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ABSTRACT

Background and aims. Sorafenib is the reference therapy for advanced atéepllular
Carcinoma (HCC). No method exists to predict in vieey early period subsequent individual
response. Starting from the clinical experiencenumans that subcutaneous metastases may
rapidly change consistency under sorafenib and dlztosonography a new ultrasound based
technique allows assessment of tissue stiffnessnvestigated the role of elastonography in the

very early prediction of tumor response to sordfenia HCC animal model.

Methods: HCC (Huh7 cells) subcutaneous xenografting in mis utilized. Mice were
randomized to vehicle or treatment with sorafenithew tumor size was 5-10 mm.
Elastosonography (Mylab 70XVG, Esaote, Genovay)ltaf the whole tumor mass on a sagittal
plane with a 10 MHz linear transducer was perforraedifferent time points from treatment
start (day 0, +2, +4, +7 and +14) until mice wemergied (day +14), with the operator blind to
treatment. In order to overcome variability in dibg® elasticity measurement when assessing
changes over time, values were expressed in anpitnaits as relative stiffness of the tumor
tissue in comparison to the stiffness of a standeielence stand-off pad lying on the skin over

the tumor.

Results: Sor-treated mice showed a smaller tumor size isered day +14 in comparison to
vehicle-treated (tumor volume increase +192.76%+%47.56%, p=0.06). Among Sor-treated
tumors, 6 mice showed a better response to treatthan the other 4 (increase in volume
+177% vs +553%, p=0.011). At day +2, median tunmasteity increased in Sor-treated group
(+6.69%, range —30.17-+58.51%), while decreasdtfianvehicle group (-3.19%, range —53.32-
+37.94%) leading to a significant difference in @bge values§=0.034). From this time point
onward, elasticity decreased in both groups, withlar speed over time, not being statistically
different anymore. In Sor-treated mice all 6 bestponders at day 14 showed an increase in

elasticity at day +2 (ranging from +3.30% to +58&1in comparison to baseline, whereas 3 of
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the 4 poorer responders showed a decrease. Imeglgsthese 3 tumours showed elasticity

values higher than responder tumours at day 0.

Conclusions: Elastosonography appears a promising non-invaseve technique for the early
prediction of HCC tumor response to sorafenib. étjeve proved that responder tumours are
characterized by an early increase in elasticitye possibility to distinguish a priori between
responders and non responders based on the higkgcity of the latter needs to be validated in

ad-hoc experiments as well as a confirmation ofresults in humans is warranted.



INTRODUCTION

HepatoCellular Carcinoma (HCC) is one of the mashmmon solid cancer worldwide,
being the third cancer-related mortality cali$és incidence is increasing in Western countries
mainly due to the high prevalence of Hepatitis Gu¥i(HCV) infection. Potential curative
therapies are currently offered to patients withyvearly/early stages HCC, according to the
BCLC (Barcelona-Clinic Liver Cancer) staging systewhich represent only one third of newly
diagnosed HCC patientsOnly supportive care were offered to the remainpagients until
2007, when the clinical management of HCC radicelignged thanks to the SHARP (Sorafenib
HCC Assessment Randomized Protocol) trial that gdoa survival benefit in patients with
advanced HCC treated with sorafenib versus platebarafenib is a multikinase inhibitor of
Vascular Endotelial Growth Factor Receptor 2 (VEQ)RPlatelet Derived Growth Factor
Receptor (PDGFR), Raf-1, B-Raf and c-kit among mtheurrently adopted as standard care in
patients with advanced HCT.

Antiangiogenic treatments, such as sorafenib, dd¥egsed to block signals related to
neoangiogenesis rather than to provide a diretkikhg effect. Since that they can be effective
even in absence of tumor shrinkage, WHO (World the@rganization) and RECIST criteria
cannot be used in this settitf.These criteria, which are based on dimensionaluatian
following therapy, were amended in 2000 by a paretxperts on HCC during the European
Association for the Study of the Liver (EASL) cordgace. The new suggested concept aimed to
take into account the intratumoral necrosis indumgthe treatment, rather than the reduction in
tumour size. Response to treatment was then eedluméasuring the reduction in viable tumor
area, assessed using contrast-enhanced radioldgotadiques. A modified version of RECIST
criteria was created in 2008 under the auspicethefAmerican Association for the Study of
Liver Disesase (AASLD) (m-RECIST) in order to prdgia common approach for designing
clinical trials and to standardize imaging techeisjor response assessnieBtzen if promising

results are available concerning contrast-enhanttemsonography and its quantificatiof, up
5



to now only “heavy” radiological techniques (costrenhanced computed tomography and
magnetic resonance) are commonly accepted in¢ktisg.

Elastosonography is an ultrasound-based techratjlee to evaluate in vivo the elastic
proprieties of a tissue measuring the strain ipaase to an external compression. This method
has been successfully employed in superficial éissilsuch as thyroid or breast, for the
differentiation between benign and malignant nosfti® whilst its role the diagnosis of
HCC''®and in the evaluation of hepatic fibrosis remaimstoversiaf-’*?

A softening of a tumoral mass during therapy itemfthe first objective evidence of
tumour respons€.* So far, only subjective sensings are described randata are available
concerning an objective quantification of changetumour consistence. Thus, the present study

aims to evaluate whether elastosonography may el tool in the response assessment to

antiangiogenic treatment in an experimental motel@C.



MATERIALSAND METHODS

Experimental mode

Human cell line Huh7, kindly provided by Dr. Potretvas maintained and expanded using
standard cell culture technique in high glucose beato’'s Modified Eagle Medium
supplemented with L-glutamine, 1% ampicillin/ampratin B and 10% fetal bovine serum
(Gibco, ltaly). The model was established by sutnweous injection of 5xf@ells suspended in
sterile phosphate-buffered saline (Gibco, Italy)ddotal volume of 0.2 mL per injection into the
right flank of 6-8 weeks old female mice (CharlasdR, Calco, Italy). During the experiments,
the mice were maintained with regular mouse chow waaterad libitum in a temperature-
controlled room under a 12-hour light/dark circtelapecific pathogen-free circumstances. Mice
were randomized to vehicle or treatment with sanéiféBAY 43-9006; Bayer, Germany) at a
dosage of 62 mg/Kg by oral gavage daily. Sorafevals formulated as previously descriféd.
Growth of established xenografts was monitorecast twice weekly by ultrasound. Mice were
divided into 2 groups: in group A, treatment stdrtehen tumor reached 5-10 mm in diameter
and lasted for 14 days whereas, in group B, tre@trsiarted when tumor reached 12-18 mm in
diameter and lasted for 2 days. The internal animgdare committee approved the experimental

protocol.

Ultrasound and elastosonogr aphy imaging experiments

Ultrasound examinations were performed using a Myl0aXVG (Esaote, Genova, Italy)
equipped with a 4-13 MHz probe. Mice were anestketiintraperitoneally with 0.2 mL of a
solution constituted by one part of ketamine 10%téKet, Intervent Production s.r.l.), one part
of xylazine 20 mg/mL (Rompun, Bayer) and eight paof sterile water. The anesthetized
animals were placed on a heating support in omldetp constant the temperature for all the

duration of the experiment. For B-mode examinatidims tumours were covered with ultrasound



gel. Volume was calculated using the formula: heighwidth x thikness/2 measured by
ultrasound, considering the respective biggest diam
Elastosonography was performed by a single operayoiselecting “ElaXto Ratio”

modality on the ultrasound system screen. Thisniecie allows the differentiation among
tissues, representing different deformations suls®g to a manual strain  applied
perpendicularly by the operator as colour-codedgesa The same condition of brightness,
contrast, intensity and gain were used in all tkem@nations. For elastosonography, the probe
was placed on a pad by interposing a thin quanfityltrasound gel between the probe and the
pad and between the pad and the tumour, payingtiattein scanning the biggest section of the
tumour. The pad was used to correlate the elastofithe tumor with a reference elasticity.
Results were considered reliable when the warngid spring on the screen turned from grey to
green, which meant an adequate compression leved. dquipment displays two images
simultaneously: the conventional B-mode image amdnaage where the Region Of Interest
(ROI) appears in a chromatic scale that identitidterent levels of elasticity. The software
requires to identify two ROIs (drawn by a seconérafor), one including the almost totality of

the pad surface (ELX1) and the other surroundiegetttire tumour surface (ELX2) (Fig.1).
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Figure 1. ElaXto modality. Two ROIs have to be dnaon the colour-coded image by the
operator. ELX2/1 value (the ratio between the Rfohe tumour and that of the pad) is provided

in real-time as well as the histogram represerttiegdistribution of the colours in each ROI.

Results are provided in real time by dividing ELX& ELX1. Resulting values are
directly proportional to the elasticity of the tummmmpared to the pad. Also the histogram of the
distributions of the colours inside the ROIs is \ypded. Three valid measurements were
performed in each tumor and the mean value was fasddllowing analyses. All the procedure
lasted approximately 2 minutes per mice.

The same procedure protocol was repeated at différee points starting from the beginning of

the treatment (0, +2, +4, +7 and +14 days in gid@md 0 and +2 in group B).



Necro

At day +14 for group A and at day +2 for group Beafthe last measurement and still
under anaesthesia, animals were euthanized by @Qlofna solution of embutramide,
mebezonium iodide and tetracaine hydrochloride @§kanntervet lItalia s.r.l.). A slice of all

group A tumours were frozen in liquid nitrogen vapand stored at —80°C.

Western-Blot

Two monoclonal antibodies (55B11 and 20G11, Celgn8ling Technology, Inc.
Danversa, MA, USA) against VEGFR2 (diluted at 1@0and phospho-p44/42 MAPK (Erk1/2;
Thr202/Tyr204) (diluted at 1:1000) were incubatefdasately for 16 hours at 4°C. A horseradish
conjugated secondary antibody (labeled polymer-HiRfEimouse, Envision system DAKO
Cytomation, Carpinteria, CA, USA) was incubated 486r minutes at room temperature and the
corresponding band was revealed using the enhartemdoluminescence method (Amersham,
UK). Digital images of autoradiographies were acegiiwith Fluor-S Multilmager (Bio-Rad,
Hercules, CA, USA) and band signals were acquiretheé linear range of the scanner using a
specific densitometric software (Quantity-one, Bad, Hercules, CA, USA). Images were
calibrated against a reference autoradiography @indn in relative density units. After
autoradiography acquisition, the membranes wengpstl and reprobed for two hours at room
temperature with anti b-actin antibody (Santa Biatechnology, Inc. Santa Cruz, CA, USA) to
normalize protein loading. A ratio between VEGFR2bospho-ERK and b-actin corresponding
bands was used to quantify the levels of each rdgp@rmalized value). This ratio was divided
by b-actin levels of HuH7 line in each blot in orde compare the results in different running

blot (absolute value).
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Statistical evaluation

Data are presented as median and min-max in rowackéts. Differences between
groups were compared using the Mann-Whitney tesi(@d). Differences among different time
points in the same group were compared using tHeowin signed Rank test. Percentage delta
was calculated using the formula [(final valueistgr value)/starting value]%. P<0.05 was

considered significant. Statistical analysis wasqmed using SPSS 16.0 (Chicago Il, USA).
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RESULTS
Group A.

Group A comprised 19 mice, 10 in the treatment grand 9 in the vehicle group. Tumor
volume at day 0 was 151.09 mmc (66.83-602.58). &t #114, tumor volume was 608 mmc
(333.3-1799.88) in treatment group and 893.43 m2i8.67-1996.70) in vehicle group with a
growth percentage delta of 192.76% (84.72-739.48eatment group and 747.56% (73.47-
2887.62) in vehicle group.

Elasticity tended to increase in the treatment grati day +2 compared to day O while a
reduction was evident in the vehicle group (TahleELX2/1 values at day +2 were statistically

different between the two grougs=0.034).

ELX2/1 Treatment groupVehicle group p

day0 1.31(1.07-1.97)1.25 (1.07-1.81)n s.
day +2 1.38 (1.15-1.99)1.14 (0.75-1.56)0.034
day +4 1.31 (1.12-1.87)1.16 (1.03-1.44)n.s.
day +7 1.25 (1.08-1.79)1.19 (0.94-1.59)n.s.

day +14 1.16 (0.70-1.74) 1.09 (0.75-1.35)n.s.

Table 1. ELX2/1 values in the treatment and inuekicle group. A difference between the two

groups was evident only at day 420.034).

In treatment group, after an early increase from@#o day +2, elasticity decreased from day +2
to day +14 (Fig.2). Indeed, ELX2/1 values at day wlere statistically different compared to

day 0 0=0.028).

In vehicle group, after an early decrease from @dg day +2, then elasticity remained quite

constant over time without statistical differenadviceen day O and day +14 ELX2/1 values.
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Fig.2. ELX2/1 trend over time in the treatment grdgreen line) and in the vehicle group (blue
line). A statistical difference was evident at d&ybetween the two groups=0.034), showing a
higher elasticity of tumours in the treatment grough respect to the vehicle group. ELX2/1

tended to decrease in the treatment group compdan® and day +14€0.028).

A sub-analysis was performed in treatment groupddig tumours with respect to
growth percentage delta. If the growth percentagadvas <200%, tumours were considered as
responder (6 cases, ranging from 85% to 199%) tvhda responder if the growth percentage
delta was >350% (4 cases, ranging from 382% to §39%

Volume at day +14 was 523.56 (333.33-1799.88) enrgsponder group and 761.69 (474.30-
1154.16) in the non responder group. ELX2/1 wad {B07-1.97) at day 0. All responder
tumours showed an increase in ELX2/1 from day @ap +2. Among non responder tumours, 3
out of 4 showed at DO higher values than responaeours. Furthermore, a decrease of ELX2/1
was evident in these 3 cases whilst an increasese@s in the remaining one (Table 2 and
Fig.3).
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ELX2/1 at DO ELX2/1 at D2 ELX2/1 %Delta

Responder (R) tumours 1.36 1.54 13.8
1.25 1.99 58.5
1.27 1.38 8.9
1.27 1.33 4.5
1.35 1.52 12.8
1.11 1.15 3.3
Non Responder (NR) tumours 1.97 1.37 -30.2
1.81 1.47 -18.9
1.60 1.23 -22.8
1.07 1.23 15.3
Median values R tumours 1.27 1.45 10.9
Median values NR tumours 1.71 1.30 -20.8

Table 2. Individual and median values of ELX2/1daly 0 and day +2. Percentage delta of
ELX2/1 was also calculated. Three out of 4 nonaadger (NR) tumours showed at day 0 higher
values than responder (R) tumours, with a decraasiy +2. On the contrary, all R tumours

showed an increase in ELX2/1 values from day Catp+PR.
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Fig.3. Relationship between growth percentage d@eltlay +14 and percentage delta of ELX2/1
at day +2 in the treatment group, comparing respofiaue circles) and non responder tumours
(green circles). A decrease in ELX2/1 values at-tayvith respect to day 0 was evident in 3 out

of 4 non responder tumours whilst all responderaurs showed an increase in ELX2/1 values.

At day +14, responder tumours showed ELX2/1 vak@maparable to the vehicle group (1.04,
0.70-1.32 and 1.09, 0.75-1.35) whilst non responderours showed higher values (1.46, 1.10-

1.74).
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Western-Blot
Western blot analysis for VEGFR2 and phospho-ERKewgerformed for 16 tumor

slices (and for the cell line) at necropsy. Two enaf the treated group and one of the vehicle
group were not included in the western-blot analystcause of the impossibility to analyze
more than 9 bands at the same time. All the resuislisted in Table 3. Concerning both
VEGFR2 and both phospho-ERK, no statistical difieeewas found between the treatment and
the vehicle group and between responder and ngomdsr group. Nevertheless, non responder
group showed higher values of VEGFR2 and phosphi-Bfan both responder and both

vehicle group.

Treated group Vehicle group
Non responders Responders
Normalized VEGFR2 4.269 (0.616-26.063) 1.043 (0-13®63) 1.004 (0.562-2.245)
Absolute VEGFR2 0.200 (0.029-1.218) 0.049 (0.001:8) 0.054 (0.030-0.121)

Normalized phospho-ERK  5.346 (0.570-10.646) 0.944§7-1.216) 1.007 (0.362-2.153)

Absolute phospho-ERK 0.250 (0.027-0.498)  0.0482-0.057) 0.054 (0.024-0.116)

Table 3. Results of quantification of western blot analysidedian and min-max (round

brackets) values are expressed as arbitrary uddsstatistical difference was found between
western blot values among the three groups (nqmoreker, responder and vehicle groups).
However, even in absence of statistical signifieanmrobably related to the small number of
mice within each group, higher values of VEGFR2 aitbspho-ERK were seen in non

responders group, compared with responder and legjricup.
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Group B

Group B comprised 8 mice, 4 in the treatment graung 4 in the vehicle group. Tumour
volume at day 0 was 1078.40 mmc (608.75-1795.07day +2, tumour volume was 1365.00
mmc (1118.29-1995.15) in the treatment group ar@4X¥B (1010.63-1782.15) in the vehicle
group with a growth percentage delta of 15.03%7@436.37) in the treatment group and
16.74% (0.72-66.02) in the vehicle group.
ELX2/1 was 1.16 (0.90-1.48) at day 0. At day +2,XRI1 in the treatment group was 1.37
(1.06-1.58) with a percentage delta of 17.76% @2{0.6.21) whereas 1.20 (0.94-1.28) in the
vehicle group with a percentage delta of —3.8198.2@-15.90) (Fig.4). No statistical difference
was achieved between ELX2/1 values of the two gsoopr at day O neither at day +2.
Nevertheless, the same trend that emerged in GRotymours was present also in Group B
tumours, that is the increase in ELX2/1 values frdey O to day +2 in the treatment group and

the decrease in the vehicle group.
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Figure 4. Percentage delta of ELX2/1 comparingtteatment group and the vehicle group in

Group B.
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DISCUSSION

Our study demonstrated that elastosonography ap@saa promising tool in the early
prediction of response to antiangiogenic treatmdiite possibility to quantify the elastic
proprieties of a mass allowed to improve the novasive diagnosis of thyroid and breast
nodules due to a higher stiffness of malignant emsaith respect to benign ones but
controversial results emerged concerning the lifagrssible limitations for its use in hepatic
imaging may be related to the high frequency pratresvhich elastosonography is available.
Whist the elasticity of deep lesions still remaingossible to be evaluated, the software here
used allows to analyze lesions located until 10icrmdepth. Thus, the majority of focal liver
lesions may be studied through an accurate sefecfithe scan approach. The second limitation
is related to the software itself, which implieg tomparative analysis between the lesion and
the surrounding parenchyma. The aim of the softvignmot only to measure the compression
induced in the tissue, which involves uniquely arae in dimension, but rather the deformation,
which involves a change in shape. The elastosopbgramages are created on the basis of
modifications of radiofrequency signals during doenpression and the release of the probe, by
comparing the deformation of a structure with ther@unding tissue included in a ROI. Thus,
the analysis is relative and not absolute. Liveepehyma may be affected by several conditions
which result in change of stiffness, mainly relatedibrosis deposition. Conditions other than
fibrosis may affect reliability of the results, toAmong these, some authors reported the
influence of cholestasis or right heart failure Tmansient Elastography results but no data are
actually available concerning elastosonography. H@€es in the majority of cases on cirrhosis,
a condition in which Fibroscan values range froml42kPa to 75 kPa (the higher value
provided by the device), reflecting the dynamicrddis process. For these reasons, absolute
elastosonography values of focal liver lesionswtifrom different patients are not comparable
at present. Nevertheless, longitudinal evaluatibra ¢esion can be performed, whichever the

baseline value.
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Antiangiogenic therapies are significantly burdig treatment-related adverse events.
The overall incidence in the SHARP trial was 80%tle sorafenib-group and 52% in the
placebo-group, mainly gastrointestinal and dernogfiol events or constitutional symptofms.
Furthermore, an upregulation of alternative proiagenic signalling circuits is possible during
the treatment. Even in presence of an initial rasppthe tumour vasculature may be restored,
indicative of a re-initiation of tumour angiogergesi Interestingly, in a mouse model of
pancreatic neuroendocrine cancer, higher levelsRINA for pro-angiogenic factors were found
in relapsing tumours than in controls, suggestirggdccurrence of resistance to or evasion of the
anti-VEGF treatmerft These factors, beyond the high costs of such demgurage the search
for a marker of tumour response in order to eamytch the patients to more effective
therapeutic regimens.

In our experiment, treated tumours showed an e@adsease in elasticity compared to
vehicles, probably related to angioarchitecturanges inside the tumour. A possible underlying
reason may be a reduction in tumour perfusion dutive treatment. Indeed, a relative decrease
in liquid content allows a higher deformation ahass, which leads to a higher elasticity.

Among treated tumours, we noted that non resporsteswed a different behaviour over time
with respect to responders, that is higher eliégtat DO and lower elasticity at D2. A possible
explanation may be a strong cellularity before tfeatment (responsible of higher elasticity
values), then relatively decreased during the @lests of treatment, and successively gone back
to high levels.

The slight decrease over time of elasticity in Hedicle group may be the expression of the
progressive tumorigenesis process. Indeed, newindd vessels are characteristically dilated
and microhemorrhaging, a condition that may resula decrease of elasticity caused by the
lower deformation of fluids if placed in a containe

The discrimination between responder and non-reggrotumours is supported by western-blot

analysis, which confirmed the higher VEGFR2 and gpho-ERK values in non responders
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compared to responders. Even if the statisticalifsignce was not reached, a higher expression
of phospho-ERK and VEGFR2 may reflect the activaitd this pathway of cell proliferation
even in presence of sorafenib. Furthermore, tumalumes at day +14 were comparable
between the non responder and the vehicle group.

The variability of treatment response in our woskrelated to the genetic type of the
animal strain used. Indeed, we preferred to perfoumn experiment on outbred mice who are
tipycally characterized by a high degree of hetggosity and heterogeneify.

Our results need to be validated in clinics. Baangroof of concept study, we decided to use a
heterotopic model in order to avoid any confoundexgor derived from the small dimension of
the murine liver with respect to the probe and frdtm manual compression. Indeed, the
compression on humans is performed through thecwdgéals spaces, a condition impossible to
be created in a murine model using the commercaadgilable elastonography probes.

In conclusion, we supported the use of elastos@apty in the early evaluation of tumour
response to antiangiogenic treatments, proving réstonder tumours are characterized by an
early increase in elasticity. The possibility tstdiguish a priori between responders and non
responders based on the higher elasticity of tiierlaeeds to be validated in ad-hoc experiments

as well as a confirmation of our results in humignsarranted.

20



BIBLIOGRAPHY

1. Minguez B, Tovar V, Chiang D, Villanueva A, LketvJM. Pathogenesis of hepatocellular

carcinoma and molecular therapies. Curr Opin Gastroenterol. 2009 May;25(3):186-94viBe.

2. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, G&aR, Blanc JF, de Oliveira AC, Santoro A,
Raoul JL, Forner A, Schwartz M, Porta C, ZeuzerB@&ondi L, Greten TF, Galle PR, Seitz JF,
Borbath |, Haussinger D, Giannaris T, Shan M, MesgoM, Voliotis D, Bruix J; SHARP
Investigators Study Grougsorafenib in advanced hepatocellular carcinoma. N Engl J Med.

2008 Jul 24;359(4):378-90.

3. Llovet JM, Burroughs A, Bruix JHepatocdlular carcinoma. Lancet. 2003 Dec

6;362(9399):1907-17. Review.

4. Wilhelm S, Carter C, Lynch M, Lowinger T, Dum&sSmith RA, Schwartz B, Simantov R,
Kelley S.Discovery and development of sorafenib: a multikinase inhibitor for treating cancer.
Nat Rev Drug Discov. 2006 Oct;5(10):835-44. Revi&watum in: Nat Rev Drug Discov. 2007

Feb;6(2):126.

5. Villanueva A, Toffanin S, Llovet JMLinking molecular classification of hepatocellular
carcinoma and personalized medicine: preliminary steps. Curr Opin Oncol. 2008 Jul;20(4):444-

53. Review.

6. Who Handbook for reporting results of cancer treatment. World Health Organization Offset

publication. (48).1979. Geneva (Switzerland))

7. Therasse P, Arbuck SG, Eisenhauer EA, Wandéfaplan RS, Rubinstein L, Verweij J, Van

Glabbeke M, van Oosterom AT, Christian MC, Gwytls. New guidelines to evaluate the

21



response to treatment in solid tumors. European Organization for Research and Treatment of
Cancer, National Cancer Institute of the Unitedt€dtaNational Cancer Institute of Canada. J

Natl Cancer Inst. 2000 Feb 2;92(3):205-16.

8. Lencioni R, Llovet JM.Modified RECIST (mRECIST) assessment for hepatocellular

carcinoma. Semin Liver Dis. 2010 Feb;30(1):52-60. Epub 2020 E9. Review.

9. Lassau N, Koscielny S, Chami L, Chebil M, Beoat8, Roche A, Ducreux M, Malka D,
Boige V. Advanced hepatocellular carcinoma: early evaluation of response to bevacizumab
therapy at dynamic contrast-enhanced US with quantification-preliminary results. Radiology.

2011 Jan;258(1):291-300. Epub 2010 Oct 27.

10. Lassau N, Koscielny S, Albiges L, Chami L, Bsoa B, Chebil M, Roche A, Escudier BJ.
Metastatic renal cell carcinoma treated with sunitinib: early evaluation of treatment response
using dynamic contrast-enhanced ultrasonography. Clin Cancer Res. 2010 Feb 15;16(4):1216-

25. Epub 2010 Feb 9.

11. Schaefer FK, Heer |, Schaefer PJ, Mundhenk®©%erholz S, Order BM, Hofheinz N,
Hedderich J, Heller M, Jonat W, SchreeBreast ultrasound elastography-Results of 193 breast
lesions in a prospective study with histopathologic correlation. Eur J Radiol. 2009 Sep 19. [Epub

ahead of print]

12. Moon WK, Huang CS, Shen WC, Takada E, ChangJe€&,J, Nakajima M, Kobayashi M.
Analysis of elastographic and B-mode features at sonoelastography for breast tumor

classification. Ultrasound Med Biol. 2009 Nov;35(11):1794-802. B2009 Sep 19.

22



13. Rago T, Santini F, Scutari M, Pinchera A, VRt Elastography: new developments in
ultrasound for predicting malignancy in thyroid nodules. J Clin Endocrinol Metab. 2007

Aug;92(8):2917-22. Epub 2007 May 29.

14. Rago T, Vitti PRole of thyroid ultrasound in the diagnostic evaluation of thyroid nodules.

Best Pract Res Clin Endocrinol Metab. 2008 Dec;p2(63-28. Review.

15. Gheorghe L, lacob S, lacob R, Dumbrava M, Baohes, Herlea V, Gheorghe C, Lupescu |,
Popescu IReal time elastography - a non-invasive diagnostic method of small hepatocellular

carcinoma in cirrhosis. J Gastrointestin Liver Dis. 2009 Dec;18(4):439-46.

16. Inoue Y, Takahashi M, Arita J, Aoki T, HasegaiaBeck Y, Makuuchi M, Kokudo N.
Intra-operative freehand real-time elastography for small focal liver lesions: "visual palpation”

for non-palpable tumors. Surgery. 2010 Nov;148(5):1000-11. Epub 2010 Apr 2.

17. Friedrich-Rust M, Ong MF, Herrmann E, DriesSgmaras P, Zeuzem S, SarrazirReéal-
time elastography for noninvasive assessment of liver fibrosisin chronic viral hepatitis. AJR Am

J Roentgenol. 2007 Mar;188(3):758-64.

18. Gheonea DI, #toiu A, Ciurea T, Gorunescu F, lordache S, Pope&dty Belciug S,
Gorunescu M, Shdulescu L.Real-time sono-elastography in the diagnosis of diffuse liver

diseases. World J Gastroenterol. 2010 Apr 14;16(14):1720-6.

19. Furukawa MK, Furukawa MDiagnosis of lymph node metastases of head and neck cancer
and evaluation of effects of chemoradiotherapy using ultrasonography. Int J Clin Oncol. 2010

Feb;15(1):23-32. Epub 2010 Jan 29.

23



20. Copeman MProlonged response to first-line erlotinib for advanced lung adenocarcinoma. J

Exp Clin Cancer Res. 2008 Nov 4;27:59.

21. Reich S, Overberg-Schmidt US, Buhrer C, Henzel@wv-dose chemotherapy with
vinblastine and methotrexate in childhood desmoid tumors. J Clin Oncol. 1999 Mar;17(3):1086.

No abstract available.

22. Ravaud A, Legrand E, Delaunay MM, Bussiere€@jlon V, Cany L, Huet S, Verdier D,
Kind M, Chomy F, et alA phase | trial of repeated tumour-infiltrating lymphocyte (TIL)

infusion in metastatic melanoma. Br J Cancer. 1995 Feb;71(2):331-6.

23. Judson |, Leahy M, Whelan J, Lorigan P, VeM|lGrimer R, Robinson MA Guideline for

the Management of Gastrointestinal Sromal Tumour (GIST). Sarcoma. 2002;6(3):83-7.

24. Wilhelm SM, Carter C, Tang L, Wilkie D, McNalaoh, Rong H, Chen C, Zhang X, Vincent
P, McHugh M, Cao Y, Shujath J, Gawlak S, EveleigiRbwley B, Liu L, Adnane L, Lynch M,
Auclair D, Taylor I, Gedrich R, Voznesensky A, Ri&] Post LE, Bollag G, Trail PABAY 43-
9006 exhibits broad spectrum oral antitumor activity and targets the RAF/MEK/ERK pathway
and receptor tyrosine kinases involved in tumor progression and angiogenesis. Cancer Res. 2004

Oct 1;64(19):7099-109.

25. Casanovas O, Hicklin DJ, Bergers G, HanahanDibug resistance by evasion of
antiangiogenic targeting of VEGF signaling in late-stage pancreatic islet tumors. Cancer Cell.

2005 Oct;8(4):299-309.

26. Harris P, ANZZCART News, Vol 10, no 3 Sept 1993ert, pp 1-7

24



