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ABSTRACT

Lung cancer (LC), colo-rectal cancer (CRC) and $&treancer (BC)
are considered the biggest killers in oncology, aucting for about
40% of cancer deaths. During the last decade, wepnent in
cancer biology knowledge led to discovery and clhiuse of new
agents specifically targeting proteins criticallpvolved in cancer
growth. Although these new agents, including the Epidermal
Growth Factor Receptor Tyrosine KinaB#ibitors (EGFR-TKIS),
the anti-EGFR antibodies (cetuximab, panitumumdi®,anti-HER?2
antibody (trastuzumab) anthe anti vascular endothelial growth
factor (VEGF) antibody (bevacizumab), are signiffittya
contributing toincreaseduration of life, no patient with metastatic
disease can obtain a definitiare.

Available data suggest the hypothesis that carscériven by a small
subpopulation of cells calleccadncer stem cells’ (CSCs) or ‘tumor
initiating cells’ with an unlimited proliferative potential and the
ability to reproduce the original human tumor irpesmental animal
models. CSCs are responsible for tumor developngnotvth and
progression. Current therapies are largely inaffechgainst the stem
cell population, explaining the failure of standdrdatments. In the

present study we investigated whether CSCs isolatiod in vitro



sensitivity assay are feasible, leading to idesdtion of an effective
treatment for chemorefractory NSCLC, CRC and BC.

Patients with heavily pretreated NSCLC, BC and QRt@dian of 2

previous regimens) were included onto the studyCE®ere isolated
from effusions or fresh cancer tissue from primagmor or

metastasis. Specific culture conditions selectG@rl33+ immature
tumor cells. CSCs were propagated in vitro andhrrtexposed to
different chemotherapeutic and targeted agents. agent or drugs
combination inducing the highest CSCs mortalitye ratentified a

possible tailored treatment. Moreover, by usingcearcell spheres,
orthotopic xenograft models will be generated.

The study included 23 NSCLC and CRC patients withedlian age of
66 years (range 42-85). The procedure for CSCsatisal was

repeated in 1 patient. CSCs were obtained fronr lvetastases in 6
cases (25%), lung nodule excision in 2 cases (89Mph node

excision in 3 cases (12,5%) and pleural, peritoraeal pericardial
effusion in 13 cases (54%). CSCs were successistijated in 15

patients (63%). Failure in CSCs isolation was daeinadequate
material (8 cases) or delivery accident (1 casBCEsensitivity assay
was successfully performed in 7 patients (29%)hwitmedian of 15
drugs or combinations tested (range 5-28) and aamdine required

for results of 51 days (range 37-95).



Preliminary data of our study indicate that CS@daison and in vitro
sensitivity assay are feasible in metastatic NSCIL@boratory
procedures for chemosensitivity assessment anaHaracterization

of CSCs in vitro and in vivo are currently ongoing.



1.0 INTRODUCTION

1.1 State of the art of advanced stage lung cancecplorectal

cancer and breast cancer treatment

In 2011, Lung Cancer (LC), colorectal cancer (CRGJ breast
cancer (BC) remained the leading causes of caetated death
worldwide [1]. For patients with metastatic diseasdinitive cure is
not achievable and median survival is approximalelyear for non-
small-cell lung cancer (NSCLC) and about 2 yearsrietastatic CRC
and BC [2]. For NSCLC patients chemotherapy witindtigeneration
platinum-based doublets represented the standarccaoé until
recently, when major breakthroughs in the knowleddecancer
biology has granted the signaling out of numeraugeted therapies.
Large phase Il clinical trials demonstrated thapraper front-line
therapy of a patient with metastatic NSCLC showddsed on tumor
histology and biology. Patients harboring activatifepidermal
Growth Factor Receptor (EGFR) mutations benefitanfoom EGFR-
Tyrosine Kinase Inhibitors (EGFR-TKIs) than from amstlard
platinum-based chemotherapy at least in terms epamse rate,
progression-free survival (PFS), toxicity profiledaquality of life [3-
7]. Although no phase Il data are currently ava#a patients with

ALK translocation seem to derive a substantial anstained benefit
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when treated with crizotinib, an oral c-MET and Alikhibitor [8]. In
patients without any detectable specific targettdhogy is the major
factor influencing therapy choice. Patients with nfsguamous
histology seem to benefit more from a pemetrexesbtha
chemotherapy [9], while in squamous histotype thassical
combination of platin (cisplatin or carboplatin) gegher with
gemcitabine, vinorelbine or a taxane remains taedgrd of care [2].
At the present time there are only three agentsoapgd for second-
line therapy, including pemetrexed, docetaxel atwtirib that is also
the only drug approved for third-line therapy. Tdélree agents are
considered equally effective in unselected patjemith a toxicity
profile in favor of erlotinib and pemetrexed [10}11

For CRC patients, over the past 2 decades the toageof
chemotherapeutic agents has increased and exteneldidn overall
survival to more than 20 months. Today the actinggsl for CRC
include 5-Fluorouracyl, irinotecan, oxaliplatin ang/tomicin C. An
increasing body of evidence also supports the iatddibf targeted
agents, those directed towards VEGF (bevacizumain) BGFR
(cetuximab, panitumumab), to expand treatment apti@r patients
with metastatic disease. Bevacizumab, added tdwobsuracil (5FU)
+ irinotecan-based chemotherapy as first-line teatt, has been

shown to improve response rates and survival of @@Rtients when
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compared to chemotherapy alone [12-14]. An imprcaminof PFS
was also shown in first-line with the addition oévacizumab to
oxaliplatin-based chemotherapy [15]. A randomizéage Il study
also reported a clinical efficacy of the assocratd bevacizumab and
FOLFOX4 as second-line in metastatic CRC patiemnsvipusly
treated with a fluoropyrimidine and irinotecan, hwia significant
improvement in response rate, PFS and OS when cedhp®
FOLFOX4 alone [16]. Moreover, the benefits of catwexb in
metastatic CRC are well documented in clinicaldri€etuximab role
Is clear not only in irinotecan-refractory or hi\apretreated patients,
but also in addition to FOLFIRI (irinotecan/5-flwaracil/leucovorin)
in first-line metastatic colorectal cancer, with anhanced effect in
patients with KRAS wild-type tumors [17]. In thegatients, a recent
meta-analysis of the pooled Cetuximab Combined Wwitiotecan in
First-Line Therapy for Metastatic Colorectal Can(@RYSTAL) and
Oxaliplatin and Cetuximab in First-Line Treatmemt@RC (OPUS)
patients populations confirms that the additiorcefuximab to first-
line chemotherapy achieves a statistically sigarficimprovement in
the best overall response, overall survival timed arogression-free
survival (PSF) compared with chemotherapy aloné [18

In metastatic BC several options are available.HER-2

positive patients anti-HER2 strategies, based or tise of
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trastuzumab and lapatinib, can prolong patients kixpectancy.
Several phase lll trials have demonstrated an ivgnent in terms of
overall response rate, progression free survivdlarerall survival if
these drugs are used in association to chemothgr8p¢0]. In HER2
negative hormone-sensitive patients anti-hormonaligsl both
steroidal and non-steroidal, are available and tkfficacy have been
widely demonstrated [21]. In triple-negative patgerecent trials have
suggested a benefit when a PARP-inhibitor (olapasitassociated to
chemotherapy [22]. Several chemotherapeutic agehive
demonstrated to be active in metastatic BC:. antia®s,
fluoropyrimidines, taxanes and vinca alkaloids,refenone of them
has been demonstrated to improve overall surviyalthe other hand,
the role of bevacizumab is not definitively clagdi discordant results
on survival data from the phase Il trials haveugiat recently to
withdrawal of bevacizumab approval from the Foodd abrug
Administration [23].

Although many treatment options are available f@, ICRC
and BC, none of the above mentioned drugs is ableute any
patient. Invariably, all patients relapse and dietheir disease, clearly
indicating that our therapies are able to eradicaly a part of the

tumor, the sensitive phenotype.



1.2 Cancer stem cells

Cancer evolution has been historically meant asemmence of
the competition between different cellular clonesading to the
emergence of cell strains able to survive in paldic
microenvironments according to a Darwinian modekldfial
evolution model” or “stochastic model”).

A large number of recent studies underline the ngmee of a
subpopulation of cancer cells with stem-cell lilkeatlures, the so-
called ‘tancer stem cells’ (CSCs) or tumor initiating cells’, which
possess an unlimited proliferative potential anck thbility to
reproduce the original human tumor in experimeatamal models.
This small population is suggested to be respoasibl tumor
initiation, progression and spreadinghe functional properties of
CSCs make them able to give rise to the whole cgpmeulation and
explain the cellular heterogeneity of cancer [A4% widely known
that cells with different degrees of differenti@i@oexist within a
tumor and this may be caused by CSCs existence lf2%articular,
this statement is explained by CSCs plastic belnand self-renewal
ability. They have, in fact, an asymmetric repiwat modality:
cellular division leads to the formation of two tthst cells, one
retaining the parenteral phenotype and one destnato

differentiation. These aspects of functional bigiéed to postulate the
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existence of a rigid hierarchy within the tumorttwa CSC placed at
the top of the pyramid, operating as precursohefentire cancer cell
population (hierarchical model”).

To date the two models mentioned above (schemigticgpresented
in figure 1) are not in contradiction as a certgmade of genetic
heterogeneity has been described also at the thdtimor pyramid,

suggesting a clonal evolution also in the stem cotnent [26].
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Figure 1. Two alternative models explaining tumorsnitiation and

development.

CSCs are thought to be the result of acquired epiye and
genetic alterations that can forge signaling pattswaontrolling

proliferation, differentiation and apoptosis. Suunhtations would be
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passed on to all of the stem cells’ progeny, alt@maevolution towards
malignancy. Evidence for the existence of CSCs aimained first in
the context of acute myeloid leukemia and thereaftdreast, colon,
brain, prostate, ovarian tumors and melanoma [47-3Be bio-
pathology lab of our cooperative group characteri@&Cs as CD133
positive cells and showed that these cultured celisin the cancer-
initiating potential upon injection into immune-dgént mice [33,34].
When injected in laboratory animals, CSCs exacHgroduce the
parental tumour phenotype, not only histologicalbut also
molecularly, and this feature makes them a gooddidate for
preclinical studies. In particular, tumor generatbgy CSCs in
immuno-deficient mice replicate more faithfully theiman origin
tumor in terms of activation/deactivation of pravinrigenic processes
pathways than the commercially available cell Iline$his
characterization has been performed with a higbuiinput
technology, called Reverse Phase Phosphoproteinrobfiay
(RPPM), that can estimate the state of activatibrhundreds of
molecular endpoints involved in key biological pezeses like
uncontrolled proliferation, apoptosis, DNA repaiechanisms, self-
renewal and epithelial to mesenchymal transition.hés been
demonstrated that, if kept in culture for more thame year, the

xenografts originated by CSCs maintain the sameaoubdr signature
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of the original tumor (figure 2) [35]. In conclusio CSCs can be
maintained in vitro indefinitely without losing tindeatures and this
charachteristic, in association with the possipitit propagating them
in the experimental animal, make these cells a wdottool for a

possible personalization of cancer treatment.

Patient/CTSC Xenograft Patient/NIH60 Xenograft

Figure 2. Venn diagram showing the percentage of nhcular
endpoints resulting by the comparison of patient’stumor with

xenografts obatained by CSCs (left) e by commerciatell lines

(right).

Recent studies have revealed that CSCs produceldugls of
anti-apoptotic proteins and growth factors makingm refractory to
antineoplastic treatments. Tumors have been widiggcribed to
evade death signals generated by therapeutic ditugaigh the
development of anti-apoptotic mechanisms, but tbkeaular bases of
chemotherapy failure has not yet been defined e rimjority of
tumors. One particularly intriguing property of CS(S that they are

highly resistant to drugs and toxins because of ékpression of
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several ABC transporters and anti-apoptotic factmmsl an active
DNA-repair capacity [36]. Moreover, recently it hlasen shown that
the apparent tumor debulking, obtained by chemafher
paradoxically causes the enrichment of the sterh[3@( In addition,

chemotherapeutic agent are directed at killingdigpdividing cells,

while CSCs are relatively slow cycling like nornstem cells. The
inefficacy of conventional therapies towards thenstcell population
might explain cancer chemoresistance and the highuéncy of
relapse shown by the majority of tumors. Therefdhe selective
targeting of these cells appears necessary tocatadiumors and

prevent their recurrence.

1.3 Chemosensitivity assays

Although the great effort in the development o¥itmo assays able to
define sensibility/resistance to chemotherapeugjensgs, conflicting
results have been generated [38]. Kern and Weiakd#veloped an
assay to predict an extreme resistance (Extremey [Resistance,
EDR) to chemotherapy in several solid tumors [38].this assay
human cancer cells were -cultivated in vitro and osgal to
chemotherapeutic agents doses proportionally mugersr than
those used in clinical practice. Cancer cells sumgi to this treatment

show a condition of EDR. On the basis of these datas suggested
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that, in presence of a condition of EDR, this asssy have a
negative predictive value. A great number of stsdéwaluated the
technical aspects of the EDR assay and its coelatith response;
anyway, only a little number of studies compared Reduided

treatment to standard chemotherapy [38, 40, 41¢ fuconflicting

results, lack of randomization and of long-termcoantes evaluation,
in 2004 the American Society of Clinical OncologdSCO) did not

recommend EDR as a possible tool guiding chemaplyeira clinical

practice. In 2006 a multicenter randomized triglegsed the impact of
EDR-guided chemotherapy (experimental arm) in aorifof standard
chemotherapy (control arm) in the first-line treatrhof ovary cancer
patients. An interim analysis of this study has detmonstrated a
superiority for the experimental arm. Taken togethtbese data
suggest that EDR test has a limited impact on ptedj response to
chemotherapy. In vitro drug sensitivity assays ufal might be

explained by the missing of the real target, teahe CSC. Only the
elimination of these cells can theoretically brittgdurable disease

remissions.
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2.0 STELLA: A FEASIBILITY STUDY ON STEM CELLS
SENSITIVITY ASSAY

2.1 Rationale

1) LC, CRC and BC are major killers in oncologyc@anting for
about 40% of cancer deaths. Although progresses bhegn made in
the last few years, unfortunately no patient witstastatic disease can

obtain a definitive cure.

2) A recent hypothesis is that cancer is driven dysmall
subpopulation of cells calledcancer stem cells’ (CSCs) with an
unlimited proliferative potential and the ability treproduce the
original human tumor in experimental animal modé&lsese cells are
thought to be responsible for tumor developmenpresenting the
only cell population able to sustain tumor growtid gorogression.
Current therapies are largely ineffective againisé tstem cell

population, explaining the failure of standard tneants.

3) To date chemosensitivity assays studies faitedevidencing a
predictive value. The failure may be explained by missing of the

real target, the CSCs.

4) Current technologies allow us to isolated aexpand in vitro

the CSCs from tumor specimens, testing in \tir sensitivity to
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different anticancer drugs. Therefore, there the potential
opportunity to identify and offer an individized therapy to LC,

CRC and BC patients.

5) Pathways responsible for CSCs homeostasis astzhighnalysis
can be analyzed (phosphoproteomic and signal tuatisd analysis,
innovative drug testing, analysis of metastatizappoocesses in vivo)

in order to provide an overall picture of theiriaation state.

6) Orthotopic xenografts can be generated by CS@#ifrad in order
to express a bioluminescent protein (luciferashjs ay allow CSCs
tracking in vivo. The local tumor and the invasiges development
will be monitored through whole-body imaging teaques. Non
anesthetized and freely moving animals can be aedlyby this
thecnigue. Xenograft tumor can be removed for phogpteomic
analysis. This system can provide information oac# molecular

pathways involved in stem cells growth and spregadin

2.2 Study end-points
Primary :

1. To evaluate the feasibility of the project in ctiai practice

16



Secondary
1. Toidentify LC, CRC and BC sterells
2. To investigate the sensitivity to anti-tumor agentsitro.

3. Toidentify drugs potentially effective for a specipatient

2.3 Patients selection criteria

Inclusion criteria

» Histologically/cytologically  confirmed  diagnosis  of
metastatic NSCLC, CRC and BC.

» Availability of tumor tissue suitable for CSCs edtion.

» Performance status of 100% according to Karnofsigres
(appendix I).

» Failure of conventional therapies or no therapypadven
efficacy.

» Adequate hematological, renal and liver functions.

* No concomitant comorbidity potentially interferimgth the
study.

» Informed consent form signature.

 If female: childbearing potential either terminatda,
surgery, radiation, or menopause, or attenuatedidsy of

approved contraceptive method (intrauterine coefrace
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device (IUD), birth control pills, or barrier dewk during

and for three months after trial.

Exlcusion criteria
* No possibility to obtain fresh tumor tissue.
» Performance status <100% according to Karnofskyesco
« Patient suitable for standard therapies.
* Important comorbidity interfering with the study.
» Significant alteration of liver, hematological orenal
function(s).

* No informed consent form signature.

2.4 Study design

The STELLA trial (Clinical Trials.gov: NCT0148300Was a
prospective study assessing feasibility of indialtked therapy in
LC, CRC and BC patients. LC, CRC and BC patienith \good
performance status and tumor tissue collected befstudy
enrollment, at failure of conventional therapiesaathout possibility
to be treated with therapy of proven efficacy, weensidered
eligible for the study. Before study entry tumastie was collected,

l.e tissue obtained during a diagnostic or therapgarocedure, like

18



surgery or biopsies with other purposes than thgopol. In vitro
tumor sensitivity to chemotherapy drugs was testedtumor cell
cultures per each patient. Drugs and their comioingt were
considered effective if they kitk 60% of tumor stem cells in vitro
test. During the period between collection of saspdnd assay

results, the patient can be exposed to other tlesrap

2.5 Experimental procedures

CSCs identification

Isolation and characterization of CSCs was madd#irggafrom
samples of tumor tissue obtained from patients WiEh CRC and BC
before study inclusion. The surgical/bioptical séspcollected were
classified according to the specific histologicahda molecular
characteristics of the tumor. From each sample, ngans of
enzymatic and mechanical procedures, the CSCs olsned and
then cultivated in adequate culture mediums to uisequently used
for biochemical and molecular studies. Each samn@e associated
with the patient history at the surgical time andagpropriate follow-
up program consisting of periodic clinical and fnstental controls
that in order to assign a prognostic value to thelogical
characteristics of the CSCs. Cells derived fromdblected epithelial

tumors then underwent analysis of surface anddelitdar markers in
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order to provide a definitive characterization efldar phenotype.

Stem cells derived from LC, CRC and BC were idedifas a subset

of tumor cells positive for the marker CD133.

Tumor specimens were washed several times andveftnight
in DMEM:F12 medium supplemented with high doses
Penicillin/Streptomycin and Fungizone in order tovoid
contamination. Tissue dissociation was carried byt enzymatic
digestion and recovered cells cultured in serure-frmedium
containing 25ug/ml insulin, 100pug/ml apo-transferrin, 1Qqug/mi
putrescine, 0.03 mM sodium selenite, 20nM progester 0.6%
glucose, 5mM hepes, 0.1% sodium bicarbonate, 0.8%, Blutamine
and antibiotics, dissolved in DMEM-F12 medium angh@emented
with 20 ng/ml EGF and 10 ng/ml bFGF. Flasks noated for tissue
culture were used in order to reduce cell adherema# favourite
growth of undifferentiated tumour-spheres. Theskuoe conditions
select for immature tumor cells, while non malignandifferentiated
cells are negatively selected as assessed for GSdifferent origin
[30]. Surviving immature tumor cells slowly prolrége giving rise to
tumour cell aggregates, “spheres”, within 1-2 menththese culture
conditions. Sphere-forming cells can be expandednigchanical
dissociation of spheres, followed by re-plating sigle cells and

residual small cell aggregates in complete frestiiome (figure 3).

20
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Differentiation of NSCLC, CRC and BC sphere-formioglls
was obtained by cell culture in specific medium r(aex).
Phenotype of NSCLC, CRC and BC spheres and thi#ereintiated
progeny will be analyzed by flow cytometric ana$ysior
immunofluorescence. In particular stem cell marlsersh as CD133,
CD34 and BCRP1 were analyzed.

In a second step of the trial, cancer spheresheilanalyzed in
order to define the status of pathways involvedtha process of
proliferation, self-renewal and survival. In paui&r, tumor-specific
analysis will be carried out to investigate thewaist and the possible
alteration of pathways responsible for stem celmbostasis and
global analysis (phosphoproteomic and signal tractsoh analysis,
innovative drug testing, analysis of processes staiaation in vivo)
aimed to provide an overall picture of the activatstate of the key

cellular pathways.
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Figure 3. Isolated CSCs in different stages of culte.
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Preclinical model

By using cancer spheres we will generat#hotopic xenograft
models that recapitulate the parental tumor behayimcluding the
aggressive features and the invasiveness poten@athotopic
injection technique will be assessed in 5 weeksND/SCID mice.
The injection procedure will be done with the supmd a dissecting
microscope. After anesthetization, 200 to 500 carspere cells,
modified in order to express a bioluminescent pnotsuch as
luciferase will be injected using a Hamilton syengnd 32-gauge
needle. Metastatic and local tumors will be comgédm their stem
cell content through phenotypic analysis such asvtir rate, or other
stem cell properties including clonogenic capaditysoft agar or
through limiting dilution assays. Infection of CS@sth lentiviral
vector, coding for green fluorescent (GFP), as vedl luciferase
reporter proteins, will allow CSCs trackimg vivo. Particularly, the
amphotropic packaging cell line 293T will be traetwed by the
calcium-phosphate/chloroquine method. Culture  swgdants
containing viral particles will be collected afte48 hours of
transfection. Infection will be performed by culng target cells in
0.45um filtered viral supernatant for 3 hours in a {@tubator. Two
infection cycles will be performed to infect cell8licroscopic

evaluation of GFP expression in viral packaging tardet cells will
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be performed by direct observation of cells usingresersed
fluorescence microscope equipped with a FITC filédter infection,
cells transduced with luciferase will be sortedflogyv cytometry to
obtain a pure marked population. The local tumord athe
invasiveness development will be monitored throwghole-body
imaging techniques, that will permit to detect,dliwe and quantify
dynamically the optical signal - bioluminescence - in a novasive
localization of the marked cell population. Thisogedure will be
performed using the Photon imagevivo imaging system (Biospace
Lab), assisted by the most recent software for iattpn and image
analysis. Thanks to this system, characterized byesy high
sensitivity and 20 ms temporal resolution, we walhalyze non
anesthetized and freely moving animals. The biah@stence signal
will be acquired simultaneously as a standard videdhe animal.
Once we are sure of the success of tumour growmge will be
sacrificed. Tumor will be removed for morphologichlaracterization
and phosphoproteomic analysis. This latter willpleeformed through
RPPM, which allows the achievement of a high degfesensitivity,
precision and linearity, making possible to quantifthe
phosphorylated status of signal proteins in imneand differentiated
lung cancer cells. This system will provide infotroa on specific

molecular pathways involved in stem cells growtd apreading.
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Chemosensitivity assay

To selectively discriminate the effective therapeut
compounds against the putative tumor and initiatioglls, we
measured the viability of clonogenic LC, CRC and Bffer the
exposure toseveral anti-tumor drugs differentially combined at
singular time point up to 96 hours. The measurpagomed by
staining with acridine orange: the green colourregp cell vitality,
while apoptotic cells appear orange/red (figure ®)e choose of
drugs and combinatiomgroups to be tested is defined by the
clinician, according to histological and biologickdatures of the

primarytumor.
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Figure 4. Staining with acridine orange after expo&on to

chemotherapeutic agents. a) Low sensitivity. b) Avage

sensitivity. c) High sensitivity.
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3.0 RESULTS
3.1 Patients characteristics

Twenty-three patients were enrolled onto the stiwldian age
was 66 years (range: 42-85), 15 patients were r{&8&0) and 8
female (35%). All subjects (100%) had a performasieg¢us of 100%
according to Karnofsky score. Eighteen patient4y@ere affected
by LC and their histotype was adenocarcinoma icds®s, squamous
cell carcinoma in 1 case, undifferentiated NSCLQ itase and SCLC
in 3 cases. Three patients (13%) had a CRC andienm(9%) had
another gastrointestinal cancer (1 small intestidsenocarcinoma and
1 pancreas adenocarcinoma). No patient enrolledthe study was
affected with BC. Among LC patients, 4 subjectsi) harboured an
EGFR mutation, 1 (4%) an ALK translocation and %j4a KRAS
mutation. Two (6%) of the three CRC patients haredua KRAS
mutation. Patients were heavily pretreated, withealian of previous
treatment lines of 2 (range: 0-7). Collection ofn@a tissue or
effusion was performed 24 times (in one LC patraaterial collected
by liver biopsy was not adequate and an additittmalacentesis was
performed). Tumor sample for CSCs isolation wasioled from liver
metastases in 6 cases (25%), lymph node biopsycas8s (12,5%),
lung nodule excision in 2 cases (8%) and by pléural

peritoneal/pericardial effusion in 13 cases (54%).
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Number of patients

Median age (range; years)

Sex
Male

Female

Primary cancer
Lung Cancer
Colorectal Cancer
Breast Cancer
Other

Histology
Adenocarcinoma
Squamous cell carcinoma
Small cell carcinoma
Other

Molecular alteration
EGFR mutation
ALK translocation
K-RAS mutation

Number of tissue/effusion collections

Specimen collection site
Liver biopsy
Lymph node biopsy

Lung nodule excision

Ascitis/pleural/pericardial effusion

23

66 (42-85)

15 (65%)
8 (35%)

18 (78%)
3 (13%)
0
2 (9%)

18 (78%)
1 (4%)
3 (13%)
1 (4%)

4 (17%)
1 (4%)
3 (13%)

24

6 (25%)
3 (12,5%)
2 (8%)
13 (54%)

Table 1. Patients characteristics
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3.2 CSCs isolation

LC, CRC and BC patients with progressive diseader af
standard treatments and for whom the clinician estpd a new tumor
specimen collection for the evaluation of biologit@atures, were
identified at the Oncology Department of LivornoviCiHospital,
Italy. Due to the evidence of good results with acaaneffusions,
patients with ascitis, pleural and pericardial sibms were included
into the study. In presence of effusions, it wagegipriority to the
collection of these kind of samples. Specimensecttbn was
executed preserving sterile conditions.

Effusions were centrifugated at 2500 rpm for 2@wuites and,
after eliminating the supernatant, 3 ml of 9% salsolution was
added. Liver, lymph node and lung biopsies weresddalith 3 ml of
9% saline solution. Samples were stored up at 4ttlaen shipped at
room temperature to the Cellular and Molecular &attlysiology
Laboratory of the University of Palermo, Italy. velry took up to 24
hours. Samples collected on Wednesday were stdarddCatill the
next Monday.

CSCs isolation was feasible in 15 cases (63%) hef 24
procedures. Main reasons for CSCs isolation fai(@eases, 37%)
included inadequate material (8 cases) and deli@ecydent (1 case).

No sample was lost due to contamination. CSCstisaldailure was
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more common with biopsies (5 failures on 11 cad8%p) than with
effusions (3 failures on 13 cases, 23%). In padicuymph node
biopsy seems to be the worse tissue for CSCsisolé failures on 3
cases, 67%), while malignant effusions seems tthéeamples with

the best yield (3 failure on 13 cases, 23%) (fighre
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Figure 5. CSCs isolation failure rate according to cancer
specimens collection site. Failed procedures are peesented in

red, while successful isolation in blue.
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According to the primary cancer, CSCs isolatiorethiin 5 of 15
cases (30%) of LC, in 2 of 3 cases (67%) of CRCiar2lof 2 cases

(100%) of other gastrointestinal malignancies.

3.3 Chemosensitivity assay

To date chemosensitivity assay was perfomed ins@xé29%).
This data is not definitive, because other testf lva perfomed as
soon as CSCs will be disposable. All tested patiemad LC,
specifically 5 patients had a lung adenocarcinoapatient an
undifferentiated NSCLC and 1 patient a SCLC. Accaydo site of
specimens collection, the starting sample was agnmaait effusion in
4 cases, a lung nodule in 1 case, a lymph nodespiopl case and a
liver biopsy in 1 case. The median time betweenpdawollection and
chemosensitivity assay results was 51 days (ralde95). The
number of testable drugs and combinations dependeitie number
of available CSCs. In the study a median of 15etedteatments
(range: 5-28) was registered. In 6 of the 7 perfbasays, no drug or
combination showed a CSC mortality superior to 508%©0ne case 4
regimens produced a CSC mortality superior to 50f@ &
combination gave a mortality of 80%. Figure 6 sh@msexample of
the assay results received by the clinician. Orb#ses of these results

the clinician might choose a personalized treatrfarthe patient.
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Figure 6. Chemosensitivy assay results. a) Assay ashing
sensitivity to none of the tested drugs. b) Assashowing several

grades of sensitivity to the tested agents.
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3.4 Patients treatment

Our trial was a feasibility study and the corraatibetween
sensitivity assay result and treatment outcome nedsan end-point.
No patient enrolled onto the study has been stréated according to
chemosensitivity assay results. In particular, guagient did not
receive the tailored treatment because the chersibisdy assay did
not evidence any cell mortality when CSCs were sgdoto drugs.
One patient died before assay results, while tlneropatients are
currently in treatment with chemotherapeutic/biadajagents and are
not yet in progression.

In a preliminary experience a young patient waatée with a
sensitivity assay tailored treatment. He was a&#&y old man with a
metastatic squamous cell lung carcinoma diagnosed/éars before.
After four months since surgery, the disease pssg@ and liver and
lung metastases were detected. Molecular analggesaled wild type
EGFR, KRAS and HER-2 gene status and absence of4EALK
rearrangement. He had received three treatment s line
(cisplatin/gemcitabine, carboplatin/paclitaxel atatetaxel), when he
presented to our institution, asking for a validatment option. His
clinical conditions were good (performance stat@®: and he
complained of epigastric pain and moderate asth€iiascan showed

bilateral lung metastases and an impressive liweolvement (figure
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7a). We proposed the patient to undergo a livepdyipin order to
collect fresh tumor tissue for CSCs isolation ama vitro
chemosensitivity assay. After about 40 days singpdy, the biologist
tested six combinations of antiblastic agents deddombination of
paclitaxel and oxaliplatin demonstrated to be tlstactive regimen,
causing 95% of cells death vitro. The patient received oxaliplatin
130 mg/mq day 1 and paclitaxel 175 mg/mq day 1\etteee weeks
for six cycles. After two cycles, a chest/abdomé@ns€an surprisingly
showed a notable reduction of liver involvementgyfie 7b).
Treatment was continued and the CT scans afterfdheh cycle
showed further improvement in liver disease (figuréc).
Unfortunately the disease progressed after thé sixtle. Thanks to
the tailored treatment, it was possible to reatima to progression of
4 months and a considerable liver metastases delutk a
symptomatic benefit. This is a remarkable resultwe consider
patients histology and previously received treatménes. The
sensitivity assay tailored treatment indicated atahity percentage of
95%; it can be supposed that 5% of cells were teggido the drugs

indicated by the test and were responsible foradisg@rogression.
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3.5 Laboratory experiments

To date laboratory experiments have not yet starte
Cancer spheres will be analyzed in order to defime status of
pathways involved in the process of proliferatiself-renewal and
survival. Moreover, we will generatathotopic xenograft models for
morphological characterization and phosphoprotecamalysis. The
latter will be performed through RPPM, in order daantify the
phosphorylation status of signal proteins in immatuand
differentiated cancer cells. Through these expartsneve will acquire
a large number of info about CSCs features andpdtbways they
preferentially use to escape apoptosis signalsdangs cytotoxicity.
The identification of a preferential pathway woublel of great interest,
because it would open the door to research on fapexniti-CSCs

drugs.
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4.0 CONCLUSIONS

LC, CRC and BC are the most common cancer worldwaiut
account for about 40% of cancer-related deaths.yMuainogresses in
the treatment of these diseases have been matle last few years.
The strict collaboration between basic researchads clinicians has
permitted the signaling out of fundamental pathwagsed by cancer
cells. This led to design an impressive numbergfdt agents and to
large studies assessing their activity and efficaiyhough progresses
have been made, no patient can be cured even el agents. A
possible explanation of this statement probablyssia the missing of
the real target. Till the present moment, reseaschased their studies
on the differentiated pool of cancer cells. Thesksasually respond
to treatments and in clinical practice complete padial responses
are commonly achievable, although no metastatiematvill reach a
definitive cure. CSCs are resistant to many cheerafpeutic and
biological agents and a complete elimination okéheells is difficult
to reach. In our study we evaluated if it is polestb isolate CSCs and
proceed to a chemosensitivity assay in vitro. Thiéal protocol
contemplated the enroliment of LC, CRC and BC withstandard
treatment chances. No patient enrolled into thdyshad BC and this
may be explained by the large number of drugs aodnbnes

disposable for BC treatment. Among NSCLC patiemsoked into
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the study, we had 4 patients with EGFR mutatio®84Pand 1 patient
harboring a KRAS mutation (7%), far from the peteges of
mutations found in clinical practice (15% for EGHFRutations and
25% for KRAS mutation). The presence of EGFR matatis an
important prognostic factor and mutated subjectsalls keep good
clinical conditions for a long time. Conversely, KB mutated
subjects have a more aggressive disease in conb@bmatients
harboring EGFR mutations. We can postulate thatdifference in
genetic alterations percentage between our studyreal world, is
consequence of the strict selection criteria ofgtugly. In fact, it was
not possible to enroll patients with a Karnofskyfpamance status
inferior to 100% and all patients must have alreadgeived all
standard treatments. For CRC patients, two of tireet patients
enrolled harbored a KRAS mutation and this may ddpen the
reduced pool of drugs disposable for KRAS-mutatetlepts. The
little number of CRC patients enrolled may dependhe lack of need
for repeating biopsy in these subjects. To datefaat, rebiopsy of
CRC is of poor interest.

As for the biologic material used for CSCs isaafiwe found
that the best yield was obtained with malignantigéins. This is an

important data, because thoracentesis and paraentee less
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invasive than liver biopsies or lung nodule exaisand are often
necessary for symptoms relief.

In our study CSCs sensitivity assay has been peeo in 7
cases, that is about 1 patient every 3. The las¢mawas enrolled
onto the study at the end of January and the puveeidr isolation
and in vitro expansion are currently ongoing. Thenes to date, the
number of feasible sensitivity assays is underedgoch The median
time between collection and results was 51 days. dossible to
reduce this time if the oncology department and |gmratory are
closest. In our study laboratory procedure werecatesl in Palermo
and this may have altered results. If it was pdsstb eliminate
shipment time and to facilitate the communicati@wkeen clinician
and biologist, time required to obtain a responsay meduce.
Moreover, in the study only in one case the testaked a CSCs
mortality superior to 80%. In all other patient thensitivity assay
results were disappointing. As seen above, chemagilieexposure
select for a bigger pool of resistant CSCs. Thangt pre-treatment of
our patients may be the cause of the unsuccesssulrésults. An
earlier test may reduce the failure in identifyiag active treatment.
Another issue concerning the sensitivity assayhes ¢hoose of the
drugs to be tested. In the STELLA trial the cliaitiempirically chose

the drugs for the assay on the basis of tumor Ibiggoand molecular
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status and, when a limited number of combinatiorsevtestable, the
choose was difficult. A deeper knowledge of CSCsl ai the
pathways they use to overcome resistance and kt@ynaay help us
in selecting the drugs to be tested. Predictivaevalf the test was not
defined in this study. The trial was designed taleate the feasibility
of the procedures of CSCs isolation and sensitigggay in clinical
practice. In our experience we assessed that thesmedures are
feasible and that a major skill in selecting pase choosing tumor
specimen collection sites, samples storing andcsete drugs to be
tested may improve results. The STELLA trial petedtus to identify
a percentage of successful CSCs isolation andtsaysiests and to
design a phase Il trial. This study will recruit GISC patients in
earlier treatment stages and its primary end-pauit be the

evaluation of the predictive value of CSCs sensytiassay.
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APPENDIX | - Karnofsky performance status scale

GRADE |STATUS

(%)

100 Normal, no complaints, no evidence of disease

90 Able to carry a nwonal activity: minor signs ¢
symptoms of disease

80 Normal activity with effort: some signs or symptoofs
disease

70 Cares for self: unable to do normal activity ordo
active work

60 Requires occasional assistance but is able to foa
most of his/her needs

50 Requires considerable assistance and frequent ai
care

40 Disabled: requires special medical care andt@ssie

30 Severely disabled: hospitalization is indicateti@ligh
death is not imminent

20 Very sick: hospitalization necesgaactive supportiv
treatment necessary

10 Moribund: fatal processed

0 Death

Per gentile concessione di Karnofsky et al: The okehe
nitrogen mustards in the palliation treatment otrwma with
particular reference to bronchogenic carcinoma, c€an
1:634-656, 1948.
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