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1. CHAPTER | - INTRODUCTION

1.1 HIGH GRADE GLIOMAS

1.1.1Epidemiology

Gliomas are the most common primary intracraniabphesms,
accounting for 81% of all malignant brain and cahtriervous system
(CNS) tumor (1). High grade gliomas (HGG), inclugligrade Il and
grade IV gliomas according to the current clasatfan of the World
Health Organization (WHO), are the most aggressiren tumor and
grade IV astrocytoma, also called glioblastoma ifauthe (GBM), is the
most infiltrative subtype. Accounting for 60% to%0of all malignant
gliomas, GBM incidence is estimated to be aboud@Q00 in Europe
and 3.05/100°000 in the United States of AmericBM=zoccurs mostly in
adults (2), with a median age at outcome of 64 sjeand the patients
median survival being at 12-18 months (with 90-9%% subjects
surviving for less than 2 years), without possipilof spontaneous
remission (3). For GBM standard therapy includegiety followed by
radiation and chemotherapy based on a phasedlicomparing radiation
alone versus combined temozolomide (TMZ) and rawhabllowed by 6

cycles of TMZ, showing that addition of TMZ increasmedian survival



from 12.1 months to 14.6 months and improves 2-gaarival rates from
10.4% to 26.5% (4)(1). For grade Il gliomas, thangard therapy is
basically the same since no specific golden stahtlas defined in this
case so far (5).

1.1.2Treatment

Although some progress has been made in the traatoieHGG,
these tumor face a highly unmet medical need withtdd treatment
options. The current standard therapeutic appréactHGG is defined
multimodal as it includes surgical resection of thmor mass, followed
by radiotherapy and chemotherapy with temozolor(iidéz) (4).

Although surgery aimed to complete resection issm®red as the
first therapeutic modality, the infiltrative natunéthese diseases makes a
complete resection difficult; relapse remains irtlaénost unavoidable.
Even if an extensive resection of the tumor massaigied out, all
patients will virtually relapse within 2 to 3 cm tife original tumor (6).
As curative surgery is not possible so far, its rmaim is currently to
perform a bulk reduction leading to a following iordecompression and
lower intracranial pressure; this allows the acbkment of an
improvement in the quality of life and the preseéiva of neurological
functions (7). Moreover, the acquisition of a tsssample from the
surgical procedure or biopsy (when surgery is redsible) allows
histopathological examination and confirmation difie t diagnosis,

hypothesised through magnetic resonance imagingd )8R



Although since the 1980’s radiotherapy has followsdrgery,
showing an improvement of the overall survival gahds becoming a
cornerstone of GBM treatment (9), the prognosisreagined extremely
poor for longtime. Currently, radiotherapy, encosgiag the primary
tumor mass and including also 2-3 cm of margin, c@anmonly
administered to a total dose of 60 Gy, delivere@ iGy fractions, five
days a week, for six consecutive weeks (10). Neitbereotactic
radiosurgery nor brachytherapy has significantlyprioved patients
survival or local control (11).

Nowadays the multimodal approach for treatment GHincludes
also chemotherapy with TMZ, an imidazotetrazineivdgive of the
alkylating agent dacarbazine. TMZ has shown effidacrelapsed GBM
(12) and in 2002 very promising results in a phgeial in first line
treatment of GBM when combined with radiation tipgr&l3).

Since DNA alkylating agents, such as nitrosureaelsown activity
in brain tumor, several studies comparing treatmeithh nitrosourea-
based chemotherapy plus radiotherapy versus radiatione in HGG
patients were carried out in the past years. Uanfately, although a
trend in favour of the addition of chemotherapy waserved in most of
these clinical trials, the proposed regimens fatledttest a statistically
significant benefit in terms of overall survival $p In any case, the
addition of nitrosourea-based chemotherapy to thdiapy was
associated with a small but significant benefiaimeta-analysis based on
12 trials including HGG. In GBM, adding chemotheraip radiation



caused a modest additional benefit of 6% and 4%-irand 2-year
survival, respectively (14).

As a consequence, the European Organization foedRes and
Treatment of Cancer (EORTC) and the National Carnostitute of
Canada (NCIC) sponsored a large phase lll trialpanng radiotherapy
alone (control arm) to the combination of concomtiteadiotherapy and
chemotherapy with TMZ, followed by 6 cycles of adjut TMZ
(experimental arm), as therapy for a total of 5é®%ly diagnosed GBM
patients. The experimental treatment resulted isigaificantly longer
median OS (14.6 months vs 12.1) and greater 2sigaival rate (26.5%
vs 10.4%) than radiotherapy alone (Figure 1) (4)rthermore, the
median progression free survival (PFS) in the arpamtal arm was 6.9
months compared to 5 months of the control armalRintoxicity of the
combination was acceptable: only 8% of patientsafiinued adjuvant
TMZ because of toxicity and 67% of patients couldrease TMZ dose

from 150 mg/mto 200 at the second adjuvant cycle.
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Figure 1. Kaplan—Meier curves of OS and PFS reachirthe large phase
Il study published by Stupp et al. in 2009he Kaplan-Meier graphs show OS
(on the left) and PFS (on the right) of subjecesated with radiotherapy and
TMZ (blue curves) and those treated with radiotipgralone (red curvegh).

Due to the clinically meaningful and statisticadlignificant survival

benefit associated with the experimental treatmerth minimal

additional toxicity, this study led to the adoptioh concomitant TMZ

and radiotherapy followed by TMZ, as a new standdrdare in newly

diagnosed GBM. Currently, in most centers the nurnolb@djuvant TMZ

cycles is still six, despite recently emerging evides suggesting that to

continue TMZ for longer periods when improvement therapy is
detected could be beneficial (15-17). Except forZlNhere is currently

no other standard chemotherapy for patients witlsGHG3, 19).
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1.1.3Prognostic value of MGMT methylation

The methylation status of the 0O6-methylguanine—-DNA
methyltransferase (MGMT) gene, coding for an enzymrelved in DNA
repair, not only plays a role as a prognostic fiartdHGG, but could also
be a predictive factor of TMZ treatment efficacythis type of tumor
(20).

Since MGMT removes methyl adducts at the O-6-pmsitif guanine,
one of the targets of alkylating agents such TM& high activity leads to
tumor protection against chemotherapeutics. Inatttm of the MGMT
gene by hypermethylation of its promoter regionvé&y common in
human neoplasms (21), such as GBM, and correlaiés av better
prognosis in patients treated with TMZ, comparedp&bients with an
unmethylated MGMT (Figure 2) (20-22).

100
90+
80+
70+
60

504  Unmethylated
404 MGMT
promoter

Methylated
MGMT

30
promoter

20
10

o T T T T T T 1
1] 6 1z 18 24 30 36 42

Months

Probability of Overall Survival (%)

No. at Risk
Unmethylated 114 100 59 16 7
Methylated 92 54 64 46 24 7 1

FS
—

Figure 2. Kaplan—Meier curve of OS according to MGM promoter
methylation status. The Kaplan-Meier curve showsthhe difference of OS

of patients with amethylated (blue curve) or an unmethylated MGMdnpter
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(red curve); the p value highlights the statistisajnificance and the prognostic

value of this epigenetic modificati¢®0).

Validation of the predictive value of MGMT gene proter
methylation is ongoing also in trials aiming at ma@@ning resistance to
chemotherapy by a dose-dense continuous TMZ adimatian or in
combination with MGMT inhibitors (21, 23).

MGMT methylation can be checked in blood samplegatients.
Circulating DNA extracted from patient blood coukpresent a way to
assess tumor specific DNA abnormalities: the deteatf aberrant DNA
methylation in serum and the comparison with turtissue has been
recently investigated also in brain tumors (24-Fgge circulating DNA
is often detected at different concentrations urseor plasma of GBM
patients (26, 27). Balana et al. demonstrated theepce of methylated
MGMT in serum of GBM patients and showed that iassociated with
patient response to treatment and survival (26).refheer, a good
correlation between methylation in serum and prymtamor tissue has
been reported (26, 28). In 2006 Weaver et al cod the high level of
DNA in the plasma of HGG patients and analysed @rymtumor derived
from those patients, reporting that 90% of the dempcontained
methylated gene promoters; the same promoters mveteylated also in
plasma DNA of more than 60% of the patients (24).

The impact of the MGMT status on the RPA Class alas analysed
in a phase lll trial in newly diagnosed GBM, but conclusions were

drawn due to the small number of patients (29).sTHRPA classes,
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defined by EORTC after this trial and currently dider stratification
procedures in clinical research, do not take irdcoant of the MGMT

status.

1.1.4Recurrence

Despite the aggressive multimodal approach — syrgadiotherapy
and chemotherapy with TMZ - GBM is hard to treatdese of its high
resistance to conventional cytotoxic chemotherapy aadiotherapy;
thus, current treatments are now only palliativeature and not curative.
The refractory nature of GBM to treatment may be do tumor cell
infiltration into the surrounding brain and alsotbe blood—brain barrier
(BBB), an obstacle for most drugs. Furthermorel eatiety and tumor
mutations represent another challenge for the ssgbdetreatment of
GBM that is composed of highly heterogeneous agtlutations showing
often high chemoresistance. Realistically, not ewea of the treatments
tested so far is supposed to completely destroytdingor because a
variety of genes may be mutated in different acdats

At relapse, chemotherapy remains the main treatoin, with the
principal aim of prolonging PFS and OS, reducingrhity, and
restoring or preserving neurological function (A)though the usually
marginal effect of chemotherapy due to the difficdélivery of drugs
across the BBB and the development of drug resistdry the tumor

(30), a recent study demonstrated efficacy of TMZrecurrent GBM
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patients (31, 32), overcoming the results of thelgub analysis published
by Wong in 1999 (33).

Recently, the use of metronomic (low-dose contisoliMZ for
HGG has been studied bathvivo and in the clinical setting. Kong and
colleagues showed that in a rat model low-doseimoots TMZ inhibits
both angiogenesis and growth of gliomas and ineeagpoptosis of
tumor cells, whereas it reduces microvessel demsitgice (34). In 2010
the same author published results of a phaseniceli trial where GBM
patients, who progressed during or after the stahtteatment schedule
of radio- and chemo-therapy with TMZ after surgéfy, were treated
with metronomic TMZ (40 mg/fmeveryday in the first cohort and 50
mg/n? in the second). The experimental treatment resulte an
acceptable toxicity and a significant efficacy,cgirthe PFS at 6 months
(6m-PFS) was 32.5% and the OS at 6 months (6m-@S)56% (35).

Despite these results, the long-term disease duftwroHGG patients
remains poor. Ultimately, the majority of patierdaccumb to their
cancer, independently from treatments performedceRt biological
studies on the role of VEGF stressed its involvementhe tumor
angiogenesis with consequences on the tumor gramdhthe incidence
of metastasis. Thus, it seems likely that a mofecafe treatment for
HGG could be provided with multimodal approachesgisstandard
treatments at diagnosis (like surgery, radiotherapg chemotherapy)
with combination of novel, experimental treatmentsuch as

antiangiogenic therapeutics, at recurrence.
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1.2 ANTIANGIOGENIC THERAPY

1.2.1Rationale for the use of anti-VEGF therapy in HGG

One of the hallmarks of GBM is its high degree abeularisation.
HGG are among the most highly vascularised tumdrexpress elevated
levels of numerous pro-angiogenic factors, such tlas vascular
endothelial growth factor (VEGF), bFGF, IL-8 (3@&lthough several
molecular mechanisms contribute to tumor angiogsnegyliomas (37),
VEGF concentrations significantly correlate with sealarity, and
conditioned media of glioma cells containing higg®&F concentrations
have been found to induce endothelial cell (EC)ratign (38).

In physiological conditions, binding of VEGF to it®ceptor on
endothelial cells allows the cell to have a gregiermeability and
capability to proliferate and migrate, as well asiacreased survival.
VEGF linkage is thus responsible for angiogenesisdothelial cell
integrity, vascular tone definition, preventionldbod cell adherence to
endothelial cell covering vessel walls, and oth@partant functions
(Figure 3).

In the pathological setting, VEGF is secreted byndu cells in
response to a variety of stimuli, commonly chanaziteg many solid
tumor, such as hypoxia, tissue acidosis or cellgtaess. Moreover,

different kinds of bone marrow (BM)-derived cellancluding
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hematopoietic cells (39), vascular smooth musdie ¢40), macrophages
and endothelial cells (41), express VEGF recepanis are involved in

tumor angiogenesis.

Oa 20
Endothelial cell . :I Extracellular space
($285480 805008303000 RIRE0ERRERIBEEIRREREES PO 3585803582332 3 SRS ERSREEINESEEES RS0 EES 0N
S80S0 008800335080 00000000000 0000000 RRaRRRes OO0

p ] | 1 @ Cytoplasm

. VEGFR |

|

= Production of NO and PGI,
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= Permeability
/Nﬂ
. - s 5 = ECplatelet homeostasis Protection of
szfébgied ‘ Angiogenesis ‘ EC integrity ‘ Vascular tone : Frovartion of bload call Slemerilr
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Figure 3. VEGF/VEGFR signaling: principal physioloigal functions and
consequences of the pathway blockay®hen VEGF links to its receptor, a
cascade of downstream events occurs, such as seafecell proliferation and
migration and production of NO and PJGThese events can influence some
specific aspects of the tissue, including the aggiesis, the endothelial cell
integrity, as well as the vascular tone. The intidloi of this pathway leads to a
variety of consequences, depending on the blocketibns; when angiogenesis
is blocked, for example, wound healing and tissepair is compromised,
whereas if modification of the vascular tone hasdi@ dysfunction as a
consequence. Abbreviations: BM, basement membEgeendothelial cells; P,

phosphorylated residues; P& prostaglandin 12; NO, nitric oxid&d2).
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VEGF expression may indicate the potential of a duno be
aggressive, infiltrating and supported by an effecsupply of oxygen
and nutrients. Endothelial cells normally divideoabevery seven years,
but, in case of malignancies, this growth rate tivally accelerates
reaching a division every 7-10 days. This changals® defined as
“angiogenic switch”. Once new vessels are formeG¥ functions as a
survival factor inhibiting apoptosis of the pooftymed vasculature (43)
and supporting tumor growth by constant blood feowvd nutrition.

The identification of VEGF as one of the main stiamis of
angiogenesis has recently led to the developmentnaitralizing
antibodies (44, 45), soluble receptor construct @), and antisense
strategies (48) that either block angiogenesisnterfiere with VEGF
signalling. The use of agents targeting this pathwa HGG may
therefore demonstrate to be effective in slowingbtwcking disease

progression.

1.2.2Vascular Endothelial Growth Factor

Native VEGF is a basic, heparin binding, homodimejiycoprotein
(49, 50). Members of the VEGF family include VEGE-XXEGF-B,
VEGF-C, VEGF-D, VEGF-E and placental growth fact@ksF) 1 and
2. The human VEGF gene is localized in chromosop2l&3 and is
formed by eight exons and seven introns; thus,sitkehuman VEGF

isoforms derive from alternative exon splicing.

18



VEGF interacts with three variants of receptor $ymne kinase,
VEGFR-1 (Flt-1), VEGFR-2 (Flk-1) and VEGFR-3(flt-4)While
VEGFR-1 and VEGFR-2 are expressed on the cell sairdé most blood
EC, VEGFR-3 is exclusively present on lymphatic (). Each VEGF
isoform binds to a particular subset of these rexspVEGF-A, the
central regulator of physiological and pathologiaagiogenesis (52, 53),
binds both VEGFR-1 and VEGFR-2, whereas VEGF-C ¥{F-D
bind VEGFR-2 and VEGFR-3, and PIGF and VEGF-B imtéeonly with
VEGFR-1 (51) (Figure 4).

Soluble

VEGFR-1
Reisey

N o
é’é:?\ f/T,)

Endothelial Cells

sEEEnal

Ra

J oo\

'Decoy effect’ en VEGF Proliferatien, Preliferation,
signalling; induction migration, migration,
of uPA, tPA, MMPS; survival, survival,
vascular-bed specific angiogenesis angiogenesis
release of growth vactors Mostly in

lymphatic ECs

Figure 4. Role of VEGFR tyrosine kinases in ECThe VEGF family
members, VEGF-A, -B, -C, -D and PIGF, bind spec#iceptors on EC, called
VEGFR-1, -2, and -3. VEGFR-2 seems to be the megulator of EC
mitogenesis, survival and permeability, whereas FEA does not mediate the

mitogenic signal but may sequester VEGF and preiettinding to VEGFR-2,
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finally resulting in the inhibition of its signatlg, in particular during early
embryonic development, This inhibitory consequescalso called “decoy”
effect and could be obtained also by the alteredifispliced soluble VEGFR-1
binding free VEGF. uPA, urokinase-type plasminogetivator; tPA, tissue-type

plasminogen activato51) .

VEGFR-2 appears to be the main receptor responiiblmediating
pro-angiogenic effects of VEGF (54, 55). Recruitinefico-receptors,
such as neurophilins, heparin sulfate, integrinscadherins, further
modulates signalling specificity of VEGF receptors.

Recognition of VEGF as one of the primary stimwanbf
angiogenesis has led to the development of nezitrgliantibodies (44,
45), soluble receptor constructs (46, 47), andsanse strategies (48) that
either block angiogenesis or suppress tumor grdwtlnterfering with
VEGEF signaling.

1.2.3Bevacizumab, an anti-VEGF antibody

Bevacizumab is a humanized monoclonal anti-VEGFibady,
produced by Roche as antiangiogenic for treatmértaacer and also
known as Avastifi

The mechanism of action of bevacizumab consissequestering any
isoform of VEGF, thus making it unable to bindiégzeptors (VEGFR-1
and -2) on the target cells and to activate a cksoevents, influencing
cell proliferation, migration, survival and permday (Figure 5). In the

20



tumor setting, inhibition of these important cedlufunctions leads to a
reduced blood supply and to the following slowirighe tumor growth.

Since gliomas are highly vascularised tumor anceHzeen shown to
over-express VEGF-A (56), blocking VEGF pathwaysynmormalize
tumor vasculature and improve chemotherapy delivéyrthermore,
according to the WHO 2007 classification, GBM camn distinguished
from other astrocytic tumor also because of itsupac presence of
microvascular proliferation. This microvascular byplasia stresses the
relevance of angiogenesis in GBM that was showexfwess both VEGF
MmRNA and protein (57-59). Finally, pathological dies have
demonstrated that, within GBM tissue, VEGF colagadi with regions of
viable tumor immediately bordering necrotic aread)erently it is amply
reported that VEGF expression is hypoxia-drivenga

(O

VEGFR1 9 @ 9 VEGFR2

! !

» Decay effect on VEGF signalling * Proliferation
» |nduction of uPA, tPA, MMPS = Migration
» Vascular-bed-specific release of growth factors * Survival
* Angiogenssis
» Permeability

Figure 5. VEGF pathway and tumor angiogenesi$he surface of EC
expresses VEGFR1 and VEGFR2. The first one is nsfile for induction of
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plasminogen activators and metalloproteinases (MMRs well as release of
specific growth factor, whereas VEGFR2 plays a iolproliferation, migration
and survival of cells. Tumor angiogenesis and ntatss growth are thus
mainly mediated by VEGFR2. tPA, tissue plasminogetivator; uPA,

urokinase-type plasminogen activa{éB).

If combined with chemotherapy, bevacizumab was shtmnmprove
survival in patients with metastatic colorectal @am breast cancer and
lung cancer (64), whereas promising results haven bebtained in
clinical trials with HGG patients treated with a ndoination of
bevacizumab and irinotecan, a topoisomerase | itohil§65, 66). The
efficacy of anti-VEGF therapy in GBM patients coldd explained also
by several other mechanisms of action. For exangahee VEGF, as a
relevant mitogenic factor, plays a significant rale the growth of
astrocytes, it is expected its efficacy in astrmcygmor, such as GBM
(67). Moreover, it is hypothesized that in gliaitors the effects of anti-
angiogenic therapies could be due to the seledtvgeting of brain
tumor stem-like cells, reversing their stem celepbtype and capacity
(68)(53). Moreover, exposure to radiation has bpeved to increase
VEGF expression in GBM cells (69) and bevacizumadahiated
blockage of VEGF may decrease the potential angiogesponse due to
radiation.

22



1.2.4Preclinical activity of bevacizumab

Tumor angiogenesis is a fundamental process ofptthological
blood vessel growth. Although several molecular ma@tsms contribute
to tumor angiogenesis in gliomas (37), VEGF conegians in HGG
correlate significantly with vascularity, and cotmoined media of glioma
cells containing high VEGF concentrations have bfsemd to induce
endothelial cell migration (38).

Bevacizumab, the humanized 1gG1 version of the meuanti-human
VEGF monoclonal antibody (muMAb VEGF) A4.6.1 (70jyas
extensively examined in preclinical models (71).

First of all, it was found to exert a potent inldsy effect on the
growth of three human tumor cell lines injected aulneously in nude
mice (45). The three human tumors considered wekeLN3S-1
leiomyosarcoma, G55 GBM, and A673 rhabdomyosarcdahea; growth
inhibition ranged from 70% to more than 95%, witmaximal effect
observed with 5 mg/kg bevacizumab administeredjaritoneally twice
weekly. Furthermore, the density of blood vesseds significantly lower
in tumor from bevacizumab-treated mice compared wantrol. Many
other tumor cell lines were then found to be inf@iby treatment with
muMADb VEGF A4.6.1 (41, 72). Since neither the antiies nor VEGF
had any effect on then vitro growth of the tumor cells (45, 72-74),
inhibition of VEGF activity may result in suppressiof tumor growthn
Vivo.

Bevacizumab resulted in tumor growth inhibitiontakenty different

human tumor cell lines (thirteen tumor types) inmpéal into nude mice
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independently from route of administration or tumlocation (75).
Moreover, the precursor of bevacizumab, A4.6.1, sfesvn to decrease
tumor vascularity, enhance tumor apoptosis andopgpkurvival of rats
implanted intracranially with GBM cells (76).

To evaluate the biologic activity of bevacizumalzombination with
cytotoxic chemotherapy, several studies were pexdrin animal tumor
models. The combination of anti-VEGF treatment vai$platin resulted
in markedly enhanced biologic activity of the dragainst tumor,
compared with the activity of either agent alon&)(7Similarly, the
combination of muMAb VEGF A4.6.1 and doxorubicinsuéed in
significantly increased efficacy, compared to aithgent alone (74).

Bevacizumab pharmacokinetic studies were conductedice, rats,
and cynomolgus monkeys, showing a slow clearantleeofirug from the
serum, with a terminal elimination half-life of 1v#eeks, as expected for

monoclonal antibodies (78, 79).

1.2.5Clinical activity of bevacizumab

A variety of clinical trials have been conductedfapto test toxicity
and efficacy of bevacizumab as treatment for ptieuffering from
different kinds of solid tumor (77). Furthermoreysral clinical studies
examined the feasibility of combining anti-VEGF rgy, such as
bevacizumab, with cytotoxic or biological agentedRction in interstitial
fluid pressure as well as changes in vascular fomst including
decreased vessel diameter, density, and permgahilére frequently
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reported in response to treatment (77); in somes;dlese modifications
resulted in an increase in tumor uptake of chenmafiy implying that
the most effective use of anti-VEGF therapy is ombination with
chemotherapy (36, 75).

Bevacizumab has been hitherto approved by FDA Hertteatment
of: metastatic colorectal cancer, with intravend&@ifuorouracil-based
chemotherapy for first- or second-line treatmenmtpn-squamous non-
small cell lung cancer, with carboplatin and pacil for first line
treatment of unresectable, locally advanced, reotrror metastatic
disease; metastatic breast cancer, with paclifaxeteatment of patients
who have not received chemotherapy for metastattR2negative
breast cancer (FDA however rescinded its appromaNovember 2011,
because of insufficient evidence for activity); GB&& a single agent for
patients with progressive disease following prierapy; and metastatic
renal cell carcinoma with interferon alpha. Howe\mevacizumab had a
proven efficacy also against non-small cell lungicea (80) when
administered in conjunction with traditional chemmertapeutics, as well
as recurrent HGG, whose standard second line thelnag not been
identified yet. The published experience with béxamab for recurrent
HGG is encouraging; in GBM patients it was showmeuce tumor and
edema with an approximate 50% response rate (5, 81

Although immunoneutralizing antibodies to VEGF, Buas
bevacizumab, suppress the growth of solid tumariucing malignant
gliomas (45, 82, 83), many tumor cells survive wiils treatment during

which tumor growth is not blocked completely (82hat's why the
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combined treatment of patients suffering from remor HGG with
bevacizumab and chemotherapy was tested, showidggraphic
response rates of at least 50% (65, 66, 81) anddaam PFS of 24 weeks
(65, 66).

Bevacizumab was tested in combination with irinatec a
topoisomerase | inhibitor. The activity of irinotetas a single agent in
malignant glioma was evaluated in several priodigsl Since in these
trials the reported response rates ranged fromXB6% and the 6m-PFS
from 0 to 26% (84-90), implying that irinotecan adohas little efficacy
(91), promising results in HGG patients using b&wsoab plus
irinotecan suggest that the addition of bevacizurabances the anti-
tumor activity of irinotecan. In 2007 at the Dukeilkrsity 35 patients
with recurrent GBM were enrolled in a phase Il idah trial and divided
into two cohorts (66). Since the terminal half-lIdé bevacizumab is 17-
21 days, the first cohort (23 subjects) was treatgd bevacizumab 10
mg/kg and irinotecan at 125 md/nor 340 mg/m, according to the
concomitant use of enzyme-inducing antiepileptiegdr (EIAED), every
2 weeks, whereas the second cohort (12 subjeasivesl bevacizumab
15 mg/kg every 3 weeks and irinotecan at 125 rg@nB40 mg/r on
days 1, 8, 15, and 22, every 6 weeks. There weleaat 20 partial
responses (57% objective response rate overalbPB8 was 46% and
6m-0OS was 77%. Compared to historical controls,itigrovement was
surprising.

In 2009 these promising results were strengtheartother phase |l

trial testing bevacizumab and irinotecan. Friedraad colleagues have
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randomized 167 patients with recurrent GBM to bexanab alone (10
mg/kg q 2 weeks, Arm 1) or bevacizumab+irinotec240(mg/n? or 125
mg/nf, depending on the simultaneous use of EIAED, Aim(32).
Clinical outcomes included 35% and 50% 6m-PFS imArand Arm 2,
respectively; mean OS was over 9 months for battsa©ne intracranial
hemorrhage occurred in each of the treatment armgally,
corticosteroid use was reduced in treated patients.

A large phase Il trial was designed by the compangducing
bevacizumab to further evaluate effects of the dnigen used alone
(control arm) and when combined with irinotecanp@xmental arm) for
treatment of recurrent GBM. 167 patients, previptitated according to
the Stupp protocol (4), were enrolled (93). Treattaen both arms were
well tolerated with no new safety recordings; in&webral hemorrhage
rate was 2.4% and 3.8% in the control and expeiiahearms,
respectively, whereas wound healing complicatioglated to surgical
resection were less frequent in the experimental &r terms of efficacy,
the use of bevacizumab as a single agent or in ic@atbn with
irinotecan in relapsed GBM resulted in a prolongégective response
and a higher 6m-PFS, when compared to salvagepihenairinotecan
alone (33). The extent of benefit over historicahttols detectable for
patients treated with bevacizumab was not obsewild any other
experimental or standard therapeutic approachrso fa

Given the anti-tumor activity of bevacizumab, imnts of delayed
progression and increased OS, in the GBM settint)) Bs single agent

and in combination with irinotecan, the potenti&lb@vacizumab as a
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first line treatment in newly diagnosed GBM, in damation with
radiotherapy and chemotherapy with TMZ (4) was esedl. Initial
reports of the combination of bevacizumab with @Sipp protocol
showed a manageable toxicity and encouraging mded @4, 95),
providing the rational for a large phase Il studlgere the safety profile
of bevacizumab with chemoradiation can be furthbiaracterized.
Enrollment for this multicentre international ctal trial ended in the
Spring 2011 and the first interim analysis is sirigoing.
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1.3THERAPEUTIC PROTOCOL

1.3.1History of the protocol approval and amendments

In Italy the use of bevacizumab as treatment foument gliomas has
not been approved yet by the Regulatory Agerfaye(zia Italiana del
Farmacq AIFA). For this reason, the drug for this thenatpe indication
is allowed only in case of use on a compassionases{therapeutic use
according to the Italian Decree Law of May 8, 20030 terapeutico di
medicinale sottoposto a sperimentazione clinjcar’ in case of off-label
use within the Hospital.

In 2009, January 1% a therapeutic protocol on the treatment of high
grade glioma patients with bevacizumab and irirextewas approved by
the Ethical Committee of the Neurological Hospit@larlo Besta” of
Milan, Italy. The title of the therapeutic protoasas “Therapeutic use of
bevacizumab and irinotecan in patients with reaurrglioblastoma
multiforme and without valid therapeutic alternasy.

Later, in the same year, the protocol was amendedddition of
grade Il glioma patients as potential populatidmvean benefit from the
experimental treatment; the amendment was apprédyedhe Ethical
Committee in June™and the title was “Therapeutic use of bevacizumab
and irinotecan in patients with recurrent gliomadg 1l and IV in

absence of valid therapeutic alternatives”.
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One further amendment was approved by the Ethicahr@ittee on
November, % 2010; the protocol criterion excluding patientsthwi
previous malignancy was better detailed adding épksquamous cell
skin cancer and in situ basal-cell carcinoma ofcébr®ix”. The title of the

protocol did not change in this case.

1.3.2The therapeutic protocol

1.3.2.1 Experimental treatment and inclusion criteria

The experimental treatment included bevacizumab,nidglkg, in
combination with irinotecan (340 mgfnin patients treated with anti-
epileptic drugs that induce enzymes involved imiestabolism, EIAED,
or 125 mg/m in patients not receiving these drugs, non-EIAED).
Bevacizumab and irinotecan were administered veryetwo weeks, as
described by Vredenburgh in 2007 (65). The expertaidreatment was
administered only to patients with grade Il andgNbma relapsing after

standard treatment and with no valid therapeuterative.

1.3.2.2 Radiological follow up

After MacDonald criteria were first described, inrag technology,
therapeutic strategies, and requirements of clinisaudies have
substantially evolved, showing the limitations bése criteria, as well as

the ambiguity of some of their key features.
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Furthermore, the mechanism of action of antiangiagéherapeutics
determines a lack of association between the Respdfvaluation
Criteria in Solid Tumor (RECIST) and survival beheff patients after
treatment. In fact the antiangiogenic effects am timor vasculature do
not necessarily correlate with tumor shrinkage.

In 2009 innovative morphological CT imaging critewere evaluated
in a clinical trial testing bevacizumab and cytatoxhemotherapy in
patients suffering from colorectal liver metastasegerall attenuation,
definition of the interface between the tumor amdlthy tissue, and the
presence of a marginal rim of enhancement were asexiteria (95, 96).
The study proved that these morphological critedeelated better with
OS than the RECIST criteria. Nevertheless, dueh&missing control
arm, the study did not clarify whether these nevtega were truly
assessing the benefit of the investigational coatlmn or were solely
better at predicting the efficacy of cytotoxic craherapy (97).

The Response Assessment in Neuro-Oncology (RANO)kWp
Group, an international effort to develop new stadized response
criteria for clinical trials in brain tumors, hasoposed new criteria for
the follow-up of malignant gliomas that are paricly suited for the

analysis of antiangiogenic treatments (98).

1.3.2.3 Clinical follow up and Quality of Life analysis

Clinical follow up of patients treated according ttee therapeutic

protocol included the objective and neurologicaltwvith Folstein Mini-
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Mental State Examination (MMSE), as well as bloedttand urine
analysis. If appropriate, an eye examination ai@lascan were carried
out in order to exclude the onset of optic neuropand bleeding due to
the experimental treatment. Finally, since moodtudmnces may
influence cognitive function, the quality of lifQQL) of treated patients
was monitored performing QOL-C30 and QOL-BN20 ev&yonths.
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1.4PROGNOSTIC/PREDICTIVE FACTORS FOR ANTIANGIOGENIC
TREATMENT

1.4.1Biomarkers for antiangiogenic therapy

Since tumors have been traditionally treated wititostatic
chemotherapeutics, the recent introduction intaichl practice of
antiangiogenic drugs led to mandatory changesenatty of evaluating
novel treatments efficacy, in order to avoid thadequate assessment of
their activities based only on reduction of the euniro truly reflect the
biological efficacy of antiangiogenic therapieseaific direct or indirect
biomarkers of their efficacy must be identified awdlidated. Many
potential biomarkers, both tumor and systemic, arder evaluation in
clinical trials, but anyone has not been able torycaut a close
monitoring of the vascular structure within the tunduring the different
clinical stages and in relation to treatment urade (99, 100).

Several ways to measure changes in tumor angiogeaesreported
in literature. Originally, the measurement of migssel density was the
principal method; however a variety of limitatioimsluced researchers to
find other procedures. Microvessel density assessnsg however,
invasive and difficult to standardize; moreoveg thiopsy performed for
angiogenesis evaluation with this technique dodsaiways mirror the

real aspect of the whole tumor status (101). Amalhgiogenesis changes
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do not necessarily induce modifications of the miesssel density level
thus not warranting a clear correlation with thanichl outcome after
antiangiogenic therapy (101).

Angiogenesis could also be analysed by DCE-MRI, ibuhis case
limitations are due to the necessity of a speafid expensive machine
with a relevant standardization procedure (102):P2iwver ultrasound is
also potentially useful for detection of changethia tumor angiogenesis,
but is a very innovative technique which needs tored staff for
manipulation of results (103).

Finally, levels of circulating molecules involved angiogenesis, such
as VEGF, BFGF, HGF, IL-8, PLGF, VEGFR2, could beedeed and
used as markers to follow the process fluctuatidnsour case, the
obvious marker to check during treatment with beatanab is VEGF,
the drug’s specific target-molecule, as for othesleuularly targeted
drugs. However, the analysis of tumor fragmentsnfrpatients with
metastatic colorectal cancer (97, 103) and metastatadvanced breast
carcinoma (104) did not show a predictive effectV&GF expression.
VEGF concentration was shown to correlate with tunaascularity,
grade and prognosis (59, 105-107), but its chandasng the
antiangiogenic treatment are not necessarily ptigdicof benefit for
multiple reasons. First of all, VEGF is the priraipactor responsible for
tumor early angiogenesis (108) and, as a consequetetection of
possible differences in its levels of expressioruldobe difficult.
Moreover, VEGF expression increases in the presehbgpoxia which

is induced by antiangiogenic treatment; this coldd overcome
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performing just a baseline assessment and not dgnawaluation of
VEGF expression during treatment. Third, since VEG4&S multiple
isoforms and only VEGF-A activity is blocked by laezumab, other
ligands could link to VEGFR, limiting the drug efts on tumor
angiogenesis. Furthermore, VEGF is not the onlyeaudke responsible
for angiogenesis in tumor; a variety of other fastsuch as circulating
endothelial cells (CEPSs) or progenitors (CEPS),iavelved, especially
in the advanced forms of cancer (109). Finallyrehare several issues
related to the lack of consensus in procedures ratative scoring
systems, as well as the absence of a quantitathele method (97).
Some of the mechanisms leading to drug resistameegeaphically

summarised in Figure 6.

Mechanisms of action Vascular target Mechanisms of resistance
Vessel normalization Compensatory
FBroad mechanism
| i 2 Tumeor
L SP;E‘;'tr_l:'m . .‘"-.
Antivasculogenesis I - l e Stem cell
Monospecific 9 :
Fe ; i lar;et ]—d — Hypoxia
v : Antiangiogenic e Drug
Antiangiogenesis — drugs — resictarsa

—| 2-3 targets | — ™~ Normalization
F "2

Vascular remodeling ] = ] ™
L[ ™aitiple ] 2 CEPCs
__fargets Other mechanisms

Receptor autoact
Myeloid cells
Mimicry
Abnormal ECs

Vascular destruction

Figure 6. Possible mechanisms of resistance to thatiangiogenic
therapy. Antiangiogenic drugs act inducing vessel normaéiirg
antivasculogenic and antiangiogenic processes dsasevascular destruction
and remodeling. These drugs are classified as lggtdd in the violet squares.
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Resistance to antiangiogenic therapy can be dumtopensatory mechanisms,
presence of tumor stem cells or circulating endidheprogenitor cells,
hypoxia, etc. CEPC, circulating endothelial progenicells; EC, endothelial
cells(110)

As a consequence of all these limitations in ustifGF as single
marker to check efficacy of the antiangiogenic &ipgy the current
approach is to identify an angiogenic signatureljlle. a group of
predictive markers, to be analysed and keep madtorhis theory is
strengthened by the fact that the optimal biomaskeuld have a proved
biological relevance with respect to VEGF inhihiticshould allow its
continuous evaluation so as to identify possiblaati@ans of response
and resistance onset during therapy, should pr&ifs;tand have a high
predictive value (97).

Different candidate predictive markers of tumor iaggnesis have
recently entered the clinical arena, such as agitgenic therapy-
induced hypertension (97), VEGF and VEGFR polym@mis (97), pro-
angiogenic molecules, such as Bv8 (Bombina Varegefptide 8) and
PDGF (platelet-derived growth factor) (97), butitheliability is often
limited by the small sample size of the studies #redimpossibility to
compare data regarding different tumor types tceatgth different
therapies (111). These candidate predictive markeisde CECs and
CEPs.
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1.4.2Circulating endothelial cells (CECs)

Although literature on CECs extends back over sdwerars, one of

the most relevant issues in using apoptotic CE@ ssrrogate marker of

vessel damage and viable CECs as a marker of asarhodelling, is

that their phenotypes overlap to that of many ottedl types, such as

platelets and some hematopoietic cells (111) (Taple

CEC PHENOTYPE

EPC PHENOTYPE

Ref

CD45CD146CD31'CD34 CD45CD31'CD133 Asahara T. Am J Physiol Cell Physiol
2004

CD146CD3I'VWFVEGFRZ NA Beerepoot LV. Ann Oncol 2004

CD34'CD146CD105CD11b CFU-EC Zhang H. Blood 2005

CD45CD31'CD34'CD146 CD45CD31'CD34'CD133 Wierzbowska A. Eur J Haematol 2005

NA CD133CD34VEGFRZ Massa M. J Clin Oncol 2005

CD45CD31°'CD146 NA Go RS. Ann Hematol 2008

CD45CD34°CD146CD133 NA Della Porta MG. Leukemia 2007

CD45CD146CD31'CD34 CD34VEGFRZ Furstenberger G. Br J Cancer 2006

NA CD34'VEGFRZ Richter C. Breast Cancer ResTreat 2007

NA CD133VEGFRZ Naik RP BreastCancer Res Treat 2008

NA CFU-EC Kim HK. Cancer Lett 2003

NA CD34'VEGFRZ Dome B. Cancer Res 2006

NA CD45CD133VEGFRZ and | Pircher A. Oncol Rep 2008
CD45CD34VEGFRZ

NA CFU-EC Ho JW. Hepatology 2006

NA CFU-EC Yu D. Clin Cancer Res 2007

CD34CD146VEGFR2 CD133CD34VEGFRZ Zheng PP. Ann Neurol 2007

CD45CD146CD105 NA Rowand JL. Cytometry A 2007

CD45CD34'CD133CD105 CD45CD34'CD133CD105 | Twardowski PWCancer Invest 2008

CD45CD31" P1H1Z2CD133 NA Norden-Zfoni A. Clin Cancer Res 2007

Table 1.Lack of consensus on CEC and CEP definitio@onsensus on

CEC and CEP definition is still lacking nowadaysiist is proved by the
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numerous and discordant data on their phenotypblighed so far in literature
(112)

To define the lineage of this cell type is compksen because no
unigue way to detect them is currently availableshof works tended to
measure CECs by immunomagnetic beads (113-115useuti CD146 as
a defining antigen. However, additional studies edimo assess CEC
phenotype in a clinical setting failed to providarity, as other different
markers were declared to be expressed by CECsnAxample, Zhang
in 2005 defined CECs as those cells expressing 6DTCD34 and
CD105, whereas Mancuso some years before excluBé@%expression
(116-119). The currently developing view of CECéres them as those
peripheral blood cells expressing CD146 and inclgdhe intra-cellular
von Willebrand factor (v\Wf).

The morphology usually completes the definition 3A1115). CECs
are well or terminally differentiated mature endaidl cells, with low
proliferative potential, which are shed from th&énra of the blood vessel
walls and enter the circulation reflecting vasculamage or dysfunction.
CECs were proved indeed to correlate positivelyhwilasma and
physiological markers of vascular damage, like B@UE selectin and
flow mediated dilatation (120).

CECs are rare in healthy individuals, with a frague of 0.5-2
cells/ml, whereas their levels are often increaspdo 10-fold or more
(120), in a variety of vascular disorders (121-128Y in the peripheral

blood of cancer patients at diagnosis appear toelete with tumor
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progression (124) and tend to return to normaleslia case of complete
remission (102, 118, 125, 126).

CEC values, however, vary according to cancer gl In breast
cancer for example high CEC levels at baselinecefdd a better outcome
than low levels (125, 127, 128). On the contranycolorectal cancer a
better outcome was warranted by low CEC baselinelde(129, 130).
Differences in the number of CECs and in theirichkhmeaning could be
due to diverse protocols used for detection or tdifeerent vascular
turnover depending on the tumor origin. Discrepasicon CEC vital
status are also evident in literature; they aree@dreported as viable,
apoptotic and necrotic with different proportiorepdnding on the study
(120).

Although a multi-centre consensus document on #feition of a
common protocol to isolate and measure CECs has pe#posed in
2006 (131), the overall complexity regarding mamaget and use of
these cells in the clinical setting is still anussas no sure and clear

therapeutic value have been reported for thess selfar.

CD109-positive CEC subpopulation

CD109 is a monomeric glycosylphosphatidylinosit@P{)-anchored
protein of about 170 kDa (132), working as a TGRlm-receptor. TGF
beta, a multifunctional growth factor controlling variety of cellular
processes, links to TGF beta receptor 1 and 2 ercéil surface. The

following receptor internalization via the clathweoated pits pathway
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induces the SMAD-mediated signalling; on the cawtrareceptor
internalization via the caveolae-pathway leads égrddation via the
proteosoma (133). In this setting, CD109 is assediavith caveolin-1 in
the membrane lipid bilayer of caveolae, and is ableincrease the
percentage of TGF beta receptors that are inteewalvia caveolae; in
case of excessive amount of TGF beta, this praca@ssnhibit TGF beta
responses. This ligand-dependent degradation of DE&#® receptors,
induced by CD109 via the caveolar route, is coesistith what was
discovered for several other receptors, like tHoseénsulin and EGF, as
well as beta2 adrenergic receptors.

CD109 expression has always been associated tal fapt adult
bone marrow CD34+ mononuclear cells with a peaksoéxpression in
the most primitive hematopoietic stem cells (1322109 seems to be
highly expressed by the brightest CD34+ subpoparatiom both foetal
and adult bone marrows (134). Until recently, CD&4s the only
hematopoietic antigen that was expressed exclysivglthe stem cell
population. However, this CD109+ minor subset o D34+ bone
marrow-derived population was shown to be enricimedoth primitive
stem cells and non-lymphoid lineage-committed hepwittic
progenitors of the myeloid and erythroid lineagemost of
CD34+CD109- cells were indeed lymphoid restrictes ).

Apart from its involvement in hematopoiesis, CD108y play a role
in cell-mediated immunity and hemostasis, sincg @lso expressed as an
activation antigen on T cells and platelets (182% hypothesized that its

cleavage could make it interact with adjacent mdiexand mediate cell-
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substrate, cell-matrix, or cell-cell contacts imta®topoiesis, hemostasis,
as well as immune responses (132).

CD109 involvement in many relevant cell functionsstifies its
mutations and deregulated expression in numeromsahutumor cell
lines, such as those of GBM, squamous cell carcaosarcoma and
adenocarcinoma (135). CD109 expression was alsofisantly high in
some of the 33 human lung cell carcinomas testell 1ah esophageal
squamous cell carcinomas (135). Hence, CD109 esipreson CECs
shed from the tumor vessel walls could be useda&ento detect these
cells and to study their behaviour during antiaggiuc therapy. The
physical vicinity of tumor vessel walls and relatiendothelial cells to the
tumor mass could be the reason why geneticallyet€ECs have been
identified (102). Possible explanations could be dommon origin of
endothelial and tumor cells; the possible fusionhaf two cell types; or
the chromosomal transfer or dedifferentiation aghéu cells induced by
microenvironmental factors which in turn cause atightiation towards
the endothelial phenotype (102).

In conclusion, due to its potential usefulness adeoular target for
the development of innovative drugs against tumommonitoring of
tumor response to therapy, CD109 is currently despldied both at

preclinical and clinical levels.
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1.4.3Circulating endothelial progenitors (CEPS)

Literature on CEPs extends back almost as thatEB@sChut, as for
CECs, no common definition of these cells combities published
papers. Furthermore, whilst works on CECs quitenimausly proved
their increased levels in several diseases and dtoeielation with the
mentioned disease severity, papers on CEPs hitlfeténl to show the
same (120).

The interest on CEPs is due to their potentialtasi ells and thus
possible providers of therapeutic neovascularisatiocase of vascular
diseases (120). In tumor, however, the focus isenoorthe role of CEPs
in tumor vascularization and, as a consequencethem fluctuations
during and after antiangiogenic therapy.

CEPs are mobilized from the bone marrow followirsgue ischemia
and may be recruited to complement local angiogsngspplied by
existing endothelium (136, 137)heir levels correlate with the potential
for repair of vascular damage (138) and in canegiepts, high CEP
counts reflect an ongoing tumor vasculogenesis,(118, 139, 140).
Tumor vascularisation depends indeed on the sp@uf the
surrounding blood vessels due to migration andedéfitiation of the
existing mature endothelial cells and on the réorent of bone-marrow
derived endothelial progenitor cells; the first qees is called
angiogenesis, the latter vasculogenesis (141).

Although very different for many aspects, therevidence of some
commonality between CEPs and CECs; some of thedlduaracteristics

are the expression of some CD molecules, morpholagy growth
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featuredn vitro (120). The panel of markers used to select CERegeit,
is not completely defined, because of its partigbrtap with that
currently used for selection of hematopoietic caltsl CECs. CEPs were
shown to express mainly the glycoprotein CD34, arkera of
hematopoietic progenitor cells, and VEGFR2 (13Q)f hlso CD31,
CD146 (111), CD45, CXCR4, VE-cadherin and the tgpimarker of
hematopoietic stem cells CD133 (112) have beenrtegas possible
markers of CEPs. CD133, in particular, has beerorteg to allow
distinction between early endothelial progenitesgressing CD133, and
CEPs which gradually lose it (112); however, a eossis of the
scientific community on it has not been reached yet

The most evident difference between CECs and CERgat CEPs
have a high proliferative potential. A smart expent, conducted by Lin
in 2000, showed that only 5% of peripheral bloodGSHrom patients
who had bone marrow transplant were of donor orégid had a greater
proliferative capacity than recipient celis vitro (132). These results
stressed once more the proximity of the two cglety which were also
thought to be “two sides of the same coin”, as d¢gidBlann in 2006
(120).

A variety of factors which stimulate CEP mobilizatiis reported in
literature, such as administration of recombinamtn&n erythropoietin
(rHUEPO), presence of granulocytemacrophage costinydlating factor
(GM-CSF) or granulocyte colony-stimulating fact@-CSF), placental
growth factor (PIGF) (142), angiopoietin-1 (Ang-1143), platelet-
derived growth factor-CC (PDGF-CC) (144), stromall-derived factor-
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1 (SDF-1) (145), nitric oxide (NO) (146), 3-hydre8ymethylglutaryl
coenzyme-A reductase inhibitors (statins) (147). rédoer, when
estrogens (148) and physical training (14%rease CEP mobilization,
tumor necrosis factor-alpha (TNF-a) and C-reactp®tein (CRP)
decrease their levels (150, 151), whereas NO sgistieimproved (120).
Among them, however, VEGF, interacting with thesceptors, plays a

key role in CEP mobilization.

VEGFR2+ CEP subpopulation

As for other endothelial subpopulations, VEGFR2+PCRave not
been hitherto identified with a specific and unaguioius phenotype. It
seems quite  established in literature that CEPs are
CD34+VEGFR2+7AAD- (120). More uncertainty is remaitfor the
expression of CD45, the hematopoietic stem celkerawhich could be
dim or absent (141).

Bone-marrow derived progenitor cells involved in mtr
vasculogenesis include hematopoietic (VEGFR1+) amtothelial
(VEGFR2+) cells, which initiate the pre-metastatiche and promote the

metastasis vascularisation, respectively (141)ufieq).
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Figure 7. Hematopoietic and endothelial as bone-maw derived
progenitor cells.The first express VEGFRL1, whereas the latter VEGRth
types of cells are involved in angiogenesis andnsé& formation. In particular,
endothelial progenitors play a relevant role in fmmangiogenesis and growth.
Angiogenic factors released by the neoplastic dalisice recruitment and co-
mobilization from the bone marrow of both haemaiefo progenitors and
VEGFR2+ CEPs, whose functional incorporation i@ tumor vasculature is
essential for neoplastic angiogenegis?2).

VEGFR2 (KDR) expression is not present in the CD@&P subset
of paediatric patients with solid malignancies, véas it is significantly
expressed in the rare CD45dim subpopulation, thosfirening the
common origin of endothelial and hematopoietic protprs (141).
Moreover, Farace and colleagues recently publishedtorrelation
between a baseline level of CD45dimCD34+VEGFR2+7AAgIIs
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higher than 2% and a higher risk of progressionpatients with
metastatic renal cell carcinoma (153). Patienté w&itstable or increased
level &2%) of these cells at baseline and after 14 daysiglireatment
with sunitinib or sorafenib, two tyrosine kinasdiinitors of VEGFR as
well as PDGFR and other receptors, had a lower oiskrogression
(153). Blann et al. defined CEPs as CDA45- cells aspmbrted that
although typical prostate cancer molecular mark&geased, no change
was detected in CEP count (154). Du Bois definedP£Eas
CD146+CD31+CD45-CD133+ and showed that their calichinot differ
in osteosarcoma paediatric patients compared tdraien(155). The
author supposed that selection of CEPs using CDi®Bbe responsible
for the difference of his results from those of estipapers previously
published. However, it is hypothesized that alsocea histology might
play a role in fluctuations of CEP and CEC counts.

As anticipated above for CECs, also CEPs have gkaspects in
common with the hematopoietic cell lineage. Figgidarifies the role of
hemangioblasts and their relationship with CECs @&dPs. Endothelial
cells and hematopoietic cells have the hemangibbéss common
precursor (112, 156). Hemangioblasts are endoweith Vang-term
proliferative capacity and ability to reconstitub®th endothelial and
hematopoietic lineages, expressing CD34 and VEGBRZoth early
progenitors; these markers are then graduallydasing hematopoietic
differentiation and conserved in completely diffetrated endothelial
cells (Figure 7) (156, 157). Nevertheless, a clemntification of

hemangioblasts currently still lacks, since anottet population with
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the hemangioblast bilineage potentiality but withexpression of CD34
and CD45 (as well as CD133) was recently isolatednfperipheral
blood (158).

Proximity of endothelial and hematopoietic precussis once more
stressed by the fact that tumor vascularizatiorsupported also by
their lozation in the
periendothelial tumor site; examples of these stpp® are mast cells,
celdEGFR1+
hematopoietic progenitors, CD8+ T cells, Tie2-espmeg monocytes, etc
(112).
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Figure 8. Origin and phenotype of CEC and CERdemangioblasts
originate from the pluripotent stem cells of thenbanarrow. Hemangioblasts
have a bilineage potentiality, thus the abilitydifferentiate as hematopoietic or
endothelial cells. VEGFR2 and CD45 are the majorkees distinguishing the
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two populations. Both CEC and CEP originate frond@thelial cells, whereas
hematopoietic progenitors give rise to myeloid gellike monocytes, and
myeloid endothelial cells. HPC, Hematopoietic Pmigw Cells; EPC,
Endothelial Progenitor Cells; EC, Endothelial CelSFU-EC, Colony Forming
Unit Endothelial Cells; ECFC, Endothelial Colony fRaing Cell Cloneg159).

1.4.4Methods for CEC and CEP detection

In 2006 Blann reported that CECs are mainly detectey
immunobeads, whilst CEPs through flow cytometry O)12This is
basically still valid, despite the presence of ewick regarding other
laboratory techniques.

Since CECs are rare in peripheral blood, the mamda protocols
used for CEC measurement is cell enrichment (1@pnunomagnetic
separation and flow cytometry are currently the tncosnmon techniques
(112) (Figure 9). Immunomagnetic separation all@xslusive selection
of CECs thanks to immunomagnetic beads coated antibodies that
bind only cells expressing specific molecules oairtlsurface. Selection
ends then with magnet retrieval (160). The mostroom antibodies in
this case are CD146 (however expressed by perichimse marrow
fibroblasts as well as activated lymphocytes, aeduently increased in
cancer patients) and CD31 (112); moreover, leukoayarkers, such as
CD14 and CD45, are used as negative markers. ¥imall size must be
higher than 10 mcm (112).
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CECs are currently also detected by flow cytomatrgt protocols for
their phenotypic enumeration are based on usg G146, as a specific
but not exclusive endothelial marker; ii) CD45 txlede haematopoietic
cells; iii) CD105 expression, which is expressedativated endothelial
cells; and CD45 as negative marker to exclude hepoattic cells (161).
Finally a visible nucleus (DAPI positive) and routtdoval morphology
are needed to define CECs. Mancuso et al. includetie panel also
CDa31, as a differentiation marker of endothelidls;@and CD140b (162).
7AAD is usually used to determine the viabilitytssof cells, whereas
the nuclear staining Sytol6 allows discriminatiortvieen DNA
containing cells, platelets and cell debris (16@ancuso et al. defined
necrotic cells as  Sytol6low/7AAD+, apoptotic cellsas
Sytol6low/7AAD- and viable cells as Syto16brightA: (162).

Ronzoni et al. published a way to distinguish restCECs from
active CECs using flow cytometry: the first are idefl as CD45-
CD146+, CD34+, and CD106-, whereas active cellsrasgp CD45-,
CD146+, CD34+, and CD106+. Total CEC are CD45-, @O8¥], CD34+
and CD133- (130).

CEPs are principally defined by flow cytometry asrdiissue culture
(120); however, as it happens for CECs, thereillsngt consent on their

antigen-expression profile (102) (Table 1 and Fegix.
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Circulating Circulating  Endothelial  Platelet Erythroblast  Lymphocyte  Mature Haematopoietic
endothelial  endothelial — cell myeloid cell  progenitor cell
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Figure 9. Phenotype of CEC, CEP and other cell pdgtions. The
majority of the antigens were detected by flow mgisy; however, some of
them were also confirmed using other techniques,chsuas
immunohistochemistry and molecular biology. Withubgopulations” the
authors intend that the antigen is only expressedaifraction of the cell
population(102)

Furthermore, real time-PCR has been considerethé&@surement of
circulating RNA levels of CEPs, and was found taabesasy and reliable
methodology. Through this technique for assessnénVE-cadherin
RNA, a decrease of its levels was detected in apieptompared to
viable cells; CEC viability seems thus to correlatgh VE-cadherin
RNA levels (101). This technique is still not agfug as FACS since it
can not distinguish patients with a prevalent agegmesis, mainly driven
by mature endothelial cells, from those with a pftemt vasculogenesis,

basically due to involvement of endothelial progencells (101).
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In conclusion, all available tools for detectiondaguantification of
CECs and CEPs provide complementary informatiorcivinnay give the
overall view of involvement and fluctuations of sleecells during tumor
angiogenesis and vasculogenesis. Nowadays, thesiijvdue to the use
of different techniques for measurement of CECs &HEHPs has
decreased, showing overlapping results with differeethods (163); in
breast cancer (127, 164), for example, CEP and G#@ts obtained by
CellSeach system are in line with those got by ftgqometry. Moreover,
rather than phenotype only, it is recommended éotlie function as well,
to distinguish CECs, CEPs and other more specifibpspulations
involved in the complex tumor angiogenic procesD2j1l The
overlapping information obtained using diverse teghes and the
multifaceted analysis of these molecular and callodarkers can help in

planning new therapeutic approach and test innexatirgeted therapies.

1.4.5Circulating endothelial cells and progenitors in tumors

In cancer patients, elevated CEC levels, probably tw endothelial
perturbation were detected (124), but the implacatf this increase is
still unknown. Although standardized enumeratiorC&C counts is still
required to minimize variability and allow crossidies comparisons, the
most common variability is not relative to the nathlogy used to detect
CEPs and CECs, but rather to values obtained whalysaing different
types of cancer (161).
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In haematological patientsigh levels of CECs have been recorded in
acute and chronic leukemias, myelodysplastic syndsy lymphoma and
myeloma (116, 165-168); these levels decrease miigridter treatment
with chemotherapy, but they do not normalize, renmg higher than in
healthy controls. A possible explanation for thds®lings is that
chemotherapy-induced endothelial damage makes GElsl remain
higher that in controls despite the relative deseeél69). The study
carried out by Kideryova highlighted that levelsemidothelial progenitor
cells are lower in haematological patients thanthgacontrols, maybe
due to the influence that comorbidities and meéaoat could have on
this population (169).

Although the possible association between CEC oP Gfvels and
outcome in patients suffering from tumors is vetyagtive, researchers
are nowadays aware that the predictive value ofbtmeeline counts of
these populations could vary depending on canger &and patient subset,
thus reflecting tumor-specific endothelium actigati In contrast with
results in breast cancer (125), indeed, patientls @alorectal cancer and
lower baseline CEC levels have longer PFS (130 $ame inverse
correlation between baseline CEC count and OS vep®rted for
metastatic pancreatic cancer patients treated vatlotinib and
bevacizumab by Ko et al (170). The possible reatamthese differences
might be related to a different vascular turnovepag cancer types.

Matsusaka and colleagues published data on metastabrectal
cancer patients treated with bevacizumab-based athenapy; the
purpose of their study was to identify the thredhof CEC count,
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measured by CellSearch system, necessary to claimsponse to
treatment (161). They found that CEC baseline fewetére associated
with outcome: higher levels correlated with a séoredian PFS and
OS. Moreover, the threshold between high and loweliee CEC

amounts in peripheral blood was 65 cells/4 ml. Roinet al. confirmed

that lower CEC levels are positive predictive fastior clinical outcomes
in advanced colorectal cancer (130).

In renal cell carcinoma patients, treatment withyesine kinase
inhibitor, called sunitinib, targeting VEGFR1-3, BPR and leading to
inhibition of tumor vessel formation, correlatedthvia further CEC
increase in subjects with a PFS above the mediamn asarly biological
response with a positive outcome. In patients vatiPFS below the
median, CEC increase after treatment was not redorbh this setting
CEC increase could thus be considered as a mavkealifiical activity
(163).

Data regarding breast tumor are not so clear; CEStllme levels
were not predictive for response to metronomic astberapy (126), but
a higher baseline count was associated with a higheS after
combination of metronomic chemotherapy and bevaca#u (130).
Furthermore, apoptotic CECs are candidate pree@iacharker of clinical
outcome after metronomic therapy in breast candéts).

In conclusion, although the use of CECs as a dstgnoand
predictive marker in cardiovascular disease hastdethe analysis of
these cells in different cancer types, CECs arbably more useful as a

biologic marker of tumor vascular status and pdssitesponse to
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antiangiogenic therapy, than as a long-term clinpragnostic marker
(172).

In any case, a positive or a negative correlatietwben CEC and
CEP counts could be hypothesised according to tiffereht points of
view. In the presence of endothelium damage, CE€ @BP counts
should both increase, respectively due to theiddimg from the vessel
walls and to their recruitment from the bone marrawended for
repairing the damage. On the other hand, persistasgular damages
could also be the result of a CEP failure in rapgithem; in this case a
decrease in CEP count and a concurrent increa€&6f number should

be expected.

1.4.6CD140b-pericyte progenitor cells

Endothelial cells express several different surfac¢ecules involved
in a variety of vascular functions. Apart from etidgial cells, also
pericyte cells play a relevant role in the generatand homeostasis of
blood vessels. While endothelial cells form theeinhning of the vessel
wall, pericytes wrap around the whole blood vessel are responsible
for its stabilization and hemodynamic processe8{175).

Evidence of a tight crosstalk between VEGF and nmexmlof other
signaling pathways, like PDGF (162), are reportediterature. As an
example, CD140 absengevivo is associated with vascular leakage and
hemorrhages (110); moreover, CD140b+ viable calsehse after high

dose chemotherapy. Furthermoig, vivo failure of the interactions
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between endothelial cells and pericytes resultsewere and even lethal
cardiovascular defects, whereas abnormalities @ir timteractions are
implicated in many human pathologies, such as tamdiabetes and
stroke (176).

In normal conditions, to stabilize and mature negsels, endothelial
cells recruit perycite cells via the expression tbé platelet-derived
growth factor receptor beta (PDGRF beta or CD14Q@B-175, 177).
When neoplastic angiogenesis occurs, pericytesreateced and show
abnormalities in their contact with the surroundemglothelial cells (178,
179); hence, tumor vessels are heterogeneous impigcyte coverage
(176).

Since pericytes seem to be spared by antiangiogkerapies (180),
the idea of a combination of antiangiogenic andpanicyte drugs, which
can act synergistically, has been proposed. Berger., for example,
tested this concept in an in vivo model of pandcedtlet tumor,
recording complementary and synergistic antiangi@gend antitumor
effects (181). Additional studies reported that FDi@hibition decreases
the interstitial tumor pressure and, thereby, eobsaneffects of
chemotherapy (182, 183).

Mancuso et al. in 2010 published that number arabiliy of
CD140b+ progenitor perivascular cells (PPCs) amags higher in
cancer patients than in healthy controls (162)addition, a decrease of
these parameters is always detectable in patidtds taeatment with
chemotherapy; two are the possible reasons for Bi¥GFRb+ PPCs

could be reduced due to the block of recruitmeminfthe tissue reservoir
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or because of the inclusion of PPCs within the eleaslls for repairing
the vascular damage induced by chemotherapy (1%2ny case, PPCs
seem worth of deeper investigations, especiallytti@ir role in tumor
angiogenesis.

In conclusion, data available in the literature iGate potential
benefits of targeting pericytes in the treatmenttwhors and, as a
consequence, in the analysis of their possible adea marker of

antiangiogenic and antipericyte treatment efficacy.
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1.5SCOPE OF THE STUDY

Despite the multimodal treatment strategy for nesiggnosed HGG,
including surgerical resection of the tumor masslloved by
radiochemotherapy, recurrence is almost univensdlaverall prognosis
is still poor.

Due to the high vascularization of these tumorsiaagiogenic drugs,
such as bevacizumab, are being tested in clinibgpt@r Il reports our
findings on efficacy and safety of this drug astneent for patients with
recurrent HGG and no other therapeutic option.

Effectiveness of the experimental antiangiogengahies is however
jeopardized by the lack of markers for the selectd patients who are
likely to benefit from treatment. The scope of thiady was to analyse
circulating endothelial cells and progenitors, asllwas well-known
clinical and radiological parameters, to identifyankers facilitating the
stratification of patients and allowing treatmemt & more selected

subpopulation.
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2.CHAPTER Il - PAPER

High levels of CD109+ circulating endothelial cellsnd progenitors at
baseline are associated to longer survival in rectent high grade
gliomas treated with bevacizumab and irinotecan.
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2.1 ABSTRACT

Purpose: Bevacizumab, an anti-VEGF antibody, has shownifsigmt
activity in high grade gliomas (HGG). Previous stsdemphasized the
need for predictive markers of response.

Experimental Design: We treated 63 recurrent HGG patients with poor
prognostic factors with bevacizumab (10 mg/kg) ambtecan (125 or
340 mg/m) every 2 weeks, and investigated the predictiveeqtéal of
circulating endothelial cells (CECs) and their moigors (CEPS).

Results: After a median follow-up of 27 weeks, median OSl &#FS
were 33 and 18 weeks, respectively. PFS at 6 anmdiths were 32%
and 12%. OS at 6 months was 60%. No complete respbuat fourteen
partial responses according to RANO criteria wdrseoved. Toxicity and
side effects were mild.

Patients with distant intracerebral disease or ol@phingeal
dissemination at baseline MRI had shorter PFS (32).p=0.01) and OS
(p=0.005; p=0.03).

Baseline CEP over 328 cellsiml °(1 quartile) or
CD45dimCD34+CD133+ hematopoietic committed progesitover 27
cells/ml (' quartile) were associated with an increased PE®.(4;
p=0.001, respectively). Baseline CD109+ CECs oveb 4ells/m| (2
quartile) were associated with longer PFS and GSQ001; p=0.02).

Patients who progressed after 18 weeks of therapyare (n=22) had
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baseline levels of CD109+ CECs and CD45dimCD34+VEG+ cells
significantly higher than others (p=0.008; p=0.04spectively). At
progression no significant change in CEC and CE® dedected.
Conclusions: The data point to baseline CD109+ CECs, CEP and
CD45dimCD34+CD133+ hematopoietic committed progesit as
promising markers for the selection of patients wioold benefit from

bevacizumab in the treatment of HGG.
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2.2INTRODUCTION

Accounting for 35-40% of all primary brain tumorjgh grade
gliomas (HGG), including grade Il gliomas and glastoma multiforme
(GBM), are the most frequent malignant brain turfigr Although local
invasion is the hallmark of malignant gliomas atcumence,
dissemination or second distant lesions can alsarantracerebrally; the
prognostic significance of these different radiadad) patterns is not well
established yet (2).

Since HGG are highly vascularized tumor, severdlaagiogenic
compounds have been investigated so far in theicalinsetting.
Bevacizumab, a monoclonal antibody targeting thecutar endothelial
growth factor (VEGF), represents one of the framrrers among
currently available antiangiogenic drugs. Howewdaspite the significant
number of trials based on treatment with bevacizurma HGG (3),
predictive markers to distinguish patients who ldcely to benefit from
treatment are still lacking.

Circulating endothelial cells (CECs) and progemsit¢€CEPsS) seem
promising predictive and escape biomarkers (4CECs, rare and mostly
apoptotic/necrotic in healthy individuals (<1/10@calating blood cells
(6), increase in a variety of vascular disordersl ammor, and are
considered to be shed from vessel walls and ehe&blibod stream as a
consequence of vascular turnover or damage. Thpgaapo correlate

with tumor progression (7, 8) and tend to normatizeomplete remission
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in other solid tumor (5, 9-11). CEPs are mobilizexn the bone marrow
following tissue ischemia to complement local aggioesis supplied by
the existing endothelium; a similar process takkse during tumor
vasculogenesis (12, 13). In particular, levels dEPS, defined as
CD34+CD133+ VEGFR2+ cells, are higher in HGG pdfiethan in

healthy controls and metastatic patients, and tzde@ with higher tumor
blood vessel densities in the GBM subgroup (14).

One relevant limit in using CECs and CEPs as bi&ararto predict
benefit from bevacizumab is the lack of consensmsiatheir phenotype.
CECs are usually defined as DNA+CD45-CD31+CD146#s célb),
whereas CEPs as DNA+CD45-CD34+ (16). Several subdptpns of
these vessel-lining endothelial cells with différantigenic profiles may
have a predictive clinical potential. CD109 hasrbpmposed as a tumor-
specific endothelial cell antigen (17). CEP subpafens might express
VEGFR-2 or CD133, two antigens also expressed othelial and
progenitor cells, respectively. Finally, progenitperivascular cells
(PPCs) expressing CD140b+ (the platelet-deriveavijrdactor receptor
beta, PDGRFbeta) may play a role in tumor angiogjeres they regulate
vessel stability (18). Indeed, there is evidenca bght crosstalk between
VEGF and members of other signaling pathways, BK&F (19):in vivo
the absence of CD140b is associated with vascuakage and
hemorrhages and CD140b+ viable cells decrease diigh dose

chemotherapy (18).
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Here, we report on clinical and radiological outeomf recurrent
HGG patients treated with bevacizumab and irinotecand on the

potential predictive value of CEC, CEP and PPC toimthese patients.

2.3PATIENTS AND METHODS

2.3.1Patient selection

Subjects involved in the therapeutic protocol wadelt patientsX18
years) with radiologically proven progression oddg Il (n=10) or grade
IV (n=53) gliomas (1) and Karnofsky Performance r&c¢KPS)>40
(Table 1). All patients signed an informed consefite therapeutic
protocol was carried out according to the Italiaeci2e Law May '8
2003 which allows the off-label use of drugs ngpraped by the Italian
Regulatory Agency when the patient has no otheragetic options.
Before treatment with bevacizumab and irinotecarBMG patients
underwent prior surgical resection and radiotheragth concurrent
temozolomide (TMZ) according to the Stupp’s prolg@®), followed by
second line chemotherapy in 22 patients and tmeldhemotherapy in 2.
Grade Il patients were submitted to prior surgeotfiowed by
radiotherapy; subsequently eight were treated W@V (procarbazine,
lomustine and vincristine) or TMZ, and five recalva second line
chemotherapy at progression.

Treatment was not possible in the presence of:abtestangina;

myocardial infarction within 6 months; clinicallyigsificant peripheral
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arteriopathy; hemorrhagic foci; presence of deepous thrombosis
and/or pulmonary embolism within 3 months; histayfy abdominal
fistula, gastrointestinal perforation, or intra-abdnal abscess within 6
months; chronic intestinal active inflammatory dise; serious non-
healing wound, active ulcer or untreated bone @r&gtpharmacologically
uncontrolled hypertension; any previous malignanaipher than basal
spino-cellular carcinoma of the skin and carcinamaitu of the cervix;
previous treatment with bevacizumab or irinotecaarious unstable
systemic disease, including active infections ormioss cardiac
arrhythmia; pregnancy or lactating.

The therapeutic protocol was approved by the Ett@manmittee of
the Neurological Institute “Carlo Besta” of Milan.

2.3.2Drug administration

Bevacizumab and irinotecan were supplied by RocpeAS(Monza,
Italy) and Hospira (Napoli, Italy), respectively.

Irinotecan was administered at a dose of 125 or 8&#fnf,
depending on the concomitant use of enzyme-indu@nt-epileptic
drugs (EIAED), according to Vredenburgh et al. (B¢vacizumab was
dosed at 10 mg/kg. Each agent was administereceiery 2 weeks until
untolerable toxicity, tumor progression, or patieahsent withdrawal. If
patients developed low tolerance to irinotecan,y tleentinued the

treatment with bevacizumab alone.
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2.3.3Patient evaluation

Patients were clinically and neurologically evaéthbefore initiating
therapy and in correspondence of bevacizumab arndotecan
administrations; the visits included blood countd aarine analysis.
MGMT methylation was assesses as previously destrif22). If
necessary, an ophthalmological visit and a compaeer axial
tomography scan were performed to exclude the ow$ebptical
neuropathies and bleedings.

Toxicities were evaluated at each visit and gradecbrding to the
NCI CTC-AE, version 3.0. In case of intolerable itity or disease
progression, patients were treated according to Hlespital normal
clinical practice.

Patient underwent conventional contrast enhanced $6Bn before
starting treatment, every 8 weeks and in case ofah@gical worsening,
until tumor progression. Patients were scanned dn5& MR system
(Siemens, Avanto) with an 8 channels head coil. B&juences included
axial T1 weighted spin-echo (TE/TR=9.1 ms/500 m&=T0°, slice
thickness=5 mm, no gap, matrix =187x256, FOV=230x&8n, number
of NEX=2), axial turbo spin-echo T2 and proton dgnsveighted
(TE/TR=39-79 ms/3500 ms, FA=180°, slice thicknesss, no gap,
matrix=256x256, FOV=240x240 mm, NEX=1), coronal ARATI=2500
ms, TE/TR=121 ms/8000 ms, FA=150°, slice thickn&ss®n, no gap,
matrix=149x320, FOV=250x194 mm, NEX=1). After theénanistration
of contrast medium (Gadovist, 0.1 mmol/kg) axiatl&8D T1 weighted
images (TE/TR=4.24 ms/1160 ms; FA=15°, voxel siZ#0%0.90x0.90,
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gap 0,45 mm, matrix=192x256 and FOV=230x172.5 miaxXHl) were

acquired.

2.3.4MRI and response evaluation

Response to the experimental treatment was detedriy clinical
and radiological examinations. The following radgital features were
considered: width of the enhancing tumor (on thiewetric enhanced T1
weighted. sequence), pattern of contrast enhande(mieg-like, nodular,
patchy and faint), extension and pattern of long-3iBnal alteration
(infiltration, lack of homogeneity), presence ofeeth, mass effect,
leptomeningeal and/or leptomeningeal seeding, foadlity in the
controlateral hemisphere or in the same hemispbatefar from the
primary lesion.

Patterns of radiologically defined disease weregaittarized as local,
distant, diffuse and multifocal, using the radiquig classification
published by Chamberlain (23). However, becausaumcohort patients
with 3 or more non contiguous lesions were not nlexk differently
from Chamberlain we adopted the definition of lepémingeal
dissemination instead of multifocal disease.

Therapy response assessment was performed indeplgridem the
neurologists’ clinical examinations, according tee tRANO criteria
(24)(10). Tumor volume measurements were determimethe 3D post
gadolinium T1 weighted images by manually outlinithge enhancing
portion of the lesion in MRIcro (http://www.mrickm). The number of
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enhancing voxels was multiplied by the voxel volumerder to obtain

the total enhancing volume of the tumor.

2.3.5Circulating endothelial cells and progenitors analgis

Number and viability of CECs and CEPs were measareday 0 and
every 8 weeks by six-color flow cytometry. In brigfable and apoptotic
CECs were defined as Sytol6(DNA)+CD45-CD31+CD1465%),( and
the combination of Syto16 and 7-AAD was used t@rilisinate between
nucleated viable (Sytol6bright/7-AAD-) and apopttecrotic
(Syto16dim/7-AAD+) endothelial cells, and to exaudrom analysis
platelets and endothelial macroparticles (Figure Thie expression of
CD109 (25) in CECs was also investigated in contimnawith Syto16
and 7-AAD.

According to Mead L.E. et al, CEPs were evaluated
Syto16(DNA)+CD45-CD34+ (16). However, as a conssnsm the
phenotype of these cells has not been achieve@lsweinvestigated the
kinetic of Sytol16(DNA)+CD45dimCD34+VEGFR2+ descibeas
VEGFR2+ hematopoietic progenitor cells accordin@&se et al. (26), as
well as Syto16(DNA)+CD45dimCD34+ and
Syto16(DNA)+CD45dimCD34+CD133+ as hematopoietic potred
progenitors (5, 16, 26, 27) (Figure 2).

As PDGFRbeta(CD140b)+ progenitor perivascular cg¥BCs) can
differentiate into pericytes and regulate vessabity and vascular
survival in tumor, Syto16(DNA)+CD45-CD31-CD140b+®Pwere also
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enumerated (18). To define reference values, CEGviable CECs were
investigated also in 72 age- and sex-matched heatihtrols (age range
30-50 years), whereas the remaining cell populatiwere evaluated in
36 healthy subjects.

2.3.6Statistical analysis

Progression Free Survival (PFS) was calculated filmenstart of the
experimental treatment until disease progressiahdaath/last follow-up,
if censored. Overall Survival (OS) was calculateaht the start of the
experimental treatment until death/last follow-ufpcensored. Patients
who interrupted the therapeutic protocol becausantblerable toxicity,
consent withdrawal or other reasons were followadprogression and
death and were included in PFS and OS analyses.Képtan Meier
method was used to estimate survival functions. [Bigerank test was
used to test for differences in progression or isahvbetween patients
with different clinical, radiological or biologicgarameters. Clinical (age
<40 years; age60 years; KPS70; KPS80; EIAED use; glioma grade;
dexamethasone use at enrolment, among 0, <4 mg/8ieng/die) and
radiological parameters (tumor volume at enrolment, off values) as
well as biological parameters (CECs and CEPSs) wetat 25°, 50°, 75°,
90° percentile and separately evaluated in allep&si and in the GBM
subgroup.

Cox proportional —hazards regression was used tterrdme
univariate and multivariate hazard ratios for pttmredictors of PFS
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and OS. Correlation between biological markers @irdcal parameters
or treatment response was assessed using WilcoxmmWhitney test.
A Wilcoxon rank sum test was used to evaluate diffees between
biological markers levels at baseline and at weedr rogression. A
multivariate analysis and a Cox proportional hazeggression model
analysis were performed on variables showing sizdilyy significant
differences at univariate analysis to investigateirt independent
prognostic role.

All statistical analyses were performed using Séstvsoftware. All
tests were two-sided.
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2.4RESULTS

2.4.1Patients

Clinical characteristics of HGG patients treatetieen January 2009
and December 2010 and included in this study aserdeed in Table 1.
Of note, since treatment was administered accortiing therapeutic
protocol (see Patients and Methods for definitiamgny patients had
poor prognostic factors (age >60 years in 19% diepts, KPS <70 in
25%, leptomeningeal disease dissemination in 18#e of the patients
was previously treated with bevacizumab or otheramgiogenic drugs.
Six patients were treated with bevacizumab aloneereas 9 patients
interrupted irinotecan due to low tolerance.

Thirty patients of 63 (48%) had more than one psgion before
treatment with bevacizumabl/irinotecan. Sixteen 8f GBM patients
(30%) experienced progression during the firstcgisles of conventional
adjuvant TMZ therapy (28) . Two patients progressé@ weeks after
radiation therapy and performed a second MRI comnfig progression
after 6 weeks, according to RANO criteria (24); mpatient had

pseudoprogression.

88



2.4.2Toxicity

Adverse events are summarized in Table 2. Fouempiatinterrupted
the treatment before radiological assessment ebdis progression due to
consent withdrawal (n=2) or intratumoral bleedimgZ). Dates of their
disease progression and death after therapy ipteéyruwere included in
statistical analysis.

Four patients died before neurological and radicklly-assessed
disease progression due to: pancreatic neoplasib);(sudden death for
unknown reason (n=1); epigastric discomfort, nausemit, anorexia
(n=1); acute heart failure (n=1). Their date oftdeaas included in both

OS and PFS statistical evaluations.

2.4.3Response Rate and MRI patterns of relapse

No complete response was observed. Fourteen stk a partial
response according to RANO criteria (24); in mdsthem (13 patients)
the partial response was recorded by week 8.

Within the first 8 weeks of treatment, 33 patieimésl a stable disease
and 17 a disease progression.

Before starting treatment, 63.5% (40/63) of patdrdd local disease,
as defined by Chamberlain (23). No patient with tifadal disease was
observed; leptomeningeal dissemination was presel@% of cases and
distant disease in16%; in one patient (grade llljifuse pattern of

disease was detected at baseline (Table 1).

89



At progression, 32% of the radiographically asdagsgatients
converted to a diffuse pattern (8 patients starfiogn local pattern, 4
from leptomeningeal dissemination and one fromadispattern), 7% to
leptomeningeal dissemination (2 patients with latiakase and one with
distant pattern at baseline) and 62% did not shmanges of their disease
pattern with respect to baseline. An example ohgeeof the radiological
pattern from distant disease to diffuse diseaseep®rted in Figure 3.
Finally, survival did not show differences assosihto the radiographic

patterns of disease recurrence.

2.4.4Survival

Overall, median follow up was 27 weeks (5-107).vEle of 63
patients are still alive; four patients died fornAmeurological causes
before neurological and radiologically-assesseé@adis progression; the
remaining 48 for tumor progression. Median OS wasngeks (5-107)
overall; it was higher in the GBM subgroup (36 weeB-96) than in
grade Il gliomas (25 weeks, 7-65). OS at 6 andnbaths (OS-6; OS-12)
were 60% (95% CI 48-72%) and 25.5% (95% CI 14-37##gpectively;
in GBM they were 64% (95% CI 51-71%) and 25% (95%1€-38%)
respectively, whereas in grade Ill gliomas 40% (96%9.6-70%) and
26% (95% CI -2.7-56%).

Median PFS was 18 weeks (5-78) overall; 18 weeksa3{5n GBM
and 14 weeks (5-53) in grade Il glioma patientgefall PFS at 6 and 12
months (PFS-6; PFS-12) were 32% (95% CI 20-43%)1&9d (95% CI
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1.9-18%), respectively. PFS-6 was 34% (95% CI 2¥6pih GBM and
20% (95% CI 4.8-44%) in grade Ill gliomas.

PFS and OS were not affected by the following chhiparameters:
age>40 years; age>60 years; KPS>70; KPS>80; esstyrgssion during
adjuvant TMZ according to the Stupp’s protocol (20¢ novoversus
secondary GBM (Table 3).

Tumor volume <13.1 cc (25° percentile) at the time of first
administration of bevacizumab was associated wiB Bnd OS longer
than in the remaining patients, but this was natistically significant
(Table 3). Although tumor volumes in patients wigptomeningeal
disease dissemination and multifocal tumor (med@inme 34.4 and 36
cc, respectively) were not significantly higher nhan the remaining
subjects, both subgroups had shorter PFS (p=0.0062 @.01,
respectively) and OS (p=0.005 and 0.03, respegtiv&lipplementary
data). No difference in PFS or OS was detecteché EIAED group
versus the non-EIAED group, neither in patients wdiecontinued
irinotecan versus those who received both bevaabuand irinotecan,
and in patients who developed hypertension versaset who did not.
MGMT promoter methylation status did not influer®€S and OS.
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2.4.5Biomarker results

2.45.1 Baseline values

Figure 4 reports the baseline levels of CECs, Cafs other cell
populations in patients and healthy controls. Sigatly higher levels of
CD109+ CECs (p=0.0001), CEPs (p=0.0001), CD45dimGD133+
and CD45dimCD34+ hematopoietic committed progesit(p=0.0001
and 0.008, respectively) were found in patients garad to healthy
controls, also when p values were adjusted for iplalicomparisonsA
slight increase of viable CECs and decreaséCbfl40b+ PPCs was also
observed in patients compared to contr@8M and grade 1l glioma
patients did not show significant differences iaittCEC and CEP values
at baseline (data not shown). Furthermore, no ladive was observed
between CEC and CEP values and clinical parameserd) as age,
presence of multifocal disease or leptomeningessetnination, steroid
dosage and time of progression before treatmert ketvacizumab and

irinotecan, using stratification criteria propossdPerry et al (28).

2.45.2 Dynamic analysis

CEC and CEP subpopulations were assessed at leasekhafter 2
months from the treatment onset by serial analySigure 5). In all
patients available for this analysis (n=53), levels CD109+ CECs,
CD140b+ PPCs and CD45dimCD34+VEGFR2+ hematopoietic
progenitor cells significantly decreased after 2nthe (p=0.02, p=0.001,
p=0.004, respectively), whereas those of CD45dimE&DBematopoietic
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committed progenitors increased (Figure 5, panedsd B). Patients who
progressed at 2 months according to the RANO @ifgron-responders,
n=15) were compared to those who did not (respanaer38) (Figure 5,
panels C and D). Interestingly, CD109+ CEC coune&crehsed
significantly after treatment in responders onlg@®08). Also variations

of CD45dimCD34+CD133+ and CD45dimCD34+ hematopoieti
committed progenitors counts were statisticallyngigant for responders
only (p=0.02 in both cases). CD140b+ PPCs and
CD45dimCD34+VEGFR2+ hematopoietic progenitors digantly

decreased in both responders and non responders.

2.45.3 CECs, CEPs and disease progression

Baseline CD109+ CEC count higher than 47.5/Mif (Riartile) was
significantly associated with increased PFS (19swer10 weeks,
p=0.001; Figure 6A) and OS (36 versus 24 weeks,Q2;(-igure 6B).
CD45dimCD34+CD133+ hematopoietic committed progesithigher
than 27/ml (i quartile) and CEP baseline values higher than/ge.@*
quartile) were significantly correlated with anreased PFS (18 versus 9
weeks, p=0.001 and p=0.01 respectively; Figureal€ D). In a cohort
of 22 long-term responders, who progressed aftdeasdt 18 weeks of
treatment, levels of CD109+ CECs were significanihcreased at
baseline (Table 4) and reduced after 2 monthseshfly (Table5). In the
same cohort CD140b+ PPCs were significantly higtidvaseline than at
follow-up (Table 5). CEC and CEP values detectedthat time of
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progression in the 38 patients investigated somare not significantly
different from those collected at the previous assent.

We performed a multivariate analysis with the udetlee Cox
proportional-hazards model of all biological (CER$)109+ CECs and
CD45dimCD34+CD133+ hematopoietic  progenitor  cellsand
radiological parameters which were found to sigaifitly affect PFS or
OS at the univariate analysis. The multivariatelysis showed that PFS
was negatively affected by distant disease pattdrrbaseline MRI
(p=0.03, RR 2.5, 95% CI 1.05 — 6.03) and positivaffected by CEP
numbers >32.8/ml (p=0.004, RR 3.76, 95% CI 1.24-4}11Distant
disease at baseline also affected OS (p=0.01, R®2% CI 1.2 — 7.1).
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2.5DISCUSSION

Our data on treatment of patients with recurrerdgrlll and IV
gliomas with bevacizumab and irinotecan confirmeat the combination
Is quite safe and effective in this setting. Medad 6-month PFS and
OS were slightly lower than those reported in réceeta-analysis of 548
patients (3); this is likely due to the differentiusion criteria adopted for
enrolment. The patients we considered had lowerianedPS and were
characterized by poor prognostic factors. Our céihresults in terms of
OS are similar to those reached by Desjardins atidagues who treated
seriously impaired recurrent GBM patients with b@zramab and
metronomic TMZ (29). Our GBM patients however resthigher PFS-6
and median PFS, maybe because of the exclusioras#scpreviously
treated with bevacizumab. Recurrent GBM patientsated with
continuous dose-dense TMZ, acting as an anti-aegiogdrug, showed
PFS similar to ours if treated at late relapse, simatter in case of early
relapse (28). Compared to the historical data bynivet al, who
combined 375 HGG patients from eight phase 114r{&0), we observed
a doubling of PFS-6 in GBM and similar and highexdian PFS and OS,
respectively. Interestingly, the experimental et seems more
effective in GBM patients than in grade Il gliorpatients, as median OS
and PFS were greater in the first subgroup. Sinfithaings were already

observed in patients treated with bevacizumab #1,32), suggesting
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that neoangiogenesis and susceptibility to the dougd differ according
to the glioma subtype.

Safety data obtained in our population are comparab those
reported in literature so far. Hypertension andigimuria in our patients
were common, but not associated with longer PFS &b8.
Gastrointestinal events, quite frequent in our gudtipopulation, were
mostly attributable to irinotecan. We did not obgea difference in terms
of PFS and OS between patients treated with bawaehb and irinotecan
and those for whom irinotecan was interrupted, andyagreement with
previous observations by Friedman et al. (33).

Although not yet validated, the RANO radiologicalteria were used
for assessment of disease response to treatmenta@4hey are better
suited for the study of effects of antiangiogemictbrs. A decrease of the
gadolinium enhanced lesion at MRI scans is indesegdjuent after
bevacizumab administration, but could be due tcselesormalization,
rather than reduction of the tumor mass (34, 35).

The pattern of recurrence observed in our patieésitsomehow
different from those previously reported; at basellocal disease was
radiologically detected in 63.5% of our patientstéad of 80% and 72%
reported by Chamberlain and Pope, respectively 883, whereas the
leptomeningeal dissemination was present in 192606.in Chamberlain
et al). Interestingly, 66% of our patients with &lase local disease
showed local progression, similarly to what repdiy Chamberlain and
Dejardins (23, 29) and 50% of patients with baselieptomeningeal

disease developed a diffuse pattern at recurretereb@vacizumab.
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Although bevacizumab has been used in combinatitim imnotecan
as a valid treatment with manageable toxicitiesrémurrent HGG (33),
optimization of the treatment strategy could leaddduce costs to the
health system, avoiding serious adverse eventatiergs that would not
benefit from treatment and addressing them to redtere treatments.
Hence, it is of foremost relevance to identify neaskof drug activity or
failure in order to select and treat only patients are likely to benefit
from the antiangiogenic therapy.

Well-known clinical parameters, such as age, KR8, were not
predictive for response to treatment in our cohddwever, our findings
suggest that patients with a diffuse disease ortofeeningeal
dissemination are less responsive to antiangiogeherapy. The
leptomeningeal dissemination has not been prewioosntioned as a
prognostic factor for patients treated with bevamab (29, 37, 38) and
previous studies on these patients did not showreelation between
baseline radiological patterns of disease and RESS0

Among biological parameters recently entering tiv@aal arena (39),
circulating biomarkers are particularly appealingcéuse they are
minimally invasive, highly repeatable and dynanfis. reported in other
solid tumor (8, 15) and confirmed in malignant glas by Rafat et al.
(14), viable CECs, CEPs and hematopoietic progenipmpulations at
baseline were higher in HGG patients in comparisohealthy controls,
probably as a consequence of tumor hypoxia inducgayascularization.

The baseline count of CD109+ CEEg7.2/ml identifies a subgroup

of patients with longer PFS and OS; moreover, l@sehmounts of
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CD45dimCD34+CD133+ hematopoietic committed progesit and

CEPs higher than 27/ml and 32.8/ml, respectiveygracterize patients
with longer PFS. In agreement with this, in 22 ldagn responder
patients, baseline CD109+ CECs and CD45dimCD34+\EBF

hematopoietic progenitors were significantly higtrean in the remaining
patients (p=0.008 and 0.04, respectively; suppléangmlata).

CD109 is a glycosylphosphatidylinositol-anchoredll csurface
glycoprotein, which was found highly expressed évesal solid tumor
(40), but not yet related with response to therdpyther studies may
clarify whether the limited presence of circulatimmpdothelial cells
mirrors a tumor status less dependent on neoanusge and, as a
consequence, less responsive to antiangiogeniapyer

In our patients the number of viable PPCs was |awan in healthy
controls (p=0.02). GBM are indeed characterizedligprganized, large-
diameter vessels with diminished pericyte cover@dg. Treatment with
bevacizumab and irinotecan further decreased vidbRC counts
(p=0.0001), maybe due to the block of PPCs recentnfrom tissue
reservoirs or PPCs inclusion in blood vessels to repair tlaenage
induced by chemotherapy (18).

In conclusion, our data indicate that the investoga of baseline
counts of CD109+ CECs, CEPs and CD45dimCD34+CD133+
hematopoietic committed progenitors by flow cytomdtas potential for
the stratification of HGG patients who are moseljkto benefit from
antiangiogenic treatment. These observations eageuthe study of the

predictive value of CECs and CEPs on larger nurobpatients.
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2.7 TABLES

2.7.1Table 1
Table 1. Patients characteristics at baseline.
Characteristic No. of pts %
Gender
Male 40 64
Female 23 36
Age, y
Median [all pts] (range) 51 (15-76)
<40 14
40-60 37
> 60 12
KPS
Median [all pts] (range) 70 (50-100)
<70 16
70-80 43
90-100 4
Histological diagnosis
De novo GBM 46 73
Secondary GBM 7 11
Grade Ill astrocytoma 7 11
Grade Il oligodendroglioma 3 5
Time from first diagnosis, mos (range) 15.5 (491
GBM (range) 14 (4.5-144)
Grade Ill gliomas (range) 26.5 (6-158)
Disease recurrence
273 33/27/3 52/43/5
Prior therapy
123 surgery 63/22/1 100/35/2
Radiotherapy 63
Radiosurgery 2 3
1/2"%3" line chemotherapy 63/27/2 100/43/3
Systemic therapy
No Dex/Dex<8mg/Desmg 7127129 11/43/46
EIAED therapy 10 16

Tumor volume, cc (range)
GBM (range)

26.43 (0.97-173.2)
26.57 (0.97-173.2)



Grade Ill gliomas (range) 19.28 (56152)
MRI patterns at baseline

Local 40 (4 grade ) 63.5
Leptomeningeal dissemination 12 (2igrAl) 19

Distant 10 (3 grade IlI) 16
Diffuse 1 (1 grade Il 1.5

Abbreviations: cc, cubic centimetres; EIAED, enzyimgucing anti-epileptic drugs; GBM,
glioblastoma multiforme; mos, months; MR, magnedisonance; pts, patients; y, years.
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2.7.2Table 2

| Adverse events.

Adverse event All grades| >grade 3
Asthenia 27

Blood arterial hypertension 21 2
Abdominal pain 19

Diarrhoea 18

Proteinuria 17

Vomiting 15 1
Nausea 10 1
Headache 8

Seizures 5 1
Leukopenia 3

Intralesional bleeding 3

Alopecia 2

Anemia 2

Vertebral fracture 1 1
Anorexia 1 1
Conjunctiva bleeding 1

Epigastric discomfort 1 1
Epistaxis 1 1
Herpes infection 1 1
Ischemic heart failure 1 1
Pancreatic neoplasia 1 1
Sudden death 1 1
Suspected cerebral ischemic event 1 1
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2.7.3Table 3

Univariate analysis of the most relevant clinical prameters.

Med\ll\?anPFS p value
KPS<70 vs >70 10 19 n. s.
Age <40 yrs vs >40 10 19 n.s.
Age <60 yrs vs >60 17 20 n.s.
De novo vs 20 15 n.s.
secondary tumor
Tumor volume<13.1 mni vs
>13.1 mm 39 17 n. s.
Dex treatment vs 17 39 ns.
dex free
EIAED use vs
EIAED free 39 17 n.s.
Dlste_mt dlsease VS 9 19 0.01
no distant disease
Leptomenlngeal dlss_. VS 10 20 0.002
no leptomeningeal diss.
Bevacizumab+irinotecan vs

17 18 n. s.

bevacizumab alone

Me?,:l?(g 0S p value
33 37 n. s.
23 36 n. s.
30 38 n. s.

37 27 n. s.
42 29 n. s.
30 67 n. s.
59 29 n. s.
24 37 0.03
19 37 0.005
32 33 n. s.

Abbreviations: dex, dexamethasone; diss., dissémime&EIAED, enzyme-inducing anti-

epileptic drugs; wks, weeks; yrs, years.
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2.7.4Table 4

Baseline levels of CEC, CEP and other cell populatns in 53 patients (38 GBM and
9 grade Ill gliomas) with (n=22) or without (n=31)clinical benefit.

No CB CB p value
CEC 83.2+41.8 111.2 £53.2 0.046

Viable CEC 28.5+24.6 29+ 16.6 n. s.

CD109+ cells 773+6 124 + 86 0.008

CD140b+ PPC 22.1+18.2 27.8+27.4 n. s.

CEP 91.1+ 86.5 102.1 £ 67.1 n. s.

CDA45 dim hcp 177.1 £ 208 207.2 £188.3 n. s.

CD45dimCD34+VEGFR2+ hp 38.5+44.3 52.6 +41 0.04
CD45dimCD34+CD133+ hcp| 947.2 +1152.6 840.5 + 696.5 n.s.

Abbreviations: CB, clinical benefit; CEC, circuladi endothelial cells; PPC, progenitor
perivascular cells; CEP, circulating endotheliagenitors; VEGFR, vascular
endothelial growth factor receptor; hcp, hematajm@mmitted progenitors; hp,
hematopoietic progenitor cells; n. s., not sigmific

Notes: All p values were calculated by Mann-Whitihest.
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2.75Table 5

Levels of CEC, CEP and other cell populations at k&eline and 2 months in patients,
included in the serial study, who showed clinical énefit (n=22).

Baseline 2 months p value

CEC 111.2 £53.2 96.1 + 85.8 n.s.

Viable CEC 29 +16.6 25.3+21.8 n. s.

CD109+ cells 124 + 86 66.2 + 37.6 0.01

CD140b+ PPC 27.8+27.4 8.6+12.6 0.01

CEP 102.1 +67.1 88.8 + 85.6 n.s.

CD45dim hep| 207.2 +188.3 188.8 £ 196.1 n. s.
CD45dimCD34+VEGFR2+ hp 44.6 + 40.6 28.5+24.4 n. s.
CD45dimCD34+CD133+ hcp| 840.5 + 696.5 1114.6 £1007.2 n. s.

Abbreviations: CEC, circulating endothelial cePC, progenitor perivascular cells;
CEP, circulating endothelial progenitors; VEGFRsadar endothelial growth factor
receptor; hcp, hematopoietic committed progenitiops;hematopoietic progenitor cells;
n. s., not significant.

Notes: All p values were calculated by Wilcoxon.
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2.8 FIGURES

2.8.1Figure 1
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Figure 1. CEC evaluation by flow cytometry. Gate used to exclude cell
fragments and debri® Gate made to identify CD45- cell3.CD31 expression
and Sytol6 staining in CD45- cellsD Negative control for E
(CD31+CD146+,CECs)F (CD31+CD109+ CECs) and5 (CD31-CD140b+,
PPCs).E1 Distribution of viable, apoptotic, and necrotic CE
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2.8.2Figure 2
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Figure 2. Progenitor cell evaluation by flow cytorimg. A Gate used to
exclude cell fragments and debiiisGate made to include CD45- and CD45dim
cells. C Gate on Sytol6+7AAD+ cellsD Identification of 2 different
populations: CD45-CD34++ and CD133-VEGFRBY), and CD45dimCD34+
and CD133+ cellsD?2).
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2.8.3Figure 3

Figure 3. MRI of one patient (A, B, C before treatmt. D, E, F two
months later).From the left to the right: axial T1-weighted ima@elWI) with
contrast injection, axial T2WI and coronal Flair #ige.A Recurrent GBM with
irregular and marked enhancement and cystic-necragipearance. Invasion of
genu of the corpus callosum is well demonstratetkliSareas of enhancement
are visible in the basal ganglia region bilaterallp and CThe corresponding
T2 and Flair of inhomogeneous hypersignal. In C #luegical cavity is also
visible.D We can see a marked reduction of the enhanceméhe ileft frontal
region and corpus callosum, disappearance of endarent in basal ganglia
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region and lowering of the mass effdetand F Conversely T2 hypersignal is
increased and infiltration of controlateral frontahd basal regions is evident.
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2.8.4Figure 4
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Figure 4. A Baseline levels of CEC, viable CEC a@&D109+ CEC in
patients and healthy controlsPatients tested were 58. Boxes, the interquartile
range; lines, location of first quartile, mediannd third quatrtile. o, outliers
beyond the standard span. All p values were caledlay the Mann-Witney test.
P values: vCEC, p=0.01; CD109+ CEC, p=0.000B. Baseline levels of
CD140b+ PPC, CD133+ hcp and VEGFR2+ hp in patierdsd healthy
controls. P values: CD140b+ PPC, 0.02; CD133+ hcp, p=0.00T1Baseline
levels of CEP in patients and healthy contro|s=0.0001.D Baseline levels of
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CD45dim hcp in patients and healthy controlp=0.008. Abbreviations: CEC,
circulating endothelial cells; vCEC, viable CEC; EEcirculating endothelial
progenitors; ctrls, healthy controls; hcp, hematgtic committed progenitors;
hp, hematopoietic progenitor cells; PPC, progenitmerivascular cells; pts,
patients; VEGFR, vascular endothelial growth faateceptor.
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2.8.5Figure 5
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Figure 5. A and B Levels of five selected cell pdgttions at baseline and
at 2 months after beginning of therapy in 53 patisnBoxes, the interquartile
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range; lines, location of first quartile, mediannd third quatrtile. o, outliers
beyond the standard span. All p values were caledldy Wilcoxon test. P
values: CD109+ CEC, p=0.02; CD140b+ PPC, p=0.000¢EGFR2+ hp,
p=0.004; CD45dim hcp, p=0.01C and D Levels of five selected cell
populations at baseline and at 2 months in non-regglers (NP) and
responders (R) included in the serial studilon-responders (n=15) were
defined as those patients who progressed after 2thmoof therapy. P values:
CD109+ CEC in R, p=0.008; CD133+ hcp in R, p valieg2; CD140b+ PPC,
p=0.03 in NR, p=0.001 in R; VEGFR2+ hp in R, p=BQ@D45dim hcp in R,
p=0.02. Abbreviations: CEC, circulating endothelieélls; CEP, circulating
endothelial progenitors; hcp, hematopoietic comaqitt progenitors; hp,
hematopoietic progenitor cells; NR, non-responde®PC, progenitor
perivascular cells; R, responders; VEGFR, vascuwadothelial growth factor

receptor.

116



2.8.6Figure 6
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Figure 6. A and B Correlation between baseline C®HCECs and PFS
or OS respectivelyBaseline CD109+ CEC count > 47.5/ml (Il quartile)asv
associated with an increased PFS (19 vs 10 weeks0p1) and OS (36 vs 24
weeks, p=0.02)C Correlation between CEP and PF&EP baseline values
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higher than the | distribution quartile were assateid with an increased PFS
(18 vs 9 weeks, p=0.01p Correlation between CD45dimCD34+CD133+ hcp
and PFS.Baseline values of CD45dimCD34+CD133+ hcp higheanttthe |
distribution quartile were associated with an inased PFS (18 vs 9 weeks,
p=0.001).
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3. CHAPTER IIl - CONCLUSIONS

3.1 CONCLUSIONS

Despite the multimodal sophisticated treatmenttextng the overall
prognosis of HGG is still poor in adults (1) andldten (2), especially
after relapse (2-4). For this reason, there isnapelling need for well-
tolerated, long-term therapeutic strategies thay mmprove lifespan and
quality of the life of HGG patients, either throughdirect effects -
facilitating delivery of chemotherapeutics or tangg the tumor vessels -
or directly - by killing residual tumor cells intiating in the adjacent
areas of the brain.

The theory that tumor neovasculatization is charastd by a
biphasic pattern (5, 6), where CEP recruitment cas a second event,
could explain the greater efficacy of bevacizumalsBM, a particularly
infiltrating and aggressive tumor (7). In additiave observed that raised
levels of CECs, particularly CD109+ CECs, may supploe idea of a
positive correlation between CECs and CEPs in p&tieas in
cardiovascular disease, if increased CECs refle@tnadie to the
endothelium, raised CEPs should be expected faimag it (8).

The baseline higher value of CD45dimCD34+CD133+ dtepoietic

committed progenitors that we recorded in patiemtd not in healthy



controls, and its further increase after two montiisantiangiogenic
therapy may be due to the drug-induced “normabizétiof the tumor

vasculature (9), which needs recruitment of henabigsts from the bone
marrow and their differentiation to hematopoietic endothelial

progenitor cells (10).

The discordance in findings published so far byed#nt research
groups and difficulty in comparing them may be doethe lack of a
consensus on CEC and CEP phenotypes and of a comsthrodology
to detect them. As an example, CECs in colore@ater and in breast
cancer are defined differently although the samieabieur in case of
progression is claimed (11, 12). Furthermore, lasdhne levels of CECs
in peripheral blood have been shown to correlatin \&i better clinical
outcome in terms of PFS and OS in colorectal carcmated with
bevacizumab and chemotherapy (11), although thes samot valid for
advanced colorectal cancers and is even opposdther tumors, such as
breast cancer (13, 14). This difference, howeveu)d be due to either

the tumor type or the detection method used.

To date, anti-VEGF therapy seems to be one of tbst imnovative
and effective ways to treat recurrent HGG. Howetles, possible benefit
of antiangiogenic therapy, as in general for mdety targeted
anticancer drugs, is limited by relevant factors.

First, antiangiogenic drugs, such as bevacizumab ergpensive and
partly responsible for increase of cancer care sco#iterefore the

biological activity of the drug should be monitoriedtreated patients in
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order to facilitate their stratification and allotkeatment in a highly
selected subpopulation (5, 15). The selection patent subpopulation
may be performed using biomarkers exclusively detde in subjects
who respond or resist to therapy and allowing &l&lole monitoring of

patients. The possible use of circulating endathedells (CECs) and
progenitors (CEPs) as markers of effectivenessban already reported
in literature and considered for several differkimids of tumors (8, 13,
16-18). However, due to the lack of a consensusC&tC and CEP

phenotype and behaviour during therapy,adnhocstudy on the use of
bevacizumab in HGG patients and its possible biodgand cellular

markers of efficacy, is recommended. Results of sudy on HGG

patients treated with bevacizumab, if confirmedyralp decreasing the
potential impact on the national health system kban a more selected
use of bevacizumab. Moreover, since bevacizumab pnasent relevant
side effects, the early stratification of patientgould make the

efficacy/safety ratio more favourable. Until no ke for prediction of

the drug’'s benefit is available, the clinical effoy of bevacizumab is
virtually reduced.

Second, we need a deeper understanding of thenatiter
proangiogenic pathways which can be activated fiotlg treatment with
bevacizumab to overcome VEGF-inhibition. These watfs were first
hypothesised when progression after an initial oasp to the
antiangiogenic treatment, such as VEGF decreagew&8 reported. This
possible complementary pathway may be activategsponse to VEGF

inhibition and provide means of escape from treatmath bevacizumab.
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Rubenstein et al. in 2000 observed a co-option refegisting blood
vessels by the tumor and a consecutive increasedion of surrounding
tissues (20). Similar findings were reported bykglswho suggested that
the predictive and prognostic value of CEPs is thohi as their
mobilization is influenced by antiangiogenic treatrh and also other
factors, like the granulocyte colony-stimulatingtta (21).

Apart from the molecular heterogeneity and the sdaoy activation
of parallel proangiogenic pathways after antiangiog therapies, there is
also evidence of tumors which are intrinsicallyisest to anti-VEGF
treatment because of the pre-existance of the sdtemative pathways,
not targeted by the therapy. Innovative therapesiiiategies presently
include the simultaneous targeting of multiple ngales involved in
different angiogenic pathways (22), called “horinargeting” (23, 24);
however, studies suggesting a specific combinagi@n still lacking. In
our case, patients were treated with an anti-VE(GIg dnd chemotherapy
because of the ability of bevacizumab to transyefitiormalize” the
tumor vasculature thus facilitating chemotheraplvdey (23, 25). The
combined treatment with bevacizumab and irinotefmanpatients with
recurrent HGG was proven to be an active regimeh telerable toxicity
(26, 27).

In conclusion, although much is still unknown abthé mechanisms
of resistance to these therapies, FDA approval e@fabizumab for
treatment of several tumors, including recurrentM;Bighlights that this

drug currently represents an important option fatigmts with different
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cancers. In any case, a deeper investigation omdthiecular, cellular and
radiological profiles of patients who respond ot ttreatment, should
be carried out so as to identify predicting signd allow earlier treatment
decisions and more tailored therapies. This wowdespatients from
adverse effects of ineffective therapies, tryingeralative treatments

sooner.
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3.2FUTURE PERSPECTIVES

The use of antiangiogenic drugs, such as bevacizufoa treatment of
cancer has strongly emerged from extensive prealinand clinical
research and markedly increased in the recent \yeditsough their
clinical benefits are relatively modest (28). A peeunderstanding of the
cellular and molecular mechanisms underlying tuargiogenesis would
likely lead to relevant improvement of the clinidenefit of these drugs
because of their consequent more tailored use lacted patient
subgroups.

In our case, the study of CECs, CEPs and othesuablpopulations could
be completed by the investigation of important moles, such as VEGF,
PDGFp3, TNFx and IL-6, even if a correlation was not observedther
settings (29, 30). Experiments on this regardsoagoing and will show
the possible involvement of some selected moledulése mechanisms
of resistance or response to bevacizumab in retuH€G patients.

A randomized study showed that addition of irinate¢o bevacizumab
does not give a statistically significant advantageerms of survival
(31). However, the best drug to be combined witiilabzumab is still
unknown, although its association with a chemotheunéics is highly
recommended due to the capacity of the antiangioging to normalize
tumor vessels and improve chemotherapy delivery. (28w treatments

combining bevacizumab with innovative chemotheréipguor other
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targeted-inhibitors, according to the molecular fiproof the tumor,
should be tested in the clinics. Due to the comiplexf such approach,
“proof-of-concept” studies should be carried outaohmited number of
molecularly selected cases, so as to rapidly iflettie optimal patient
population and drug dose (23).

Finally, the presence of a pro-invasion effect ef/dcizumab is under
scrutiny (32, 33); patients with radiographic evide at relapse should be
deeply investigated in order to identify a molecupaofile which is
preferentially correlated with the higher risk afivasion or local

recurrence.
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3.3SUMMARY

Bevacizumab has shown activity in different tumgpets, including high
grade gliomas (HGG). However, the use of bevaciiuraad other
antiangiogenic drugs in the clinical setting linditey the lack of markers

to predict responses.

We report that the combined treatment with bevaoedy and irinotecan

is effective in recurrent HGG patients, particyjam those with local
disease, with mild toxicity. Median OS and PFS w&Beand 18 weeks,
respectively. PFS at 6 and 12 months were 32% a#% OS at 6 months
was 60%. Patients with distant intracerebral diseasleptomeningeal
dissemination at baseline magnetic resonance hatesFS and OS.

We analyzed circulating endothelial cells (CECs{l &meir progenitors
(CEPs), as previous studies supported their invoére in responses to
bevacizumab. Higher levels of CD109+ CECs, CEPs and
CD45dimCD34+CD133+ hematopoietic committed progesitbefore
treatment were associated with longer PFS. Moreoveng-term
responders  showed higher baseline CD109+ CECs and
CD45dimCD34+VEGFR2+ hematopoietic progenitors.

These findings pave the way for larger studieshfrrtaddressing the
potential of CECs and CEPs as biomarkers to tgrgént populations
that may benefit from bevacizumab and possibly rotiangiogenic

drugs.
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