi sono in fase
11

clinica in campo oncologico e possono essere somministrati a pazienti polimorbici,
veicolando quindi citochine o radionuclidi a siti aterosclerosici. L'anticorpo F16,
speciZico per l'extra‐dominio A1 della tenascina‐C, ha mostrato una reattività
selettiva e intensa per le placche aterosclerotiche ed un’assente versus debole
colorazione delle arterie normali e di aree quiescenti della placca. Gli anticorpi F8 e
L19, speciZici rispettivamente per i domini EDA e EDB della Zibronectina, hanno
invece mostrato una colorazione meno selettiva ed intensa delle placche
aterosclerotiche. In immunoZluorescenza, F16 è stato riscontrato in regioni ricche di
macrofagi, vasa vasorum e cellule proliferanti. L'anticorpo monoclonale umano F16
merita pertanto di essere considerato come possibile struttura di partenza per lo
sviluppo di composti per l'imaging della placca o per il rilascio selettivo di agenti
terapeutici.
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2. Introduction
2.1 Angiogenesis in physiology and in disease
2.1.1 Angiogenesis in physiology
The term angiogenesis refers to the formation of new blood vessels starting from
pre‐existing vessels. Angiogenesis plays an essential role in embryonic development,
but once the vascular network is completed, the endothelial cells lining the blood
vessels remain quiescent and angiogenesis is only induced during certain
physiological processes, such as reproduction, development, and wound repair. It is
focal and self‐limited in time, taking days (ovulation), weeks (wound repair), or
months (placentation). It is a highly regulated process that is orchestrated by a
range of pro‐ and anti‐angiogenic factors. “Sprouting angiogenesis” is the term used
for spontaneous blood‐vessel formation and “intussusception” for the generation of
new blood vessels by splitting of existing ones. In sprouting angiogenesis angiogenic
growth factors activate receptors present on endothelial cells of pre‐existing blood
vessels. The activated endothelial cells begin to release proteases that degrade the
basement membrane. Some endothelial cells then detach and proliferate into the
surrounding matrix forming solid sprouts connecting neighboring vessels. Sprouts
extend towards the source of the angiogenic stimulus and Zinally form loops to
become a full‐Zledged vessel lumen. In intussusception, the capillary wall extends
into the lumen to split a single vessel in two. This is especially important in
embryonic development as there are not enough resources to create a rich
microvasculature with new cells every time a new vessel develops. Besides the
differentiation between “sprouting” and “intussusceptive angiogenesis”, there is
another classiZication into “vasculogenesis” (formation of vascular structures from
circulating or tissue‐resident endothelial stem cells, which proliferate into de novo
endothelial cells; this form relates to the embryonal development of the vascular
system); “angiogenesis” (creation of thin‐walled endothelium‐lined structures with
muscular smooth muscle wall and pericytes: this is important for the repair of every
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damaged tissue); “arteriogenesis” (formation of medium‐sized blood vessels
possessing tunica media plus adventitia).1 The vascular endothelial growth factor
(VEGF) is one of the most important pro‐angiogenic factors. It increases the
permeability of existing blood vessels, acts as endothelial cell survival factor, and is a
potent mitogen.2

2.1.2 Angiogenesis in tumors
Angiogenesis also plays an essential role in many pathological conditions such as
tumor formation.3 In contrast to the physiological growth of new blood vessels,
pathological angiogenesis can persist for years and is necessary for tumors and their
metastases to grow beyond the size of a few millimeters.
Other angiogenesis‐dependent diseases are rheumatoid arthritis, age‐related
macular degeneration, atherosclerosis, and chronic inZlammation, where an increase
in blood supply may compensate for hypoxia and insufZicient delivery of nutrients to
the tissue.4‐5 In such diseases, angiogenesis can give rise to bleeding, vascular
leakage and tissue destruction: consequences that can be responsible for symptoms,
and disability, or death.
Most of the current knowledge on angiogenesis comes from developmental biology
and from cancer research, where a substantial number of pro‐angiogenic factors
have been identiZied and later conZirmed in tumors and in other pathological
conditions. In humans, many tumors persist in situ without being accompanied by
angiogenesis.6‐7 At the in situ stage they are clinically undetectable and rarely larger
than 1‐2 mm in diameter, because diffusion of oxygen and nutrients limits their size.
The high rate of proliferation in these tumors is compensated by abundant internal
apoptosis as a consequence of insufZicient blood supply. As the tumor adopts an
angiogenic phenotype, the balance between pro‐ and anti‐angiogenic factors is upset
and angiogenesis is triggered, which allows the tumor mass to overtake the
apoptotic rate and expand. This process is referred to as the “angiogenic switch”.8‐9
Angiogenesis not only allows tumors to grow beyond a certain size, but also enables
14

tumor cells to migrate into the surrounding and distant tissue, forming metastases.
Also metastases can grow to a considerable size only if the metastatic cells are able
to trigger angiogenesis.8
Even though the mechanisms eliciting the angiogenic switch are not entirely
understood to date, it is believed that besides tumor‐suppressor mutation and
oncogene activation, hypoxia plays an important role.10 When tumors grow beyond
the limit of oxygen diffusion, hypoxia triggers vessel growth by signaling through
hypoxia inducible transcription factors (HIFs).5 These factors induce the production
of pro‐angiogenic compounds like VEGF, the placental growth factor (PGF),
angiopoietin‐1 (Ang‐1), and various cytokines.4 Reduced oxygen tension promotes
angiogenesis not only by stimulating inducers, but also by reducing inhibitors.
Thrombospondin‐1 was among the Zirst angiostatic protein for which anoxia‐
triggered down‐regulation during tumorigenesis was demonstrated.11 Since then
many other endogenous anti‐angiogenic factors have been identiZied.
Already in the early 1970s, Judah Folkman postulated that the growth of new blood
vessels is essential for tumor development.6 Consequently, inhibition of
neoangiogenesis would represent an avenue for blocking tumor growth, possibly
circumventing the multidrug resistance problem, because endothelial cells lining the
tumor blood vessels are genetically stable.12 Since then various anti‐angiogenic
strategies have been investigated preclinically. A product that is routinely used in the
clinic is the anti‐VEGF antibody bevacizumab (Avastin®, Genentech).13‐16 Ongoing
studies are now investigating the beneZits of bevacizumab in combination with
various chemotherapeutic and biologic agents in the early metastatic disease, as
well as in the adjuvant setting.17

2.1.3 Angiogenesis in atherosclerosis
Folkman introduced the concept of angiogenesis as a necessity for tumor growth.6
Its importance in other major pathological conditions, including atherosclerosis,
myocardial infarction, and stroke was later realised.18‐19
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Plaque angiogenesis is now accepted to have a basic role in the pathophysiological
development of atherosclerosis, providing nutrients to the developing and
expanding intima, and potentially creating an unstable hemorrhagic environment
prone to rupture. Intimal neovascularisation arises most frequently from the dense
network of vessels in the adventitia, rather than from the main artery lumen. New
blood vessels have an active role in plaque metabolic activity, and promote its
growth beyond the critical limits of diffusion from the artery lumen. These relatively
large calibre but immature neovessels are poorly invested with smooth muscle cells
and have structural weaknesses, which may contribute to instability of the plaque by
facilitation of inZlammatory cell inZiltration and hemorrhagic complications.19
Angiogenesis plays a complex role in the development of unstable atherosclerotic
plaques.20 During plaque creation many pro‐angiogenic pathways are activated; this
leads to the formation of immature blood vessels. The expression of intimal
neovessels is directly related to the stage of plaque development, the presence of
symptomatic disease, and the risk of plaque rupture.
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2.2 Lung cancer and current treatment options
2.2.1 Introduction on lung cancer
Epidemiology and classi6ication
Lung cancer is currently the most common cancer in terms of both incidence and
mortality (1.35 million new cases and 1.18 million deaths per year), with the highest
rates in Europe and North America.1 The median age of incidence is 70 years, and
the median age of death is 71. The majority of lung cancers are carcinomas, i.e.
malignancies that arise from epithelial cells. There are two main types of lung
carcinoma: non‐small cell (NSCLC: 80.4%) and small‐cell (SCLC: 16.8%).2 Non–small
cell lung cancer is further divided into three major histologic subtypes: squamous‐
cell carcinoma (25‐30%), adenocarcinoma (30‐35%), and large‐cell lung carcinoma
(10‐15%). This classiZication, based on histological criteria, and the TNM staging
have important implications for the clinical management and prognosis.
The common sites of metastasis of lung cancer include contralateral lung, brain,
bone, adrenal glands, liver, pericardium, and kidneys.
Risk factors
The main cause of lung cancer is long‐term exposure to tobacco smoke (90% of lung
cancer deaths).3 Cigarette smoke contains over 60 known carcinogens,4 including
radioisotopes from the radon decay sequence, nitrosamine, and benzopyrene.
Additionally, nicotine appears to depress the immune response to malignant growth
in exposed tissue.5 The time a person smokes, as well as the rate of smoking increase
the person's chance of developing lung cancer.
The occurrence of lung cancer in non‐smokers (15%) is often attributed to a
combination of genetic factors,6‐7 radon gas,8 asbestos,9 air pollution,10 and
secondhand smoke.11 Radon exposure is the second major cause of lung cancer after
smoking.8 Asbestos can determine a variety of lung diseases, including lung cancer
and mesothelioma. There is a synergistic effect between tobacco smoke and
18

asbestos in the formation of lung cancer.9 Also particulate matter plays an important
role: if the concentration of particles in air increases by only 1%, the risk of
developing lung cancer increases by 14%.12‐13 Finally, human papillomavirus,14 JC
virus,15 simian virus 40 (SV40), BK virus, and cytomegalovirus are investigated as
other possible causative agents.16
Pathogenesis
Mutations in the Kras protooncogene are responsible for 10–30% of lung
adenocarcinomas.17‐18 Mutations and ampliZication of EGFR are common in non‐
small cell lung cancer. Loss of heterozygosity of chromosomes 3p, 5q, 13q, and 17p
are common in small‐cell lung carcinoma. The p53 tumor suppressor gene is
affected in 60‐75% of cases.19 Other genes that are often mutated or ampliZied are c
MET, NKX21, LKB1, PIK3CA, and BRAF.17 Several genetic polymorphisms are
associated with lung cancer. These include polymorphisms in genes coding for
interleukin‐1, 20 cytochrome P450,21 apoptosis promoters such as caspase‐8,22 and
DNA repair molecules such as XRCC1.23 People with these polymorphisms are more
likely to develop lung cancer after exposure to carcinogens.
Clinical presentation
Symptoms that suggest lung cancer include dyspnea, hemoptysis, chronic coughing,
wheezing, chest pain or pain in the abdomen, cachexia, fatigue, loss of appetite,
dysphonia, clubbing of the Zingernails, dysphagia.24 If the cancer grows in the airway,
it may cause breathing difZiculties and predispose the patient to pneumonia.
Depending on the type of tumor, paraneoplastic phenomena may initially attract
attention to the disease.25 In lung cancer these phenomena include Lambert‐Eaton
myasthenic syndrome, hypercalcemia, or syndrome of inappropriate antidiuretic
hormone (SIADH). Pancoast tumors (tumors at the apex of the lung) may invade the
local part of the sympathetic nervous system, leading to changed sweating patterns
and eye muscle problems (a combination known as Horner's syndrome), as well as
muscle weakness in the hands due to invasion of the brachial plexus.
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Diagnosis
The standard diagnostic approach for lung cancer is chest radiograph (Fig. 1A). If
there are no radiographic Zindings but the suspicion is high, bronchoscopy and/or a
CT scan may provide the necessary information (Fig. 1B). Bronchoscopy or CT‐
guided biopsy are also often used to identify the tumor type.26 The differential
diagnosis for patients who present with abnormalities on chest radiograph includes
tuberculosis, pneumonia, or sarcoidosis.

B
A

Fig. 1. A: Chest radiograph showing a tumor in the left lung. B: CT scan showing a tumor in the left
lung.

Prognostic factors
Prognostic factors of non‐small cell lung cancer are the presence of pulmonary
symptoms, tumor size, histology and stage, and vascular invasion.27‐28 Prognostic
factors of small‐cell lung cancer include performance status, gender (men worse
than woman), stage of disease and involvement of the central nervous system or
liver at the time of diagnosis.29

2.2.2 Current treatment options
Treatment for lung cancer depends on the histology, stage of the tumor, and the
patient's performance status. Common treatments include surgery, chemotherapy,
and radiation therapy.
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Surgery is usually an option only in non‐small cell lung carcinoma limited to one
lung, up to stage IIIA. This is assessed with computed tomography (CT), or positron
emission tomography (PET). In patients with adequate respiratory reserve,
lobectomy is the preferred option, as this minimizes the chance of local recurrence.
In the other case, wedge resection may be performed.30 Radioactive iodine
brachytherapy at the margins of wedge excision may reduce recurrence to that of
lobectomy.31
Chemotherapy regimens depend on the histology of lung cancer. Non‐small cell lung
carcinoma is often treated (as adjuvant chemotherapy) with cisplatin or carboplatin,
in combination with gemcitabine, paclitaxel, docetaxel, etoposide, or vinorelbine.32
In small‐cell lung carcinoma, cisplatin and etoposide are most commonly used.33
Trials of neoadjuvant chemotherapy in resectable non‐small cell lung carcinoma
have been inconclusive.34
Radiotherapy is often given together with chemotherapy, and may be used in
patients with non‐small cell lung carcinoma who are not eligible for surgery.
Continuous hyperfractionated accelerated radiotherapy (CHART), in which a high
dose of radiotherapy is given in a short time period, is often used.35 For small‐cell
lung carcinomas that are potentially curable, chest radiation can be recommended in
addition to chemotherapy.36 For both non‐small cell lung carcinoma and small‐cell
lung carcinoma patients, smaller doses of radiation to the chest may be used as
palliative radiotherapy. Brachytherapy may be given directly inside the airway when
cancer affects a short section of bronchus. 37 Prophylactic cranial irradiation (PCI) is
used to reduce the risk of brain metastasis in small‐cell lung cancer.38
In recent years, various targeted therapies have been developed for the treatment of
advanced lung cancer. Advanced non‐small cell lung cancer patients may be offered
geZitinib (against the tyrosine kinase domain of EGFR), erlotinib (tyrosine kinase
inhibitor), or bevacizumab (angiogenesis inhibitor) in combination with paclitaxel
and carboplatin.39
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2.3 Malignant glioma and current treatment options
2.3.1 Introduction on malignant glioma
Epidemiology and classi6ication
Central nervous system tumors rank Zirst among neoplasia types for the average
years of life lost.1 Approximately 22’500 new cases of primary brain tumor occur
annually in the US.2 Mortality rates are generally similar to incidence rates in most
geographical areas.2‐3
The term “glioma” refers to tumors of glial cell origin and includes astrocytomas,
oligodendrogliomas, ependimomas, and mixed gliomas (Table 1). The World Health
Organization classiZies gliomas on the basis of histologic features into four
prognostic grades: grade I (pilocytic astrocytoma), grade II (diffuse astrocytoma),
grade III (anaplastic astrocytoma, oligodendroglioma, and mixed glioma), and grade
IV (glioblastoma). Grade III and IV tumors are considered malignant gliomas.4

Tumor type

WHO grade

Diffusely inJiltrating astrocytic gliomas
Diffuse astrocytoma
Anaplastic astrocytoma
Glioblastoma
Giant cell glioblastoma
Gliosarcoma

II
III
IV
IV
IV

Astrocytic gliomas with more circumscribed
growth
Pilocytic astrocytoma
Pilomyxoid astrocytoma
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma

I
II
II
I

Oligodendrogliomas and mixed gliomas
Oligodendroglioma
Anaplastic oligodendroglioma
Oligoastrocytoma
Anaplastic oligoastocytoma

25

II
III
II
III

Gliomas with ependymal differentiation
Subependymoma
Myxopapillary ependymoma
Ependymoma
Anaplastic ependimoma

I
I
II
III

Table 1. ClassiZication and grading of the main glioma subtypes according to the World Health
Organization (WHO).4

The annual incidence of malignant gliomas is approximately 5 cases/100’000 people
(70% of all brain tumors), and the prognosis is very poor. Glioblastoma is the most
frequent (60‐70% of malignant gliomas) and also the most malignant histological
type, with a 5‐year survival rate of 2.9%.3 Anaplastic gliomas have a 5‐year survival
rate of 40%.2‐4 The incidence of these tumors has increased slightly over the past
twenty years, especially in the elderly,5 mainly as the result of improved diagnostic
imaging. Malignant gliomas are 40% more common in men than in women, and
twice as common in whites as in blacks.2 The median age of patients at the time of
diagnosis is 64 years for glioblastoma, 45 years for anaplastic glioma.2,5
Risk factors
No underlying cause has been identiZied for malignant glioma. The only established
risk factor is the exposure to ionizing radiation.5 Evidence for an association with
head injury, foods containing N‐nitroso groups, occupational risk factors, exposure
to electromagnetic Zields, and the use of cellular phones is inconclusive.5‐7
There is suggestive documentation of an association between immunologic factors
and glioma. Patients with atopy have a reduced risk of glioma,8 and patients with
glioblastoma who have elevated IgE levels appear to live longer than those with
normal levels.9 The mechanism of this association is unclear.
Approximately 5% of patients with malignant glioma have a family history of such
tumors. Some of these familial cases are associated with rare genetic syndromes, as
neuroZibromatosis types 1 and 2, Li−Fraumeni syndrome, and Turcot’s syndrome.10
However, most familial cases have no identiZied genetic cause. Gene polymorphisms
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that affect detoxiZication, DNA repair, and cell‐cycle regulation have also been
implicated in the development of glioma.5
Pathogenesis
Malignant transformation in glioma results from the sequential accumulation of
genetic aberrations and deregulation of growth‐factor signaling pathways.
Glioblastomas can be separated into two main subtypes on the basis of biologic and
genetic differences.11‐13 Primary glioblastomas occur in patients older than 50 years
and are characterized by EGFR ampliZication or mutation, LOH of chromosome 10q,
deletion of PTEN and of p16. Secondary glioblastomas manifest in younger patients
as low‐grade or anaplastic astrocytomas, then transform into glioblastoma. These
tumors are less common than primary glioblastomas and are characterized by
mutations in p53, overexpression of PDGFR, abnormalities in the p16 and
retinoblastoma (Rb) pathways, and LOH of chromosome 10q. Despite their genetic
differences, primary and secondary glioblastomas are morphologically
indistinguishable and respond similarly to conventional therapy; however they may
respond differently to targeted molecular therapies. Anaplastic oligodendrogliomas
are characterized by LOH of chromosomes 1p and 19q (in 50‐90% of patients).14
Progression from low‐grade to anaplastic oligodendrogliomas is associated with
defects in PTEN, Rb, p53, and cell‐cycle pathways.4
Many of the above pathways lead to the up‐regulation of the vascular endothelial
growth factor (VEGF), and to angiogenesis.15‐16
Clinical presentation
Patients with malignant glioma may present with a variety of symptoms, including
headaches, seizures, focal neurologic deZicits, confusion, memory loss, and
personality changes. Although the classic headaches that are suggestive of increased
intracranial pressure are most severe in the morning and may wake the patient from
sleep, many patients experience headaches that are indistinguishable from tension
headaches. When severe, headaches may be associated with nausea and vomiting.
27

Diagnosis
The diagnosis of malignant glioma is suggested by magnetic resonance imaging
(MRI, Fig. 1), or computed tomography (CT). These imaging studies typically show a
heterogeneously enhancing mass with surrounding edema. Glioblastomas
frequently have central areas of necrosis and more extensive peritumoral edema
than what associated with anaplastic gliomas.17 Proton nuclear magnetic resonance
spectroscopy (Proton‐NMR) detects the level of metabolites and may help
differentiate a tumor from necrosis or benign lesions.17 Positron emission
tomography (PET) is being evaluated for its usefulness in diagnosis and in
monitoring the response to therapy.18 In up to 40% of cases, the MRI studies that are
performed in the Zirst month after radiotherapy show increased enhancement. In
50% of these cases, the increased enhancement reZlects a transient increase in
vessel permeability as a result of radiotherapy, a phenomenon termed
“pseudoprogression,” which improves with time.19 Differentiating this transient
effect from true progression of the tumor can be challenging, even with advanced
imaging techniques.

Fig. 1. MRI of a glioblastoma (WHO grade IV glioma). Picture from Marta Pedretti, Laurea Thesis.

Malignant gliomas are histologically heterogeneous and invasive tumors. Anaplastic
astrocytomas are characterized by increased cellularity, nuclear atypia, and mitotic
activity. Oligodendrogliomas may contain perinuclear halos and a network of

28

branching blood vessels. Glioblastomas also contain areas of microvascular
proliferation and necrosis (Fig. 2).4 Glioblastomas with oligodendroglial features
may be associated with a better prognosis than standard glioblastomas.4 Malignant
gliomas typically contain both neoplastic and stromal tissues, which contribute to
their histologic heterogeneity and variable outcome.

Fig. 2. Glioblastoma (WHO grade IV glioma). Black arrows indicate microvascular proliferation; the
blue arrow indicates an high cellularity area. Picture from Marta Pedretti, Laurea Thesis.

Prognostic factors
The most important adverse prognostic factors for patients with malignant glioma
are advanced age, histologic features of glioblastoma, poor Karnofsky performance
status, and an unresectable tumor.20
There are ongoing efforts to identify biologic and genetic alterations that may
provide additional prognostic information (such as LOH of 1p and 19q, Akt and
Notch signaling, MGMT gene silencing, IDH1 and IDH2 mutations), as well as
guidance in making decisions about optimal therapy.21‐26

2.3.2 Current treatment options
Therapy for newly diagnosed malignant glioma
The standard therapy for newly diagnosed malignant gliomas involves surgical
resection (when feasible), radiotherapy, and chemotherapy. Malignant gliomas
cannot be radically eliminated surgically because of their high inZiltration, however
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patients should undergo maximal surgical resection whenever possible. Surgical
debulking reduces the symptoms from mass effect and provides tissue for histologic
diagnosis and molecular studies. MRI‐guided neuronavigation, intraoperative MRI,
functional MRI, intraoperative mapping,27 and Zluorescence‐guided surgery 28 have
improved the safety of surgery and increased the extent of resection that can be
achieved. The value of surgery in prolonging survival is controversial, but patients
who undergo extensive resection probably have a modest survival advantage.27‐29
Stereotactic biopsies should be performed only in patients who have inoperable
tumors that are located in critical areas.
Radiotherapy is the mainstay of treatment for malignant gliomas. The addition of
radiotherapy to surgery increases survival of patients with glioblastoma from 3 to
12 months.30‐31 Conventional radiotherapy consists of 60 Gy of partial‐Zield external‐
beam irradiation delivered 5 days per week in fractions of 1.8 to 2.0 Gy. After
standard radiotherapy, 90% of the tumors recur at the original site.32
Chemotherapy is assuming an increasing important role in the treatment of
malignant glioma. The European Organisation for Research and Treatment of Cancer
(EORTC) and the National Cancer Institute of Canada (NCIC) conducted a phase III
trial comparing radiotherapy alone (60 Gy over a period of 6 weeks) with
radiotherapy and concomitant treatment with temozolomide (75 mg/m2 of body‐
surface area, per day, for 6 weeks), followed by adjuvant temozolomide therapy (150
to 200 mg/m2 per day for 5 days, every 28 days, for 6 cycles), in patients with newly
diagnosed glioblastoma.31 The combination of radiotherapy and temozolomide had
an acceptable side‐effects proZile and, as compared with radiotherapy alone,
increased the median survival (14.6 months vs. 12.1 months, P < 0.001).31 In
addition, the survival rate at 2 years among the patients who received the
combination treatment was greater than the rate among the patients who received
radiotherapy alone (26.5% vs. 10.4%),31 establishing radiotherapy with concomitant
and adjuvant temozolomide as the standard‐of‐care for newly diagnosed
glioblastoma. MGMT is an important repair enzyme that increases the resistance to
temozolomide. In a companion study to the EORTC–NCIC study,31 tumor specimens
30

from patients were examined for epigenetic silencing of the MGMT gene.23 MGMT
promoter methylation silences the gene, thus decreasing DNA repair activity and
increasing the susceptibility of tumor cells to temozolomide. Patients with
glioblastoma and MGMT promoter methylation had a much better response to
temozolomide.
Another chemotherapeutic approach involves the implantation of biodegradable
polymers containing carmustine (Gliadel Wafers, MGI Pharma) into the cavity bed
after tumor resection. The aim of releasing carmustine gradually over the course of
several weeks is to kill residual tumor cells after surgery. In a randomized placebo‐
controlled trial that investigated the use of these polymers in patients with newly
diagnosed malignant gliomas, the median survival increased from 11.6 months to
13.9 months (P = 0.03).33 This survival advantage was maintained at 2 and 3 years.34
Anaplastic oligodendrogliomas and anaplastic oligoastrocytomas are an important
subgroup of malignant gliomas, which are generally more responsive to therapy
than pure astrocytic tumors.35 A codeletion of chromosomes 1p and 19q occurs in 61
to 89% of patients with anaplastic oligodendrogliomas and 14 to 20% of patients
with anaplastic oligoastrocytomas. Tumors in patients with the 1p and 19q
codeletion are particularly sensitive to chemotherapy with PCV — procarbazine,
lomustine (CCNU), and vincristine — with response rates up to 100%, as compared
with response rates of 23 to 31% among patients without the deletions.21 The
reason for the increased chemosensitivity due to 1p and 19q codeletion is unclear.
Although most studies involving patients with anaplastic oligodendrogliomas or
anaplastic oligoastrocytomas were conducted with PCV chemotherapy,
temozolomide is likely to have similar activity and less toxicity.35 However, studies
directly comparing the two regimens have not been performed yet.
Therapy for recurrent malignant glioma
Despite optimal treatment, nearly all malignant gliomas eventually recur. For
glioblastoma, the median time to progression after treatment with radiotherapy and
temozolomide is 6.9 months.31 If the tumor is symptomatic from mass effect,
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repeated surgery may be indicated. However, surgery results in only limited survival
beneZit.36 The usefulness of radiotherapy for recurrent malignant glioma is
controversial,37 and also the value of conventional chemotherapy is modest. In
general, temozolomide is more effective for anaplastic glioma than for glioblastoma.
35,38

Other chemotherapeutic agents that are used for recurrent gliomas include

nitrosoureas, carboplatin, procarbazine, irinotecan, and etoposide. Carmustine
wafers have modest activity in glioblastoma.
Investigational therapies
The improved understanding of the molecular pathogenesis of malignant gliomas
has allowed the development of some targeted molecular therapies. Particular
interest has been focused on inhibitors that target tyrosine kinases receptors, such
as EGFR,39 PDGFR,40 and VEGFR,41 as well as on signal‐transduction inhibitors
targeting for example mTOR,42‐43 farnesyltransferase,44 and PI3K. Single agents had
only modest activity, with response rates of 0 to 15% and no improving of the 6‐
month progression‐free survival.45‐47 These disappointing results are due to several
factors. Most malignant gliomas have coactivation of multiple tyrosine kinases,48 as
well as redundant signaling pathways, thus limiting the activity of single agents. In
addition, many of these drugs have poor penetration across the blood‐brain barrier.
Current experimental strategies to increase the effectiveness of targeted molecular
therapies include the use of a single agent targeted against several kinases,
combinations of agents that inhibit complementary targets (such as EGFR and
mTOR), and targeted agents combined with radiotherapy and chemotherapy.11,45‐47
Malignant gliomas are among the most vascular of human tumors,11 making them
especially attractive for angiogenesis inhibitors and for monoclonal antibodies
speciZic for vascular antigens. Some new angiogenesis inhibitors have raised
enthusiasm, such as bevacizumab

49‐51

and cediranib,41 even if experimental data

indicate that antiangiogenic drugs reduce edema and mass eﬀect, but do not slow
tumor growth.52 Since antiangiogenic agents may have synergistic activity with
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radiotherapy, there is also increasing interest in combining them with radiotherapy
and temozolomide in patients with newly diagnosed glioblastoma.16,53
The

131I‐labeled

chimeric antitenascin monoclonal antibody 81C6 was injected

directly into the surgical resection cavity and produced a greater survival beneZit
than the historical controls treated with surgery plus 131I‐brachytherapy.54 The same
antibody labeled with the α‐particle–emitting

211At

was found to be safe and

associated with a promising antitumor effect in a proof‐of‐concept study with
patients affected by malignant central nervous system tumors.55 Our group has
demonstrated the possibility to deliver bioactive agents to the subendothelial
extracellular matrix using monoclonal antibodies speciZic to splice isoforms of
Zibronectin and of tenascin‐C.56‐64 In particular, encouraging results obtained with
derivatives of the human monoclonal antibodies L19 (speciZic to the extra‐domain B
of Zibronectin), and F16 (speciZic to the extra‐domain A1 of tenascin‐C) have led to
the clinical development of Zive immunocytokines and radioimmunoconjugates.
57‐60,64,66‐67 The

immunocytokine F16‐IL2, consisting of the human proinZlammatory

cytokine IL‐2 fused to the human antibody fragment scFv(F16), has been shown to
intensely stain aggressive tumor types (among which glioblastoma) and to
preferentially accumulate at the tumor site following intravenous administration.
67‐68

F16‐IL2 has recently been shown to mediate an anti‐cancer effect by co‐

administration of taxanes or adriamycins, leading to the execution of two phase Ib
clinical studies in patients with metastatic breast or ovarian cancer (F16‐IL2 +
doxorubicin), or metastatic breast or lung cancer (F16‐IL2 + paclitaxel). Based on
the excellent preclinical results, also the combined use of F16‐IL2 with
temozolomide deserves clinical investigations for malignant glioma patients.69
Other investigational therapies for malignant glioma may include chemotherapeutic
agents that cross the blood−tumor barrier more effectively, gene therapy,70 peptide
and dendritic‐cell vaccines,71 synthetic chlorotoxins (131I‐TM‐601),72 and infusion of
radiolabeled drugs and targeted toxins into the tumor and surrounding brain by
means of convection‐enhanced delivery.73
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2.4 Atherosclerosis and current treatment options
2.4.1 Introduction on atherosclerosis
According to a World Health Organization Fact Sheet (EURO/03/06) cardiovascular
diseases (CVD) are the leading cause of death and disability in Europe, with heart
disease and stroke being the main protagonists. Large population‐based studies
demonstrated the coexistence of coronary and carotid artery diseases. Both entities
share similar risk factors and seem to evolve simultaneously.1 Approximately 75% of
acute coronary events and 60% of symptomatic carotid artery diseases are
associated with the disruption of atherosclerotic plaques.2
Pathological features
Atherosclerosis is a syndrome affecting arterial blood vessels, a chronic
inZlammatory response to the accumulation in the tunica intima of LDL (low‐density
lipoproteins: plasma proteins that carry cholesterol and triglycerides). The leading
theory explaining this penetration and accumulation is the endothelial damage
caused by hypertension, hemodynamic stress, hypoxia, vasoactive substances,
dismetabolisms (diabetes, homocysteinemia, hyperlipidemia, and hyperuricemia),
and polymorphisms of hemostatic factors. LDLs stimulate the recruitment of
monocytes into the intima and their differentiation into macrophages. To attract and
stimulate monocytes, LDL particles must release oxidized cholesterol. The process is
worsened if there are insufZicient HDLs (high‐density lipoproteins: lipoproteins that
remove cholesterol from tissues and carry it to the liver). As atherosclerosis
progresses, T lymphocytes, platelets, and smooth muscle cells also enter the plaque.
Both macrophages and smooth muscle cells ingest oxidized cholesterol and form
foam cells. Intracellular microcalciZications will then eventually form within smooth
muscle cells that are adjacent to the atheroma. When cells die, calcium deposits
extracellularly between the muscular wall and the outer portion of the
atheromatous plaques.
Two main types of atherosclerotic plaques can be distinguished (Fig. 1a,b):
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1.

The Jibrolipid plaque, which is characterized by the accumulation of foam
cells underneath the intima of the arteries without narrowing the lumen, due
to compensatory expansion of the muscular layer of the arterial wall. Beneath
the endothelium there is a Zibrous cap covering the atheromatous core. The
core consists of foam cells (macrophages and smooth muscle cells) (Fig. 1e)
with elevated cholesterol and cholesterol ester content, Zibrin, proteoglycans,
collagen, elastin, and cellular debris. In advanced plaques, the core usually
contains extracellular cholesterol clefts (released from dead cells) (Fig. 1d),
which form areas of cholesterol crystals with empty, needle‐like clefts. At the
periphery of the plaque there are younger foam cells and capillaries. These
plaques usually produce the greatest damage to the individual when they
rupture.

2.

The Jibrous plaque is also localized under the intima, resulting in thickening
and expansion of the wall of the artery and, sometimes, localized narrowing
of the lumen with some atrophy of the muscular layer. The Zibrous plaque
contains collagen Zibers, precipitates of calcium, and rarely foam cells.

Endothelial dysfunction and changes in the arterial wall morphology, including
thickening of the tunica intima, excess synthesis of the collagenous matrix, and
deposition of lipids (fatty streaks) occur in childhood. However, deZinite
atherosclerotic plaques are usually not evident before the age of 40 years in men
and menopause in women. Because of vascular remodeling, the lumen obstruction is
compensated by widening of the vessel. For stenosis to develop, plaques must evolve
into complicated lesions, which are characterized by small ruptures and consecutive
mural thrombotic episodes (Fig. 1b).
The pathobiological mechanisms responsible for the conversion of stable into
unstable plaques (Fig. 2) include increased inZlammation and angiogenesis, as well
as changes in the rate of cell apoptosis.3‐4 Potential determinants of plaque rupture
are the composition of the lesion (large lipid‐rich core), damage to the Zibrous cap,
and hemodynamic stress. Atherosclerotic plaque rupture with atheromatous debris
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and distal embolization is dependent on plaque composition rather than plaque
burden. Features of vulnerability are a large lipid core, a thin Zibrous cap,
inZlammatory inZiltrate rich in macrophages and T cells, and proliferating vasa
vasorum in the tunicae intima and media.5‐6 CalciZication increases with age and the
overall plaque burden, but seems to stabilize the plaque, preventing disruption and
thrombosis.7

a

b
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d

Fig. 1. a: Large atherosclerotic plaque with lipid area and Zibrous cap; b: Atherosclerotic plaque
with thrombus; c: Foam cells; d: Cholesterol clefts. Pictures adapted from Wikipedia.
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Fig. 2. a, b: Pictures of a stable atherosclerotic plaque. c, d: Pictures of an unstable atherosclerotic
plaque. e, f: Segment of a normal external iliac artery. Pictures from Pedretti et al, Atherosclerosis 2010.
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Risk factors
The common major risk factors for atherosclerosis include advanced age, male
gender, genetic predisposition, hypertension, dyslipoproteinemia, smoking (a
signiZicant increase per 10 cigarettes a day), excess of alcohol consumption, chronic
infection, diabetes mellitus or impaired glucose tolerance, and elevated Zibrinogen
levels. Physical inactivity and unfavorable dietary and lifestyle patterns are also
related to cardiovascular disease and premature death.
Clinical presentation
Atherosclerosis typically begins in early adolescence and is found in most major
arteries, yet is asymptomatic and not detected by most diagnostic methods during
the whole life. The Zirst symptoms of atherosclerotic cardiovascular disease are
heart attacks, stroke, or sudden cardiac death (death within one hour from onset of
the symptoms). Atheromas in arm or, more often, in leg arteries produce decreased
blood Zlow and determine claudication in the case of legs. This disease is called
peripheral artery occlusive disease (PAOD).
Diagnosis
Over the last couple of decades, methods other than angiography and stress‐testing
have been developed as ways to better detect atherosclerotic disease before it
becomes symptomatic. These have included both anatomic detection methods, and
physiologic measurement methods. Examples of anatomic methods include
coronary calcium scoring by computed tomography (CT), carotid intima‐media
thickness measurement by ultrasound, and intravascular ultrasound (IVUS).
Examples of physiologic methods include analysis of lipoprotein subclasses, HbA1c
(glycated hemoglobin), hs‐CRP (c‐reactive protein), and homocysteine.

2.4.2 Current treatment options
Statins are in general the most popular and widely prescribed group of medications
for atherosclerosis. They have relatively few short‐term and long‐term undesirable
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side‐effects, and multiple comparative trials have shown effects in reducing
atherosclerotic disease events.
The preferred surgical treatment for carotid atherosclerotic plaques is carotid
endarterectomy (CEA) (Fig. 3,4). In CEA, after dissection of the common (CCA),
external (ECA), and internal carotid artery (ICA), heparin administration and
clamping, longitudinal arteriotomy is started in the CCA proximal to the lesion and
extended cephalic through the plaque to the relatively normal artery. Another
arteriotomy (the “fork” fashion) extends cephalic to the distal ECA and match the
ICA in a similar fashion. Using dissector, optimal CEA is performed between the
inner and the outer medial layer. The proximal end of the plaque is sharply cut in
CCA. CEA is continued distally up to carotid bifurcation and then divided sharply
with scissors in the bulb, so that the endarterectomy of ECA and ICA can be
performed independently. If there is unusual extension of the plaque distally, the
plaque is sharply divided and, using the tucking suture, Zixed to the distal intima.
Other treatments could be minimally invasive angioplasty procedures, i.e. stents that
physically expand narrowed arteries, or major invasive surgery, such as bypass
surgery, to create additional blood supply connections.

b

a

Fig. 3. a and b: pictures of a carotid endarterectomy. Pictures from Pedretti et al, Atherosclerosis 2010.

43

Fig. 4. Scheme of a carotid endarterectomy (CEA). a: Longitudinal and trasversal sections of the
lesion; b: Possible levels of resection (1. under‐adventitia; 2. intra‐media; 3. sub‐intima); c:
Resection of the plaque; d: Removal of the plaque; e: Closure of the incision. Picture adapted from “Chirurgia,
chirurgia specialistica, 3rd Edition”, edited by Enzo Dionigi, Masson.
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2.5 Vascular targeting for selective pharmacodelivery
2.5.1 The importance of targeted therapies
One avenue towards the development of better and more selective drugs involves
the targeted delivery of a bioactive molecule (e.g. drug, cytokine, pro‐coagulation
factor, photosensitizer, or radionuclide) to the site of disease with the help of a
binding molecule, such as a human antibody (Fig. 1).

Fig. 1. Ligand‐based vascular targeting of
disease. The targeted drug consists of a ligand
and an effector function. After intravenous
administration, the ligand binds speciZically to a
marker that is overexpressed and accessible
from the blood stream in the diseased tissue,
but is not in healthy organs. This leads to an
accumulation of the drug at the site of disease.
Abundance, speciZicity, and accessibility of the
marker are extremely important determinants,
in addition to the afZinity, speciZicity, and
pharmacokinetic properties of the ligand.
Ligand‐based vascular targeting can allow the
detection of lesions by diagnostic procedures, if
the effector function is an imaging agent, or the
reduction of side effects to healthy tissues, if it
is a therapeutic effector function. Picture adapted
from Rybak et al, ChemMedChem 2007.

The selective accumulation of the drug in the diseased tissue will lead to increased
therapeutic index with less side effects. A further advantage of ligand‐based
targeting is that the same binding molecule can be used for the delivery of
therapeutically active molecules, or of an imaging agent (radionuclide, Zluorophore,
or contrast agent).
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Until recently, the vast majority of ligand‐based targeting research has been in the
Zield of oncology. Most chemotherapeutic agents do not preferentially accumulate at
the tumor site. Indeed, the dose of drug that reaches the tumor (normalized per
gram of tissue) may be only 5–10% of the dose that accumulates in normal organs.1
The high interstitial pressure and the irregular vasculature of the tumor are two
important causes of the limited uptake of drugs by tumor cells.2‐3 In addition, the
activity of multidrug‐resistant proteins may further decrease the drug uptake.4
Advances in protein engineering have made it possible to generate high‐afZinity
human antibodies against virtually any biomolecular target.5 Furthermore,
technologies are becoming available for the generation of high‐afZinity binding
peptides,6 aptamers,7 and synthetic organic molecules,8‐11 which may be used as
ligands. Ligand‐based targeting through high‐afZinity monoclonal antibody
fragments allows very high ligand localization in the tumor environment, with
tumor/organ ratios of > 10:1 even within a few hours after intravenous injection.
12‐21

2.5.2 Vascular targets
Ligand‐based targeting relies on markers of pathology that are accessible from the
bloodstream. Many solid tumors and chronic inZlammatory diseases, such as
atherosclerosis (but also psoriasis and rheumatoid arthritis), involve angiogenesis
as pathophysiological process. During disease‐related angiogenesis, the associated
tissue remodeling leads to the expression and/or exposure around the new blood
vessels of marker molecules that are inaccessible, much lower in abundance, or even
undetectable in healthy adult tissues. These markers are therefore candidate targets
for ligand‐based targeting. In 1971, Folkman proposed that inhibition of
angiogenesis might be an effective anticancer strategy.22 Since then, various
antiangiogenic strategies have been investigated preclinically and clinically.23‐25
A distinction must be made between antiangiogenic therapeutic strategies, which
aim at the inhibition of endothelial cell proliferation, and vascular targeting
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strategies, which are the selective destruction or occlusion of pathological
neovasculature.26‐27 Depending on the localization of the marker molecule and the
effector function used, the primary therapeutic effect can be directed either against
the diseased tissue cells or primarily against the neovasculature itself, leading to the
interruption of the blood supply to the diseased tissue.
The target molecules
Only antigens that are selectively expressed or overexpressed at sites of disease may
be suited for targeting in vivo. Several biodistribution studies have indicated higher
antibody uptakes in correspondence to higher antigen expression.28 Moreover,
differences in the accessibility of disease‐associated antigens in diverse body areas
is another determinant of the targeting efZiciency. Antigen stability also greatly
contributes to overall targeting performance. The impact of antigen stability may be
different for imaging and therapeutic applications, and may depend on the
biomolecular strategy used. For example, long antibody residence times on the
tumor have been reported for radioiodinated antibodies speciZic for components of
the modiZied extracellular matrix with negligible in vivo dehalogenation,19,21
whereas, more dehalogenation has been reported for monoclonal antibodies speciZic
for a cell membrane antigen which promotes internalization and subsequent
dehalogenation.29 It could be expected that the targeting of antigens located on the
luminal site of the endothelium should work best because they are readily accessible
to ligands coming from the bloodstream.30 In practice, however, targeting efZiciency
depends strongly on antigen abundance and the amount of ligand used.31‐32
The majority of markers used for targeting approaches are proteins. Endothelial
membrane proteins are readily accessible for an intravenously administered
ligand. Among them the most used for therapeutic targeting are: integrins
(integrins αvβ3 and αvβ5 have been proposed as markers of angiogenesis 33‐36 and
as targets for both antibody‐based inhibitory strategies and ligand‐based delivery of
therapeutics), annexin A1 (a monoclonal antibody to this endothelial antigen 30 was
shown preclinically to be useful for the radioimmunoscintigraphic detection of solid
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tumors and for radioimmunotherapy with

125I),

nucleolin (this antigen was shown

to localize speciZically on the cell surface of angiogenic endothelial cells, whereas in
quiescent cells it is restricted to the nucleus 37), prostatespeci3ic antigen (PSA is a
membrane glycoprotein that is predominantly expressed in the prostate and
overexpressed in prostate cancer; it is present both on tumor cells and in the
neovasculature.38 The monoclonal anti‐PSA antibody J591 is being tested in
preclinical and clinical studies with promising results 39‐45), endoglin (it is a TGFb
co‐receptor that is overexpressed in tumor neovasculature

46‐47),

ROBO4

(endothelial‐speciZic member of the roundabout receptor family, which has been
found to be strongly expressed in the developing embryo,48 but absent in adult
human tissues, except at sites of active angiogenesis such as tumors
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aminopeptidase N (the fusion of TNF to a peptide binding to the endothelial CD13
antigen of aminopeptidase N has been shown to increase the therapeutic ratio
compared with native TNF 50), DELTA 4 (it is induced by both VEGF 51 and hypoxia,52
and expressed on arterial endothelium in the developing embryo, whereas in the
adult it is most detected at sites of active angiogenesis including tumors 52), VEGFs
and VEGF receptors (vascular endothelial growth factors, and especially VEGF‐A,
play an important role in physiological angiogenesis

53‐57

and also in tumor

neoangiogenesis;58‐59 VEGFs, VEGF receptors, and their complexes have become
useful antigens for the ligand‐based targeting of tumor neovasculature: monoclonal
antibodies to VEGF‐A,60‐62 VEGF receptor 2,63‐64 and the VEGF‐A/VEGF receptor 2
complex 65 have already been used for tumor targeting).
Extracellular matrix proteins can be reached by intravenously‐injected ligands
through extravasation. Even though these antigens may not be as accessible as
luminal endothelial markers, they often have the advantage of being more abundant
and stable. It is conceivable that extracellular matrix antigens that are
overexpressed in angiogenic conditions may be found in several pathological
conditions (tumors, chronic inZlammation, etc...). They are also more stable than
antigens on tumor cell membrane. The most important extracellular matrix markers
that are currently used for targeted therapy or imaging are the extra‐domains A and
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B of Zibronectin (EDA and EDB), and the extra‐domain A1 of tenascin C.
Extradomains A and B of 3ibronectin: Zibronectin is a large glycoprotein that is
expressed in high amounts in plasma and tissues (Fig. 2). The extra‐domains A and
B (EDA and EDB) are not present in Zibronectin under normal conditions, but
become inserted during tissue‐remodeling by a mechanism of alternative splicing.66
EDA and EDB are abundant in many aggressive solid tumors,67‐74 as well as in ocular
angiogenesis,75‐77 rheumatoid arthritis,78‐79 psoriasis,80 and in wound healing.81 The
pattern of EDA and EDB expression in tumors is either predominantly perivascular
or exhibits a diffuse staining of the tumor stroma. Only the use of synthetic antibody
libraries has allowed the isolation of speciZic EDA and EDB binders.68,74,82‐84 These
include the high‐afZinity human antibody F8, speciZic for EDA, and L19, speciZic for
EDB, which have been shown to efZiciently localize to tumor blood vessels in animal
models

16‐17,19,74,85

and in patients with cancer,86 following intravenous injection.

Several therapeutic derivatives of F8 and L19 (F8‐IL10, L19‐IL2, L19‐131I, L19‐TNF)
are currently in clinical trials.
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Fig. 2. Fibronectin. Although Zibronectins are the product of a single gene, the resulting proteins can
exist in multiple forms. Their polymorphism is due to alternative splicing in three regions, EDA,
EDB, and IIICS, and to post‐translational modiZications. In malignancies and in transformed cells,
the splicing pattern is altered, leading to an increased expression of Zibronectin isoforms containing
the EDA, EDB, and IIICS sequences. Picture adapted from Borsi et al, Int J Cancer 2002.

Extradomain A1 of tenascin C: tenascins are a family of four extracellular matrix
glycoproteins (tenascin C, R, X, and W) that are present in many different connective
tissues of vertebrates. Several isoforms of tenascin C can be generated because
multiple domains in the central part of tenascin C (from domain A1 to domain D)
may be included by alternative splicing (Fig. 3).87‐88 Spliced isoforms containing
extra‐domains were found to be tumor‐associated.87 The A1 domain of tenascin C is
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undetectable in normal adult tissue, whereas it is strongly expressed in a variety of
primary and metastatic tumors and in atherosclerotic plaques, with a perivascular
or stromal pattern of staining.20,89 The high‐afZinity human antibody F16, speciZic for
the A1 domain of tenascin C, demonstrated an excellent tumor‐targeting
performance in vivo,20 and three of its derivatives (F16‐IL2, F16‐131I, F16‐124I) are at
the moment in clinical trials for the treatment of solid tumors.90‐94
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Fig. 3. Tenascin C. Tenascin C is an oligomeric glycoprotein composed of six individual polypeptides
that are joined by disulZide bonds. The molecule contains (from left to right) a group of epidermal
growth factor‐like (EGFL) repeats, a series of Zibronectin‐like type III domains, and a globular
Zibrinogen‐homology domain. Tenascin C exists in several polymorphic isoforms, due to alternative
splicing between domains A1 and D in the Zibronectin‐like type III repeats. Picture adapted from Brack et al,
Clin Cancer Res 2006.

Under certain conditions, the targeting of perivascular structures might also concern
antigens on tumor cells (e.g. antibodies speciZic to HER2/neu have been shown to
accumulate on perivascular tumor cells following i.v. administration). Tumor cells
around blood vessels are more readily accessible, and the use of high afZinity and
low dose antibodies impairs tumor penetration.
During certain biological processes such as platelet activation, apoptosis, and
endothelial cell proliferation in tumors, phosphatidylserine phospholipids
become exposed on the cell membrane,95‐97 and turn into useful markers for
targeted therapies. A chimeric antibody against phosphatidylserine phospholipids
(Tarvacin/bavituximab) is in clinical trials for the treatment of solid cancers and
also as antiviral therapeutic, because PS can furthermore become exposed to the cell
surface upon viral infections.
Finally, vascular targeting might be achieved even in the absence of speci6ic
ligands by nanoparticles,98 polymers,99 or liposomes,100 thanks to the enhanced
permeability of pathological neovasculature and the retention effect.101
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2.5.3 Identi6ication of novel targets
Serendipitous discoveries,53,102‐103 immunization strategies,104 transcriptomic
analysis,105‐106 bioinformatics approaches,49,107 and, more recently, proteomic
studies 30,108 have been the main tools to discover new disease‐associated antigens.
Transcriptomic studies bring very precise and sensitive information about the
quality and quantity of messenger RNAs that are expressed under various
conditions. Several microarray studies performed at a genome‐wide transcriptional
level have been carried out to identify new targets of cancer or of other diseases.
Many of these studies aimed at outlining differences between aggressive and non‐
aggressive tumor cells,109‐110 or between human tumors and their normal tissue
counterparts. As more and more transcriptomes of solid tumors and endothelial
cells have become available, researchers have started to compare these databases
using bioinformatic tools, with the aim to discover endothelial cell‐speciZic tumor‐
associated markers.
However, the amount of a given transcript and of the corresponding protein do not
always correlate, as protein expression is also regulated at the translational level.
Recently, promising studies for the discovery of new markers of disease have been
carried out by proteomic analysis (Fig. 4).111 The in vivo and ex vivo biotinylation
of accessible proteins on the endothelial cell membrane and on other structures
(such as extracellular matrix components) that are readily accessible from the
bloodstream, the puriZication of biotinylated proteins on streptavidin resin, and the
comparative proteomic analysis based on mass spectrometry, permitted the
identiZication of hundreds of accessible proteins, some of which were found to be
differentially expressed in normal organs and in tumors.112‐113

2.5.4 Binding molecules for the selective delivery of bioactive moieties
Recombinant antibody technologies, and in particular antibody phage display (Fig.
5),5 have greatly facilitated the production of good quality monoclonal antibodies
without the need to immunize animals.
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Fig. 4. In vivo and ex vivo biotinylation technology for the discovery of accessible targets. The
approach is based on the terminal perfusion of rodents or the ex vivo perfusion of surgical
specimens with a charged, activated ester derivative of biotin (such as Sulfo‐NHS‐LC‐Biotin) with
impaired diffusion through biological membranes. As a result, accessible proteins and certain
glycolipids and phospholipids carrying primary amino groups can be covalently labeled with biotin.
Specimens from normal tissue and from the diseased tissue (tumor) are excised and homogenized.
From the total protein extracts, the biotinylated proteins can be efZiciently puriZied on streptavidin
resins, and digested with trypsin directly on the resin. The peptides in the supernatant are
submitted to chromatographic separation followed by a tandem mass spectrometric analysis for
protein identiZication. The comparison of the proteins identiZied in healthy tissues with those of the
diseased tissue may reveal candidate targets, which are accessible from the bloodstream and
overexpressed at the site of disease. Picture adapted from Rybak et al, ChemMedChem 2007.

At present, monoclonal antibodies are the best‐established class of binding
molecules for tumor imaging and therapy. They have nevertheless some aspects that
can be improved, for example the requirement for an expensive mammalian cell
production system, the dependence on disulZide bonds for stability, low expression
yields, and the tendency for aggregation, especially when fused to additional
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domains or proteins (e.g., cytokines). For this reason, also other classes of binding
molecules, such as aptamers, peptides, and speciZic small organic molecules, are
currently being investigated for tumor targeting applications.

antibody!
phage library

next round of panning !

antigen !
column!

wash!

eluted!
phage

amplification in!
bacteria

Fig. 5. Selection of a binding speciZicity from a phage display library. A library of proteins displayed
on the phage surface is used as input for the selection. Phage displaying binding proteins are
captured on immobilized target molecules and, after washing, bound phage can be eluted. This
phage population is then propagated in bacterial cultures after infection of E. Coli cells and can be
used for further rounds of selection. Picture adapted from the 3rd Experimental Course on Antibody Phage Technology, Prof.
Dr. Dario Neri, ETH Zurich, Switzerland.

Imaging applications
Conventional imaging technologies rely on anatomical, physiological, or metabolic
heterogeneity to provide image contrast. The new Zield of molecular imaging uses
instead targeted and activatable imaging agents to generate image contrast. The
idea underlying this approach is that most disease processes have a molecular basis
that can be exploited to detect the disease earlier, to stratify it into subcategories,
and to monitor novel therapies through molecular biomarkers.114 Four main
modalities can be considered for molecular imaging: radioactivity‐based imaging
(PET/SPECT), near‐infrared Zluorescence imaging (NIR), magnetic resonance
imaging (MRI), and ultrasound‐based imaging (US). Until now, most imaging
applications of vascular‐targeting antibodies have been performed using
radiolabeled antibodies.32 The targeted delivery of selected Zluorophores to sites of
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disease may facilitate the use of NIR imaging modalities in biomedicine. MRI
contrast agents need to be used at very high concentrations. These conditions could
be met only for the most abundant luminal vascular antigens and may thus require
the use of immunoliposomes,36 or antibody–nanoparticle conjugates.115 However,
these large molecules may not be capable of extravasating and accessing
perivascular structures (the same for microbubbles and peptide–microbubble
conjugates 116).
Therapeutic applications
The vast majority of antibody‐based products approved in the US and Europe are
unmodiZied antibodies in IgG format (Fig. 6), even though two radiolabeled
antibodies (Zevalin and Bexxar) and one drug conjugate (Mylotarg) have been
approved for cancer therapy. Most probably, more antibody derivatives will be used
clinically in the future (Fig. 7). Any modiZication of the structure of an antibody or
antibody fragment may result in substantial changes in its pharmacokinetic
behavior. Full IgGs display long residence time in blood,19 whereas the small scFv
fragments (Fig. 6) are rapidly cleared through the kidneys, leading to a clearance of
>90 % of the injected antibody from blood within one hour.16 Intact antibodies (IgG)
are an important area of pharmaceutical development and the potentiation of Fc‐
mediated effector‐functions by mutagenesis,117 or by glycoengineering

118

is a

current topic of research. ScFv antibody fragments may be preferable for the
delivery of bioactive agents at sites of disease because they retain the binding
speciZicity of the parental antibody,119 but are very small, thus it is easy for them to
extravasate. The SIP format

(Fig. 6) offers the best compromise of molecular

stability, clearance rate, and tumor accumulation for radioimmunotherapy
applications.
The selective delivery of procoagulant factors (e.g. tTF) to the tumor
neovasculature is a promising approach for depriving tumor cells of oxygen and
nutrients.120‐121 Photodynamic therapy (PDT) is used for the treatment of
superZicial tumors, through, as for the tissue factor, the selective occlusion of blood
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vessels. However, this strategy is limited by the lack of selectivity of the
photosensitizers, resulting in toxicity and in undesired photosensitivity. The
conjugation of these agents to antibodies for targeted delivery to tumor sites and
their in situ activation by exposure to light of the appropriate wavelength is an
encouraging treatment avenue.62,122‐123 Radiolabeled antibodies are used in
radioimmunotherapy (RIT) as a tool for the selective eradication of disseminated
neoplasia.124 However, the implementation of RIT protocols in the clinic remains
problematic because of radioprotection and cost issues, as well as concerns about
long‐term side effects of antibody‐based radiopharmaceuticals, particularly if they
are cleared through the kidneys.125 The choice of the antibody format and of the
radionuclide is of fundamental importance. For example, 131I‐labeled human SIP was
identiZied as the best‐suited antibody for EDB‐targeted RIT,21 and this novel
radioimmunoconjugate is currently in phase II clinical trials (Philogen S.p.A and
Bayer Schering Pharma).

Fig. 6. Different formats of antibodies and antibody fragments. IgG antibodies have a molecular
weight of about 150 kDa and are limited in their ability to extravasate from the vasculature into the
diseased tissue. Mini‐antibodies (SIP), Fabs, and scFvs are engineered mAb‐based molecules that
still contain the complementarity determining regions (CDR) to retain binding afZinity towards the
antigen, but are smaller in size compared to the whole immunoglobulin. The mini‐antibody (SIP) is
75 kDa, the Fab 100 kDa, and the scFv 27. The different formats vary in blood clearance rate, in vivo
stability, and performance in targeting.19 Picture adapted from the
Prof. Dr. Dario Neri, ETH Zurich, Switzerland.
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3rd Experimental Course on Antibody Phage Technology,

Antibody–drug conjugates represent another important class of therapeutic
agents. The main problem that this approach has to face is that most drugs act
intracellularly. Two ways allow to bypass this obstacle: either the drug can be
coupled to an antibody that binds to a cell‐surface receptor that mediates the
internalization of the antibody–drug conjugate, or it can be attached to an antibody
through a cleavable linker, and released when the antibody has delivered it to the
tumor environment, so that it can diffuse into the cells.126‐130 Antibodydependent
enzymemediated prodrug therapy (ADEPT) is a strategy that involves the
conjugation of an enzyme to an antibody that binds a tumor‐associated antigen. A
nontoxic prodrug can be administered once the antibody–enzyme conjugate has
localized to the tumor and has cleared from circulation. The prodrug is then
expected to convert into a toxic drug at the tumor site by the targeted enzyme.131
Non‐immunogenic enzymes and high‐quality prodrugs are needed for this very
promising strategy. Proin3lammatory cytokines such as interleukin‐2 (IL2), or
tumor necrosis factor (TNF) are currently used for the therapy of certain tumors.
However, because of their small therapeutic window and high toxicity, they are
solely applied in tumors that cannot be treated otherwise,132 or used for isolated
limb perfusion.133 Interleukin‐12 (IL12) was never approved for clinical use due to
extremely high toxicity and even deaths in a phase II clinical trial.134 Antibody–
cytokine fusion proteins allow to improve the therapeutic index of anticancer
cytokines.135 The fusion proteins F16‐IL2, F16‐131I, F16‐124I, F8‐IL10, L19‐IL2,
L19‐131I, and L19‐TNF exhibited excellent activity in different animal models of
cancer and of rheumatoid arthritis (F8‐IL10), and are currently in clinical
development.76‐81,136‐138

2.5.5 Vascular targeting applications in atherosclerosis
Atherosclerosis is a chronic inZlammatory disease with a prominent angiogenic
component. As monoclonal antibodies to splice isoforms of tenascin‐C (in particular
the F16 antibody) and of Zibronectin appear to recognize certain structures in
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human atherosclerotic plaques, it would be conceivable to use such antibodies for
imaging purposes, or for pharmacodelivery applications.
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Fig. 7. L19 antibody derivatives for imaging or therapeutic applications. Picture adapted from Schliemann et al,
Biochim Biophys Acta 2007.

In contrast to the situation in oncology, where lesions can be visualized thanks to
radio‐labeled antibodies,139 the use of immuno‐PET procedures for the visualization
of atherosclerotic plaques may present challenges in relation both to the size and
the body location. While it should be feasible to use PET methodologies to image
plaques in the carotid and at branches of the aorta, the visualization of
atherosclerosis in coronary arteries is complicated by their small size and by the
movement of the heart. In principle, the combination of antibody‐based infrared
Zluorophore delivery to atherosclerotic plaques and of intravascular imaging devices
could be considered.69, 140‐141
Which antibody‐based pharmacodelivery strategies should be considered to prevent
unstable plaque formation and rupturing, or to mediate plaque remodeling? There is
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a general believe that proinZlammatory cytokines could promote the transformation
of stable into unstable plaques,142 and the pharmacodelivery of antinZlammatory
cytokines may thus be preferable. However, the antibody‐based delivery of IL2 has
recently been reported to reduce the number of atherosclerotic plaques in the ApoE
‐/‐ mouse model.143 Antibody‐based pharmacodelivery strategies appear to be more
suitable for the prevention of thrombotic complication after plaque rupture, rather
than for the promotion of plaque dissolution.
Certain patients enrolled in clinical studies with F16‐IL2, F16‐131I, F16‐124I, F8‐IL10,
L19‐IL2, L19‐131I, and L19‐TNF may have undetected plaques for which it is
reasonable to expect a pharmacological effect from the therapeutic agent. In future,
it should become possible to investigate whether the antibody‐based delivery of
bioactive agents (drugs with cleavable linkers, pro‐ or antinZlammatory cytokines,
pro‐ or anticoagulant agents) is beneZicial or detrimental for patients with
atherosclerosis.
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3. Results
3.1 Comparative immunohistochemistry of L19 and F16 in non
small cell lung cancer and mesothelioma
3.1.1 Material and methods
Subjects characteristics
The study group comprised 54 patients with primary lung carcinomas or
mesotheliomas collected in the Division of Thoracic Surgery of University Hospital
Zurich. Tissue specimens were taken during surgical resection and immediately
processed according to the guidelines of the Swiss Society of Pathology for frozen
sections. Tissue pieces were snap‐frozen in OCT and stored at ‐80° in the Thoracic
Surgery cryopreserved tumor tissue bank. The specimens consisted of 52 tumors
and 51 adjacent portions of normal lung or normal mesothelium. Data collected
included age, gender, histopathologic diagnosis, grade of tumor differentiation (for
non‐small cell lung cancer only), and TNM stage. Pathological TNM staging and
grading was performed according to the WHO classiZication of malignant tumors.1‐2
Immunohistochemistry
The F16 antibody, speciZic for the extra‐domain A1 of tenascin‐C, and the L19
antibody, speciZic for the EDB domain of Zibronectin, have been described before.3‐4
Both antibodies were obtained from the ETH2 phage display libraries,3 underwent
afZinity maturation,3‐4 had dissociation constants in the low nanomolar range and
exhibited kinetic dissociation constants koff towards the respective cognate antigens
< 10‐2 s‐1 in real‐time interaction analysis experiments performed on a BIAcore 3000
instrument (GE Healthcare, OtelZingen).3‐4 For immunohistochemical procedures,
the two antibodies carrying a C‐terminal myc tag for immunodetection with the
9E10 antibody were used in scFv format in identical conditions (Zinal concentration
of 7 μg/ml for both antibodies).5 Aliquots of antibodies were prepared from a single
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batch, stored frozen, and were used only once, thus contributing to excellent
reproducibility of immunohistochemical results.
The freshly frozen tissues were stored at ‐80°C. Sections of 10 μm thickness were
treated with ice‐cold acetone, rehydrated in TBS (50 mM Tris, 100 mM NaCl, 0.001%
Aprotinin, pH 7.4), and blocked with TBS 20% fetal calf serum. The scFv(F16)‐myc
and scFv(L19)‐myc were added onto the sections, together with the secondary
antibody monoclonal mouse anti‐myc 9E10 (Zinal concentration of 1.7 μg/ml) in a
TBS 3% bovine serum albumin (BSA) solution. Bound antibodies were detected with
polyclonal rabbit anti‐mouse immunoglobulins (Dako Cytomation, Zinal
concentration of 125 μg/ml) in a TBS 3% BSA solution, followed by monoclonal
mouse anti‐alkaline phosphatase immunocomplex with alkaline phosphatase
(APAAP, Dako Cytomation, Zinal concentration of 1.92 μg/ml) in a TBS 3% BSA + 2
mM MgCl2 solution. Fast Red (Tablets Set, Sigma) was used as phosphatase
substrate, and sections were counterstained with Gill’s hematoxilin N°2 (Sigma). For
every immunohistochemical experiment, in addition to staining with the L19 and
F16 antibody, a negative control experiment was performed by omitting the primary
antibody. Additionally, a control tumor section that was strongly stained with the
F16 antibody was always included in the analysis series as positive control (Fig. 1).
Quanti6ication of immunohistochemical results, scoring, and statistical
analysis
An optic microscope (Zeiss) at 5x, 10x and 20x magniZications was used to evaluate
the expression of the A1 domain of tenascin C, and the EDB domain of Zibronectin, as
revealed by the staining using the F16 and L19 antibodies respectively. The staining
intensity was scored using four possible levels: no staining, weak, strong, and very
strong (0, 1, 2, 3). A reference “training table” with three examples of each level of
staining was created before immunohistochemical results, following the
recommendations of a certiZied pathologist (A.S.). Using the training table as
reference, sections stained with L19 and F16 were scored blindly by three
independent investigators (Fig. 2).
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PC: lung ca. n° 2, F16 Ab (7 µg/ml)

NC: lung ca. n° 34

lung ca. n° 34, F16 Ab (7 µg/ml)

lung ca. n° 34, L19 Ab (7 µg/ml)

Fig. 1. Example of portions of tissue slides within an immunohistochemical experiment. In addition
to tissue sections stained with the L19 and F16 antibodies, a negative control of the same tissue
specimen was performed by omitting the primary antibodies, and a positive control of a pre‐
selected tumor sample that showed a strong staining with F16 antibody was always included in the
analysis series. Picture from Pedretti et al, Lung Cancer 2009.

Results were then compiled as average of the three independent scores, indicating
standard deviation for each analysis. The grouping of scores in two staining
categories (0‐1 and 2‐3) facilitated the concordance among individual assessments.
SigniZicance levels for pairwise comparisons between L19 and F16 scores were
calculated using the Student’s t test.

3.1.2 Results
Hundred and three lung and mesothelium specimens, from the Division of Thoracic
Surgery of University Hospital Zurich, were collected immediately after surgery and
snap‐frozen in OCT for optimal cryopreservation. For each patient, a tumor sample
and the corresponding normal tissue from the same lobe were collected to be
available for comparative analysis and correlation with clinical data.
Adenocarcinoma was the most common histological type of lung cancer (53%),
followed by squamous cell carcinoma (41%), and small‐cell carcinoma (6%).
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Furthermore, there were 20 mesothelioma specimens. The male:female ratio was
4:1. Clinico‐pathological data are summarized in Table I.

Level 0

Level 1

Level 2

Level 3

Fig. 2. Reference “training immunohistochemistry table”, with three examples of each level of
staining. Picture from Pedretti et al, Lung Cancer 2009.

Figure 3 presents a representative collection of the immunohistochemical Zindings
observed with the two antibodies. Panels ab show normal lung sections from the
same specimen, which were scored negative with both F16 and L19. By contrast,
panels cd exhibit normal lung sections which gave a weak staining with both
antibodies. Panels ej show pairs of tumor sections stained with comparable
intensity by the two antibodies. Panels kl indicate one of the two cases in which the
L19 staining was stronger compared to the F16. By contrast, for the majority of
specimens (e.g., panels mt), F16 gave a substantially stronger staining, often with a
diffuse stromal reaction. The patterns of tumor staining with the two antibodies
ranged between a predominantly vascular and a predominantly stromal. The
reaction did not correlate with histology, but was generally similar for the two
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antibodies within a given tumor specimen. Individual tumor cells did not exhibit
preferential staining with the two antibodies, even though it is known that tumor
cells contribute to the biosynthesis of oncofetal Zibronectin and tenascin‐C isoforms,
in addition to endothelial cells and Zibroblasts of the tumor environment.6‐9

Sex
•
•

male
female

43
11

Histology
•
•
•
•

Adeno‐carcinoma
Squamous cell carcinoma
Small cell carcinoma
Mesothelioma

17
13
2
20

Tumor grade *
•
•

grade 1, grade 2
grade 3

12
18

Table I: Clinico‐pathological data.§
§ Values

are expressed as number of subjects

* Available for NSCLC only

Both F16 and L19 displayed no detectable staining in the majority of normal lung
and mesothelium specimens, with only 3% and 2% of normal tissues exhibiting a
strong reaction in the parenchyma, respectively (Fig. 4A,B). Interestingly, F16 gave
in general a stronger staining pattern for tumors compared to L19 (strong and very
strong staining 79% +/‐ 2.4 vs. 34% +/‐ 2.4, with a conZidence level > 99.9%), even
though the two reagents were used at identical concentration and have a
comparable afZinity to the cognate antigen. 78% of tumors displayed an intense
staining pattern with F16 (levels 2‐3), whereas only 34% of them showed a strong
staining (levels 2‐3) with L19 (Fig. 4A,B). Importantly, no substantial difference in
intensity was observed for the major tumor types (Fig. 4C,D). When considering
non‐small cell lung carcinomas, we observed that the majority of specimens were
stained both with F16 and L19 (Fig. 4CH). Interestingly, L19 preferentially
displayed a strong staining of grade 3 tumors, while F16 was able to intensely stain
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also grade 1‐2 lesions (strong and very strong staining of grade 1‐2 lesions equal to
80% +/‐ 0 for F16 antibody vs. 25% +/‐ 0 for L19, with a conZidence level > 99.9%)
(Fig. 4EH).

c

b

Adeno-Ca, F16 Ab
e

g

Squamous Cell Ca, F16 Ab
m

Squamous Cell Ca, L19 Ab

Adeno-Ca, F16 Ab

h

k

n

Small Cell Ca, L19 Ab

Mesothelioma, F16 Ab

Squamous Cell Ca, L19 Ab
j

i

Normal, L19 Ab
d

Small Cell Ca, F16 Ab

Adeno-Ca, L19 Ab
f

Squamous Cell Ca, F16 Ab

q

Normal, F16 Ab

Normal, L19 Ab

Normal, F16 Ab
a

Mesothelioma, L19 Ab
l

Adeno-Ca, F16 Ab

Adeno-Ca, L19 Ab
p

o

Mesothelioma, F16 Ab

Adeno-Ca, L19 Ab
r

s

Mesothelioma, L19 Ab
t

Fig. 3. Immunohistochemical Zindings obtained with the F16 and L19 antibodies in pairs of sections
derived from the same surgical specimen. For each panel, tissue type and antibody are indicated.
Scale bars indicate 100 μm. Picture from Pedretti et al, Lung Cancer 2009.
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Fig. 4. Analysis of the immunohistochemical staining results obtained with the F16 and L19
antibodies. The Zigure presents comparison of normal tissues versus tumors (4A,B), results for
different tumor types (4C,D), a comparison of low grade versus high grade NSCLC (4E,F), as well as
a comparison of the reactivity of the two antibodies towards low grade and high grade NSCLC (4G
H). The standard deviation refers to the differences in scores obtained from independent
assessments, as described in the Materials and Methods section. Standard deviation bars are not
visible whenever the assessments of the examiners were completely concordant. Picture from Pedretti et al,
Lung Cancer 2009.
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3.1.3 Discussion
Oncofetal splice isoforms of Zibronectin and tenascin‐C have long been recognized as
good‐quality tumor associated antigens,6,9‐12 which are suitable for the antibody‐
based delivery of therapeutic agents, such as radionuclides or cytokines.6‐7,13‐20 In
the adult, the EDB domain of Zibronectin (recognized by the L19 antibody) and the
A1 domain of tenascin‐C are virtually undetectable in normal tissues (exception
made for the endometrium in the proliferative phase), but are strongly expressed in
conditions of tissue remodeling, often with a prominent vascular pattern of staining.
The alternative splicing process appears to be regulated by small changes towards
basic intracellular pH values,21 a situation which is often encountered during fetal
development and in neoplastic cells, in this case as a consequence of active
metabolism and Na+/H+ antiporter function.
Neither the EDB domain of Zibronectin nor the A1 domain of tenascin‐C appear to
have an obvious biological function. Indeed, in spite of the fact that the EDB domain
is the most conserved domain in the Zibronectin molecule (being identical between
mouse and man), two groups have reported that the targeted deletion of the EDB
exon in mouse yields animals which develop normally, heal bone fracture normally
and can develop tumors.22‐24 Similarly, the deletion of the tenascin‐C gene in the
mouse is not lethal.25 As a consequence of these Zindings, it is unlikely that
antibodies speciZic for the extra‐domain B of Zibronectin or the extra‐domain A1 of
tenascin‐C may display a therapeutic function on their own (and indeed, in our
hands, neither L19 nor F16 displayed a therapeutic action in the mouse unless the
two antibodies were conjugated to a bioactive agent). By contrast, the restricted
expression pattern of the antigens in normal tissues and the strong expression in
many tumor types make L19 and F16 ideal candidates for antibody‐based
pharmacodelivery applications. To our knowledge, only few immunohistochemical
reports on the expression of EDB domain of Zibronectin and A1 domain of tenascin‐C
in lung cancer and in mesothelioma have been published so far.

26‐37

The vast

majority of the normal lung specimens gave only a faint staining or no detectable
staining (levels 0‐1). For the few samples that exhibited some staining with the L19
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and/or the F16 antibody, one should consider that the presence of the antigen may
be tumor‐derived, as the normal lung portion was adjacent to the tumor and was
removed surgically together with the lesion. In animals, immunohistochemical
analysis of normal lung reveals no detectable staining using antibodies speciZic to
oncofetal Zibronectin or tenascin‐C.4,38‐40 This is consistent with the observation of
no preferential uptake of L19 or F16 in normal lung in biodistribution studies.
4,8,16,19,41‐42

Three derivatives of the L19 antibody (L19‐131I, L19‐IL2, and L19‐TNF) are currently
being studied in seven phase I and phase II clinical trials in patients with cancer
(alone or in combination with chemotherapy). Similarly, the radiolabeled antibody
F16‐131I has recently entered clinical trials for the radioimmunotherapy of both solid
tumors and hematological malignancies, while the immunocytokine F16‐IL2 (a
fusion protein between the F16 antibody in scFv format and the human pro‐
inZlammatory cytokine interleukin‐2) is in phase Ib clinical trials in combination
with doxorubicin for the treatment of breast and ovarian cancer, and in combination
with paclitaxel for the treatment of breast and lung cancer. The clinical trials with
L19‐131I and F16‐131I feature the use of the recombinant antibodies in SIP format,
which displays more favorable pharmacokinetic properties compared to the
conventional IgG format.16,19,41 Patients with any type of malignancy (including
patients with lung cancer and mesothelioma) are in principle eligible for these
studies, provided that they are in sufZiciently good health conditions. Following the
administration of a Zirst diagnostic dose of radiolabeled antibody, only patients that
display a sufZiciently large tumor radiation dose compared to the bone marrow
become eligible for a radioimmunotherapeutic treatment in the 150 mCi‐300 mCi
dose range. The observation, reported in this paper, that F16 generally stains
thoracic tumors more strongly than L19, will allow to resolve a fundamental open
question in the Zield of antibody‐based tumor targeting, i.e. whether targeting
performance correlates with absolute antigen expression at the tumor site.
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3.2 Combination of temozolomide with the immunocytokine F16
IL2 for the treatment of glioblastoma
3.2.1 Material and methods
Cell lines and animals
Human subcutaneous and intracranial glioblastoma xenografts were obtained by
injection of U87MG human glioblastoma cells (ATCC Nr: HTB‐14). This cell line was
cultured in MEM (Invitrogen, Basel, Switzerland), supplemented with 10% FCS
(Invitrogen), 2 mM L‐glutamine, 1 mM sodium pyruvate, 100 U/mL ampicillin, and
incubated at 37 ºC in 5% CO2. Animal experiments with subcutaneous glioblastoma
xenografts were conducted in female BALB/c nude mice (Charles River Laboratories,
Sulzfeld, Germany) under a project license granted by the Veterinäramt des Kantons
Zürich (198/2005), whereas intracranial glioblastoma therapy experiments were
conducted in male BALB/c nude mice (Charles River Laboratories), according to
University of Milan animal facility rules.
Antibodies and therapeutic agents
The L19 antibody, speciZic for the extra‐domain B of Zibronectin, the F16 antibody,
speciZic for the extra‐domain A1 of tenascin‐C, and the preparation and
characterization of the F16‐IL2 fusion protein with human interleukin‐2 have been
described before.1‐4 Temozolomide (ABCR GmbH & Co. KG, Karlsruhe, Germany) was
dissolved in a saline solution (H2O 0.9% NaCl) containing 10% DMSO.
Immunohistochemistry on human glioblastoma samples and on glioblastoma
xenografts
Surgically resected human glioblastoma tissues and U87MG subcutaneously
xenografted glioblastoma tumors were freshly frozen in OCT (optimal cryo‐
temperature) medium as described,5‐6 and stored at ‐80°C before being processed.
For immunohistochemistry, the F16 and L19 antibodies were used in biotinylated
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small immunoprotein (SIP) format.3,6 Aliquots of antibodies were prepared from a
single batch, stored at 4°C, and used only once, thus contributing to excellent
reproducibility of immunohistochemical results.
Tissue sections of 10‐μm thickness were treated with ice‐cold acetone, rehydrated in
TBS (50 mM Tris, 100 mM NaCl, 0.001% Aprotinin, pH 7.4), and blocked with TBS
20% fetal calf serum. Biotinylated SIP(F16) and SIP(L19) were added onto the
sections in a Zinal concentration of 2 μg/ml, and detected using a streptavidin‐
alkaline phosphatase complex (Biospa, Milano, Italy), as described.5‐6 Fast Red
(Tablets Set, Sigma‐Aldrich Chemie GmbH, Steinheim, Germany) was used as
phosphatase substrate, and sections were counterstained with Gill’s hematoxylin no.
2 (Sigma‐Aldrich Chemie GmbH). For every immunohistochemical experiment a
negative control was done by omitting primary antibody.
The optic microscope Zeiss Axiovert S100TV (Carl Zeiss MicroImaging GmbH, Jena,
Germany), at 5x, 10x, and 20x magniZications, and the Zeiss Axiovision Release 4
acquisition software were used to evaluate the expression of the A1 domain of
tenascin‐C and the EDB domain of Zibronectin, as revealed by staining using F16 and
L19 antibodies, respectively.
Biodistribution experiments
The in vivo targeting performance of F16‐IL2 was evaluated by quantitative
biodistribution analysis.7 Female BALB/c nude mice bearing subcutaneous U87MG
tumors (obtained by a s.c. Zlank injection of 5 x 106 U87MG cells) were grouped (n =
5/group) when tumors were clearly palpable (volume of ca. 200 mm3), and injected
i.v. into the lateral tail vein with radioiodinated F16‐IL2. Antibody immunoreactivity
after labeling was evaluated by loading a sample of radiolabeled F16‐IL2 onto TNC‐
A1‐Sepharose resin, followed by radioactive counting of the Zlow‐through and eluate
fractions. Immunoreactivity, deZined as the ratio between the counts of the eluted
protein and the sum of the counts of the eluted and Zlow‐through fractions, was
84%. Mice were sacriZiced 24h after injection of F16‐IL2 (10 μg, 3.6 μCi per mouse),
organs were weighed, and radioactivity was counted with a Packard Cobra gamma
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counter (GMI Inc, Ramsey, Minnesota, USA). The radioactivity content of
representative organs was expressed as the percentage of the injected dose per
gram of tissue (%ID/g).
Subcutaneous glioblastoma mouse model
Subcutaneous glioblastoma‐bearing mice were obtained by a s.c. Zlank injection of 5
x 106 U87MG cells in 8‐week‐old female BALB/c nude mice. Twelve days after tumor
cell implantation, when tumors had reached an average size of 300 mm3, mice were
staged to maximize uniformity among the groups (n = 5/group). One group was
injected i.v. (lateral tail vein) with 20 μg of F16‐IL2 (corresponding to 6.6 μg of IL‐2)
in a total volume of 100 μl Phosphate Buffered Saline solution (PBS), one was
injected i.p. with 0.525 mg of temozolomide (corresponding to 75 mg/m2) in a total
volume of 150 μl saline 10% DMSO, a third group received both the i.v. injection of
20 μg F16‐IL2 and the i.p. of 0.525 mg temozolomide. Finally, the control group was
injected i.p. with 150 μl of saline 10% DMSO. Five total administrations were
performed on days 12, 15, 18, 21, and 24. Using a conversion factor based on body
surface,8 the dose of temozolomide used in this study corresponded to a human dose
of 75 mg/m2 for each injection.9 The cumulative dose of temozolomide per mouse
was lower than the LD10 (dose lethal to 10% of treated animals) for both
subcutaneous and orthotopic glioblastoma mouse models.10
Animals were monitored and weighted daily; tumors were measured with a digital
caliper three times a week. Tumor volume was estimated using the formula: volume
= length x width2 /2. Mice were sacriZiced when tumors approached a volume of
3’000 mm3, or when tumors turned necrotic and bled, according to Swiss
regulations. No animals had to be killed because of therapy‐derived toxicities.
Orthotopic glioblastoma mouse model
Orthotopic glioblastoma‐bearing mice were obtained by an intracranial
implantation of 5 x 104 U87MG cells in 6‐week‐old male BALB/c nude mice.11
Twelve days after tumor cell implantation, mice were randomly divided into four
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therapeutic groups (n= 10/group). Schedule and doses of therapeutics were the
same as for the therapy with subcutaneous glioblastoma‐bearing mice.
Mice were monitored daily to detect any signs of neurological suffering from tumor
growth or from toxicity effects of the therapy. All therapeutic groups were sacriZiced
25 days after beginning therapy. Brains were removed and the hemisphere
containing the tumor and the contralateral one were separately snap‐frozen and
stored at ‐80°. Tumors were measured by thawing the corresponding hemisphere
and by sectioning the tissue when necessary. Tumor volume was estimated using
the formula: volume = length x width2 /2. The healthy hemisphere was taken as
control.
We repeated the therapy with intracranial U87MG xenografted mice, comparing the
four therapeutic groups on a survival basis. Orthotopic glioblastoma‐bearing mice
were obtained by an intracranial implantation of 5 x 104 U87MG cells in 6‐week‐old
male BALB/c nude mice.11 Twelve days after tumor cell implantation, mice were
randomly divided into four therapeutic groups (n= 8/group, and n= 9 for the
temozolomide + F16‐IL2 combination group). Schedule and doses of therapeutics
were the same as for the previous therapies. Mice were monitored daily and
sacriZiced at the Zirst appearance of neurological damage from tumor growth or on
detection of any signs of suffering from therapy‐related toxicity. A Kaplan‐Meier
survival curve was drawn.
Assessment of immune effector cell inﬁltration in subcutaneous and
intracranial glioblastoma xenografts, and in normal organs following
treatment
To evaluate the role of inZlammatory cell responses, BALB/c nude mice bearing s.c.
or i.c. U87MG tumors (n= 3/therapeutic group) were treated on days 12, 15, and 18
after tumor cell implantation with F16‐IL2 (i.v.), temozolomide (i.p.), F16‐IL2 (i.v.)
plus temozolomide (i.p.), or saline 10% DMSO solution (i.p.). Mice were sacriZiced
24h after the third injection. Tumors were excised and snap‐frozen in OCT medium;
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liver and kidneys were Zixated in 4% formalin, and embedded in parafZin according
to standard procedures.
The immunoZluorescent staining of subcutaneous and intracranial tumor sections
was performed using antibodies against the following antigens: F4/80 (rat anti‐
mouse F4/80, clone A3‐1, AbCam, Cambridge, UK) for the detection of tumor‐
inZiltrating macrophages, asialo GM1 (rabbit anti‐asialo GM1, Wako Pure Chemical
Industries Ltd, Osaka, Japan) for natural killer cells, CD45 (rat anti‐mouse CD45, BD
Biosciences Pharmingen, Allschwil, Switzerland) for leukocytes. In all cases, CD31
staining (rabbit or rat anti‐mouse CD31, BD Pharmingen) was performed to identify
vascular structures.
Frozen tumor sections of 10 μm thickness were treated with ice‐cold acetone,
blocked with PBS 10% donkey serum + 10% goat serum, incubated with primary
antibodies (in a PBS 12% bovine serum albumin (BSA) solution), and detected using
Zluorescent Alexa 488‐ or Alexa 594‐coupled secondary antibodies (donkey anti‐rat
or goat anti‐rabbit IgG, BD Biosciences Pharmingen) in a PBS 12% BSA solution. The
microscope Zeiss Axioskop 2 mot plus, with the Zluorescence lamp HXP 120 Kubler
Codix and the acquisition software Zeiss Axiovision Release 4 were used for analysis.
ParafZin‐embedded liver and kidney sections from mice of the different therapeutic
groups were baked overnight at 60°C, and deparafZinized according to standard
procedures. Antigen retrieval was obtained by microwave warming in 8.2%
Trisodium Citrate (0.1 M) + 1.8% Citric Acid (0.1 M) solution. Sections were blocked
with PBSTT (PBS 0.5% Tween + 0.1% Triton‐X) 10% BSA, incubated Zirst with the
primary antibody rat anti‐mouse CD45 (clone 30‐F11, BD Biosciences Pharmingen),
then with the secondary antibody biotinylated mouse anti‐rat IgG2 (clone G15‐337,
BD Biosciences Pharmingen), followed by Streptavidin Alexa 488‐coupled + 4’‐6‐
diamidino‐2‐phenylindole (DAPI). Glioblastoma tumors from the same mice were
used as positive control. In each tissue section, staining was quantiZied in 3
representative microscopic images using ImageJ software (http://rsb.info.nih.gov/
ij/), and expressed as a percentage of measurement area.
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Ex vivo detection of the F16IL2 fusion protein in subcutaneous and
intracranial glioblastoma xenografts following treatment
The in vivo localization of the F16‐IL2 fusion protein within the tumor mass was
investigated in subcutaneous and intracranial glioblastoma xenografts collected
from BALB/c nude mice (n= 3/therapeutic group), which were treated on days 12,
15, and 18 (day 0= tumor cell implantation) with F16‐IL2 or with the combination of
F16‐IL2 plus temozolomide, and sacriZiced 24h after the third drug administration.
A rat anti‐human IL‐2 antibody (eBioscience Inc, San Diego, CA, USA) was used to
detect the F16‐IL2 fusion protein within the tumor mass, and the CD31 staining
(rabbit anti‐mouse CD31, BD Biosciences Pharmingen) served to identify vascular
structures. ImmunoZluorescent staining and analysis of results were performed in
the same way as for the immune cell inﬁltration study.
The speciZic binding of the rat anti‐human IL‐2 antibody to the F16‐IL2
immunocytokine was validated by enzyme‐linked immunosorbent assay (ELISA).
We loaded the biotinylated tenascin‐C A1 antigen (10‐6 M) on streptavidin wells (A‐
H), followed by 5 μg/ml of F16‐IL2 in PBS 2% milk in wells A‐C, and 5 μg/ml of F8‐
IL2 in wells D‐F as irrelevant antibody; wells G‐H served as negative control without
primary antibody. The rat anti‐human IL‐2 antibody (eBioscience Inc.; diluted
1:1000) was used as secondary antibody (wells A‐H), followed by the goat anti‐rat
IgG‐HRP (eBioscience Inc.; diluted 1:1000), the POD substrate (Roche Diagnostic,
Rotkreuz, Switzerland), and the H2SO4 1M solution to complete the reaction.
Assessment of apoptosis and proliferation in subcutaneous glioblastoma
xenografts following treatment
The analysis of apoptosis and proliferation induced by the therapy was performed in
subcutaneous glioblastoma xenografts collected from BALB/c nude mice (n= 3/
therapeutic group), which were treated on days 12, 15, and 18 (day 0= tumor cell
implantation) with F16‐IL2, temozolomide, the combination of F16‐IL2 plus
temozolomide, or saline 10% DMSO solution, and sacriZiced 24h after the third drug
administration.
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Fluorescent TUNEL assays (Terminal deoxynucleotidyl transferase dUTP nick end
labeling from Roche Diagnostic) were performed according to the manufacturer's
instructions to detect apoptosis in tumors of the different therapeutic groups.
The same specimens were analyzed by immunoZluorescence to detect proliferation
as revealed by the Ki67 antigen. Tumor sections were blocked Zirst with PBS 10%
donkey serum + 10% goat serum, then with AfZiniPure Fab fragment goat anti‐
mouse IgG (Jackson ImmunoResearch Laboratories Inc, West Grove, PA, USA) in a
PBS 12% BSA solution. A monoclonal mouse anti‐human Ki67 (clone B126.1,
AbCam) and a rat anti‐mouse CD31 (BD Biosciences Pharmingen) were used as
primary antibodies, followed by Alexa 594‐coupled donkey anti‐rat IgG and Alexa
488‐coupled goat anti‐mouse IgG (BD Biosciences Pharmingen) plus DAPI in a PBS
12% BSA solution. The analysis and quantiZication of results were performed in the
same manner as for the previous immunoZluorescence experiments.
Statistics
Comparisons of data of the efZicacy study and of the inZiltration and apoptosis/
proliferation studies were performed using a two‐tailed Student's t test. Survival
analysis was conducted by Kaplan‐Meier curves, and their comparison was
determined by log‐rank test. Pvalues of < 0.05 were considered signiZicant.

3.2.2 Results
Immunohistochemistry on human glioblastoma and on U87MG xenografts
We assessed the expression of the A1 domain of tenascin‐C and of the EDB domain
of Zibronectin (as positive control) in sections of human glioblastoma specimens and
of U87MG xenografts. We used identical concentrations of the F16 and L19
antibodies.12 F16 was found to strongly stain both glioblastoma samples from
patients and U87MG xenografts, with patterns and intensities similar to those of L19
(Fig. 1), which had previously been reported to stain perivascular structures in high
grade gliomas.5
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Fig. 1. Immunohistochemical analysis of U87MG human glioblastoma xenografts and of human
glioblastoma surgical specimens using the F16 antibody, speciZic for the extra‐domain A1 of
tenascin‐C, and the L19 antibody, speciZic for the extra‐domain B of Zibronectin (serial tissue
sections). Both antibodies stained considerably tumor perivascular structures. In negative controls
(NC) the primary antibody was omitted. Scale bars indicate 100 μm. Picture from Pedretti et al, Br J Cancer 2010.

Biodistribution studies with radiolabeled F16IL2
Nude mice bearing subcutaneous U87MG glioblastomas were injected i.v. with
radioiodinated preparations of F16‐IL2 to study the in vivo targeting performance
by quantitative biodistribution analysis. The immunocytokine displayed a
preferential accumulation in the tumor 24h after injection (2.3% ID/g), with a
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tumor‐to‐blood ratio of 11.5, and with excellent tumor‐to‐organ ratios (Fig. 2). In
our previous experience, normal brain and muscle exhibited uptake levels at least
10 times lower than the other organs.13‐14

Fig. 2. Quantitative biodistribution analysis of the radiolabeled F16‐IL2 fusion protein in nude mice
with U87MG subcutaneous xenografts. A preferential accumulation in the tumor was observed 24h
after injection (2.3% ID/g), with a tumor‐to‐blood ratio of 11.5, and with very good tumor‐to‐organ
ratios. Picture from Pedretti et al, Br J Cancer 2010.

Therapeutic activity of F16IL2 combined with temozolomide in subcutaneous
and intracranial glioblastoma xenografts
We compared the therapeutic activity of F16‐IL2 and temozolomide (alone and in
combination) in nude mice bearing subcutaneous U87MG tumors. Therapy was
started 12 days after subcutaneous injection of U87MG cells, when tumors had
reached an average size of 300 mm3. Temozolomide was administered Zive times,
every third day, with i.p. injections of 0.525 mg dissolved in saline 10% DMSO. This
dose is higher as the one used in previous therapy studies with the same agent,15‐16
but is well below the LD10 of temozolomide in nude mice, reported to be equal to
411 mg/m2 administered i.p. daily for 5 days, and to 1200 mg/m2 administered i.p.
once.10 The dose of temozolomide used in this study corresponds to a human dose of
75 mg/m2 for each injection, in line with the standard 75 mg/m2 p.o. daily dose,
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administered to patients for 6 weeks during adjuvant radiation therapy.8‐9 F16‐IL2
was administered i.v. at 20 μg doses (corresponding to 6.6 μg of IL2).
Monotherapy treatment with F16‐IL2 led to a minor tumor growth retardation,
compared to the control group of mice treated with saline 10% DMSO, whereas all
mice in the temozolomide group exhibited a strong tumor regression by day 30 (Fig.
3A). However, by day 45, tumors started growing again in three out of Zive mice. By
contrast, mice treated with the combination of F16–IL2 plus temozolomide
exhibited a complete remission and remained tumor free for over 160 days.
The toxicity of pharmacological treatments in tumor‐bearing mice is commonly
evaluated by a constant monitoring of weight loss. In this study, mice of the control
group did not exhibit weight loss, whereas mice of the temozolomide, F16‐IL2, and
F16‐IL2 plus temozolomide treatment groups exhibited a comparable proZile of
weight loss, which was at all time points below 9% (Fig. 4A).
Encouraged by the tumor eradication obtained in subcutaneous xenografted mice,
we studied the therapeutic performance of F16‐IL2 and temozolomide in an
intracranial model of glioblastoma, obtained by stereotactic injection of 5 x 104
U87MG cells into nude mice. The treatment schedule and doses were as for the
subcutaneous model, but all mice were sacriZiced on day 25 from the start of therapy
to allow a comparative evaluation of the tumor burden for the four treatment
groups. This time point was chosen as the end of the experiment (i.e., sacriZice of all
mice), as the Zirst animal in the control group started to show signs of neurological
damage. Mice of the combination therapy (F16‐IL2 plus temozolomide) exhibited
the strongest therapeutic beneZit, with an average tumor volume of 14 mm3,
compared with those of temozolomide alone (33.5 mm3), F16‐IL2 alone (36.8 mm3),
and of the control group (52 mm3). Pairwise comparisons between the combination
therapy group and temozolomide alone (P = 0.009), F16‐IL2 alone (P = 0.001), and
the control group (P < 0.001) were calculated using the 2‐tailed Student’s t‐test and
showed signiZicant results (Fig. 3B). No signs of distress were observed in animals
during the entire treatment period.
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Fig. 3. A: Preclinical therapy study with subcutaneous U87MG human glioblastoma xenografts. The
treatment regimen consisted of Zive total administrations, every third day, of temozolomide (0.525
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mg, corresponding to 75 mg/m2) in a saline 10% DMSO solution, F16‐IL2 (20 μg) in PBS, the
combination of F16‐IL2 and temozolomide (same doses), or saline 10% DMSO solution. The
combination therapy group exhibited the highest therapeutic beneZit with a complete remission of
the animals, which remained tumor free for over 160 days. B: Preclinical therapy study, using
intracranial U87MG human glioblastoma xenografts. The same therapeutic schedule of the
subcutaneous study was used. The combination of F16‐IL2 with temozolomide exhibited the
highest therapeutic beneZit. Pairwise comparisons between the combination therapy group and
temozolomide alone (P = 0.009), F16‐IL2 alone (P = 0.001), or the control group (P < 0.001) were
calculated using the Student’s t‐test and resulted signiZicant. (I) Photograph of a mouse hemisphere
with tumor, imaged from two sides. (II) Tumor volumes at day 25 from treatment beginning (13
days after the last drug administration), expressed as average +/‐ standard deviation. C: Survival
study using intracranial U87MG human glioblastoma xenografts, with the same therapeutic
schedule of the previous subcutaneous and intracranial studies. Results indicate a longer survival
for the combination treatment group (combo vs. TMZ: P < 0.002; combo vs. F16‐IL2: P < 0.002;
combo vs. control: P < 0.0001). Picture from Pedretti et al, Br J Cancer 2010.

Fig. 4. Analysis of the
variation of weight of
mice with subcutaneous
(A) and intracranial (B)
U87MG xenografts
during a Zive‐
administration
treatment with F16‐IL2
plus temozolomide, F16‐
IL2 alone, temozolomide
alone, or the placebo
(saline 10% DMSO).
Picture from Pedretti et al, Br J
Cancer 2010.
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We performed a further therapy experiment with intracranial glioblastoma‐bearing
mice to better evaluate the therapeutic beneZit of the immunocytokine F16‐IL2 plus
temozolomide on a survival basis. Four groups of mice were treated with the same
doses and schedule as for the previous studies and were sacriZiced at the Zirst
appearance of neurological damage from tumor growth, or on detection of any
treatment‐related toxicities. The Kaplan‐Meier survival curve conZirms the higher
therapeutic beneZit for the F16‐IL2 plus temozolomide combination group (Fig. 3C),
with no augmented toxicity (Fig. 4B). Comparisons of the F16–IL2 plus
temozolomide group with the other therapeutic groups were performed with the
log‐rank test and showed signiZicant results (combo vs. TMZ: P < 0.002; combo vs.
F16–IL2: P < 0.002; combo vs. control: P < 0.0001).
Microscopic analysis of effector cells in6iltration in subcutaneous and
intracranial glioblastoma xenografts, and in normal tissues following
treatment
To assess the inZiltration of immune cells into tumors and in normal organs
following treatment, subcutaneous and intracranial U87MG human glioblastoma‐
bearing mice were harvested after three drug administrations and tumor, liver, and
kidney sections were analyzed by immunoZluorescence. Figure 5 shows
representative tumor sections of subcutaneous (A) and intracranial (B)
glioblastoma xenografts, stained with antibodies anti‐CD45 (a leukocyte‐speciZic
marker), anti‐asialo GM1 (speciZic for NK cells), and anti‐F4/80 (which recognizes
macrophages). Vascular structures were co‐stained using an anti‐CD31 antibody.
The largest increase in the inZiltration of NK cells and macrophages was observed in
the combination F16‐IL2 plus temozolomide treated tumors in both subcutaneous
and intracranial models (quantiZication in Fig. 6A,B), while leucocytes were not
detected in liver and kidneys of the same animals (Fig. 7). Pairwise comparisons of
the immune cell inZiltration into tumors (combo vs. the other treatments) were
calculated using the Student’s t‐test and resulted signiZicant (P < 0.005).
Ex vivo detection of the F16IL2 fusion protein in subcutaneous and
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intracranial glioblastoma xenografts following treatment
We performed an ex vivo localization of the F16‐IL2 fusion protein in subcutaneous
and intracranial glioblastoma xenografts collected from BALB/c nude mice, which
were harvested after three drug administrations of F16‐IL2 or the combination of
F16‐IL2 and temozolomide. The staining for human IL‐2 (Fig. 8) revealed a selective
and comparable accumulation of the F16‐IL2 immunocytokine around tumor
vascular structures in both subcutaneous (A) and orthotopic (B) xenografts (Fig. 9).

Fig. 5. ImmunoZluorescence analysis of tumor‐inZiltrating immune cells and of microvascular
density in subcutaneous (A) and intracranial (B) glioblastoma models, 24h after the third injection
of the therapeutic agents. The F16‐IL2 plus temozolomide treatment groups show the largest
increase in the inZiltration of leukocytes and in particular of Natural Killer cells and macrophages
(serial tissue sections). Scale bars indicate 100 μm. Picture from Pedretti et al, Br J Cancer 2010.
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Fig. 6. Quantitative analysis of immune cells inZiltration into subcutaneous (A) and intracranial (B)
U87MG human glioblastoma xenografts, after a three‐administration‐treatment of F16‐IL2 plus
temozolomide, F16‐IL2 alone, temozolomide alone, or the placebo. Pairwise comparisons (combo
vs. the other treatments) were calculated using the Student’s t‐test and resulted signiZicant (P <
0.005). Picture from Pedretti et al, Br J Cancer 2010.

Microscopic analysis of apoptosis and proliferation in subcutaneous
glioblastoma xenografts following treatment
The inZluence of the different treatments on apoptosis and proliferation in
subcutaneous glioblastoma mice was evaluated by immunoZluorescence. Figure 10
shows a clear increase in apoptosis and the complete suppression of proliferation in
the combination F16‐IL2 plus temozolomide treatment group (quantiZication in Fig.
11). All pairwise comparisons between the combination and the other therapeutic
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groups showed signiZicant results using the two‐tailed Student’s t‐test (apoptosis in
combo vs. all other treatments: P < 0.001; proliferation in combo vs. placebo: P <
0.0001, combo vs. F16‐IL2: P < 0.009, combo vs. TMZ: P < 0.02).

Fig. 7. ImmunoZluorescence analysis of effector cell inZiltration in tumors and in kidneys and liver of
subcutaneous U87MG xenografted mice, 24h after the third injection of the therapeutic agents. No
inZiltration is detected in normal tissues, whereas leukocytes appear to penetrate tumors of mice
treated with F16‐IL2 + temozolomide. Scale bars indicate 100 μm. Picture from Pedretti et al, Br J Cancer 2010.
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Fig. 8. The speciZic binding of the rat
anti‐human IL‐2 antibody to the F16‐
IL2 immunocytokine was validated by
ELISA. We loaded the biotinylated
tenascin‐C A1 antigen (10‐6 M) on
streptavidin wells (A‐H), followed by
5 μg/ml of F16‐IL2 in PBS 2% milk
(wells A‐C), and 5 μg/ml of F8‐IL2
(wells D‐F) as irrelevant antibody;
wells G‐H served as negative control
without primary antibody. The rat
anti‐human IL‐2 antibody
(eBioscience Inc, San Diego, USA;
d i l u t e d 1 : 1 0 0 0 ) wa s u s e d a s
secondary antibody (wells A‐H), followed by the goat anti‐rat IgG‐HRP (eBioscience Inc, San Diego,
USA; diluted 1:1000), the POD substrate (Roche Diagnostic, Rotkreuz, Switzerland), and the H2SO4
1M solution to complete the reaction. Error bars indicate standard deviation. Picture from Pedretti et al, Br J
Cancer 2010.

Fig. 9. ImmunoZluorescence
analysis of the F16‐IL2
fusion protein localization in
subcutaneous (A) and
intracranial (B) glioblastoma
xenografts, 24h after the
third injection of the
therapeutic agents (serial
tissue sections). Scale bars
indicate 100 μm. Picture from
Pedretti et al, Br J Cancer 2010.
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Fig. 10. ImmunoZluorescence analysis of apoptosis and proliferation in subcutaneous glioblastoma
xenografts, 24h after the third injection of the therapeutic agents. Results show a clear increase of
apoptosis and the complete suppression of proliferation in the combination F16‐IL2 plus
temozolomide treatment group. Scale bars indicate 50 μm. Picture from Pedretti et al, Br J Cancer 2010.

Fig. 11. Quantitative analysis of proliferation
(Ki67) and apoptosis (TUNEL assay) in
subcutaneous U87MG xenografts after a
three‐administration treatment of F16‐IL2
combined with temozolomide, F16‐IL2 alone,
temozolomide alone, or the placebo. Pairwise
comparisons were calculated using the
Student’s t‐test and resulted signiZicant
(apoptosis in combo vs. all other treatments:
P < 0.001; proliferation in combo vs. placebo:
P < 0.0001, combo vs. F16‐IL2: P < 0.009,
combo vs. TMZ: P < 0.02). Picture from Pedretti et al,
Br J Cancer 2010.
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3.2.3 Discussion
In this article, we have reported on the therapeutic performance of immunocytokine
F16‐IL2 and of temozolomide, alone and in combination, in subcutaneous and
intracranial xenografts of U87MG human glioblastoma.
For both subcutaneous and intracranial U87MG xenografted mice, the combination
of F16‐IL2 with temozolomide gave the best therapeutic results without additional
toxicity compared with the drugs as single agents (Fig. 4). In the case of
subcutaneous glioblastoma, F16‐IL2 potentiated the action of temozolomide,
leading to complete tumor eradication in all mice 40 days after beginning of the
treatment, and to the total remission of animals, which remained tumor free for over
160 days (Fig. 3A). In addition, in the intracranial model, the combination treatment
was more efZicacious, resulting in a 73% decrease in tumor volume 25 days after
the start of therapy (Fig. 3B), as well as in a longer survival of the animals (Fig. 3C).
In both subcutaneous and intracranial xenografts, the immunocytokine F16‐IL2
promoted the recruitment of immune effector cells into glioblastoma lesions (Fig. 5
and 6), in analogy to what previously observed in other immunocytokine therapies
of mice with solid and hematological malignancies.4,7,17‐19 The inZiltration of
leucocytes was not observed in normal organs from the same mice, thus excluding a
nonspeciZic inZlammation caused by F16‐IL2 (Fig. 7). The selective accumulation of
F16‐IL2 around tumor vascular structures in both subcutaneous and intracranial
xenografts (Fig. 9), the focal recruitment of immune effector cells (Fig. 5), and the
therapeutic effect on glioblastoma tumors of the F16‐IL2 plus temozolomide
combination therapy (Fig. 3) support the anticancer role of effector cells stimulated
by the immunocytokine.
Our group has previously shown that, surprisingly, the therapeutic effect of IL2‐
based immunocytokines against murine tumors is identical in immunocompetent
and immunocompromised mice, and that natural killer cells are mainly responsible
for the therapeutic action.7,18,20 By contrast, immunocytokines based on other
cytokines (e.g., tumor necrosis factor, IL12, interferon‐γ, IL15, granulocyte
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macrophage colony‐stimulating factor) exhibit a clear dependence on T cells.18,20‐22
To document further possible mechanisms for the antitumor activity of the
immunosuppressive reagent temozolomide in association with the
immunostimulatory immunocytokine F16‐IL2, we have studied apoptosis and cell
proliferation in glioblastoma xenografts after three doses of the four treatments:
combination of F16‐IL2 with temozolomide, F16‐IL2 alone, temozolomide alone,
and saline 10% DMSO. Results show a clear increase in apoptosis and the complete
suppression of proliferation in the combination treatment group, thus supporting a
cytostatic plus cytotoxic explanation of therapeutic efZicacy (Fig. 10, 11).
In our study, F16‐IL2 seems to be more effective as a single agent in the intracranial
model, whereas the combination of F16‐IL2 with temozolomide shows a higher
efZicacy in the subcutaneous model (Fig. 3). We have conducted two independent
therapy experiments with the intracranial model (Fig. 3B, C), which have conZirmed
both the therapeutic activity of F16‐IL2 on its own and the additive therapeutic
beneZit observed in combination with temozolomide. One Zirst cause may be that the
subcutaneous therapy study started when tumor masses were rather big (300 mm3;
Fig. 3A). In the intracranial study, no magnetic resonance imaging monitoring of
lesion size at different time points was possible, but control experiments with the
same tumor model suggest that lesions of approx. 1‐2 mm3 were present at day 12
from tumor cell implantation (when our therapy started). Moreover, we have
observed in other mouse models of malignancies (melanoma, lymphoma,
neuroblastoma, breast, and kidney cancer) that IL2‐based immunocytokines may
show a minimal therapeutic activity on their own, but strongly synergize with other
therapeutic regimens, leading to complete tumor eradication.19,23‐25 In other studies,
IL2‐based immunocytokines showed a very potent therapeutic activity even when
used as single agent.4,7,26 Finally, different therapeutic activities in subcutaneous and
orthotopic models of glioblastoma have previously been reported by other groups.
16,27‐29

Two IL2‐based immunocytokines (L19‐IL2 and F16‐IL2) are currently being
investigated in phase I and phase II clinical trials in patients with cancer. These fully
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human immunocytokines can be studied in immunocompetent mouse models of
cancer only in the acute setting, as they become immunogenic after a few injections.7
Furthermore, while L19 reacts with equal afZinity with its cognate human and
murine antigens,1,30 F16 recognizes only human and monkey antigens (but not the
rodent counterpart),3,4 thereby avoiding the therapy experiment in a syngeneic
tumor model. The predictable effect of IL2‐based immunocytokines in
immunocompetent patients would be broader and stronger in tumor suppression,
because of the involvement of T cell and B cell activation. With regard to the role of
the blood‐brain barrier in brain tumors, we have documented that the tumor‐
targeting ability of the immunocytokine F16‐IL2 is comparable in subcutaneous and
intracranial mouse xenografts (Fig. 8).
The results of this preclinical therapy study may justify the clinical evaluation of
F16‐IL2 in combination with temozolomide for the treatment of human
glioblastoma. F16‐IL2 has exhibited an excellent safety proZile in cynomolgus
monkeys and is currently being studied in two phase Ib clinical trials, in
combination with doxorubicin (breast and ovarian cancer), or in combination with
paclitaxel (breast and lung cancer).
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3.3 Comparative immunohistochemical staining of atherosclerotic
plaques using F16, F8 and L19 antibodies
3.3.1 Material and methods
Subjects characteristics
The study group comprised 28 carotid atherosclerotic plaques collected from 20
patients during carotid endarterectomy (CEA) performed in the Clinic for
Cardiovascular Surgery of University Hospital Zurich, and 10 fragments of normal
external iliac artery from patients treated for abdominal aortic aneurysm. Also a
normal pulmonary artery from the lobectomy specimen of a patient who was
operated for non‐small cell lung cancer was used. Tissue specimens were
immediately processed according to the guidelines of the Swiss Society of Pathology
for frozen sections. Plaque or normal artery fragments were snap‐frozen in OCT
(optimal cryo‐temperature) medium and stored at ‐80°. Data collected included age,
gender, clinical history, macroscopic evaluation at the moment of surgery, and
classiZication into stable and unstable plaques.
Antibodies
The F16 antibody, speciZic for the extra‐domain A1 of tenascin‐C, the F8 antibody,
speciZic for the extra‐domain A of Zibronectin, and the L19 antibody, speciZic for the
extra‐domain B of Zibronectin, have been described before.1‐3
Immunohistochemistry
For immunohistochemistry, the F16, F8, and L19 antibodies were used in
biotinylated small immunoprotein (SIP) format.2‐5 Aliquots of antibodies were
prepared from a single batch, stored at 4°C, and were used only once, thus
contributing to excellent reproducibility of immunohistochemical results.6
Ten μm thick tissue sections were treated with ice‐cold acetone, rehydrated in Tris
buffer solution (TBS: 50 mM Tris, 100 mM NaCl, 0.001% Aprotinin, pH 7.4), and
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blocked with TBS 20% fetal calf serum. Biotinylated SIP(F16), SIP(F8), and SIP(L19)
were added onto the sections in a Zinal concentration of 2 μg/ml, and detected using
a streptavidin‐alkaline phosphatase complex (Biospa, Milano, Italy). Fast Red
(Tablets Set, Sigma‐Aldrich Chemie GmbH, Steinheim, Germany) was used as
phosphatase substrate and sections were counterstained with Gill’s hematoxylin no.
2 (Sigma‐Aldrich Chemie GmbH). For every immunohistochemical experiment a
negative control was performed by omitting the primary antibody (Fig. 1).

Fig. 1. Example of an immunohistochemical experiment. In addition to plaque sections stained with
the F16, F8, and L19 antibodies, a negative control of the same specimen was performed by
omitting the primary antibody. Picture from Pedretti et al, Atherosclerosis 2010.

The optic microscope Zeiss Axiovert S100TV and the Zeiss Axiovision Release 4
acquisition software were used to evaluate the expression of the A1 domain of
tenascin‐C, and the EDA and EDB domains of Zibronectin, as revealed by the staining
given by the F16, F8, and L19 antibodies, respectively.
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The staining intensity was semi‐quantitatively scored using four possible levels: no
staining, weak, moderate, and strong (0, 1, 2, 3). A reference “training table” was
created before immunohistochemical results, following the recommendations of a
certiZied pathologist (A.S.) (Fig. 2).

Fig. 2. Reference “training immunohistochemical table” with four possible levels of staining
intensity. Picture from Pedretti et al, Atherosclerosis 2010.

Using the training table as reference, sections stained with the F16, F8, and L19
antibodies were scored blindly by two independent investigators (M.P. and C.S.).
Results were then compiled as average of the two scores, indicating the standard
deviation for each analysis. SigniZicance levels for pairwise comparisons between
the scores of the three antibodies were calculated using the Student’s t‐test.
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Immuno6luorescence studies
The most representative stable and unstable plaques were analyzed for the amount
of macrophage inZiltration, vasa vasorum, and proliferating cells in correlation with
the staining pattern of the F16 antibody, speciZic for the A1 domain of tenascin‐C.
The immunoZluorescent staining of plaque sections was performed using antibodies
against the following antigens: F4/80 (monoclonal rat anti‐human F4/80, clone
BM8, AbCam, Cambridge, UK) for the detection of macrophages, vWF (polyclonal
rabbit anti‐human vWF, Dako Cytomation, Glostrup, Denmark) for the detection of
vasa vasorum, Ki67 (monoclonal mouse anti‐human Ki67, clone B126.1, AbCam) for
the visualization of proliferating cells. In all cases, a co‐staining for the A1 domain of
tenascin‐C was performed with the biotinylated SIP(F16) antibody (Zinal
concentration of 1.6 μg/ml).
Plaque sections of 10 μm thickness were treated with ice‐cold acetone, rehydrated
in PBS, blocked with PBS + 10% donkey serum + 10% goat serum, incubated with
the primary antibodies (in a PBS 12% BSA solution) and detected using Zluorescent
Alexa 488 coupled to secondary antibodies (donkey anti‐rat, goat anti‐rabbit, goat
anti‐mouse, BD Biosciences Pharmingen, Allschwil, Switzerland), or Alexa 594
coupled to streptavidin, in a PBS 12% BSA solution.
The microscope Zeiss Axioskop 2 mot plus, with the Zluorescence lamp HXP 120
Kubler Codix and the acquisition software Zeiss Axiovision Release 4 were used to
detect the plaque‐inZiltrating macrophages, vasa vasorum, and proliferating cells in
correlation with the expression of the A1 domain of tenascin‐C.

3.3.2 Results
Clinicopathological data
Twenty patients that were referred to the Clinic for Cardiovascular Surgery of
University Hospital Zurich for carotid endarterectomy (CEA) were enrolled in the
study. Patients with carotid artery restenosis were excluded. Written informed
consent was obtained from all patients. The most frequent indication for CEA was
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symptomatic carotid artery stenosis. Before operation, all patients underwent
Duplex ultrasound (to deZine the degree of stenosis and the morphologic
characteristics of plaques), or computer tomography angiography (CTA), as well as a
computer tomography or magnetic resonance brain scan. All patients after acute
stroke or transient ischemic attack (n=18; 90%) were operated within two weeks
after the event occurred.
Carotid plaques were collected during carotid endarterectomy (Fig. 3a). All but 3
CEAs were performed in local anesthesia. All surgeries were realized using the
carotid bifurcationplasty. After dissection of the common (CCA), external (ECA) and
internal carotid artery (ICA), heparin administration and clamping, longitudinal
arteriotomy was started in the CCA proximal to the lesion and extended cephalic
through the plaque to the relatively normal artery. Another arteriotomy (the “fork”
fashion) extends cephalic to the distal ECA and match the ICA in a similar fashion.
Using dissector, optimal CEA was performed between the inner and the outer medial
layer. The proximal end of the plaque was sharply cut in CCA. CEA was continued
distally up to carotid bifurcation and then divided sharply with scissors in the bulb,
so that the endarterectomy of ECA and ICA could be performed independently. If
there was unusual extension of the plaque distally, the plaque was sharply divided
and, using the tucking suture, Zixed to the distal intima.
Endarterectomy was performed with minimal manipulation. After removal of the
plaques, all specimens were photo‐documented, so that a macroscopic reevaluation
was possible. According to the traditional classiZication of the American Heart
Association, plaques were characterized as stable if they macroscopically presented
a prominence without endothelial disruption (Fig. 3b, left); plaques were
considered unstable if there was at least one of the following: disruption of the
surface, intraplaque hemorrhage, or thrombosis (Fig. 3b, middle).7
The study group consisted of 28 (common, external, or internal) carotid artery
plaques from 20 patients. All ICA or ECA plaques were unstable (n=20). Eight CCA
specimens showed smooth plaque surface and were classiZied as stable (n=8). The
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patients’ male/female ratio was 3:1. The average age at the moment of surgery was
70 ± 9.14 (standard deviation). All patients were symptomatic: 30% had a transient
ischemic attack (TIA) and 60% had a stroke (Table 1).

Fig. 3. (a) Pictures of a carotid endarterectomy (CEA) performed in the Clinic for Cardiovascular
Surgery of University Hospital Zurich. (b) Left, up and down: pictures of a stable atherosclerotic
plaque. Middle, up and down: pictures of an unstable atherosclerotic plaque. Right, up and down:
segment of a normal external iliac artery. Picture from Pedretti et al, Atherosclerosis 2010.

Indication for CEA
Stroke
Transient ischemic attack (TIA)
Symptomatic without TIA or stroke
Total

No of patients
12
6
2
20

%
60
30
10
100

Table 1. Indication for CEA (carotid endarterectomy). Table from Pedretti et al, Atherosclerosis 2010.

Ten specimens of normal arteries (control group) were obtained from patients
treated for abdominal aortic aneurysm. In four patients a redundant segment of the
external iliac artery was resected (Fig. 3b, right). In the other six patients a circular
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specimen of the external iliac artery wall was excised with 5.0 mm aortic hole punch,
creating a uniform circular hole for the vascular anastomosis. Also a normal artery
from the lung of a patient who was operated for non‐small cell lung cancer was used
as negative control (Table 2). Age, sex, risk factors, and treatments did not differ
between the study and the control groups (Table 3).

Normal arteries
External iliac artery (circular segment)
External iliac artery (redundant segment)
Lung artery
Total

No of patients
6
4
1
11

%
54.5
36.4
9.1
100

Table 2. Control study group. Table from Pedretti et al, Atherosclerosis 2010.

Variable
No of patients
Age, years
Male gender, %
Diabetes mellitus, %
Arterial Hypertension, %
Hypercholesterolemia, %
Smoking, %
Statins use, %
Beta‐blocker use, %
Anticoagulant use, %
Calcium antagonist use, %
Angiotensin‐converting inhibitor use, %
Angiotensin II receptor antagonists, %
Platelet aggregation inhibitor use, %

Study Group
(plaques)

Control Group
(normal arteries)

20
70 ± 9.14
81
33.3
90.5
66.7
52.4
71.5
57.1
14.3
42.8
52.4
38.1
76.2

10*
76.3 ± 5.74
70
20
90
50
30
70
70
60
30
40
20
50

Table 3. Baseline characteristics of the patients. * Only external iliac arteries are
considered. Table from Pedretti et al, Atherosclerosis 2010.

Immunohistochemistry on human carotid atherosclerotic plaques and on
normal arteries
We assessed the expression of the A1 domain of tenascin‐C and of the EDA and EDB
domains of Zibronectin in sections of 28 human carotid atherosclerotic plaques and
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of 11 fragments of normal arteries. We used identical concentrations of the F16, F8,
and L19 antibodies, which recognize their cognate antigen with similarly high
binding afZinity (kinetic dissociation constants koff towards the respective cognate
antigen <10−2 s−1 in real‐time interaction analysis experiments performed on a
BIAcore 3000 instrument),1‐3 and which had previously been reported to stain
antigen‐rich tumors with comparable intensity.6

Fig. 4. Representative immunohistochemical staining results of a normal artery and of some carotid
plaques using the F16, F8, and L19 antibodies. Picture from Pedretti et al, Atherosclerosis 2010.
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F16 and F8 were found to stain both stable and unstable plaques with similar
patterns (Fig. 4). F16 gave a strong staining in the majority of plaques (75% ± 5), F8
displayed moderate and strong stainings (52% ± 2.5 and 41% ± 2.5, respectively),
whereas L19 gave a general weak staining (79% ± 0) (Fig. 5a). F16 displayed a weak
(54% ± 5) or no detectable (46% ± 5) staining of normal arteries and an excellent
contrast between quiescent and actively remodeled plaque regions (Fig. 5b). F8 and
L19 also preferentially stained atherosclerotic lesions compared to normal arteries,
yet less intensely and selectively (Fig. 5b). All pairwise comparisons between the
scores of the three antibodies resulted highly signiZicant.
Fig. 5. Analysis of the
IHC staining results
obtained with the F16,
L19, and F8 antibodies
in atherosclerotic
plaques (a) and in
normal arteries (b). The
standard deviation
refers to differences in
scores obtained from
i n d e p e n d e n t
assessments. Standard
deviation bars are not
visible whenever the
assessments of the
examiners were
completely concordant.
Picture from Pedretti et al,
Atherosclerosis 2010.
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Microscopic analysis of plaquein6iltrating macrophages, vasa vasorum, and
proliferating cells
In order to assess whether the plaque staining observed with the promising F16
antibody occurred at sites of inZiltrating macrophages, vasa vasorum, and cells in
rapid proliferation as deZined by Ki67 staining, we analyzed plaque sections by
multi‐color immunoZluorescence. Figure 6 shows representative serial sections of a
macroscopically classiZied stable plaque.
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Fig. 6. Immunohistochemical and immunoZluorescence analysis of a macroscopically classiZied
stable plaque (serial sections). (a) Expression of the A1 domain of tenascin‐C, as indicated by the
staining of the F16 antibody, in comparison to the negative control of the same plaque, where the
primary antibody was omitted. (b) ImmunoZluorescence detection of plaque‐inZiltrating
macrophages, vasa vasorum, and proliferating cells in correlation with the A1 domain of tenascin‐C.
Scale bars indicate 50 μm. Picture from Pedretti et al, Atherosclerosis 2010.
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Regions of intense F16 staining (Fig. 6a) were found to be associated with a dense
network of F16‐positive extracellular matrix Zibers, which surrounded macrophage
inZiltrates, Ki67‐positive cells, and vasa vasorum (Fig. 6b). Similar Zindings were
observed for a plaque that had been classiZied as unstable (Fig. 7a,b). By contrast,
plaque areas that were not stained with the F16 antibody were typically
characterized by dense collagenous Zibrosis and calciZications.
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Fig. 7. Immunohistochemical and immunoZluorescence analysis of a macroscopically classiZied
unstable plaque (serial sections). (a) Expression of the A1 domain of tenascin‐C, as indicated by the
staining of the F16 antibody, in comparison to the negative control of the same plaque, where the
primary antibody was omitted. (b) ImmunoZluorescence detection of plaque‐inZiltrating
macrophages, vasa vasorum, and proliferating cells in correlation with the A1 domain of tenascin‐C.
Scale bars indicate 50 μm. Picture from Pedretti et al, Atherosclerosis 2010.
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3.3.3 Discussion
We have characterized in freshly frozen human carotid atherosclerotic plaques the
staining patterns of the human monoclonal antibodies F16, F8, and L19, which are
currently being investigated in clinical trials in patients with cancer and arthritis. A
Zirst goal of the study was to learn more about the expression of splice‐isoforms of
tenascin‐C and of Zibronectin, following preliminary reports from our group that had
indicated antigen expression in atherosclerotic plaques of the ApoE ‐/‐ mouse model
and in certain pathological specimens.8‐9 This information is important in
consideration of the fact that certain patients enrolled in clinical studies with F16‐
IL2, F16‐131I, F16‐124I, F8‐IL10, L19‐IL2, L19‐131I, and L19‐TNF may have undetected
plaques for which it is reasonable to expect a pharmacological effect of the
therapeutic agent. Indeed, it has recently been reported that L19‐IL2 reduces the
number of atherosclerotic plaques in ApoE ‐/‐ mice fed with a cholersterol‐rich diet.
10

As monoclonal antibodies to splice‐isoforms of tenascin‐C and Zibronectin (in
particular the F16 antibody) appear to recognize certain structures in human
atherosclerotic plaques, which are associated with macrophage inZiltration, vasa
vasorum and increased cellular proliferation, it would be conceivable to use such
antibodies for imaging purposes or for pharmacodelivery applications. In contrast to
the situation in oncology, where lesions can be visualized thanks to radio‐labeled
antibodies,11 the use of immuno‐PET procedures for the visualization of
atherosclerotic plaques may present challenges in relation both to the size and the
body location. While it should be feasible to use PET methodologies to image
plaques in the carotid and at branches of the aorta, the visualization of
atherosclerosis in coronary arteries is complicated by their small size and by the
movement of the heart. In principle, the combination of antibody‐based infrared
Zluorophore delivery to atherosclerotic plaques and of intravascular imaging devices
could be considered.12‐13
The molecular differentiation of plaques at risk from stable plaques remains an
important, yet elusive challenge of cardiovascular research. These studies are
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complicated not only by the lack of suitable markers and antibodies, but also by the
need of better imaging modalities and the requirement to monitor patients over a
long period of time, while plaques may still rupture abruptly.
In this project, we characterized human plaques that were substantially different in
terms of size, location, and macroscopic appearance at surgery.7 Even though the
degree of F16‐positivity differed from plaque to plaque (Fig. 4, 5), no striking
staining difference was observed between plaques that had been characterized as
stable or unstable at surgery. Certain parameters (e.g., thickness of Zibrous cap,
macrophage inZiltration, vasa vasorum, foam cells, calciZication) have previously
been associated with the probability of plaque rupture.14 In this study, we observed
plaques with thick Zibrous cap or rich in macrophages which were, nonetheless,
strongly positive for F16 staining.
The F16, F8, and L19 antibodies have demonstrated their ability to selectively
localize in vivo to neovascular structures in tumor‐bearing animals and in patients
with cancer.2‐3,5,15‐17 For that reason, these antibodies have been labeled with the
beta‐emitting radionuclide

131I,

or fused to the strong proinZlammatory cytokines

IL2 and TNF, and have entered phase I and phase II clinical trials in oncology.15,18‐20
By contrast, the antibody‐mediated pharmacodelivery of the antinZlammatory
cytokine IL10 is about to be investigated in patients with rheumatoid arthritis, as
the unconjugated recombinant human IL10 exhibited encouraging therapeutic
results in this setting.21 What antibody‐based pharmacodelivery strategies should be
considered in order to prevent unstable plaque formation and rupturing or to
mediate plaque remodeling? There is a general believe that proinZlammatory
cytokines could promote the transformation of stable into unstable plaques,14 and
the pharmacodelivery of antinZlammatory cytokines may thus be preferable.
However, the antibody‐based delivery of IL2 has recently been reported to reduce
the number of atherosclerotic plaques in the ApoE ‐/‐ mouse model.10 Interestingly,
the use of antiZibrin antibodies for the delivery of hirudin has been proven to
potently inhibit Zibrin deposition on experimental clot surfaces in baboon plasma,22
while an enhanced thrombolytic and antithrombotic potency has been reported for
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the targeted delivery of recombinant uPA to thrombi. Thus, antibody‐based
pharmacodelivery strategies may be more suitable for the prevention of thrombotic
complication after plaque rupture, rather than for the promotion of plaque
dissolution: a very ambitious goal in cardiovascular research.
At present, we do not anticipate a functional role of monoclonal antibodies speciZic
to splice isoforms of Zibronectin and tenascin‐C, since mice which were knock‐out
for the EDA or EDB domain of Zibronectin, or lacked completely tenascin‐C, were
found to develop normally.23‐24 Interestingly, EDA ‐/‐ and EDB‐/‐ double knock‐out
mice exhibited a vascular phenotype, yet with incomplete penetrance.25 Moreover,
some authors have commented that a non‐redundant role of extra‐cellular matrix
components (e.g., tenascin‐C) may not be observed during development, but may
become relevant in disease.26‐27
In this article, only symptomatic patients that were referred to the Clinic for
Cardiovascular Surgery of the University Hospital of Zurich for carotid
endarterectomy (CEA) were analyzed. Future studies will also need to address in
more detail possible differences in F16, F8, and L19 staining between symptomatic
and asymptomatic patients. A recent report has indicated high levels of EDA in
plaques and serum of asymptomatic patients, thus suggesting that this Zibronectin
splice‐isoform may be associated with a stable plaque phenotype.28
Based on the immunohistochemical Zindings of this study and the extensive
researches so far reported in the oncology Zield, F16 and similar antibodies should
be able to selectively localize at sites of atherosclerosis.8‐9 It should thus become
possible to investigate whether the antibody‐based delivery of bioactive agents (e.g.,
drugs with cleavable linkers, pro‐ or antinZlammatory cytokines, pro‐ or
anticoagulant agents) is beneZicial or detrimental for patients with atherosclerosis.
Progress in this Zield will require the use of fully murine antibody derivatives in
mouse models of cardiovascular disease (in order to minimize immunogenic
reaction) and, possibly, better animal models of human atherosclerosis. If certain
antibody‐based therapeutics were proven to be beneZicial in animal models with
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atherosclerotic plaques, it would then become conceivable to investigate these
agents (or better, their fully human counterparts) in patients.
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4. Appendix: Phase Ib clinical trial with F16IL2 and temozolomide
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A dose6inding, pharmacokinetic, phase Ib study of the tumortargeting human
F16IL2 monoclonal antibodycytokine fusion protein in combination with
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Short title:

Combination therapy of F16‐IL2 and temozolomide in relapsing
malignant glioma patients.

Study purpose:

Feasibility and activity of F16‐IL2 plus temozolomide
therapy.

Clinical study phase:

Date: 24th August 2010

Ib
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Status:

Sponsor:
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The study will be conducted in compliance with the protocol, the International
Conference on Harmonization (ICH) – Good Clinical Practice (GCP), and any
applicable regulatory requirements.

Con6idential
The information provided in this document is strictly conZidential and is intended
solely for the guidance of the clinical investigation. Reproduction or disclosure of
this document whether in part or in full to parties not associated with the clinical
investigation or its use for any other purpose without the prior written consent of
the sponsor is not permitted.
The approval of this document is recorded in a separate signature document.
Throughout this document, symbols indicating proprietary names (®, TM) are not
displayed. Hence, the appearance of product names without these symbols does not
imply that these names are not protected.
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Title/Synopsis

Study Title

A dose‐Zinding, pharmacokinetic, phase Ib study of the
tumor‐targeting human F16‐IL2 monoclonal antibody‐
cytokine fusion protein in combination with temozolomide
in relapsing malignant glioma patients.

Short Title

Combination therapy of F16‐IL2 and temozolomide in
relapsing malignant glioma patients.

Clinical Phase

Phase Ib

Study Objectives

Primary objective: to establish the maximum tolerated
dose (MTD) and the recommended dose (RD) of F16‐IL2
when administered in combination with temozolomide.
Secondary objectives: to investigate the safety, tolerability
and pharmacokinetics of F16‐IL2 and temozolomide when
given as a combination, as well as the induction of human
anti‐fusion protein antibodies (HAFA) levels, and the anti‐
tumor activity (ORR, PFS and OS) of the combination in
relapsing malignant glioma patients.

Project Code
CSP Number
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Test Product

F16‐IL2 monoclonal antibody‐cytokine fusion protein.

Name of Active
Ingredient

Interleukin‐2 (IL‐2, aldesleukine), covalently bound to the
scFv(F16) antibody.

Dose(s)

Dose escalation study.
Patient cohorts will be sequentially assigned to one of the
following dose levels:
TMZ (mg/m2)
150
150
150
150

Cohort 1
Cohort 2
Cohort 3
Cohort 4
Route of
administration

F16‐IL2 (MioIU)
5
10
15
22.5

Temozolomide is administered orally (p.o.) daily, on days
1‐5, every 28 days (23 days of break).
F16‐IL2 is administered intravenously (i.v.), 1/week for a
total of 4 administrations/cycle of treatment, over 60
minutes via automated device (perfusor).

Duration of
treatment

A review of safety data for each cohort will occur after all
patients of the cohort have been treated and have completed
the Zirst cycle of treatment (Day 28). Patient status will be
assessed after each cycle of treatment.
Patients with objective tumor responses or stable disease
(Zirst tumor assessment after the Zirst 2 cycles of treatment
and later after each cycle) will receive repeated cycles of
therapy starting on Day 29 (Day 29 = Day 1 of the following
cycle) at the dose level at which they started the treatment
and for a maximum of 6 cycles of combination therapy.
Patients will receive additional cycles of combination
therapy until disease progression, unacceptable toxicity or
withdrawal of consent.

Reference
product(s)

Not applicable. No reference product is used in this protocol.
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Indication

Diagnosis and
main criteria for
inclusion

All relapsing malignant glioma patients amenable to the
treatment with temozolomide (anaplastic astrocytomas,
oligodendrogliomas and mixed gliomas grade III WHO or
glioblastoma grade IV WHO) deemed suitable for
combination therapy of F16‐IL2 and temozolomide by the
Principal Investigator.
‐ Patients with relapsing anaplastic astrocytoma,
oligodendroglioma, mixed glioma (grade III WHO) or
glioblastoma (grade IV WHO), histologically proven, with
documented relapsing lesions (according to the local
radiologist) after previous surgery, radiotherapy or
combination chemo‐radiotherapy, and amenable to
temozolomide treatment.
‐ Patients who are not amenable to radiotherapy or
surgery, such as multifocal disease, can be entered in the
study.
‐ One prior chemotherapy is allowed and should be
completed for at least 4 weeks before the beginning of
t h e n e w c o m b i n a t i o n t re a t m e n t ( F 1 6 ‐ I L 2 +
temozolomide): patients may have been treated with
adjuvant chemotherapy or adjuvant radio‐chemotherapy.
‐ Patients can be entered in the study at earliest one
month after any surgery.
‐ No previous or current malignancies at other sites, with
the exception of malignancies that were diagnosed at
least 5 years earlier without evidence of active disease or
recurrence. Absence of any unstable systemic disease or
active uncontrolled infection.
‐ It is advised to have a bi‐dimensional image of the
glioma lesions, based on CT or MRI scan, done within
two weeks before the beginning of the F16‐IL2 +
temozolomide treatment (McDonald’s criteria).

Study design

An open‐label, dose escalation study of F16‐IL2 in
combination with temozolomide.
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Methodology

The study is designed to verify whether F16‐IL2 can be
safely administered in combination with temozolomide in
relapsing malignant glioma patients.
Phase Ib is designed to determine the maximum tolerated
dose and the recommended dose of F16‐IL2 when combined
with temozolomide.
Scheduling of F16‐IL2 and temozolomide is detailed in Text
Table 3.
Safety evaluations, including AEs, SAEs and standard
laboratory assessments, will be used to determine the dose
limiting toxicity (DLT).
Pharmacokinetics of F16‐IL2 will be assessed using
standard methods.
Tumor outcome will be measured at week 8 (Day 56) using
McDonald’s criteria and every 28 days (at the end of each
cycle) thereafter for those patients who demonstrate a
positive treatment response. Therefore, results will be
assessed as Complete Response, Partial Response, Stable
Disease and Progressive Disease. Tumor Response will be
obtained in patients with Complete and Partial Response.
Complete and Partial Response will be conZirmed 4 weeks
after the initial response determination.
Tumor assessment will be performed by MRI or CT scan (bi‐
dimensional image of the lesion) according to McDonald’s
criteria.
Patients with stable or responding disease may receive a
new cycle of the combination therapy. Treatment will
terminate at the earliest of the following: completion of 6
cycles of combination therapy, disease progression,
unacceptable toxicity/intolerability or withdrawal of
consent. Patients will be followed for 1 year or until disease
progression or withdrawal of consent, whichever occurs
Zirst.
In patients who undertake further treatment cycles, clinical
beneZit will be evaluated in those patients with a complete
or partial response or stable disease longer than 2 months.
ORR, PFS, and OS will be assessed using standard methods.
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Type of control

Not applicable.

Planned study
dates

Start of study/recruitment:
End of recruitment:
End of study:

Planned n° of
study centers

Up to 3 active study sites in the EU.

N° of patients

3‐6 patients/cohort will be enrolled.
12‐24 patients in total.

Endpoints

The primary endpoint of this study is safety and tolerability
of the combination of F16‐IL2 and temozolomide.
Secondary endpoints are the ORR, PFS and OS.
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Plan for
statistical
analysis

For this open‐label study, safety and efZicacy data will be
summarized periodically. The Zinal analysis will be
conducted when all patients have either completed the week
8 evaluation or prematurely discontinued the study. Further
analysis will be conducted every 28 days (at the end of each
cycle) in those patients who undertake further cycles of
treatment. The Zinal analysis for PFS and OS will be
conducted when all patients have experienced the event of
interest or have been followed for 3 months after beginning
of the study treatment.
Safety endpoints: the incidence of AEs will be summarized.
PK endpoints: PK analysis will be performed on serum
samples collected from all patients during the Zirst cycle of
therapy. The following pharmacokinetic parameters will be
determined: Cmax, tmax, AUC(0‐tlast), AUC, Rauc, Rmax,
Rmin, t1/2, CL, Vss, and MRT.
In this phase Ib study, the efZicacy endpoint is the
proportion of patients achieving an objective tumor
response (ORR) after two cycles of therapy (week 8, Day
56). No formal hypothesis testing will take place for efZicacy
variables. Descriptive statistics will be provided by dose
level and overall.
The Objective Response Rate and its conZidence interval will
be calculated. Other safety and efZicacy data may be
summarized as deemed appropriate.
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LIST OF ABBREVIATIONS
AE
BSA
CR
CRA
CRF
CRO
DLT
EOS
EOT
FDA
GCP
HAFA
IEC
ICH
IL‐2
IR
IRB
i.v.
MTD
ORR
OS
PAS
PD
PFS
PID
PK
p.o.
PR
RD
SAE
ScFv
SD
TMF
TN‐C
WHO

Adverse Event
Body Surface Area
Complete Response
Clinical Research Associate
Case Report Form
Contract Research Organization
Dose Limiting Toxicity
End of Study
End of Treatment
Food and Drug Administration
Good Clinical Practice
Human Anti‐Fusion Antibodies
Independent Ethics Committee
International Conference on Harmonization
Interleukin‐2
Incomplete Response
Institutional Review Board
Intravenous
Maximum tolerated dose
Objective Response Rate
Overall Survival
Primary Analysis Set
Progressive Disease
Progression‐Free Survival
Patient IdentiZication
Pharmacokinetic
Per Os
Partial Response
Recommended Dose
Serious Adverse Event
Single Chain Fragment Variable
Stable Disease
Trial Master File
Tenascin ‐C
World Health Organization
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1. Investigators and study administrative structure
1.1 Sponsor
Sponsor’s study administrative structure
Responsibility Name/Institution Af6iliation / Address Phone/FAX/Email
Sponsor
Project Leader

CRO
Responsibility Name/Institution Af6iliation/Address Phone/FAX/Email
Medical
Regulatory
Statistics
Clinical
Operations
Drug safety
Noti6ication in case of Serious Adverse Events
Fax completed SAE Report Form to

1.2 Investigators
The study will be conducted in European Member State study centers only. For each
study centre, a Principal Investigator will be identiZied. Details on Investigators and
other site personnel for each participating site will be identiZied in the clinical trial
master Zile (TMF).
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2. Introduction
2.1 Background
2.1.1 Brain tumors
Central nervous system tumors rank Zirst among neoplasia types for the average
years of life lost.1 Approximately 13’000 deaths and 18’000 new cases of central
nervous system tumors occur annually in the US.2 Mortality rates are generally
similar to incidence rates in most geographical areas.3 The term “glioma” refers to
tumors of glial cell origin and includes astrocytomas, oligodendrogliomas,
ependimomas and mixed gliomas.4 They account for more than 70% of all brain
tumors and their prognosis is very poor.
Tumor type

WHO
grade

Diffusely inJiltrating astrocytic gliomas
Diffuse astrocytoma

II

Anaplastic astrocytoma

III

Glioblastoma

IV

Giant cell glioblastoma

IV

Gliosarcoma
Astrocytic gliomas with more circumscribed
growth
Pilocytic astrocytoma

IV

Pilomyxoid astrocytoma

II

Pleomorphic xanthoastrocytoma

II

Subependymal giant cell astrocytoma
Oligodendrogliomas and mixed gliomas

I

Oligodendroglioma

II

Anaplastic oligodendroglioma

III

Oligoastrocytoma

II

Anaplastic oligoastocytoma
Gliomas with ependymal differentiation

III

I

Subependymoma

I

Myxopapillary ependymoma

I

Ependymoma

II

Anaplastic ependimoma

III

Table 1: ClassiZication and grading of the main glioma subtypes according
to the WHO classiZication of tumors of the central nervous system.4
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They are divided into four grades of malignancy (Table 1). The term “malignant
glioma” indicates gliomas of WHO grade III (anaplastic) and IV (glioblastoma). From
1992 to 1997 in United States the incidence of anaplastic gliomas (astrocytomas,
oligodendrogliomas, ependymomas and mixed gliomas) was 1.02/100‘000 person/
year, with a mean survival at 5 years of 40%.3 Glioblastoma is the most frequent
(65% of all gliomas, incidence of 2.96%/100‘000 person/year from 1992 to 1997 in
USA) and also the most malignant histological type with a survival rate of 2.9% at 5
years.3,5 The prognosis of malignant gliomas continues to be dismal in spite of
progress made in the molecular characterization of the most frequent genetic
alterations of the disease.6 Even state‐of‐the‐art multimodality treatments, while
capable of substantially extending life expectancy, are not curative.7

2.1.2 Temozolomide
The current standard of care for patients with malignant glioma may include
surgery, radiotherapy and concurrent and adjuvant temozolomide.7 Temozolomide
is an oral alkylating drug that has demonstrated anti‐tumor activity as a single agent
in the treatment of recurrent glioma.8‐10 Temozolomide is indicated for newly
diagnosed glioblastoma patients in association with radiotherapy in the post‐
surgical period (75 mg/m2 p.o., daily for six weeks, during a focal radiotherapy
taking place Zive times/week for six weeks, for a total dose of 60 Gy), and alone for
the maintenance period (150‐200 mg/m2 p.o., on days 1‐5, every 28 days, for 6
cycles). Nevertheless, this treatment modality yields only a median survival beneZit
of 2.5 months, compared to adjuvant radiotherapy alone.7

2.1.3 F16IL2 immunocytokine
Conventional cytotoxic therapies of cancer often do not discriminate between tumor
and normal tissues. To achieve therapeutically relevant concentrations in the tumor
mass, large drug doses have to be administered to the patient, leading to a poor
therapeutic index and unacceptable toxicity to healthy tissues.11 The selective
delivery of therapeutic agents to the tumor site, using antibodies directed against
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tumor‐associated antigens, represents a promising strategy to overcome the
disadvantages of conventional cancer therapies.12‐14 Antigens that are expressed
around the tumor neovasculature are especially attractive targets for antibody‐
based pharmacodelivery applications due to their inherent accessibility for blood‐
borne agents and to the fact that angiogenesis is a characteristic feature of virtually
all aggressive solid tumors.15‐17 The possibility to deliver bioactive agents to the
subendothelial extracellular matrix using monoclonal antibodies speciZic to splice
isoforms of Zibronectin and of tenascin‐C has been extensively demonstrated.15,18‐25
In particular, derivatives of the human monoclonal antibodies L19 (speciZic to the
extra‐domain B of Zibronectin) and F16 (speciZic to the extra‐domain A1 of tenascin‐
C) have shown promising results that have led to the clinical development of Zive
immunocytokines and radioimmunoconjugates.17‐21,25‐27
Tenascin‐C (TN‐C) is an extracellular matrix glycoprotein whose overexpression is
associated with neoplastic tissues. The protein is centraloded for by a single gene
and it’s expression is regulated by a single promoter.28 Structurally different
isoforms, which are generated by alternative splicing of the TN‐C transcript, become
predominant and overexpressed in cancer stroma, while absent in normal adult
tissues.29
ScFv(F16) is a human recombinant antibody fragment in the scFv (Single chain
Fragment variable) format that is directed against the alternatively‐spliced A1
domain of tenascin‐C.30 F16‐IL2 is a fusion protein composed of the fully human
recombinant monoclonal antibody (F16) and the human recombinant interleukin‐2
(IL‐2).27 Both ScFv(F16) and F16‐IL2 selectively localize at tumor sites in animal
models, as demonstrated both histologically and during mechanistic studies
involving mice transfected with orthotopic human tumours.27
The marketed Proleukine® (adesleukin) human recombinant IL‐2 was approved by
the US FDA for the treatment of metastatic renal cell carcinoma (RCC) in 1992 and
received FDA approval for the treatment of metastatic melanoma in 1998. In RCC,
high‐dose IL‐2 regimens result in long‐lasting (>3 years) objective responses in up
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to 10% patients, and an overall partial response rate in up to 23%.31‐32
Unfortunately, the use of systemic IL‐2 for cancer therapy is limited by its rapid
clearance and by serious dose‐limiting toxicities.33 IL‐2 is most effective against
cancer when high intratumoral concentrations can be achieved, e.g. when injected
intratumorally.34 Using this approach, Radney et al. (2003) observed complete
responses of transdermally accessible cutaneous or soft tissue metastases in 15 out
of 24 melanoma patients (62.5%), with the longest remission lasting 38 months. In
5 patients, partial responses were achieved, and only 3 patients had progressive
disease.35 Intralesional inZiltration of IL‐2 in 245 metastatic melanoma tumors
caused complete responses in 209 (85%) cases, but no systemic toxicity. These
observations are in line with Kusnierczyk et al. (2004), who showed that a
combination of tumor necrosis, as a consequence of IL‐2 ‐mediated sustained
vascular leakage, and of IL‐2 ‐induced macrophage reaction at the tumor site,
enhances tumor‐speciZic immune responses.36
Novel approaches that selectively induce immune attack at tumor sites, while
minimising the known side effects of IL‐2, are necessary. Since tenascin‐C is
predominantly expressed in tumor tissues, targeted delivery of the anti‐cancer F16‐
IL2 immunocytokine to the tumor environment appears to be a particularly
promising strategy. It is unlikely and currently unknown, whether F16‐IL2 causes
damage to other organs. Pre‐clinical safety assessment has not indicated this to be
the case.27
Human cytokines have been linked to antibodies directed against tumor markers to
improve their therapeutic index and to decrease the cytokine‐associated toxicity. So
far, IL‐2 ‐based immunocytokines have been efZicacious in mouse tumor models.
19,26,37

Hu14.18, a humanized antibody recognizing the glycolipid GD2 on the surface

of melanoma and neuroblastoma tissue, and KS‐IL2, an antibody directed against
the human epithelial cell adhesion molecule EpCam, both coupled to IL‐2, have
already entered clinical studies.38‐40 In addition, Philogen (www.philogen.com) has
developed another human recombinant cytokine, L19‐IL2, which consists of a
monoclonal antibody in scFv format (L19) tethered to rh‐IL2. This molecule is
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directed against the ED‐B domain of Zibronectin, another marker of angiogenesis
expressed in a wide range of solid tumors, including hig‐grade gliomas.41‐43 During
phase I/II clinical studies, this biologic was shown to have a safety and tolerability
proZile similar to that of human recombinant IL‐2 and it has demonstrated early
signs of anti‐tumor activity.
These tumor‐targeting immunocytokines based on IL‐2 have been shown to mediate
a massive inZiltration of immune cells into the tumor mass, with Natural Killer cells
as the main mediator of therapeutic activity.19,27,41‐42

2.1.4 Temozolomide plus F16IL2 combination therapy
Combination therapy of IL‐2 with cytotoxic drugs has been suggested preclinically.
27,42

Microvascular proliferation is a characteristic feature of glioblastoma.4,43 SpeciZic
(alternatively‐spliced‐derived) isoforms of tenascin‐C are barely detectable or
undetectable in low‐grade gliomas, but extremely abundant in malignant gliomas
(anaplastic glioma grade III WHO and glioblastoma grade IV WHO), especially
around vascular structures and proliferating cells (Fig. 1).28 Radiolabeled
preparations of monoclonal antibodies speciZic for the A1 or to the D domain of
tenascin‐C have been investigated for the radio‐immunotherapy of patients with
glioblastoma.31‐34
In our studies, the biodistribution of immunocytokine F16‐IL2 displayed a
preferential accumulation in the tumor 24h after injection (2.3% ID/g), with a
tumor‐to‐blood ratio of 11.5, and with good tumor‐to‐organ ratios (Fig. 2).44
During experiments involving mice transplanted with human subcutaneous and
orthotopic U87MG glioblastoma, administration of temozolomide and F16‐IL2 in
combination dramatically reduced tumor growth in a more pronounced manner
than if either drug was given individually (Fig. 3).44 Subcutaneous glioblastoma
bearing mice were completely cured by the combination treatment and remained
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tumor‐free for over 160 days, whether all mice of the F16‐IL2 group and 3 out of 5
mice of the temozolomide group had a tumor relapse within 3 months from the
treatment conclusion (Fig. 3A).44

Fig. 1. Immunohistochemical analysis of U87MG human glioblastoma xenografts and of human
glioblastoma surgical specimens using the F16 antibody, speciZic to the extra‐domain A1 of
tenascin‐C, and the L19 antibody, speciZic to the extra‐domain B of Zibronectin (serial tissue
sections). Both antibodies stained considerably tumor perivascular structures. In negative controls
(NC) the primary antibody was omitted. Scale bars indicate 100 μm. Picture from Pedretti et al, Br J Cancer 2010.

Orthotopic glioblastoma bearing mice treated with the combination of
temozolomide plus F16‐IL2 experienced a dramatic tumor reduction (73%),

138

compared to those treated with the single agents (45% tumor size reduction for
temozolomide alone and 29% for F16‐IL2 alone) (Fig. 3B).44 In a second study with
intracranial glioblastoma bearing mice, the better survival outcome was conZirmed
for animals of the combination group (Fig. 3C).44 This data suggest that the
combination of temozolomide with the immunocytokine F16‐IL2 improves the anti‐
tumor activity of both individual compounds and may result in an efZicacious
therapy.
Fig. 2. Quantitative
biodistribution
analysis of the
radiolabeled F16‐IL2
fusion protein in nude
mice with U87MG s.c.
tumors. A preferential
accumulation in the
tumor was observed
24h after injection
(2.3% ID/g), with a
tumor‐to‐blood ratio of
11.5 and with excellent
tumor‐to‐organ ratios.
Picture from Pedretti et al, Br J
Cancer 2010.

Both in subcutaneous and intracranial U87MG xenografts, the immunocytokine F16‐
IL2 promoted the recruitment of leukocytes into the glioblastoma lesions (Fig. 4),44
in analogy to what previously observed for other immunocytokine therapies of mice
with solid and hematologic malignancies.18‐19,25,27,42 The eradication of glioblastoma
xenografts following treatment with temozolomide plus F16‐IL2 supports the anti‐
cancer role of effector immune cells. We further demonstrated that the fusion
protein F16‐IL2 is able to cross the blood‐brain barrier and to accumulate at
intracranial glioblastomas in the same manner as in subcutaneous tumors (Fig. 5).44
Finally, we found a clear increase in apoptosis and the complete suppression of
proliferation in the F16‐IL2 plus temozolomide combination treatment group, this
supporting a cytostatic plus cytotoxic explanation of the therapeutic efZicacy (Fig.
6).44
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Fig. 3. A: Preclinical therapy study with subcutaneous U87MG human glioblastoma xenografts. The
treatment regimen consisted of Zive total administrations, every third day, of 0.525 mg
temozolomide, 20 μg F16‐IL2, the combination of F16‐IL2 and temozolomide (same doses), or
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placebo. The combination therapy group exhibited the highest therapeutic beneZit with a complete
remission of the animals, which remained tumor‐free for over 160 days. B: Preclinical therapy
study, using intracranial U87MG human glioblastoma xenografts. The same therapeutic schedule of
the subcutaneous study was used. The combination of F16‐IL2 with temozolomide exhibited the
highest therapeutic beneZit. Pairwise comparisons between the combination therapy group and
temozolomide alone (P = 0.009), F16‐IL2 alone (P = 0.001), or the control group (P < 0.001) were
calculated using the Student’s t‐test and resulted signiZicant. (I) Photograph of a mouse hemisphere
with tumor, imaged from two sides. (II) Tumor volumes at day 25 from treatment beginning (13
days after the last drug administration), expressed as average +/‐ standard deviation. C: Survival
study using intracranial U87MG human glioblastoma xenografts, with the same therapeutic
schedule of the previous subcutaneous and intracranial studies. Results indicate a longer survival
for the combination treatment group (combo vs. TMZ: P < 0.002; combo vs. F16‐IL2: P < 0.002;
combo vs. control: P < 0.0001). Picture from Pedretti et al, Br J Cancer 2010.

Fig. 4. ImmunoZluorescence analysis of tumor‐inZiltrating immune cells and of microvascular
density in the subcutaneous (A) and intracranial (B) glioblastoma models, 24h after the third
injection of the therapeutic agents. The F16‐IL2 + temozolomide treatment groups show the largest
increase in the inZiltration of leukocytes and in particular of Natural Killer cells and macrophages
(serial tissue sections). Scale bars indicate 100 μm. Picture from Pedretti et al, Br J Cancer 2010.
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Fig. 5. ImmunoZluorescence analysis of
the F16‐IL2 fusion protein localization in
subcutaneous (A) and intracranial (B)
glioblastoma xenografts, 24h after the
third injection of the therapeutic agents
(serial tissue sections). Scale bars
indicate 100 μm. Picture from Pedretti et al, Br J
Cancer 2010.

Fig. 6. ImmunoZluorescence analysis of apoptosis and proliferation in subcutaneous
glioblastoma xenografts, 24h after the third injection of the therapeutic agents. Results show a clear
increase of apoptosis and the complete suppression of proliferation in the combination F16‐IL2 +
temozolomide treatment group. Scale bars indicate 50 μm. Picture from Pedretti et al, Br J Cancer 2010.
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2.2 Rationale for the study & riskbene6it assessment
The optimal treatment regimen for malignant gliomas remains uncertain.
A clinical phase Ib study of the tumortargeting human F16IL2 monoclonal
antibodycytokine fusion protein in combination with temozolomide in
malignant glioma patients at relapse appears to be justi6ied for the following
reasons:
1) Temozolomide is the current standard of care for newly diagnosed
glioblastoma patients upfront, in association with radiotherapy in the post
surgical period and alone for the maintenance period, and for relapse.7, 9
2) IL‐2 given as high‐dose monotherapy is only moderately effective in renal cell
cancer (RCC) patients. However, long‐lasting remissions can be achieved in a
minority of patients, which was not seen with any other type of therapy including
modern tyrosine kinase inhibitors such as sorafenib and sunitinib. Single‐agent
IL‐2 given intravenously or subcutaneously is considered to have a rather low
anti‐tumor activity in other solid cancers. Systemic IL‐2 in combination with
different multi‐agent chemotherapy protocols, with or without the inclusion of
interferon‐alpha, was studied in the context of Phase II clinical trials on small
series of melanoma,45‐47 hepatocellular cancer,48 gastric cancer,49 non‐small‐cell
lung cancer,50 soft tissue sarcoma,51 neuroblastoma,52 and acute leukemia
patients.53 In general, IL2, given prior, post or in parallel to chemotherapy,
added to the overall anticancer activity of the treatment regimens.
3) Novel approaches that selectively induce immune attack at tumor sites, while
minimizing the known side effects of IL‐2, are necessary.19, 41 Since tenascin‐C is
predominantly expressed in tumor tissues, and strongly in high‐grade gliomas,28,
30

targeted delivery of the anticancer F16IL2 immunocytokine to the

tumor environment appears to be a particularly promising strategy. It is
unlikely and currently unknown, whether F16‐IL2 causes damage to other organs.
Pre‐clinical safety assessment has not indicated this to be the case.27
4) Both F16IL2 and L19IL2, another tumortargeting immunocytokine
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developed by Philogen, have been tested as monotherapy and have entered
Phase I/II clinical trials in combination with different cytotoxic drugs.
5) The combination and simultaneous administration of F16IL2 with
temozolomide to malignant glioma patients could result in improved anti
tumor ef6icacy, based on the signi6icant preclinical data.44
The primary purpose of this phase Ib study is to deZine a safe and potentially more
active treatment regimen of temozolomide combined with F16‐IL2 (escalating
doses) for malignant glioma patients at relapse. In addition, early signs of antitumor
responses of the F16‐IL2 plus temozolomide regimen will be assessed and
compared to historical controls.
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3. Study objectives
3.1 Primary objectives
To determine the maximum tolerated dose (MTD) and recommended dose (RD) of
human F16‐IL2 in combination with temozolomide in patients with malignant
glioma at relapse.

3.2 Secondary objectives
1) To investigate the pharmacokinetic properties of F16‐IL2 when given in
combination with temozolomide.
2) To investigate the induction of human anti‐fusion protein antibodies (HAFA).
3) To investigate early signs of anti‐tumor activity of F16‐IL2 combined with
temozolomide.

4. Overview of methodology and design
4.1 Study design
This is an open‐label, single‐arm, multi‐center, phase Ib study of F16‐IL2 in
combination with temozolomide.
The rationale for combining temozolomide with the immunocytokine F16‐IL2 has
been outlined in section 2.2, pg. 143‐144.
This study is designed to achieve two objectives:
1)

to verify the recommended dose (RD) of F16‐IL2 when given in combination to
temozolomide;

2)

to verify whether the standard dose of temozolomide (150 mg/m2 p.o., on days
1‐5, every 28 days) can be safely administered in combination with F16‐IL2.
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Temozolomide
(mg/m2)

F16IL2
(MioIU)

Cohort 1

150

5

Cohort 2

150

10

Cohort 3

150

15

Cohort 4

150

22.5

Table 2: Dosages of F16‐IL2 and temozolomide.
Timing of Treatment

Drugs

Week

Day

F16IL2*
X

1

1
2
3
4
5
6
7

X
X
X
X
X

X

2

1
2
3
4
5
6
7

X
X
X
X
X

X

3

1
2
3
4
5
6
7

X
X
X
X
X

X

4

1
2
3
4
5
6
7

X
X
X
X
X

Cycle 1**

Temozolomide

Table 3: Scheduling of F16‐IL2 and temozolomide. * Treatment with F16‐IL2 is a
60‐min i.v. infusion (with perfusor). ** Subsequent treatment cycles will only be
undertaken by those patients who demonstrate objective tumor response or stable
disease at week 8.

To achieve this, the dosage of F16‐IL2, to be associated to the standard dose of
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temozolomide, will be escalated in 4 sequential cohorts of 3‐6 patients. Dosages and
scheduling of F16‐IL2 and temozolomide are detailed in Tables 23 (pg. 149). In
total, from 12 to 24 patients are expected to be necessary to deZine the
recommended dose of F16‐IL2 to associate to temozolomide administration.
Safety evaluations performed on days 1 through 28, including AEs, SAEs and
standard laboratory assessments graded according to the NCI‐CTCAE, v3, will be
used for determination of dose limiting toxicity (DLT; see section 6). Tumor
response will be assessed at week 8 (Day 56), and thereafter after each cycle of
therapy. Patients with stable or responding disease at week 8 may receive additional
cycles of F16‐IL2 and temozolomide for a maximum of 6 cycles of experimental
therapy in total. Treatment will terminate at the earliest of the following: disease
progression, unacceptable toxicity/intolerability, discontinuation of either F16‐IL2
or temozolomide for two consecutive doses, discontinuation of either F16‐IL2 or
temozolomide for three non consecutive doses, or withdrawal of consent. Patients
will be followed for one year, or until disease progression or withdrawal of consent,
whichever occurs Zirst.

Pharmacokinetics (PK), formation of human anti‐fusion

protein antibodies (HAFA) and preliminary efZicacy outcomes will also be
assessed.

4.2 Study drugs
F16‐IL2, the investigational study drug. For further details see section 6.
Temozolomide, considered a concomitant chemotherapy, will be administered as
outlined in section 7.

4.3 Study organisation
Patients will be enrolled at up to 3 active study sites in the EU.

4.4 Type of control
Not applicable.
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5. Study population
5.1 Description
All relapsing malignant glioma patients amenable to a treatment with temozolomide
(anaplastic astrocytomas, oligodendrogliomas and mixed gliomas grade III WHO, or
glioblastoma grade IV WHO) and deemed suitable for a combination therapy with
F16‐IL2 plus temozolomide by the Principal Investigator.

5.2 Inclusion criteria:
‐ patients with anaplastic astrocytoma, oligodendroglioma, mixed glioma (grade III
WHO), or glioblastoma (grade IV WHO), histologically proven, with documented
relapsing lesions (according to the local radiologist) after previous surgery,
radiotherapy or combination chemo‐radiotherapy and amenable to
temozolomide treatment;
‐ patients who are not amenable to radiotherapy or surgery, such as multifocal
disease, can be entered in the study;
‐ one prior chemotherapy or radio‐chemotherapy is allowed and should be
completed for at least 4 weeks before the beginning of the new combination
treatment (F16‐IL2 + temozolomide);
‐ patients can be entered in the study at earliest one month after any surgery;
‐ it is advised to have a bi‐dimensional image of the glioma lesions, based on CT or
MRI scan, done within two weeks before the beginning of the F16‐IL2 +
temozolomide treatment (McDonald’s criteria);
‐ all acute toxic effects (excluding alopecia) of any prior therapy (including surgery,
radiation therapy, chemotherapy) must have resolved to National Cancer
Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) (v3.0)
Grade ≤ 1;
‐ patients must have sufZicient hematologic, liver and renal functions:
‐ absolute neutrophil count (ANC) ≥ 1.5 x 109/L, platelets ≥ 100 x 109/L, haemoglobin
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(Hb) ≥ 9.5 g/dl;
‐ alkaline phosphatase (AP), alanine aminotransferase (ALT) and or aspartate
aminotransferase ≥ 3 x upper limit of reference range (ULN), and total bilirubin ≥ 2.0
mg/gL unless liver involvement by the tumor, in which case the transaminase levels
could be up to 5 x ULN;
‐ creatinine ≥ 1.5 ULN or 24 h creatinine clearance ≤ 50 mL/min.

‐ life expectancy must be of at least 12 weeks;
‐ a documented negative test for human immunodeZiciency virus has to be
provided;
‐ women of childbearing potential have to show a negative serum pregnancy test
performed up to 14 days before the scheduled starting treatment day. If of
childbearing potential, agreement to use adequate contraceptive methods (e.g.,
oral contraceptives, condoms, intrauterine contraceptive devices, or sterilization)
beginning at the screening visit and continuing until 3 months following last
treatment with study drug has to be concluded;
‐ a personally signed and dated Ethics Committee‐approved Informed Consent
form indicating that the patient (or legally acceptable representative) has been
informed of all pertinent aspects of the study has to be provided;
‐ the patient has to show willingness and ability to comply with the scheduled
visits, treatment plan, laboratory tests and other study procedures.

5.3 Exclusion criteria
Patients should be excluded from the study if, at the time of enrolment, they have
any of the following:
‐ presence of any unstable systemic disease, active uncontrolled infection (e.g.,
requiring antibiotic therapy) or other severe concurrent disease, which, in the
opinion of the Investigator, would place the patient at undue risk or interfere
with the study;
‐ previous or current malignancies at other sites, with the exception of
malignancies that were diagnosed at least 5 years earlier without evidence of
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active disease or recurrence;
‐ chronic active hepatitis;
‐ active autoimmune diseases;
‐ severe rheumatoid arthritis;
‐ uncontrolled hypertension;
‐ recovery from major trauma including surgery within 4 weeks of administration
of study treatment;
‐ known history of allergy to IL‐2, temozolomide, or other intravenously
administered human proteins/peptides/antibodies;
‐ pregnancy or breast feeding. Female patients must agree to use effective
contraception, or be surgically sterile or postmenopausal. The deZinition of
effective contraception will be based on the judgment of the Principal
Investigator or a designated associate;
‐ chemotherapy (standard or experimental) or radiation therapy within 4 weeks of
the starting administration of study treatment;
‐ previous in vivo exposure to monoclonal antibodies for biological therapy in the 6
weeks before administration of study treatment;
‐ growth factors or immunomodulatory agents within 7 days of the administration
of study treatment;
‐ patient requiring or taking corticosteroids or other immunosuppressant drugs
on a long‐term basis. Limited use of corticosteroids to treat or prevent acute
hypersensitivity reactions is not considered an exclusion criterion;
‐ any conditions that in the opinion of the Investigator could hamper compliance
with the study protocol.

5.4 Withdrawal & replacement criteria for treatment
Patients will be scheduled to receive consecutive treatment courses. However,
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termination from either the study or study treatment for an individual patient may
occur under certain circumstances.
Patients must be withdrawn from the study if consent for further participation is
withdrawn. Every patient has the right to refuse further participation in the study at
any time and without providing reasons. A patient's participation is to be
terminated immediately upon his/her request. The Investigator should seek to
obtain the reason and record this in the medical record and in the study
documentation on the CRF.
Patients must be withdrawn from the study treatment if any of the following occur:
‐ overall response of “progressive disease” (PD) according to McDonald’s criteria at
any evaluation;
‐ unacceptable toxicity caused by F16‐IL2, temozolomide, or the combination of
both. See Section 7.1 for temozolomide dose modiZications. Temozolomide dose
adjustments are preferred to omission of a full dose. Patients must be withdrawn
from the study treatment if during induction, at least 2 full consecutive doses of
temozolomide are withheld due to toxicity;
‐ hypersensitivity reactions Grade 3 or higher in spite of counteractive measures;
‐ persisting Grade 1 renal toxicity if creatinine ≥ UNL at baseline or persistent
worsening of grade compared with baseline;
‐ occurrence of serious adverse events (SAE) not compatible, in the Investigator’s
opinion, with the continuation of patient participation in the study;
‐ use of non‐permitted concurrent therapy;
‐ non‐compliance with the study drug;
‐ missing of >1 F16‐IL2 application and >1 temozolomide dose, during the Zirst 2
cycles of therapy;
‐ receipt of any investigational agent other than F16‐IL2;
‐ pregnancy or refusal to use appropriate contraception. Note: patients who have
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been withdrawn from study drug treatment because of pregnancy should not
undergo CT or MRI scans while pregnant;
‐ non‐attendance of study visits: study medication must be withdrawn if a patient
does not attend two consecutive scheduled study visits without a major reason
agreed upon by the Sponsor/Principal Investigator;
‐ lost to follow‐up;
‐ any inter‐current conditions that preclude continuation of study treatment.
Patients may be withdrawn from the study under the following circumstances:
‐ physician’s clinical judgment (an explanation must be provided);
‐ serious adverse event. The termination of an individual's participation should be
considered in case of a serious adverse event (SAE) or considerable worsening of
the patient's clinical symptoms;
‐ the development of conditions that would have prevented a patient’s entry into
the study.
Withdrawal in such cases remains at the discretion of the Investigator after
consultation with the study Manager. The reasons are to be fully documented.
The study site must notify the study Manager or the CRO whenever study drug is
permanently discontinued for a patient and whenever a patient is withdrawn from
the study. Patients who prematurely discontinue study drug treatment will be asked
to return to the study site for end‐of‐treatment (EOT) evaluations (see Section 8.3).
In addition, the patient will be followed per the Investigator’s standard clinical
practice in an attempt to ascertain the date and underlying cause of death.
Study cancellation
At the discretion of the Sponsor, the entire study may be cancelled for medical
reasons. In addition, the Sponsor retains the right to terminate the study at any time
if the study cannot be carried out as agreed upon in the protocol. In case of
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premature termination or suspension of the study, the study Manager will promptly
inform the Investigator/institutions, Regulatory Authorities and IEC/IRBs of the
termination or suspension and the reason for that.
Patient replacement criteria
Patients who are enrolled but not treated as per protocol through Day 29 or who
withdraw prior to Day 29 for reasons other than development of a DLT, may be
replaced.

5.5 Patient screening and enrollment
From the individual study center’s patient population, the Investigator will identify
and approach potential candidates for the study.
After signing the informed consent form, each patient will be assigned a unique
multi‐digit PID (patient identiZication) number for unambiguous identiZication. A
patient will be considered registered in the study when he/she has signed the
informed consent form. This will occur prior to any screening evaluations.
Patients who successfully complete the screening evaluations and are eligible for
participation in the study will be considered enrolled. Patients who do not
successfully complete the screening evaluations will be considered screen failures.
Screen failure patients may be re‐screened once at a later date if the Investigator
considers this appropriate. In this case the patient will be assigned a new PID
number. The Investigator will record all patients screened and enrolled in a
screening/enrollment log provided by the Sponsor.

6. Study drug
6.1 Study drug and comparators
F16‐IL2 is a novel therapeutic and as such the RD or MTD are not known at present.
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However, F16‐IL2 is very similar to another fully human recombinant monoclonal
antibody (L19‐IL2), being developed by the Sponsor, which is currently in phase II
clinical development. This therapeutic antibody, which consists of a monoclonal
antibody (L19) directed against the alternatively spliced extra‐domain B (EDB) of
Zibronectin tethered to human interleukin‐2 (IL‐2) has an MTD and a RD of 22.5
MioIU (IL‐2 equivalents) when administered in a cyclical regimen on Days 1, 3 and 5
of a 21‐day cycle.
F16‐IL2 is a recombinant fusion protein composed of a fully human recombinant
monoclonal antibody (F16), against the alternatively spliced extra‐domain A1 of
tenascin‐C, and human recombinant interleukin‐2 (IL‐2). Tenascin‐C is an
angiogenesis marker common to most solid tumors, and highly expressed in
glioblastomas.
No comparators are used in this study.

6.2 Identity of study drug
The study drug, F16‐IL2, will be manufactured and imported according to the
requirements of Directive 2001/20/EC (1). F16‐IL2 will be supplied by Philogen in
pyrogen‐free 10 ml glass containers as liquid, sterile, apyrogenous solution
containing:
‐ 1.67 mg F16‐IL2, corresponding to 10 Mio IU of IL‐2;
‐ 50 mM Mannitol;
‐ 100 mM Sodium Chloride;
‐ 20 mM Hepes;
‐ 5 mM EDTA;
‐ 0.1% (W/V) Polysorbate 20;
‐ 1.5% (W/V) Glycerol.
The glass containers of study drug must be stored at ‐80° C until ready for use.
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The appropriate dose of F16‐IL2 will be diluted into 50 ml of 0.9% sterile sodium
chloride solution (physiologic solution). A 50 ml syringe that Zits into an automated
infusion pump will be Zilled with the diluted F16‐IL2 solution. Using an infusion
pump, the F16‐IL2 solution will be automatically delivered over 60 minutes, either
via a small catheter inserted into a suitable arm vein or directly into a central line (if
available).

6.3 Administration
F16‐IL2 will be infused intravenously over 60 minutes via automated device
(perfusor).
Temozolomide will be given orally with empty stomach (for example 1h before
breakfast).
Further details regarding preparation, transport, storage and checks before
administration will be provided at the time of distribution to every clinical center
involved in the study.

6.4 Dose & schedule: induction therapy
Cohorts of 3‐6 patients will receive treatment at one of the dose levels established in
Table 2 (pg. 149), according to the schedule described in Table 3 (pg. 149).
Rules for dose escalation and determination of maximum tolerated dose
(MTD)
Dose‐limiting toxicity (DLT):
‐

brain oedema;

‐

intracerebral haemorrhage;

‐

intracranial hypertension;

‐

neurologic disorders (initiated or augmented after the beginning of the
treatment);
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‐

grade 4 thrombocytopenia or grade 3 thrombocytopenia with ≥grade 3
haemorrhage;

‐

grade >2 renal toxicity (creatinine, blood urea nitrogen [BUN]) if unresolved
within 1 week;

‐

grade ≥2 hypoproteinaemia, hypoalbuminaemia, general oedema, proteinuria,
dyspnoea, hypotension, hypoxia (decreased O2 saturation at rest) or any other
signs/symptoms of acute capillary leak syndrome;

‐

grade ≥3 non‐haematological toxicity (including diarrhoea, nausea and
vomiting, despite maximal supportive therapy), excluding grade ≥3 transient
(<10 days) transaminase elevation with no concurrent symptoms;

‐

grade ≥2 non‐haematological toxicity (including diarrhoea, nausea and
vomiting that that does not resolve within 1 week);

‐

failure to recover to grade ≤1 toxicity (excluding alopecia) after delaying the
initiation of the next cycle by a maximum of 2 weeks (>35 days from Day 1);

‐

failure to deliver any of the doses due to toxicity;

‐

failure to re‐treat the patient on the second cycle due to toxicity.

Procedure:
treat 3 patients at dose levelk (lower dose level);
1) if 0/3 patients develops a DLT, proceed to dose levelk+1;
2) if 1/3 patient develops a DLT, add 3 additional patients to dose levelk;
3) if 1/6 develops a DLT, proceed to dose levelk+1;
4) if > 1/6 develop a DLT, then dose levelk‐1 will be declared the MTD. If dose levelk is
the initial dose level, then it will be determined that there is no safe dose of F16‐
IL2 in the anticipated dose range and a dose levelk‐1. A level below the initial dose
level should be tested.
If possible, treat the patients of each cohort with some days of difference in
order to observe eventual DLT before treating the entire cohort!
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6.5 Dose & schedule: continuing therapy
Patients with stable or responding disease after two cycles of treatment (week 8)
may undergo additional cycles of therapy.
Dose: the additional therapy should be the dose to which the particular patient was
assigned during the F16‐IL2 dose escalation phase/part of the study (Table 2, pg.
149). No intra‐patient dose escalation is allowed.
Schedule: the schedule of Table 3 (pg. 149) will be followed for a maximum of 6
cycles of treatment (each cycle is 28 days). Tumor assessment and patient
tolerability will be performed every additional cycle and treatment will be
terminated should any of the following events occur: completion of 6 cycles of
combination therapy, disease progression, unacceptable toxicity/intolerability or
withdrawal of patient consent.

6.6 Rationale for unusual or novel approaches
Not applicable.

6.7 Blinding
Not applicable.

6.8 Treatment modi6ications
During the Zirst two cycles, no dose modiZications or omissions of F16‐IL2 are
allowed and any patient who omits one dose of F16‐IL2 must be replaced except in
the case of a missed dose due to dose limiting toxicity (DLT).

7. Therapies other than study drug
7.1 Protocolspeci6ied concomitant therapies
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Temozolomide
Temozolomide (Temodal® in EU and Temodar® in USA) is manufactured by
Schering‐Plough Corporation and is available in 5, 20, 140, 180 and 250 mg rigid
capsules.
Dosage and administration: temozolomide is administered orally, on days 1‐5, every
28 days (23 days of break) with empty stomach for a maximum of 6 cycles of
therapy. The dose is 150 mg/m2 pro administration:
‐ up‐front, for the concomitant radio‐chemotherapy;
‐ up‐front, for the maintenance therapy, when a previous treatment with
temozolomide exists;
‐ for the therapy of relapsing gliomas, always when a previous treatment with
temozolomide exists.
If patients were not treated with temozolomide previously, they may receive 200
mg/m2 pro administration (same schedule of treatment on days 1‐5, every 28 days)
if the treatment is not concomitant with radiotherapy.
Dose modi6ications of temozolomide
If a patient experiences a DLT (or an upper Grade 3 toxicity) deemed clinically
signiZicant by the Principal Investigator, the dose may be reduced according to the
Manufacturer’s instructions. Any patients who require a dose reduction will be
treated with the reduced doses in subsequent cycles.
Premedication for F16IL2 or temozolomide
Standard pre‐medication will be required for both drugs. In addition, medical
personnel should be prepared to treat any infusion reaction(s) that may occur
during or after the F16‐IL2 infusion. If an infusion reaction occurs, the Investigator
is free to select the most appropriate pre‐medication for subsequent administration
of therapy for that patient based upon the type and severity of the infusion reaction
observed.
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7.2 Other concomitant therapy
All concomitant therapy given will be recorded in the medical record.

7.2.1 Permitted concomitant therapy:
‐ all medications needed for pre‐existing diseases;
‐ all medications for diseases or conditions arising during the study;
‐ prophylactic anti‐emetic treatments must be used according to local guidelines
or standards if indicated in the opinion of the Investigator;
‐ hematopoietic growth factors (G‐CSF, GM‐CSF, erythropoietin, or related
hematopoietic support factors) may be used as per their approved package
inserts, if deemed appropriate by the Investigator;
‐ approved (i.e., not investigational) agents according to local guidelines and/or
standards for evaluation and treatment.

7.2.2 Not permitted concomitant therapy during the study:
‐ anti‐cancer cytotoxic or non‐cytotoxic therapy other than that speciZied in the
protocol;
‐ any therapy known to adversely affect temozolomide clearance;
‐ treatment with any investigational agent other than F16‐IL2;
‐ concomitant corticosteroids or other immunosuppressant drugs on a long‐term
basis are not allowed. Limited use of corticosteroids to treat or prevent acute
hypersensitivity reactions is acceptable.

7.3 Poststudy therapy
After completing their study participation, patients may continue to receive
standard medical care at the discretion of the patient’s physician.
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8. Schedule of evaluations and visit description
8.1 Schedule of evaluations and 6low chart
Procedure
Week, Day
W1 W2 W3
Relative to 1° Baseline
1
8 15
dose
Clinic Visit
X
X
X
X
Background
Informed
X
consent
Inclusion &
exclusion
X
criteria
Demography
X
Medical &
surgical
X
history
Medication
X
history
Baseline
X
X
Zindings
Inclusion of
X
patient
Concomitant
→
→ → →
meds2
Physical
Exam
Height
X
X
Weight
X
X
X
X
BSA
X
X
X
calculation
Vital signs
X
X
X
X
Performance
X
X
X
X
status
Full physical
X
X
X
X
exam
Adverse
→ → →
events
Laboratory Assessments
and Procedures
Hematology
X
X
X
X
Chemistry
X
X
X
X
Coagulation
X
X
X
X
Liver function
X
X
X
X
Urinalysis
X
X
X
X
Pregnancy test
X
HAFA
X
PK
X
X
X
CEA and CIA
X
TSH, FT3, FT4
X

W4 W5 W6 W7 W8 W8
22 29 36 43 50 56
X

X

X

X

X

X

→

→

→

→

→

X

X

X

X

X

X

X

X

X

X

W9
57

End of
Follow‐
Treatment up1
X

X

→

→

→

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

→

→

→

→

→

→

→

→

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X

X

X

X
X
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if eligible,
continue
to
successive
therapy

Tumor Evaluation
MRI or CT3
X
McDonald’s
X
evaluation

X

X

X

X

Table 4: Schedule of evaluations, Induction Treatment (Cycles 1 and 2).

Week, 9 10 11 12 12 13 14 15 16 16 17 18 19 20 20 21 22 23 24 EoT
FU1
Day
57 64 71 78 84 85 92 99 106 112 113 120 127 134 140 141 148 155 162 168
Clinic
X
Visit
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Conc. →
meds2
PHYS.
EXAM
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BSA
X
Vital
X
signs
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X
status
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X
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Adv. →
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Coag.
Liver
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TUM.
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CT3
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Table 5: Schedule of evaluations and patients eligible for subsequent cycles.
1

Follow‐up examination must be performed for approximately 5 weeks (30 to 37 days) after the
last dose of F16‐IL2/temozolomide. Follow‐up for disease progression will be every 8 weeks until
demonstration of disease progression, beginning of treatment with another anti‐cancer agent, or for
a maximum of 12 months after last dose of study drug.
2

Concomitant medications (anti‐emetics, pain medications...) will be documented weekly.

3

MRI or CT scan (at the discretion of the Investigator, but must be same scan as was used at
baseline!): to be performed at baseline and at week 8. If response is noted, must be conZirmed with
a repeat scan at least 4 weeks but no more than 5 weeks after Zirst declaration of response.
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8.2 Visit description
The Investigative Team at each study site will be responsible for performing all
evaluations and recording information in the medical record as well as completing
CRFs. When possible, the same personnel should perform all evaluations for a given
patient.
Scheduled visits
Study visits are scheduled as in‐person visits at the study center clinic. Every
attempt should be made to schedule clinic visits on the day stipulated for evaluation.
The following deviations from the visit schedule are acceptable:
Day 28:

28 days ± 3 days after beginning of the treatment

Day 29:

1 day after Day 28

Day 43:

2 weeks ± 3 days after Day 29

Day 56:

56 days ± 3 days after beginning of the treatment

Day 57:

1 day after Day 56

Day 71:

2 weeks ± 3 days after Day 57

Day 84:

84 days ± 3 days after beginning of the treatment

Months 4 – 6:

monthly ± 7 days after Day 1
In this study, 28 days (4 weeks) will be considered to be one
month and correspond to 1 cycle of therapy.

Safety FU visit:

30 to 37 days after last dose (patients who discontinue
treatment).

Unscheduled visits
If deemed appropriate for individual patients, it is at the discretion of the
Investigator to arrange visits in addition to the scheduled visits described in this
section. The assessments to be performed during unscheduled visits will be at the
165

discretion of the Investigator and will depend on the reason for the unscheduled
visit.
Screening evaluations
After obtaining patient informed consent, screening evaluations and procedures
must be performed within 14 days prior to initiating study drug treatment.
At the screening visit, the following procedures and assessments will be performed:
1) informed consent;
2) demographic data;
3) medication history (including date and description of all prior anti‐neoplastic
therapy);
4) medical and surgical history:
‐ history of other advanced cancer
‐ history of allergies
‐ any previous disease or surgery
‐ other abnormalities (if indicated)
5) inclusion/exclusion criteria;
6) daily analgesic consumption;
7) tumor evaluation (McDonald’s criteria): pre‐study scans are acceptable if they
were taken within 2 weeks and if they yield sufZicient information for McDonald’s
evaluation;
8) assessment of baseline Zindings;
9) assessment of concomitant medications;
10) physical examination and vital signs (including height and weight);
11) blood sampling for standard safety laboratory examination, thyroid function
(TSH, FT3 and FT4), serum pregnancy test and HAFA;

166

12) urine sampling for standard safety laboratory examination.
Based on the information obtained from the above assessments (i.e., once all results
including laboratory and tumor evaluations are available), the patient’s eligibility
will be decided upon.
If eligible to participate in the study, study drug treatment must begin no later
than two weeks after the screening visit.
Treatment (see Text Tables 2 and 3 pg. 149, and 4 pg. 163)
Week 1 (Day 1):
‐

assessment of baseline Zindings;

‐

assessment of concomitant medications, including analgesics;

‐

focused physical examination and vital signs including height and weight, and
calculation of body surface area (BSA);

‐

administration of F16‐IL2 and temozolomide (temozolomide will be taken
orally by the patient on days 1‐5 of the Zirst week of each cycle of treatment,
corresponding here to Days 15);

‐

blood samples for pharmacokinetic (PK) analysis (see Section 9);

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis
‐ CEA, and CEA 19.9 determination

‐

recording of adverse events.
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Week 2 (Day 8):
‐

assessment of concomitant medications, including analgesics;



focused physical examination and vital signs including height and weight, and
calculation of body surface area;



administration of F16‐IL2;



blood samples for pharmacokinetic analysis (see Section 9);

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Week 3 (Day 15):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs including height and weight, and
calculation of body surface area;



administration of F16‐IL2;



blood samples for pharmacokinetic (PK) analysis (see Section 9);

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
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‐ urinalysis
 recording of adverse events.

Week 4 (Day 22):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs including height and weight, and
calculation of body surface area;



administration of F16‐IL2;



blood samples for pharmacokinetic (PK) analysis (see Section 9);

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Week 5 (Day 29):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs including height and weight, and
calculation of body surface area;



administration of F16‐IL2 and temozolomide (temozolomide will be taken
orally by the patient on days 1‐5 of the Zirst week of each cycle of treatment,
corresponding here to days 2933);

‐

laboratory testing:
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‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis


recording of adverse events.

Week 6 (Day 36):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs including height and weight, and
calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Week 7 (Day 43):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs including height and weight, and
calculation of body surface area;



administration of F16‐IL2;
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‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Week 8 (Day 50):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs including height and weight, and
calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Week 8 (Day 56):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs;

‐

laboratory testing:
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‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis


recording of adverse events;



MRI or CT evaluation of tumor (bi‐dimensional);



McDonald’s evaluation;



HAFA;



TSH, FT3 and FT4.

Additional therapy
Patients found to have stable or responsive disease after two cycles may continue
with additional cyclical therapy (see Text Table 5, pg. 164), for duration of up to 6
cycles of therapy in total.
Week 9 (Day 57):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



full physical exam;

 administration of F16‐IL2 and temozolomide (temozolomide will be taken
orally by the patient on days 1‐5 of the Zirst week of each cycle of treatment,
corresponding here to days 5761);


recording of adverse events.

Week 10 (Day 64):


assessment of concomitant medications, including analgesics;
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vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Weeks 11 (Day 71):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Weeks 12 (Day 78):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;
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administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Weeks 12 (Day 84):


assessment of concomitant medications, including analgesics;



focused physical examination and vital signs;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events;



MRI or CT evaluation of tumor (bi‐dimensional);



McDonald’s evaluation;



HAFA;



TSH, FT3 and FT4.
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Weeks 13 (Day 85):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



full physical exam;

 administration of F16‐IL2 and temozolomide (temozolomide will be taken
orally by the patient on days 1‐5 of the Zirst week of each cycle of treatment,
corresponding here to days 8589);


recording of adverse events.

Week 14 (Day 92):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Weeks 15 (Day 99):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;
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‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Weeks 16 (Day 106):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Weeks 16 (Day 112):


assessment of concomitant medications, including analgesics;



vital signs, including weight;

‐

laboratory testing:
‐ hematology
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‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis


recording of adverse events;



MRI or CT evaluation of tumor;



McDonald’s evaluation.

Weeks 17 (Day 113):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



full physical exam;

 administration of F16‐IL2 and temozolomide (temozolomide will be taken
orally by the patient on days 1‐5 of the Zirst week of each cycle of treatment,
corresponding here to days 113117);


recording of adverse events.

Week 18 (Day 120):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
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‐ liver function
‐ urinalysis


recording of adverse events.

Week 19 (Day 127):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Week 20 (Day 134):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
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‐ urinalysis


recording of adverse events.

Week 20 (Day 140):


assessment of concomitant medications, including analgesics;



vital signs, including weight;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events;



MRI or CT evaluation of tumor;



McDonald’s evaluation.

Week 21 (Day 141):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



full physical exam;

 administration of F16‐IL2 and temozolomide (temozolomide will be taken
orally by the patient on days 1‐5 of the Zirst week of each cycle of treatment,
corresponding here to days 141145);


recording of adverse events.
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Week 22 (Day 148):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Week 23 (Day 155):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.
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Week 24 (Day 162):


assessment of concomitant medications, including analgesics;



vital signs, including height and weight, and calculation of body surface area;



administration of F16‐IL2;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis



recording of adverse events.

Endoftreatment visit
The EOT visit will be either:
‐

the visit at which Objective Response is assessed as “progressive disease” or

‐

the last visit, for those patients who discontinue for other reasons or

‐

the Week 24 visit (Day 168).

Regardless of the actual duration of study participation for individual patients, all
efforts should be made to conduct all assessments and procedures scheduled for
this visit before withdrawal from the study.
The following evaluations will be conducted:


assessment of concomitant medications, including analgesics;



vital signs, including weight;



full physical exam;

‐

laboratory testing:
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‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis
‐ HAFA


recording of adverse events;



MRI or CT evaluation of tumor response;



McDonald’s evaluation.

If a patient withdraws from treatment prematurely and the last tumor evaluation
was less than 6 weeks from the end‐of‐treatment visit, no further tumor evaluations
will be required.
Safety followup visit
All patients discontinuing study treatment must attend a safety follow‐up visit 30‐37
days after the last dose of study treatment.
The following procedures and assessments will be performed:
‐ assessment of adverse events;
‐ assessment of concomitant medications;
‐ focused physical examination and vital signs;
‐ blood sampling for standard safety laboratory examination;
‐ urine sampling for standard safety laboratory examination.

8.3 Premature termination of the study
At the discretion of the Sponsor, the entire study may be cancelled for medical
reasons. In addition, the Sponsor retains the right to end the study at any time if the
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study cannot be carried out as agreed upon in the study protocol. In case of
premature termination, the Investigators, Ethics Committees and Regulatory
Authorities will be informed by the Study Manager.
Termination of the study at several levels may be decided (trial as a whole, at an
individual center, for an individual patient). Should the study be discontinued
prematurely at any level, all study materials (completed, partially completed, and
blank CRFs; study drugs; etc.) must be returned to the Sponsor.
Trial as a whole
The Sponsor retains the right to prematurely terminate the study as a whole at any
time if any of the following criteria are met:
‐ new toxicological or pharmacological Zindings or SAEs invalidate the earlier
positive beneZit/risk assessment;
‐ the study cannot be carried out as agreed upon in the protocol;
‐ in case that the Sponsor decides to discontinue the development of F16‐IL2, the
Sponsor would ensure that such a decision would not compromise the patients’
safety.
In case of premature termination of the study as a whole, the study Manager will
promptly inform the Investigator/Institutions, Regulatory Authorities and IRB/IECs
of the termination or suspension and the reason.
Individual study center
At any time, the trial may be terminated at an individual center if:
‐ the center cannot comply with the requirements of the protocol;
‐ it is not possible for the center to comply with standards of Good Clinical Practice
(GCP);
‐ the center's Zirst patient is not enrolled within 8 weeks after initiation of the
center.
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Individual patient
Individual patients may be withdrawn from the trial according to the criteria
speciZied in section 8.

8.4 Followup period
Patients will remain on treatment until the earliest of: disease progression, a
decision to take patient off‐treatment of either F16‐IL2 or temozolomide (see
Section 5), or end of study. A follow‐up exam must be performed approximately 5
weeks (30‐37 days) after the last dose of F16‐IL2 and/or temozolomide.
This exam will include:


assessment of concomitant medications, including analgesics;



vital signs, including weight;



full physical exam;

‐

laboratory testing:
‐ hematology
‐ chemistry
‐ coagulation
‐ liver function
‐ urinalysis
‐ HAFA



recording of adverse events;



MRI or CT evaluation of tumor response;



McDonald’s evaluation.

Follow‐up for disease progression will be every 8 weeks until demonstration or
disease progression, beginning of treatment with another anti‐cancer agent, or for a
maximum of 12 months after the last dose of study drug.
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Patients who experience any study drug‐related adverse event will be followed until
the adverse event resolves to ≤grade 1. This follow‐up will be performed for all
patients, including those who withdraw from study treatment. Patients will be
considered to have completed the treatment portion of this study once they
complete the end of treatment evaluation and all necessary follow‐up for adverse
events or serious adverse events. If possible, patients who discontinued study drug
for reasons other than disease progression or death will continue to have
radiographic imaging performed every 8 weeks until progression or death is
documented, or treatment with another anti‐cancer agent begins. In the event a
patient cannot or will not agree to continue radiographic imaging studies on the
above schedule, a radiographic imaging study should be performed at the end of
treatment evaluation, if the last assessment was obtained over 4 weeks prior to
study drug discontinuation.

9. Procedures and variables
Tumor outcome will be measured at week 8 (Day 56) and every 28 days (at the end
of each treatment cycle: Days 84, 112, 140, 168) thereafter for those patients who
demonstrate a positive response. McDonald’s criteria will be used to evaluate tumor
scans and to conZirm responses [Reference: MacDonald DR, Cascino TL, Schold SC, et
al. Response criteria for phase II studies of malignant glioma. J Clin Oncol
1990;8:1277– 80].

9.1 Description of the primary analysis set and if applicable the cases to
be excluded from the primary analysis
Primary analysis set (PAS): all patients with at least one intake of study drug.

9.2 Subgroup analysis, if planned
Not applicable.
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9.3 Primary variables
The primary variable for this phase I study is safety.

9.4 Secondary variables
Objective response rate (ORR)
The objective response rate is deZined as the proportion of patients with either CR
or PR as best overall response. The assignment of CR or PR status will be according
to McDonald’s Criteria (Appendix A). A status of CR or PR changes in tumor
measurements must be conZirmed by repeated assessments that should be
performed no less than 4 weeks or more than 5 weeks after the criteria for CR or PR
are Zirst met.
Progressionfree survival (PFS)
Progression‐free survival is deZined as the time between start of study treatment
and Zirst date of progression or death before progression.
Overall survival (OS)
Overall survival is deZined as the time between start of study treatment and death.
Patients who are lost to follow‐up will be censored at the time when last known to
be alive.

9.5 Safety
9.5.1 Safety variables
De6inition
The following deZinitions are based on Clinical Trial Directive 2001/20/EC and
guidelines, on guidelines of the International Conference on Harmonisation (ICH)
and on the Zinal rule issued by the Food and Drug Administration (FDA, effective
6 April 1998).
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Baseline 6indings
A baseline Zinding is deZined as any untoward medical condition in a study patient
who has signed the informed consent form but has not yet received the study drug.
This applies to (i) all events newly reported or observed during the pre‐treatment
phase and (ii) past events that cause acute complaints (e.g., acute exacerbation of
chronic diseases). Events already documented in the medical history and causing no
acute complaints should not be recorded (e.g., inactive hypersensitivity to pollen
during winter). This includes conditions stabilised by treatment.
By deZinition, a baseline Zinding cannot be causally related to temozolomide or F16‐
IL2; however, it may be causally related to the study (e.g., caused by study‐related
investigations).
Serious baseline 6indings
Each baseline Zinding has to be checked for its seriousness according to the criteria
for SAEs (Section 9). If found to be serious, the baseline Zindings must be handled in
the same way as any SAE.
Adverse event
Any untoward medical occurrence in a patient or clinical trial subject, administered
a medicinal product, which does not necessarily have a causal relationship with this
treatment (Directive 2001/20/EC).
Comment: an adverse event can therefore be any unfavorable and unintended sign
(including an abnormal laboratory Zinding), symptom, or disease temporally
associated with the use of an investigational medicinal product, whether or not
considered related to the investigational medicinal product (ENTR/CT 3 April
2006).
Adverse reaction of an investigational medicinal product
All untoward and unintended responses to an investigational medicinal product
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related to any dose administered (Directive 2001/20/EC).
Comment: all adverse events judged by either the reporting Investigator or the
Sponsor as having a reasonable causal relationship to a medicinal product qualify as
adverse reactions. The expression “reasonable causal relationship” means to convey
in general that there is evidence or argument to suggest a causal relationship
(ENTR/CT 3 April 2006).
Unexpected adverse reaction
An adverse reaction, the nature, or severity of which is not consistent with the
applicable product information (Directive 2001/20/EC‐ art. 2 §p; art 16 §1).
Comment: when the outcome of the adverse reaction is not consistent with the
applicable product, this adverse reaction should be considered as unexpected
(ENTR/CT 3 April 2006).
Serious adverse events
A serious adverse event (SAE) is classiZied as any untoward medical occurrence that
at any dose:
‐ results in death, or
 is life‐threatening (i.e., CTC Grade –4 toxicity [CTCAE Version 3.0]), or
 requires inpatient hospitalisation or prolongation of existing hospitalisation, or
 results in persistent or signiZicant disability/incapacity, or
 is a congenital anomaly/birth defect or
 is an important medical event.
The term “life threatening” in the deZinition refers to an event in which the patient
was at risk of death at the time of the event, it does not refer to an event that
hypothetically might have caused death if it were more severe.
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Hospitalisation
Any adverse event leading to hospitalisation or prolongation of hospitalisation will
be considered as Serious, UNLESS at least one of the following exceptions are met:
‐ the admission results in a hospital stay of less than 12 hours, or
 the admission is pre‐planned (i.e., elective or scheduled surgery arranged prior to
the start of the study), or
 the admission is not associated with an adverse event (e.g. social hospitalisation
for purposes of respite care).
However, it should be noted that invasive treatment during any hospitalisation may
fulZill the criteria of “medically important” and as such may be reportable as a
serious adverse event dependant on clinical judgment. In addition, where local
regulatory authorities speciZically require a more stringent deZinition, the local
regulation takes precedent.
Disability
Disability means a substantial disruption of a person’s ability to conduct normal
life’s functions.
Medical and scientiZic judgment should be exercised in deciding whether it is
appropriate to report an AE as serious also in other situations, such as important
medical events that may not be immediately life‐threatening or result in death or
hospitalisation but may jeopardise the patient or may require intervention to
prevent one of the other outcomes listed in the deZinition above. These should also
usually be considered serious. Examples of such events are intensive treatment in an
emergency room or at home for allergic bronchospasm, blood dyscrasias, or
convulsions that do not result in inpatient hospitalisation, or development of drug
dependency or drug abuse.
The Investigator should take appropriate diagnostic and therapeutic measures to
minimize the risk to the patient. Where appropriate, he/she should take diagnostic
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measures to collect evidence for clariZication of the relationship between the SAE
and F16‐IL2 with or without temozolomide.
Note! In this study:
‐ overnight hospitalisations occurring exclusively for logistical reasons (e.g., no
transportation available for the patient to return home on the same day or logistics
for frequent PK sampling);
‐ treatment, which was elective or pre‐planned, for a pre‐existing condition that is
unrelated to the underlying disease and did not worsen will not be recorded as
SAEs.
Differentiating between adverse events, baseline 6indings and medical history
In the following differentiation between medical/surgical history, baseline Zindings
and adverse events, the term “condition” may include abnormal physical
examination Zindings, symptoms, diseases or laboratory.
Conditions that started before signature of informed consent and for which no
symptoms or treatment are present until the Zirst administration of study drug are
recorded as medical/surgical history (e.g., seasonal allergy without acute
complaints).
Conditions that started before or after signature of informed consent and for which
symptoms or treatment are present between signature of informed consent and Zirst
administration of study drug are recorded as baseline Zindings (e.g., pollinosis, hay
fever).
Conditions that started or deteriorated after the beginning of the Zirst
administration of F16‐IL2 will be documented as adverse events.
In case the baseline Zinding is “continuing” into the treatment phase, no AE has to be
recorded if, after start of the F16‐IL2/temozolomide therapy, the event has the same
or milder pattern and intensity. In case of a worsening of either the pattern or the
intensity of an event under treatment, the event has to be documented as AE.
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At the end of the baseline phase, the intensity of an event should be entered using
the same categories as given for AEs. In case the event is concluded, the box ”none
(resolved)” should be ticked. If the event vanishes but recurs during treatment, an
AE with a start date of its recurrence should be entered.

9.5.2 Procedure
The Sponsor will designate a Company for Safety Surveillance.
The Investigator must submit a complete SAE Report for all serious adverse events,
regardless of a possible causal relationship, to the Safety Surveillance Company
immediately (at the latest within 24 hours of having gained knowledge of the
event). This report has to be recorded using the SAE Report Form provided by
Safety Surveillance Company, duly fulZilled and signed by the Investigator. The
Investigator is required to document in full the course of the SAE and any therapy
given, including any relevant Zindings/records in the report. The Investigator will
also inform the Safety Surveillance Company of the relevant follow‐up information
and the outcome of the SAE as soon as possible, and anyway within 24 hours of
having received information on the event using the standard Report Form.
Adverse events will be coded by the Safety Surveillance Company. For each AE, the
Sponsor will perform its own assessment of causal relationship and seriousness.
The clinical study report will contain narratives for all patients who experienced
SAEs.
Serious unexpected suspected ADRs that qualiZied for expedited reporting to
Regulatory Authority (Ethics Committees and Investigators) will be managed by the
Safety Surveillance Company according to currently approved European law
requirements (Directive 2001/20/EC and guidelines) or local legislation, taking into
consideration means and timelines for submission.
In addition to expedited reporting, periodical submission of line listings and annual
safety reports will be provided, according to law requirements, within the required
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timelines.

Noti6ication in case of Serious Adverse Events
Fax completed SAE Report Form to: fax ...
....
phone ...
mobile ...
email: ...
Documentation  Required information
Any AE (observed, volunteered, or elicited) has to be documented in detail as
indicated on the case report form (CRF). The following information is required:
‐ disease, signs, or symptoms characterizing the AE;
‐ date of onset (and time, if known);
‐ duration (the entire duration of an event or symptom, calculated from date of
onset and date of end);
‐ seriousness of the AE (“yes/no”). If “yes”, the Investigator has to complete, in
addition to the “Adverse Event Form” of the CRF, a special form provided by the
Sponsor (SAE report form);
‐ maximum intensity (deZinition follows);
‐ pattern (“every study drug administration”, “intermittent”, “continuous”, “other”).
The following items will be completed when the AE has ended, relevant changes
occur, or at the latest at end of the study:
‐ most relevant action with study drugs due to AE (“drug withdrawn”, “dose
reduced”, “dose not changed”, “not applicable”), and any other action taken by the
Investigator to resolve the adverse events (entered in free text), and further
details as appropriate;
‐

speciZic drug treatment of AE;

‐

speciZic non‐drug treatment of AE;
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‐

causal drug relationship (categories follow);

‐

outcome/status of the AE (“recovered/resolved”, “recovering/resolving”, “not
recovered/ not resolved”, “recovered/resolved with residual effects”, “fatal”,
“unknown”);

‐

AE continuing with change (“no/yes” ‐> complete new page).

Only if recovered:
‐

date of AE stop.

Whenever a speciZic AE continues with a change (e.g., in intensity, see below), a
separate AE‐CRF page must be Zilled.
Adverse events will be coded by the Sponsor (using the current version of MedDRA).
For each AE, the Sponsor will perform its own assessment of causal relationship and
seriousness: in no case the Sponsor may downgrade a casual assessment made by
the Investigator, who has seen the patient suffering from the event; on the contrary,
the Sponsor may upgrade a casual assessment made by the Investigator. The clinical
study report will contain narratives for all patients who experienced SAEs.
Grade Intensity
1
Mild
2

Moderate

3

Severe

4

Life
threatening
or
disabling

5

Death

De6inition
The patient is aware of signs or symptoms, but they are easily tolerated.
Usually does not require additional therapy or discontinuation of study
drug.
The signs and symptoms are sufZicient to restrict, but do not prevent,
usual activity; possibly requires additional therapy but usually does not
require discontinuation of study drug.
The patient is unable to perform usual activities and usually requires
discontinuation of study drug.
The patient is at immediate risk of death from the event as it occurred
(i.e., it does not include an event that, had it occurred in a more severe
form, might have caused death)
or
the patient is rendered physically and/or mentally incapacitated.
The patient’s death is related to the adverse event.
Table 6: AE intensity classiZication.
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Intensity
The intensity of the event will also be assessed using the Common Terminology
Criteria for Adverse Events (CTCAE) (see version 3.0 dated August 9th, 2006).
The Investigator is to classify the intensity of an AE according to the 5‐grade CTCAE
toxicity system as in Text Table 6 (pg. 193). The intensity of a continuing AE will be
assessed at every visit.
Drug relationship
The Investigator is to classify any possible causal relationship between the AE and
the administration of F16‐IL2 and/or temozolomide according to the deZinitions of
Table 7.
Expected adverse events
The Sponsor will perform an assessment of expectedness for each AE. The
assessments will be based on the then‐current version of the Investigator’s brochure
for F16‐IL2 and the Summary of Product Characteristics – SmPC of temozolomide.
Adverse drug reactions described in the Investigator’s brochure/sMPC are
considered as “expected”. Otherwise those not described are considered
“unexpected” AEs.
Unexpected adverse events
An unexpected adverse drug reaction is deZined as an adverse reaction the nature
and severity of which is not consistent with the applicable product and not
identiZied in the most current Investigator’s brochure.
Relationship
None

De6inition
The time course between administration of either agent and the
occurrence or worsening of
the adverse event rules out a causal relationship
and/or
another cause is conZirmed and no indication of involvement of either
agent in the
occurrence/worsening of the adverse event exists.
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Unlikely

Possible

Probable

De6inite

Unclassi6iable
(only used for SAE)

The time course between administration of either agent and the
occurrence or worsening of
the adverse event makes a causal relationship unlikely
and/or
the known effects of either agent or of the substance class provide no
indication of
involvement in the occurrence/worsening of the adverse event and
another cause
adequately explaining the adverse event is known
and/or
regarding the occurrence/worsening of the adverse event a plausible
causal process may be
deduced from the known effects of either agent or the substance classes,
but another cause
is much more probable
and/or
another cause is conZirmed and the involvement of either agent in the
occurrence/worsening of the adverse event is unlikely.
Regarding the occurrence/worsening of the adverse event, a plausible
causal process may
be deduced from the pharmacological properties of either agent or the
substance class, but
another cause just as likely to be involved is also known
or
although the pharmacological properties of either agent or the substance
classes provide no
indication of involvement in the occurrence/worsening of the adverse
event, no other cause
gives adequate explanation.
The pharmacological properties of either agent or of the substance classes,
and/or
the course of the adverse event after dechallenge and, if applicable, after
rechallenge,
and/or
speciZic tests (e.g., positive allergy test, antibodies against study drug/
metabolites) suggest
involvement of either agent in the occurrence/worsening of the adverse
event, although
another cause cannot be ruled out.
The pharmacological properties of either agent or of the substance classes,
and
the course of the adverse event after dechallenge and, if applicable, after
rechallenge,
and
speciZic tests (e.g., positive allergy test, antibodies against study drug/
metabolites) indicate
involvement of either agent in the occurrence/worsening of the adverse
event and no
indication of other causes exists.
The available information is not sufZicient for causality assessment.
(The option “unclassiZiable” is not available on the AE form)

Table 7: relationships between AEs and the administration of drugs.
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Observation period
For each individual patient, the period for event observation (baseline Zindings/
AEs/SAEs) starts with the signing of the informed consent form. In principle, the
observation period stops with the termination of the end‐of‐study visit; however,
follow‐up information and outcome of prior SAEs must be provided after the end‐of‐
study visit as available.
In addition, if the Investigator gains knowledge of an AE after withdrawal and
considers that event drug related, the event has to be reported to the Sponsor.
Patients who discontinue administration of either temozolomide or F16‐IL2 or both
due to an AE, SAE, or abnormal laboratory value, should be followed for at least 30
days following the last dose of study drug, or until SAE resolution or stabilization.

9.6 Physical examination
Physical examinations will be performed according to the schedule summarized in
Section 8.
At screening, the Investigator will perform a full general + neurological examination.
At all other visits, the extent of the clinical examination will be at the discretion of
the Investigator. Depending on criteria of relative timing, the Zindings of the clinical
examination are to be recorded as medical/surgical history, as baseline Zindings or
as adverse events; see Section 8 for an explanation of the differences between these
categories.
Vital signs
Vital signs as scheduled during this study will include the following measurements:
‐ height (at screening only);
‐ body weight (mandatory at screening, further measurements if clinically
indicated);
‐ body temperature.
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Laboratory examinations
Standard safety laboratory examinations (Table 8) will be performed locally at the
individual study center.
Pharmacokinetic analyses will be performed by the central laboratories designated
in the Study Laboratory Manual. The Central Laboratories designated are indicated
in Section 1.
The approximate volume of blood to be drawn in this study is as follows:
‐ each sample for standard safety laboratory examination: 10 to 15 mL;
‐ each sample for pharmacokinetic analysis: 6 mL;
‐ each sample for protein biomarker evaluation: 10 mL.
The maximum volume of blood to be drawn during a single day is approximately 60
mL.

Serum chemistry

Hematology

ALT (GPT)
AST (GOT)

Total protein
Albumin

Alkaline Phosphatase Potassium

Uric acid

GGT

Sodium

Glucose

Total bilirubin

Calcium

LDH

CEA

CIA 15.3

TSH

FT3

FT4

RBC
WBC

Hematocrit
Platelet count

Glucose

Activated partial
thromboplastin
time
Thrombin time
Leukocytes

pH

Erythrocytes

Coagulation

Urinalysis
(dipstick)

Creatinine
Chloride

Hemoglobin
Differential count (5‐part)

Table 8: standard safety laboratory evaluations.

Additional laboratory tests will be performed if medically indicated. Non‐fasting
blood samples and urine specimens will be analyzed. If evaluations related to fasting
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conditions (e.g., glucose) are clinically signiZicantly altered in the non‐fasting blood
or urine samples, re‐examinations will be done under fasting conditions.
Individual laboratory values will be classiZied as “normal”, “low”, or “high” according
to reference ranges provided by each laboratory. Selected laboratory variables will
be graded according to the CTCAE laboratory toxicity criteria (see CTCAE v.3.0‐
August 9th, 2006).
9.7 Flow charts and schedules
Activities and evaluations scheduled during this study are outlined in Tables 3 (pg.
149) and 4 (pg. 163).

9.8 Other variables and procedures
Pharmacokinetics (PK)
In order to investigate the PK proZile of F16‐IL2, blood samples for PK
measurements in serum will be collected at deZined time points during the Zirst
cycle of treatment (weeks 1‐4) from all patients.
Blood samples (6.0 mL each), to be aliquoted for serum samples, will be obtained
from a dedicated peripheral vein site distant from the site of infusion of F16‐IL2
(which may be given either via central venous catheter or via peripheral vein in the
opposite extremity), at each of the times listed in Table 9. Each blood sample will be
aliquoted to provide two serum samples (1.5 mL serum per sample) per time point.
Serum concentrations of F16‐IL2 will be determined using validated methods.
Characteristics of the methods will be described in the bioanalytical report and will
be referenced in the clinical study report.
The total volume of blood withdrawn for PK analysis will be approximately 42 mL (7
samples x 6 mL each). The maximum amount of blood volume drawn for PK analysis
on one day will be 42 mL (7 samples x 6mL each). The PK parameters of F16‐IL2 to
be analyzed in serum are listed in Table 10.
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Week 1 (day 1)
Time
Prior to
infusion*
(any time)
At end of
infusion*
30’ after
infusion*
1h after
infusion*
2h after
infusion*
4h after
infusion*
24h after
infusion*

Week 2 (day 8)

Sample
ID

Time

Sample
ID

Prior to
W1.01 infusion* W2.01
(any time)
At end of
W1.02
W2.02
infusion*
30’ after
W1.03
W2.03
infusion*
1h after
W1.04
W2.04
infusion*
2h after
W1.05
W2.05
infusion*
4h after
W1.06
W2.06
infusion*
24h after
W1.07
W2.07
infusion*

Allowable
sample
Sample collection
ID windows

Week 3 (day 15) Week 4 (day 22)
Time

Sample
ID

Prior to
infusion* W3.01
(any time)
At end of
W3.02
infusion*
30’ after
W3.03
infusion*
1h after
W3.04
infusion*
2h after
W3.05
infusion*
4h after
W3.06
infusion*
24h after
W3.07
infusion*

Time

Prior to
infusion* W4.01
N/A
(any time)
At end of
W4.02 ± 2 min
infusion*
30’ after
W4.03 ± 2 min
infusion*
1h after
W4.04 ± 5 min
infusion*
2h after
W4.05 ± 5 min
infusion*
4h after
W4.06 ± 10 min
infusion*
24h after
W4.07
± 2h
infusion*

Blood
volume
withdrawn
(mL)
6.0
6.0
6.0
6.0
6.0
6.0
6.0

Table 9: PK blood sample collection time points. * Times relative to F16‐IL2 infusion.
Analyte

Symbol

Definition

Unit

Cmax

Time
point
Weeks 1‐4

Matrix

Maximum drug concentration
μg/mL
Time to reach maximum drug
Tmax
hour
Weeks 1‐4
concentration
t1/2
Terminal half‐life (if possible)1
hour
Weeks 1‐4
Area under the drug
concentration‐time curve from
AUC(0‐
administration time to the last
μg⋅h/mL Weeks 1‐4
tlast)
measurement time point at which
the concentration is above the
lower limit of quantiZication
Area under the drug
Serum
F16‐IL2
concentration‐time curve,
μg⋅h/mL Weeks 1‐4
AUC
extrapolated to inZinity
(if possible)2
RAUC
Accumulation ratio for AUC
Weeks 1‐4
Rmax
Accumulation ratio for Cmax
Weeks 1‐4
Rmin
Accumulation ratio for Cmin
Weeks 1‐4
Total clearance following the dose
CL
L/h
Weeks 1‐4
administered (if possible)3
Volume of distribution at steady
Vss
L
Weeks 1‐4
state (if possible) 3
MRT
Mean residence time (if possible) 3 hour
Weeks 1‐4
1. Terminal half‐life will be calculated only if the time range covered by the perceivable linear
part of the curve in a semilogarithmic plot is more than two half‐lives.
2. AUC will be calculated only if the terminal half‐life was determined. AUC will be estimated if the
extrapolated part is less than 20% of the total area.
3. CL, Vss and MRT will be calculated only if the AUC value is determined.
Table 10: Pharmacokinetic parameters.
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Evaluation will be based on individual serum concentrations of F16‐IL2 during
weeks 1‐4. For the calculation of PK parameters, the nominal sampling times will be
used. Samples collected outside the given range for the sampling time will be
documented as protocol deviations and will be excluded from the descriptive
statistics for mean concentration over time. For samples taken prior to Zirst study
drug administration, deviations from the scheduled time are irrelevant. For all of the
PK parameter estimations, sample concentrations that are below the limit of
quantiZication (LOQ) at any time point will be treated as zero. If the sample
concentration data are not available (sample not collected or insufZicient sample
collected) during the PK analysis, these concentration values will be treated as
missing.
Pharmacokinetic analysis will be performed on all patients who received at least one
dose of study drug and have adequate pharmacokinetic sampling. Using a
commercially available pharmacokinetic software tool, non‐compartmental
approach will be performed by graphically calculating or determining the following
parameters:
Cmax, Cmin and tmax will be directly read off the data.
AUC(0‐tlast) will be calculated from administration time to the last quantiZiable
concentration according to the trapezoidal rule based on the individual
concentration time‐proZiles.
The terminal disposition rate constant (λz) will be calculated by means of regression
analysis of the perceivable linear part of the curve in a semilogarithmic plot (λz:
slope of the regression line). The corresponding terminal half‐life (t1/2) will be
calculated by:
t1/2 = 0.693/λz
Individual half‐life values will not be considered when the time range covered by the
perceivable linear part of the curve is less than two half‐lives.
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The area under the serum concentration versus time‐curve extrapolated to inZinity,
AUC will be calculated according to the following equation:
AUC = AUC(0‐tlast) + Ctlast/λz
with Ctlast as the concentration observed at the last data point (tlast) and λz being
the terminal disposition rate constant. The AUC value will only be accepted if the
extrapolated area corresponds to less than 20% of the AUC.
The total clearance (CL) will be calculated as the ratio of the dose (D) to the
corresponding AUC value:
CL = D/AUC
The apparent distribution volume at steady state (Vss) will be calculated as the
product of MRT and CL:

The mean residence time (MRT) will be calculated as the ratio of the AUC to the
corresponding area under the Zirst moment curve (AUMC) value:

where t is the time of infusion duration.
Area under the Zirst moment curve to the last quantiZiable concentration, AUMC(0‐
tlast), will be calculated using the linear trapezoidal rule. The AUMC(0‐tlast) will be
extrapolated to inZinity to give the total AUMC:
AUMC = AUMC(0‐tlast) + AUMC(tlast‐inf)
where the AUMC(tlast‐inf) will be computed as:
AUMC(tlast‐inf) = Ctlast/λz² + tlast x Ctlast/ λz.
Accumulation ratios (R) for AUC, Cmax and Cmin will be calculated using the following
formula (Rmax as Rmin):
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Pharmacokinetic parameters will be listed together with descriptive statistics by
study drug treatment. No formal hypothesis testing regarding the potential
pharmacokinetic interaction between the two compounds when given in
combination is planned.
Human antifusion protein antibody (HAFA)
Serial blood samples will be obtained to assess the potential development of
antibody formation to F16‐IL2. There is the potential that patients may develop
antibodies to F16‐IL2. The clinical signiZicance should this occur is unknown, but
could result in hypersensitivity reactions to subsequent F16‐IL2 infusions, or to a
decrease in the effectiveness of the study drug due to the development of
neutralizing antibodies.
For all patients, there should be 5 HAFA samples collected: (1) prior to Zirst study
drug administration, (2) Week 1‐Day 1, (3) Week 8‐Day 56, (4) end of study drug
treatment and (5) end of follow‐up.
The timepoints for HAFA samples collection are outlined in Table 11.

Total blood volume
withdrawn (mL)

HAFA Sample ID

Baseline
Week 1 (Day 1)
Week 8 (Day 56)

5.0
5.0
5.0

HAFA.1
HAFA.2
HAFA.3

End of treatment

5.0

HAFA.4

Follow‐up

5.0

HAFA.5

Timepoint

Table 11: HAFA blood sample collection timepoints.

10. Statistical methods and determination of sample size
10.1 Statistical and analytical plans
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General considerations
Statistical analyses will be conducted by or under the supervision of the Sponsor’s
study biometrician. All Zinal details on the statistical analyses will be provided in a
statistical analysis plan that will be agreed upon before data release.
The primary aim of this phase I study is to establish a dose of F16‐IL2 and
temozolomide to be used in a subsequent phase II study. No formal hypothesis
testing regarding efZicacy will take place in this study. No inferential statistics or
statistical comparisons are planned; therefore, no alpha level will be speciZied.
Descriptive statistics (e.g., mean, standard deviation, minimum, maximum for
continuous data; frequency tables for categorical data) will be provided per dose
level and overall.
The highest investigated dose level for which a DLT incidence of not more than one
out of six patients is observed will be used for a subsequent phase II.
Statistical analysis sets / protocol deviations
Documentation of protocol deviations and assignment of patient data to analysis
sets will be performed according to the Sponsor’s applicable SOPs/WPs.
The ‘only screened patients’ will be classiZied as “listing only”. This means their
demographic data (PID, initials, date of birth) and the reason for premature
discontinuation will be presented in the “only screened patient listing” but will not
be included in any statistical analysis.
Analyses will be based on the safety analysis set (SAF), which includes all patients
with at least one drug intake. This is the primary data set for safety evaluations (i.e.,
for the decision on dose escalation/reduction).
Another subset will be based on the study population set, including patients with no
major deviations from the study protocol, the per‐protocol set (PPS). This data set
includes patients classiZied “fully acceptable” or “acceptable but protocol deviations”
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according to the overall assessment of deviations (protocol deviation form).
Population characteristics
Demographics and baseline characteristics will be summarized by means of
descriptive statistics and/or frequency tables as appropriate. No gender‐speciZic
analyses are planned.
Ef6icacy variables
For this phase I study, the primary objective is based on safety data only. However,
efZicacy variables such as tumor response will be evaluated and presented by means
of descriptive statistics.
Safety variables
Safety variables will be summarized by means of descriptive statistics and/or
frequency tables as appropriate.

10.2 Interim analyses
For this open‐label study, efZicacy and safety data will be summarized periodically.
The Zinal analysis of Clinical BeneZit Response will be conducted when all patients
have either completed the week 8 evaluation or prematurely discontinued the study.
The Zinal analysis for PFS and OS will be conducted when all patients have
experienced the event of interest or been followed for 12 months after beginning
study treatment.

10.3 Determination of sample size
This phase I clinical trial is an uncontrolled study with increasing doses. The
number of patients per dose step is chosen to provide low probabilities for a dose
escalation when the true risk of toxicity is high.
The starting dose, the dose steps, and the decision rules are described in section 4.
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Escalation from one dose level to the next occurs under the following conditions:
• 0 out of 3 patients had a DLT;
or
• 1 out of patients 3 had a DLT and none of the next three had a DLT.
This decision rule provides the following probabilities of an escalation depending on
the true but unknown chance to observe "toxicity" at a speciZic dose level:

True risk of toxicity (%)*

10

20

30

40

50

60

70

Probability of dose escalation (%)*

91

71

49

31

17

8

3

*These calculations are based on the assumption that the true risk does not change depending on
dose (e.g., increasing doses do not increase the true risk). The probability of an escalation is low
when the true risk is high (e.g., if the true risk is 50%, the probability to perform the next dose step
is 17%).

10.4 Randomization/ Strati6ication
Not applicable.

11. Data quality assurance, handling and record keeping
11.1 Data quality assurance
This study will be monitored regularly, usually by a CRA from the Sponsor or from a
clinical research organization (CRO). Monitoring procedures include one or more
visits designed to clarify all prerequisites before the study commences. Interim
monitoring visits will take place on a regular basis according to a schedule Zixed by
mutual agreement. During these visits the CRA will check for completion of the
entries on the CRFs, their compliance with the study protocol and with Good Clinical
Practice (GCP) and will compare the CRF entries with the source data.
In case of electronic patient records where direct access cannot be granted to the
CRA, printouts will be prepared for monitoring purposes. These printouts will be
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signed and dated by the Investigator or other designated personnel and by the CRA
as evidence of which printout was used for SDV purposes. Any later changes entered
in the electronic patient records will be printed out for subsequent SDV.
The CRA will verify the correct use of the investigational product. Study drugs will
not be supplied to the Investigator site prior to a favorable opinion from the IRB/IEC
and regulatory authority (if applicable). At a Zinal visit, the CRA will check all
remaining material including the remaining quantities of the investigational product
and will organize its return.
In addition, the CRA will determine whether all AEs and SAEs have been
appropriately documented and whether the SAEs were reported within the time
periods required.
A member of the Sponsor’s (or a designated CRO’s) Quality Assurance Unit
(Corporate Clinical Quality Assurance function) may arrange to visit the Investigator
in order to audit the performance of the study at the study site and the study
documents originating there. The auditors will usually be accompanied by a Sponsor
designee (CRA or study manager). The Investigator will be informed about the
outcome of the audit.
In addition, inspections by Health Authority representatives, including foreign
health authorities and independent Ethics Committees are possible at any time. The
Investigator must notify the Sponsor or designee of any such inspection
immediately.
Direct access to source documents and medical records will be required for audits
and inspections.

11.2 Data recording
Data required according to this protocol are to be recorded in the medical record as
a source document, then transcribed to the CRFs provided by the Sponsor, following
the CRF instructions and as soon as possible.
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11.3 Data processing
A separate manual (not part of this protocol) will be developed specifying all
relevant aspects of data handling (including validation, cleaning, correcting,
releasing). This manual will be stored in the clinical TMF.
For data coding (e.g., medication, medical/surgical history, baseline Zindings, AEs),
international dictionaries will be used. These will be speciZied in the Statistical
Analysis Plan.

11.4 Archiving
Any documents related to the study must be archived at the study site or in a central
archive. This includes the careful listing of the identities of the patients involved in
the study. This list and the signed informed consent statements are key documents
in the Ziles to be stored by the Investigator.
The Investigator shall retain all study‐related documents for a period of 15 years
after the completion of the study. At the end of this period, the Investigator is to
obtain the written permission of the Sponsor before any of the documents are
destroyed.
For laboratory services provided by the Investigator, the Investigator must supply
the Sponsor with a complete list of all normal laboratory values for the laboratory
utilized, as well as proof of laboratory certiZication by the Clinical Laboratory
Improvement Amendments.
Patient (hospital) Ziles will be archived according to local regulations. The
Investigator should maintain a patient registry of all patients entered into the study
in the event a safety issue arises after study completion.

12. Drug accountability
The Investigator, pharmacist, or other designated personnel will conZirm receipt of
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the F16‐IL2 and will use F16‐IL2 only within the framework of this clinical study
and in accordance with this study protocol. He/she will keep a record of the
investigational product dispensed. F16‐IL2 must be stored in a limited‐access,
secure storage area and protected from unauthorized access. F16‐IL2 must be
dispensed only at the institutions speciZied on the Form FDA 1572 and/or Financial
disclosure Agreement (GCP/ICH §8) and only to patients who meet study inclusion
criteria.
Any unused containers of F16‐IL2 will be returned to the Sponsor at the termination
of the study at the latest. Receipt, distribution, and return of F16‐IL2 must be
properly documented on the forms provided by the Sponsor giving the following
information: protocol number, sender, receiver, date of receipt and return, quantity,
batch number, and expiration or retest date (if applicable). Partially used or empty
containers may be destroyed on site following local procedures.

13. Ethical and Legal aspects
13.1 Local Regulations/Declaration of Helsinki
The Investigator will ensure that this study is conducted in full conformance with
the principles of the “Declaration of Helsinki” (as amended in Tokyo, Venice, Hong
Kong and South Africa) or with the laws and regulations of the country in which the
research is conducted, whichever affords the greater protection to the individual.
Studies conducted in EU countries must fully adhere to the principles outlined in
“Guideline for Good Clinical Practice” ICH Tripartite Guideline (January 1997) or
with local law if it affords greater protection to the subject.

13.2 Informed Consent
It is the responsibility of the Investigator, or a person designated by the Investigator
(if acceptable by local regulations), to obtain written informed consent from each
individual participating in this study after adequate explanation of the aims,
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methods, objectives and potential hazards of the study. It must also be explained to
the subjects that they are completely free to refuse to enter the study or to withdraw
from it at any time for any reason. Appropriate forms for obtaining written informed
consent will be provided by the Investigator or by the Sponsor/designee.
For subjects not qualiZied or incapable of giving legal consent, written consent must
be obtained from the legally acceptable representative. In the case where both the
subject and his/her legally acceptable representative are unable to read, an
impartial witness should be present during the entire informed consent discussion.
After the subject and representative have orally consented to participation in the
trial, the witness’ signature on the form will attest that the information in the
consent form was accurately explained and understood. The Investigator or
designee must also explain that the subjects are completely free to refuse to enter
the study or to withdraw from it at any time, for any reason. The CRFs for this study
contain a section for documenting informed subject consent, and this must be
completed appropriately. If new safety information results in signiZicant changes in
the risk/beneZit assessment, the consent form should be reviewed and updated if
necessary. All subjects (including those already being treated) should be informed
of the new information, given a copy of the revised form and give their consent to
continue in the study.
In a life‐threatening situation where a patient is unconscious or otherwise unable to
communicate, the emergency is such that there is not enough time to obtain consent
from the patient's legally acceptable representative, and there is no other or better
treatment available, it is permissible to treat the patient under protocol with
consent of both the Investigator and another physician not involved in the study,
with appropriate documentation submitted to the IRB/IEC within 5 days. If this
collaboration is not immediately possible, there must be a written evaluation by a
physician independent of the study and the appropriate documentation be
submitted to the IRB/IEC within Zive days of treating the patient. In addition, the
patient or his/her legally acceptable representative should be informed about the
trial as soon as possible and consent to continue, giving written consent as
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described above.
Insurance
All subjects participating in the study will have insurance coverage by the Sponsor,
which is in line with applicable laws and/or regulations.
Con6identiality
All records identifying the subject will be kept conZidential and, to the extent
permitted by the applicable laws and/or regulations, will not be made publicly
available. Subject names will not be supplied to the Sponsor. Only the subject
number and, if allowed by the investigative site, subject initials will be recorded in
the case report form, and if the subject name appears on any other document (e.g.,
pathologist report), it must be obliterated before a copy of the document is supplied
to the Sponsor. Study Zindings stored on a computer will be stored in accordance
with local data protection laws. The subjects will be informed in writing that
representatives of the Sponsor, IEC/IRB, or Regulatory Authorities may inspect their
medical records to verify the information collected, and that all personal
information made available for inspection will be handled in strictest conZidence
and in accordance with local data protection laws. If the results of the study are
published, the subject’s identity will remain conZidential. The Investigator will
maintain a list to enable subject’s records to be identiZied.

13.3 Independent Ethics Committee/Institutional Review Board
Ethics Committee (EC) or Institutional Review Board (IRB)
Documented approval from appropriate Ethics Committee(s)/IRBs will be obtained
for all participating centers/countries prior to study start, according to ICH GCP,
local laws, regulations and organization. When necessary, an extension, amendment
or renewal of the Ethics Committee approval must be obtained and also forwarded
to the Sponsor. The Ethics Committees must supply to the Sponsor, upon request, a
list of the Ethics Committee members involved in the vote and a statement to
210

conZirm that the Ethics Committee is organized and operates according to GCP and
applicable laws and regulations.
Ethical Conduct of the Study
The procedures set out in this protocol, pertaining to the conduct, evaluation, and
documentation of this study, are designed to ensure that the Sponsor and
Investigator abide by Good Clinical Practice Guidelines and under the guiding
principals detailed in the Declaration of Helsinki. The study will also be carried out
in keeping with applicable local law(s) and regulation(s). This may include an
inspection by the Sponsor representatives and/or Regulatory Authority
representatives at any time. The Investigator must agree to the inspection of study‐
related records by the Regulatory Authority/Sponsor representatives, and must
allow direct access to source documents to the Regulatory Authority/sponsor
representatives. Either the Sponsor or the Investigator will not implement
modiZications to the study protocol without agreement by both parties.
Regulatory Authority Approvals/Authorizations
Regulatory Authority approvals/authorizations/notiZications, where required, will
be in place and fully documented prior to study start. Any modiZications made to the
protocol after receipt of the IEC approval must also be submitted by the Investigator
to the Committee in accordance with local procedures and regulatory requirements.

13.4 Conditions for modifying the protocol
Protocol modiZications to ongoing studies which could potentially adversely affect
the safety of participating patients or which alter the scope of the investigation, the
scientiZic quality of the study, the experimental design, dosages, duration of therapy,
assessment variables, the number of patients treated or patient selection criteria,
must be made only after consultation between an appropriate representative of the
Sponsor and the Investigator.
Protocol modiZications (amendment) must be prepared by a representative of the
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Sponsor. All protocol modifications must be submitted to the appropriate IEC or IRB
for information in accordance with local requirements. Approval must be awaited
before changes can be implemented (i.e., if the risk benefit ratio is affected and/or the
modification represents a change in basic trial definitions such as objectives, design,
sample size and outcome measures), except for those changes which would decrease
risk to the subject.

13.5 Conditions for terminating the study
The Sponsor reserves the right to terminate the study at any time. Should this be
necessary, the procedures will be arranged on an individual study basis after review
and consultation by both parties. In terminating the study, the Sponsor and the
Investigator will assure that adequate consideration is given to the protection of the
patient’s interests.

14. Financial considerations and publication policies
14.1 Financing
Funding for the study will be agreed between the Investigator and the Sponsor and
must be conZirmed in writing before the study commences.

14.2 Publication policy
The Sponsor is interested in the publication of the results of every study. As some of
the information concerning F16‐IL2 and the Sponsor’s development activities may
be of strictly conZidential nature, any publication manuscript (including conference
contributions, posters, etc.) must Zirst be reviewed by the Sponsor before its
submission or presentation.
Patients’ anonymity will be protected to the maximum extent in all publications and
presentations that result from this research.
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Further details are included in the contracts between the Sponsor and the individual
Investigators.

15. APPENDIX
15.1. Appendix A – McDonald’s Criteria
Macdonald DR, Cascino TL, Schold SC, et al. Response criteria for phase II studies of
malignant glioma. J Clin Oncol 1990;8:1277– 80.
15.2. Appendix B – Classi6ication of glioma
Ohgaki H, Wiestler OD, Cavenee WK, Louis DN. WHO ClassiZication of Tumors of the
Central Nervous System. 4th Edition. Lyon, IARC Press; 2007.
15.3. Appendix C Participating centers to the trial
.....
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