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Abstract

Angiogenesis is crucial for cancer progression ie@fficiency may affect
disease evolution, and therefore clinical outco@aen that cancer-related
vessel formation relies on the host angiogenic mma&ck, individual genetic
variability affecting physiological angiogenesis ynampact on cancer
prognosis.

Function of angiogenesis-regulating genes mayaffected from single
nucleotide polymorphisms (SNPs) through the modadf gene-expression.

Prognostic stratification of differentiated tbigd cancer (DTC) is still
suboptimal as no effective tools are available ittentifying patients with
persistent/recurrent disease after thyroid ablation

Our objective was to evaluate germline SNPs of VEGWEGFR-2, and
PDGFRe, as prognostic markers of clinical outcome in DTC.

Multicenter retrospective study including consegaiDTC patients subjected
to post-surgical follow-up. Eight angiogenesis4etaSNPs were included in
the analysis: -2578 C>A (rs699947), -460 T>C (r€833, +405 G>C
(rs2010963), and +936 C>T (rs3025039) for the VE&GHene; +1192 C>T
(rs2305948) and +1719 T>A (rs1870377) for the VEGF&ene; -1309 G>A
(rs6554162) and -635 G>T (rs1800810) for the PDG@Hgene. Genotyping
was performed by means of TagMan protocol. Progmostitcome was
categorized as persistent structural disease,regduwstructural disease, and no
evidence of disease at last follow-up. Genotypes\aealyzed as three-group
categorical variable and according to the dominamtl recessive model.
Haplotype analysis was performed by means of thelddaew software.
Positive (PPV) and negative (NPV) predictive valuesre calculated for
identified genetic markers.

Overall, 249 patients were included. No statistically sigaift results for
any of the included SNPs were found at analysishef overall population.
Stratified analysis demonstrated that minor homomgggenotypes of VEGF-A
-2578 C>A and -460 T>C (AA and CC, respectivelynfeored protection
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against recurrent structural disease in AJCC/UI@@es I-Il and ATA low-
intermediate risk patients (p=0.035 with RR 0.1d a~0.031 with RR 0.16,
respectively). Haplotype analysis of VEGF-A SNPeniified 3 common
haplotypes: th&>"8C, “°°T, *9%C (CTC); the®*"®a, “°%C, *9°G (ACG); the’
2578c 4801 +40%G (CTG). ACG and CTG haplotypes were associatet thie
rate of structural recurrent disease in AJCC/UIG&e I-1l (p=0.05 with OR
0.22 and 0.005 with OR 2.6, respectively) and AToWw-intermediate risk
patients (p=0.036 with OR 0.51 and 0.039 with OR3]1.respectively),
exerting protective and deleterious effect, regpelst Analysis of combined-
SNPs genotype found that the ACG homozygous gerd&@G+/+) offered a
protective effect against structural recurrencéath stage I-Il (p=0.018, RR
0.2) and ATA low-intermediate (p=0.035, RR 0.18krpatients, whereas the
CTG homozygous genotype (CTG+/+) was significaathgociated to higher
rate of structural recurrence in stage I-Il (p=8,0RR=3.55), and was slightly
deleterious also in ATA low-intermediate risk (p&09, RR=2.59) subjects.
The ACG+/+ genotype retained its prognostic effecATA low-intermediate
risk patients after adjustment for tumour size andtifocality. Both ACG+/+
and CTG+/+ genotypes showed high NPV, but only C/FGf¥evealed
acceptable PPV for structural recurrent disease8%@2and 33.3% in stage |-
and ATA low-intermediate risk patients, respectyyel

Analysis of germline VEGF-A SNPs may refine riskasification of DTC
with “early” disease by providing stable and easdgcessible prognostic
markers.

The validation of these markers may facilitatsical decision-making,
which is still challenging regarding several thexafic aspects.

The relevance of VEGF-A genetic variability inig group of DTC may
providerationale for considering VEGF-A targeted therapies as aiptessool

for the treatment of subjects harbouring the diseasurrence risk genotype.
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1. Background

1.1 Prediction of clinical outcome in differentiated thyroid cancer

Thyroid cancer represents not only the most comandocrine malignancy,
but its incidence is progressively increasing otiere in several Western
countries, including Italy (Albores-Saavedra et28l07; Dal Maso et al. 2011;
Davies et al. 2014). Differentiated thyroid can{@®iC), including papillary
and follicular histotypes, arises from epitheliallitular cells (Schlumberger
1998). It accounts for the vast majority (90%) diyrbid malignancies
(Sherman 2003) and can be virtually consideredoresiple for the entire
increase of thyroid cancer incidence (Siegel e2@l4), thus representing a
relevant problem for public health. Despite thairag morbidity, mortality rate
of thyroid cancer was stable during last decadewi@3 et al. 2014). Indeed,
prognosis of patients affected with DTC is typigdfivourable with a 10-years
disease-related survival of 85% (Eustatia-Rutteale®006). This is due to
both the intrinsic indolent behaviour of the dised&Schlumberger 1998) and
the efficacy of initial treatment, consisting intaldnear-total thyroidectomy
and, in selected cases, radioactive iodine (Rfal)powed by suppression of
thyroid-stimulating hormone (TSH) (Haugen et all@0 The low mortality
rate of DTC makes difficult to perform prognostitdies having as primary
endpoint overall survival because of the long foHop needed to achieve a
significant group of dead patients. By contrase ffersistence of structural
disease after initial treatment or the developnoémecurrences after complete
remission have been reported in about 25-30% demtst (Castagna et al.
2011; Pitoia et al. 2013; Tuttle et al. 2010b; Viza:m et al. 2012), and are
strictly related to disease-specific survival (Broet al. 2011; Mazzaferri et al.
1994; Tuttle et al. 2010a). Thus, the rate of géesit/recurrent disease or the
disease-free status (if performing survival anaysare considered as more
feasible outcomes to be analyzed and therefore asqatimary endpoints in
the majority of prognostic studies of DTC. Givenatththe AJCC/UICC
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(American Joint Commettee on Cancer/Union for Imional Cancer
Control) system was able to predict mortality bot persistence/recurrence
(Baek et al. 2010; Orlov et al. 2009; Tuttle et2l10b; Vaisman et al. 2012), a
great effort has been done in the last decade ild havel staging systems
specifically dedicated to the prediction of peemtrecurrent disease.
Particularly, each of the major societies dealinghwhyroid diseases (ATA
[American Thyroid Association], ETA [European Thig@Association], and
LATS [Latin American Thyroid Society]) has validdtea categorical
classification identifying subgroups with differensk of persistent/recurrent
disease (Pacini et al. 2006; Pitoia et al. 201®ji#et al. 2009). Nevertheless,
the long-term risk stratification obtained by theentioned systems is still
suboptimal as all of them showed a proportion ofiarece explained, a
statistical measure of how well a staging system madict the outcome of
interest (Schemper et al. 1996), less than 30% (&sm et al. 2014). In order
to refine the risk estimate of persistent/recurthaeéase, recent guidelines from
the ATA have introduced a personalized non-categbrmodel based on the
concept of “continuum of risk”, where further vdrias were added in order to
perfectly fit individual clinico-pathological feates and provide a quantitative
determination of the risk (Haugen et al. 2016)ug,hthe identification and
characterization of novel prognosticators of péesigrecurrent disease,

including molecular markers, is crucial for empowmgrthis model.

1.2 Molecular prognostication of differentiated thyroid cancer

Although molecular prognostication of DTC, nayn#éhie understanding of
the possible relationship between those genetaragibns with demonstrated
pathogenetic role and the clinical outcome, hasheilely studied in last
several years, it still represents an evolvingifi#thdeed, any molecular marker
has a well-defined role in the risk-stratificatiohDTC, and the introduction of
molecular prognosis into “real-life” clinical praoe is still far to be performed.

Historically, RET rearrangements and BRAF mutatigenetic alterations
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specifically occurring in PTC, have represented miainstays of molecular
research about thyroid carcinogenesis, being thet stodied and characterized
molecular abnormalities in this field. Thus, welMillstly focalize current role
of these molecular markers as prognosticators i€ DRfterwards, we will
discuss about emerging molecular markers, spelyfitecusing on TP53 and
TERT promoter mutations and the co-occurrence kedmutations. Finally,
we will provide some insights about the possiblaurfel role of non-tissutal

molecular markers.

1.2.1 RET rearrangements

RET/PTC are a group of chimeric oncogenes (VREBT/PTC 1 and 3
variants being the most frequent) generated byftiseon of the catalytic
domain of the tyrosine kinase receptRET to the 5 terminal region of
heterologous genes (Santoro et al. 2006). RET/RTah iexclusive occurrence
of the thyroid gland (Nikiforova et al. 2000), aitsl pathogenetic role in DTC
has been deeply described (Jhiang et al. 1998; IPetnad. 1998; Santoro et al.
1993; Tallini et al. 1998). In last years, the acluction of highly sensitive
techniques allowed the detection of non-clonal tmrtal events, namely the
presence of RET rearrangements in a small propodidumour cells, or even
in one single cell. This significantly changed sowofepre-existing notions
about RET/PTC, allowing the detection of the reagements also in benign
thyroid diseases (Marotta et al. 2011a). Partitylave searched for RET/PTC
1 and 3 by using a high sensitive method, namelytt#on Blot on RT-PCR
products. We detected the rearrangements in 36Pd Gf a higher percentage
as compared with what previously found by using Issnsitive techniques
(Jhiang et al. 1998; Santoro et al. 1992), and tielevant portion (13.3%) of
thyroid nodules with benign histology (Guerra et2411).

The biological significance of non-clonal ocance of RET/PTC in both
malignant and benign nodules is still a challenggsgie (Marotta et al. 2010a).
We tried to provide some insights about this asgmctcomparing clinical
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evolution of benign nodules with or without non+téd RET/PTC occurrence,
showing that the presence of RET rearrangements) ag non-clonal, was
associated with more rapid volume increase (Maretttal. 2010b; Sapio et al.
2011). This suggests that non-clonal RET/PTC maycbesidered as a
biologically relevant event.

By the prognostic sight, some evidence suggetitatl RET/PTC 1 was
associated with more favourable behaviour of PTdki{dfov 2004).
Furthermore, PTC harbouring RET rearrangementgicpkarly RET/PTC 1,
had a very low probability of progression to poomlfferentiated and
anaplastic carcinomas, as compared with those ingrfBRAF and RAS
mutations (Mayr et al. 1997; Soares et al. 1998linTaet al. 1998). Despite
these data, the strict dependence from the sahgitif’the detection method
and the biological difference between clonal and-donal mutation, which
needs to be further defined, strongly hamperedyaisaland validation of
RET/PTC in the prognostic setting. Furthermoreg-@mical studies identified
RET/PTC as a weak tumour-initiating factor and ssggd that secondary
genetic or epigenetic changes were required fomebplastic transformation
(Powell et al. 1998; Wang et al. 2003). This malekkely the driver role of
RET rearrangements in tumour progression and therefts impact on
prognosis. Owing this set of data, RET/PTC has ooeat role in the
prognostic stratification of PTC.

1.2.2 BRAF/®%%¢

The T1799A transverse point mutation of the @utcogene BRAF,
resulting in the valine-to-glutamate (V600E) amameic substitution, is
nearly the only BRAF mutation found in thyroid cancwith a very few
exceptions for the K601E and A598V missense mutatithe AKAP9/BRAF
recombination, the 1799-1801 deletion and the 1I/®B5 insertion (Ciampi et
al. 2005; Hou et al. 2007b; Santarpia et al. 2008g et al. 2005). BRAF*F
represents the most common genetic alteration3 @ @pproximately 45% of
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cases) (Marotta et al. 2011b; Xing 2005), and &th@genetic role has been
widely proved by pre-clinical studies (Knauf et2005; Liu et al. 2007).

Unlikely RET rearrangements, several authorsnted a clear association of
BRAF'°F with molecular features suggestive of biologicald aclinical
aggressiveness. Particularly, the mutation wasceasso with decreased or
absent expression of thyroid iodide-handling gerfd®e sodium-iodide
symporter, the TSH receptor, the pendrin gene [®4Z4? the
tireoperossidase, and the thyroglobulin) (Duranteale 2007; Xing 2007),
whom expression was demonstrated to be strictlyeniggnt from that of
BRAF'°%F (Chakravarty et al. 2011; Liu et al. 2010). Furthere, BRAF
mutation was associated with overexpression of mamgour-promoting
factors, such as VEGF-A and c-MET (Xing, 2007).tBg clinico-pathological
sight, BRAF®%F was associated with the tall cell variant of PTChich
represents the most aggressive histological sub{@iessein et al. 2007;
Milione et al. 2010). Despite still controversitihe majority of studies also
reported the association of mutated BRAF with savesther clinico-
pathological features having a negative prognastmact, such as lymph node
metastases, extra-thyroidal extension and advadicedse stage (Frasca et al.
2008; Kebebew et al. 2007; Lee et al. 2007a; Wdngl.e2008; Xing et al.
2005).

Owing this body of evidence, BRA®’ has been considered the best
candidate as molecular prognosticator of PTC aneérak prognostic studies
have been dedicated to assess its relationship ahitltal outcome. After a
wide series of single-center studies showing ceetsal results, 2 large
multicenter cohorts have been recently analyzedagsessing the impact of
BRAF mutation on mortality and recurrence, respetyi The first paper
including 1849 patients showed the association aftated BRAF with
increased disease specific mortality at univaratalysis (Xing et al. 2013a).
More importantly, the second one including 2099igras demonstrated an
independent association betwdRAF mutation and recurrent disease both in
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the overall PTC population and after stratification histotypes (classic and
follicular variant) (Xing et al. 2015).

Despite the unequivocal association with diseaseurrence, clinical
application of BRAF®F as prognostic marker is hampered by its low
specificity. Indeed, analysis from the largest rratalysis available to date
(2167 patients) showed acceptable sensitivity (638G) poor specificity for
the prediction of recurrent disease with a posifwedictive value (PPV) of
only 25% (Tufano et al. 2012). Thus, current rdienotated BRAF for the risk
stratification of PTC is limited, as it is unliketg be used in isolation, but only
in a multivariable context, combined with other gmostic features. To date,
the 2015 ATA guidelines do not suggest the rougirttermination of BRAF
status, but consider BRX#F as an information to be included (if present) for
the risk estimate of recurrent disease in ATA laskpatients according to the
“continuum of risk” model (Haugen et al. 2016).

Our recent study about the clonality of BRAF aiian in PTC (Guerra et al.
2012b) has opened a burning issue among researdbaling with thyroid
carcinogenesis because of its possible impact ¢im the biological role and

9E \We searched for BRAF mutation in

the clinical implications of BRA
PTC surgical samples by means of pyrosequencirsggaencing-by-synthesis
method that measures the incorporation of eacheofdur nucleotides at each
template position in an automated process invohangyrosequencer device
(Ronaghi et al. 1998). As demonstrated by manyiesuffom our and other
research groups (Guerra et al. 2014; Jo et al.)2@¥6osequencing showed
higher sensitivity in detecting mutated BRAF as paned with dideoxy
sequencing. More importantly, pyrosequencing albwehe careful
guantification of the percentage of mutated alleled therefore of the portion
of tumour cells harbouring BRAR°E, Among 41 BRAF-mutated PTC, only 4
cases (about 10%) were consistent with a clonalatnom showing a
percentage of mutated alleles of nearly 50%. Bytregh in the majority of

PTC (27, about 65%) BRAEF alleles were in the range of 25 to 5.1%,
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which was consistent with a subclonal mutationa¢ngv Our results were
exactly replicated by a subsequent study from aamoltialian research group
(Gandolfi et al. 2013). In order to support thesalihgs and to assess the
clinical implications of performing a quantitatiemalysis of BRAF mutation,
we planned a prognostic study with inclusion of 1&fients, demonstrating
that the percentage of mutated alleles signifigaitipacted on the risk of
recurrence (Guerra et al. 2012a). Particularly, BRutated tumours with
more than 30% mutated alleles showed lower disEase-survival, as
compared with those harbouring less than 30%. Tloeatty of BRAF
mutation in PTC is still an hot point of currensearch on thyroid cancer.
Recently, de Biase and colleagues (de Biase €t0d44a) have assessed the
percentage of BRAF-mutated alleles in a PTC sdrnjemeans of modern and
more accurate techniques, such as the allele-gpémiked nucleic acid PCR
and 454 next-generation sequencing (de Biase €20d4b; Morandi et al.
2012). They confirmed the heterogeneity of the mna demonstrating that
BRAF'°F \was a clonal event in less than 50% of cases. @yrast, the
recently published study about genomic sequencirgT& from The Cancer
Genome Atlas (Agrawal et al. 2014), performed byanse of the most
innovative next-generation sequencing techniqueglied a dedicate software
(ABSOLUTE package (Carter et al. 2012)) to calailedncer cell fraction of
the previously identified driver mutations with Insion of BRAF®%F
finding that the majority of tumour cells harbourthe mutation. Thus, authors
concluded that mutations of founder genes wereyawonal events. Despite
this result, we consider the issue about the citynal BRAF'°°F still opened.
The same study from the Cancer Genome Atlas fouwdla variation in the
pattern of gene expression within the cohort of BRAutated tumours,
meaning that PTCs with BRAF mutation includspectrum of tumours having
different biology and clinics. It is our hypothesigat this could be explained

by the heterogeneity of the mutation.
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Although further studies are mandatory for adyedlefinition of this issue,
quantitative determination of BRAF°F and therefore categorization of
mutated tumours basing on the percentage of mutdkelés (or cells bearing
the mutation) may dramatically change not only #tmwledge of the
biological role of the oncogene, but also its dapathological implications
including the application as molecular prognostcalindeed, larger prognostic
studies may allow to test and identify a cut-ofppefcentage of BRAF-mutated
alleles, with the aim of improving specificity atlderefore PPV for disease
recurrence, which represents the main limit of uage BRAF°F
determination in the prognostic setting.

1.2.3 Emerging molecular markers: TP53, TERT promoér, and co-
occurring driver mutations

Despite limited in its clinical application, BREX®%°F

is the more powerful
molecular prognosticator of DTC. Unfortunately, etlgenetic abnormalities
historically associated to DTC (including RAS poimhutations and
PAX8/PPAR rearrangement, which are mostly detected in FTi@g>2013))
have failed to demonstrate enough prognostic impackt are not currently
considered as feasible prognosticators (Nikifor@taal. 2009; Xing et al.
2013b). In recent years, mutations of other 2 geties tumour suppressor
TP53 and the promoter of the catalytic subunithaf telomerase TERT, are
gaining growing relevance in this field.

Although typically considered as a marker of cwimdedifferenziation and
detected in a wide portion of poorly differentiatadd anaplastic thyroid
cancer (Donghi et al. 1993; Fagin et al. 1993)emnéenutational analysis by
means of next-generation sequencing techniquegléasfied TP53 mutations
also in a low percentage of DTC, namely 3.5% of RIh@ 11% of oncocytic
FTC (Nikiforova et al. 2013). Despite the limiteéngples size, authors
reported a more aggressive clinical behaviour g little subgroup of TP53-

mutated tumours.

20



In last years, mutations of the TERT promoterehgepresented the focus of
a relevant part of translational cancer researamfig et al. 2013). Recently,
the mutations 1295228 C>T, termed C228T, and 1295€5T, termed
C250T, leading to an increase of translational vagtiand therefore to
telomerase activation and immortalization of canoelts, were detected in
follicular cell-derived thyroid cancers. As for TBSTERT-promoter mutations
were more frequent in less differentiated tumoursi involved also a
significant portion of DTC (7-22% of PTC and 14-1®%FTC) (Landa et al.
2013; Melo et al. 2014). Importantly, the mutatioasealed strong prognostic
impact, being identified as independent risk faébopersistent disease, distant
metastases, and disease-specific mortality (Meb. &014).

Basing on the reported data, both TP53 and TRRMoter mutations are
promising tools in the field of molecular progneation of DTC. Although
further studies are needed mainly to confirm thgatige prognostic impact of
TP53, it seems that these markers may identify allssubgroup of tumours
having a highly aggressive behaviour. Thus, mutatiof TP53 and TERT
promoter may have higher specificity and PPV forsigtence/recurrence, as
compared with BRAF™E Furthermore, both the markers seems to be
associated with BRAF-mutation (Landa et al. 201i8;dt al. 2013; Melo et al.
2014), thus suggesting a possible synergisticpragr Thus, co-occurrence of
TP53 and TERT promoter may in part explain the viaadogical and clinical
variance characterizing BRAF-mutated PTC (Agrawaéle 2014), and may
therefore be used for identifying those BRAF-mulatemour with worst
outcome (Xing et al. 2014). To conclude, larger aledlicated studies are
needed to assess the actual accuracy of TP53 dRd pE&moter mutations as
predictors of clinical outcome among DTC-patientsus allowing their
introduction into clinical practice.

The co-existence of driver mutations within Hane tumour was previously
considered as typical of less differentiated andemumologically aggressive
forms of follicular-derived thyroid cancer, namepoorly and anaplastic
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histotypes (Garcia-Rostan et al. 2005; Hou et 8D72; Liu et al. 2008).
Recently, the next generation sequencing anahywi®nned by Nikiforova et
al. (Nikiforova et al. 2013) have represented aktterough, reporting the co-
occurrence of drivers mutations also in a smaltipoy namely 4%, of DTC
(Nikiforova et al. 2013). Even more importantlyjstmutational status was
associated to an aggressive clinical evolution #Hred presence of distant
metastases. This led the latest ATA guidelines ¢e¢awet al. 2016) to consider
the combination of mutations involving multiple fuler genes as an
independent genetic signature of aggressivenessichwhallows the
identification of a small subgroup of tumours widxtremely aggressive
behaviour. Within this model, BRABF is considered as the main “actor”
whereas ERT promoter and TP53, but also PIK3CA, AKT1, or RETPT
mutations are considered as co-occurring events. prbposal of this multi-
genetic approach of risk estimate has the aim &yamme the limit that any
genetic alteration known to be associated with NES, taken alone, enough
specificity for identifying persisting/recurring fents. Nevertheless, this

model is still at a preliminary level and furthémndies are needed to validate it.

1.2.4 Non-tissutal prognosticators

To date, molecular analysis of DTC, and theeefaplecular prognostication,
Is based exclusively on tissue markers. This rgmtssa limit as tumour tissue,
including surgical samples but also fine-needle-lBigpsy specimens, is not
always available. Furthermore, a different mutatlostatus may occur in
metastatic sites as compared with primary tumdws hampering tissue-based
molecular characterization. Therefore, the iderdiion of non-tissutal markers
may facilitate and empower molecular prognosticatbDTC.

Given that BRAE®Eis the more frequent somatic mutation and the main
prognosticator of DTC, several authors searchedh®mutation in circulating
free DNA (Marotta et al. 2011b). Firstly, Chuangaét analyzed serum of a
small series of patients, demonstrating that 60%asts who were positive for
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BRAF'°%Ein primary tumours also had detectable circulaBfRAF mutation
(Chuang et al. 2010). Afterwards, Cradic et al.estigated whether BRAF
mutation could be detected in the blood of patievith residual or metastatic
disease, finding the mutation in 21% of cases (iCradal. 2009). By contrast,
recent data failed to detect circulating BRA®E in 94 serum samples from
patients with PTC harbouring the mutation at thenaic level by using a
quantitative PCR method (Kwak et al. 2013). Thscdépancy could be related
to the use of assay reagents with inadequate seéysdind/or not optimized for
plasma samples in addition to uncontrolled presdical steps. Recently,
research by Pupilli et al. further empowered the o$ circulating BRAF
mutation as biomarkers in DTC (Pupilli et al. 2018)thors demonstrated that
the percentage of BRAFF detected in the serum increased progressively
across cytological categories, being higher in gési with histologically
confirmed thyroid cancer compared to those with idpen histology.
Furthermore, analysis of the mutation before antkrafreatment clearly
indicates an association between the mutatiod the presence of active
disease. Thus, BRAF mutation detected on circigaldNA represents a
promising tool to be specifically analyzed alsottoe prognostic setting.
Molecular prognostication of DTC may be furthenproved by the
application of microRNAs (miRNAs), which are shofabout 19-22
nucleotides), non-coding RNA sequences having asiewole in cancer
development and progression through their regufatactivity on gene
expression at both the transcriptional and posistraptional level (Calin et al.
2002; Ma et al. 2007). To date, several miRNAs hbeen found to be
deregulated in PTC (He et al. 2005; NikiforovaleR808; Pallante et al. 2006;
Tetzlaff et al. 2007). Particularly, miR-146b, m#1, and miR-222, have
been identified as the most deregulated, showingeases of 11- to 19-fold.
Therefore, many authors have focused the assatiatimiRNAs, particularly
those previously mentioned, with the clinical oute Firstly, Gao et al.
analyzed miRNAs expression in three subpopulat@mBTC cell lines with
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increased lymph node metastatic potency compareth whe control
subpopulations (Gao et al. 2010). MiR-146b, miR;2a8hd miR-222 were
confirmed to be overexpressed in PTC tissue, comtpaith normal thyroid
tissue, and also were associated with high-ristufea such as extra-thyroidal
extension, lymph node metastasis, distant metastagcurrence, and
BRAF'°%°F mutation. Afterwards, studies from Chou et al.vebo that BRAF-
mutated PTC had higher miR-146b expression as cadpaith those not
carrying the oncogene (Chou et al. 2010). Furtheemthey performed a
follow-up study demonstrating poorer overall sualiamong patients with
high levels of miR-146b (Chou et al. 2013). Twoeash groups found an
association between miR-146b and miR-222 overegmesand distant
metastasis, recurrence and BRAF expression (Lak 2013; Yip et al. 2011).
Indeed, Zhou et al. found that overexpression &-221 was associated with
extra-thyroidal extension, lymph node metastasigsaaced disease stages, and
BRAF mutation (Zhou et al. 2012). In all mentiorstddies, prognostic impact
of miRNAs was based on the evaluation of the exgmason tumour tissue.
Nevertheless, tumour-derived miRNAs are also relgasto the bloodstream
(Mitchell et al. 2008), where they can be detectedl therefore used as
circulating biomarkers. Although reliability and cacacy of circulating
mMiRNAs as tumour markers is limited by the possitikcordant distribution
between tissue and the bloodstream (Garcia eD@B;2Heegaard et al. 2012),
they are considered promising diagnostic and prsigneools in various types
of cancers, such as lung, stomach, and ovary neogldCheng et al. 2011;
Kroh et al. 2010; Shen et al. 2011; Tsujiura et2@l10). Role of circulating
mMiRNAs as biomarkers of thyroid cancer is still ancgevaluation. Besides
performing miRNAs evaluation on tumour tissues, pheviously mentioned
study by Lee et al. demonstrated that PTC-relaté&tNAs can be measured in
plasma (Lee et al. 2013). Importantly, authors regabthat miR-222 and miR-
146b were overexpressed in plasma from patients RiEC compared with
plasma from healthy individuals and that circulgtitevels significantly
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decreased after surgery. This suggests a closgorsip between circulating
MiRNAs and active disease. To date, studies spaktyf assessing feasibility
of circulating miRNAs in the prognostic setting amissing, so their

introduction into clinical practice is still fardm reality.

1.3 Angiogenesis and cancer

Angiogenesis is a physiological process comgjstin growth and
development of new blood vessels from pre-existuagculature (Norrby
2006). It is involved in several aspects of humdmysplogy, such as
embryogenesis, tissue growth and development,nimfiation, wound healing
and placental development (Carmeliet 2003).

Nevertheless, angiogenesis plays a role alsoany pathological processes,
including cancer (Folkman 1995). Indeed, an adequaipply of oxygen,
metabolites and an effective way to remove wastelywots are required for
neoplastic tissues, similarly to normal ones (Rapet al. 2002). These
requirements depend not only from the tumour tygoe widely vary basing on
the course of tumour progression (Hlatky et al. 20®articularly, formation
of new vasculature is considered crucial for tumouaintenance and
progression hesitating to metastatic disease, rath@n initial neoplastic
transformation (Hanahan et al. 2000). This is comdd by the observation that
vascularity is associated with aggressive behavemot poor prognosis in
different types of cancer (Jubb et al. 2004), tleading recent anti-cancer
research to focus on the development and subseousrduction into clinical
practice of a set of anti-angiogenic molecules,civtare typically indicated in
those patients with advanced disease stage anxip@riencing escape from
conventional therapies (Bridges et al. 2011; Weitial. 2013). Importantly,
anti-angiogenic treatment is gaining relevant rate advanced forms of
endocrine tumours, including DTC, which are poortgsponsive to
conventional anti-cancer treatments, such as cyitoaments and radiotherapy
(Marotta et al. 2013).
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1.3.1 Molecular mechanisms of angiogenesis in cance

Angiogenesis is a complex process regulated blipte agents, being the
VEGF-A and its downstream system the main one, anthe interaction of
several cellular types, being the endothelial-ttedl main one (Carmeliet et al.
2011). Indeed, activation of new blood vessels kgweent results from the
balance of a wide range of molecules, which aretlstinteractive and may act
as angiogenic “activators” or “inhibitors” (Carmetli 2000). These factors
typically act by binding tyrosine-kinase receptotbus activating their
downstream molecular cascades (Carmeliet et al.1)20Activators of
endothelial-cell proliferation and migration, temin@ngiogenic factors, include
mainly soluble proteins such as vascular endothegt@vth factors (VEGFS),
fibroblast growth factors (FGFs), platelet-derivgdowth factor (PDGF),
placental-growth factor (PIGF), and epidermal gtoveictor (EGF) (Ferrara et
al. 1989; Folkman 1995), but also molecules ofeddht nature, such as
lysophosphatic acid (Hu et al. 2001). Among angmgeinhibitors, the first
factor to be identified was thrombospondin-1 (Votps al. 1995). Afterwards,
a class of proteins named ‘statins’, derived frangér molecules not affecting
angiogenesis, (including angiostatin (O'Reilly 19%®nhdostatin (O'Reilly et al.
1997), tumstatin (Maeshima et al. 2001), and edimstKamphaus et al.
2000)) has been identified.

During adult life, balance between positive amegative regulators of
angiogenesis is settled to induce a quiescence, stéich is typical of adult
vasculature, with the exception of female reprogrecbrgans, physiologically
growing organs and injured tissues (Carmeliet 20y contrast, the
occurrence of neoplastic transformation inducesl&ration of this balance,
which is usually defined “angiogenic switch”, thdsading to abnormal
angiogenesis activation (Dvorak 1986). Tumour agegmesis mainly mimics
mechanisms of the physiological counterpart. Indéechours use this host-
mediated process for allowing its maintenance amgrpssion. Therimum

movens is represented by the release of angiogenic fctwhich stimulate
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tyrosine-kinase receptors on endothelial cells @&#-gxisting blood vessels.
Despite the complexity of the process, VEGF-A eadly the leading molecule
(Fassnacht et al. 2009; Nagy et al. 2007). Indéégh levels of VEGFA
expression alone are capable of initiating angiegen in a quiescent
vasculature (Pettersson et al. 2000). Importandéiggiogenic factors are
released both from tumour cells and from host celiduding endothelial- or
other myeloid- or stromal- cells (Lee et al. 2003tockmann et al. 2008). The
earliest stages of angiogenesis are characterizedvasodilatation and
increased vascular permeability, which induce exasation of plasma
proteins and constitution of a provisional mati®imultaneously, endothelial
cells release proteolytic enzymes that allow thgragation of the basement
membrane and the migration towards the neo-formattixn(Folkman 1995).
This is accompanied by the loosening of peryciteedog, which is mainly
related toangiopoietin 2 and its tyrosine-kinase receptor-ZIEHolash et al.
1999). While migrating, endothelial cells also [fievhte, with the development
of a migration column leaded by the so-called efisc Therefore, endothelial
cells gradually adhere each other, forming a lunmiéns lumen eventually
thickens, and, finally, additional pericytes arertgted to form a basal lamina
surrounding the endothelial cells and completing tlevelopment of a new
blood vessel (Bergers et al. 2003a). In normal @yiesis, pericyte
associations reduce endothelial-cell proliferatidsy decreasing their
dependence from VEGF-A (Benjamin et al. 1998; Hhrset al. 1996), thus
providing a stop signal to angiogenesis. By cohtrdse association of
perycites to vessels is abnormal in tumours, armriay in part explain the
fact that neoplastic vasculature will never achiavguiescence phase and will
be constantly growing (Benjamin et al. 1999; Benparat al. 1998). This
confers to tumour vessels distinctive featuresc@mpared with the normal
counterpart, including morphological charactersstiq(irregular shape,
dilatation, tortuosity and the frequent presencédedd ends) and organization

(chaotic without clear distinction between artee®lvenules, and capillaries)
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(Benjamin et al. 1999; Morikawa et al. 2002). Theg®ictural abnormalities
also generate functional impairments, with occureeaf haemorrhage and/or
thrombosis within the tumour mass.

While angiogenesis is the most investigatedemothechanisms of tumour
vascularisation have been observed in cancer.lFiestdothelial progenitor
cells, which can either reside in the vascular walnigrate from bone marrow
in response to chemo-attractants released by tuoadlsy can differentiate into
endothelial cells and contribute to vessel fornmatigRafii et al. 2002).
Although several angiogenic factors, including VE&Rnd PIGF, have been
shown to stimulate this process (Hattori et al.Z0€he entity of endothelial-
precursor-cell incorporation seems to be limited atso dependent from the
nature of the tumour. However, in some model systegomours are mostly
reliant on this mechanism (Lyden et al. 2001). ®thechanisms of neoplastic
vascularization include: vascular mimicry, a prace$ere cancer cells replace
endothelial cells by lining the neo-vessels; vessaption, whereby tumour
cells arise near to (or migrates toward) a pretegsblood vessel; the
occurrence of chromosomal abnormalities in putatbamcer stems cells
allowing them to differentiate into endotheliallselTo date, clinical relevance
of these mechanisms remains unclear (Kirschmaah 2012; Ricci-Vitiani et
al. 2010; Wang et al. 2010), but this redundanctumour vessels formation
has to be kept in mind when planning VEGF-A speci#inti-angiogenic
therapies.

1.3.2 The VEGF-system and its role in physiologicaland tumour

angiogenesis

The VEGF family is composed by few members withn redundant
biological activity, including VEGF-A, B, C, D, EBnd PIGF (Ferrara et al.
2003; Neufeld et al. 1999). Among them, VEGF-Ahs tnain actor and, more
importantly, has a predominant role in the regalatof angiogenesis. It is a

highly conserved, disulfide-bonded homodimeric gjyotein of 45 kDa,
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discovered basing on its ability to increase vaacpérmeability (Senger et al.
1983). Analysis of crystal structure revealed tthet two chains composing
VEGF-A are arranged anti-parallel, with receptonding sites at either end
(Muller et al. 1997). The human VEGF-A gene is tedaon the short arm of
chromosome 6 and consists of eight exons separseé\usn introns (Houck et
al. 1991; Tischer et al. 1991). A promoter of 2kBP has been described in the
human gene and harbours several consensus-binidasgfgr transcriptional
factors, including AP1, AP2 and Spl, which arecHiriregulated by growth
factors, cytokines, hormones, tumour suppresscegiand oncogenes (Buteau-
Lozano et al. 2002; Pages et al. 2005). An altermgiromoter was located
within the 5’UTR (1038 bp), 633 nucleotides doweatn of the main starting
site (Akiri et al. 1998), and controls transcript@b start at two alternative
initiation codons. Another crucial region for thee@F-A physiology is the
3'UTR (1881 bp), which is the main mediator of VEGFMRNA stability
through the binding of the ARE-binding proteins uds as AUF1 and
tristetraprolin) and many miRNAs (miR-20 a/b, miB&éla/b, miR-17-5p, miR-
16 and miR-15b) (DeMaria et al. 1996; Lei et al0o20Stoecklin et al. 2003).
In vitro, VEGF-A promotes growth and allows sunligh vascular endothelial
cells derived from arteries, veins and lymphatigeif et al. 1995; Benjamin et
al. 1999; Ferrara et al. 2003; Ferrara et al. 20B4rber et al. 1998).
Furthermore, it also demonstrated to promote maeoclyemotaxis (Clauss et
al. 1990) and to stimulate haematopoiesis throungh ihduction of colony
formation by mature subsets of granulocyte-macrgpharogenitor cells
(Broxmeyer et al. 1995). Although VEGF-A mainly @ets paracrine mediator,
an autocrine action has been described in thevalref both endothelial cells
and hematopoietic stem cells (Gerber et al. 2008¢e let al. 2007b).
Importantly, VEGF-A is subjected to alternative isiplg, resulting in the
generation of different isoforms including polypeps of 206, 189, 165, 145,
and 121 amino acids (Kowanetz et al. 2006). Amongmt VEGF-Ass
represents the predominant isoform in both normad gathological
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angiogenesis and is therefore the most studiedaulel¢Ferrara et al. 1992).
An additional variant, termed 165b, firstly detetten normal kidneys, acts as
endogenous inhibitor of VEGF+8s and is therefore anti-angiogenic (Woolard
et al. 2004). Despite having apparently similarldgecal activity in vitro,
VEGF-A splice variants significantly differ in thrddinding to heparin (VEGF-
A was originally purified on heparin affinity colum (Senger et al. 1983)), and
therefore to cells and matrices (Grunstein et @02 Maes et al. 2002; Park et
al. 1993; Yu et al. 2002). This affects bioavail@piof the molecules and
therefore their function in vivo. Indeed, the fotroa of new blood vessels
requires both long- and short-range guidance caedlifecting endothelial
cells migration (Eichmann et al. 2005; Ruhrberg 00/EGF-Ags binds
proteoglycans and other negatively charged matfl€egara et al. 1992) and
is both soluble and matrix bound, thus supplyinthbigpes of cues. VEGF-
Ai1s9 binds heparin more strongly than VEGks& whereas VEGF-£&; is
acidic, does not bind heparin, and diffuses freelfissues. Thus, VEGF+A
predominantly mediates the long range- and VEGEF#e short range-
guidance, being deficient in the other part of finecess. This explains why
mice expressing only the VEGF# isoform (consider that murine isoforms
are one amino acid shorter) develop normally, wdgetbose expressing only
VEGF-A120 or VEGF-Aggg develop severe vascular abnormalities (Carmeliet
2003; Ruhrberg 2003). In addition, VEGF-A in vivcatigity is also controlled
by extra-cellular proteolysis. Particularly, pratea such as plasmin, which
cleaves the C-terminal portion of bound VEGF-A, egquired to generate a
biologically active peptide (Park et al. 1993; Rettal. 2006).

VEGF-A and the other members of its family agthinding three tyrosine-
kinase receptors: VEGFR-1 (Flt-1), VEGFR-2 (KDR)nda VEGFR-3.
Structurally, they consist of seven immunoglobuike- domains in the
extracellular part, a single transmembrane regiod a consensus tyrosine
kinase sequence that is interrupted by a kinasatimomain (Shibuya et al.
1990; Terman et al. 1991). The major effect of VE&BN angiogenesis is
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obtained by signalling through VEGFR-2 (Ferrara 208agy et al. 2007).
Indeed, VEGF-A mutants selectively binding to VEGERully maintain their
capability to stimulate mitoses of endothelial €alind to enhance vascular
permeability, whereas mutants specific for VEGFRe$e both activities
(Takahashi et al. 1999). Binding of VEGF-A indud8sGFR-2 dimerization
and auto-phosphorylation, which is followed by ghtosrylation of numerous
downstream proteins, including protein kinase Cospolipase G; and
phosphatidylinositol 3-kinase. Another componenthaf VEGF-A pathway is
the serine/threonine protein kinase Akt, which tatgs endothelial cell
survival, migration, and tube formation (Sun et 2005). Other molecules
involved in the VEGF-A downstream system are mananaltarget of
rapamycin (MTOR) and endothelial nitric oxide sy, whom biological
effect is to enhance vascular permeability (Fukwametr al. 2001a; Sun et al.
2005). Recently, a role for G proteins was als@rga within the VEGF-A-
induced molecular cascade (Mukhopadhyay et al. RA@#portantly, recent
findings indicate that biological activity of VEGFRactivation depends on its
sub-cellular localization. Particularly, the indioct of arterial morphogenesis
requires that VEGFR-2 is located in intracellulampartments (Lanahan et al.
2010). Despite showing high affinity with VEGF-Ajological activity and
therefore the role in angiogenesis of VEGFR-1 nsited. Indeed, VEGFR-1
can be considered as a kinase-impaired receptaningg that its activation
through VEGF-A binding leads to a weak kinase d#gtinot sufficient to
obtain significant biological effects (Rahimi 2006)owever, recent evidence
reported a more complex and ambiguous role forrégeptor, which can act
by different mechanisms (ligand trapping, receptwmo- and hetero-
dimerization) and can both stimulate or inhibit imggnesis. In contrast to
VEGFR- 1 and VEGFR-2, VEGFR-3 is not activated dyGF-A but only by
VEGF-C and VEGF-D. In adults, it is mainly involved the regulation of
lymphangiogenesis, and its expression is predortiinaestricted to lymphatic
endothelial cells (Alitalo et al. 2005). The systamo includes co-receptors,
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whom role is to facilitate VEGFRs activation (Feaat al. 2004). Among
them, the most important are neuropilins (NRP<Juiting NRP-1 and NRP-2,
which not only enhance the activity of VEGFR-2, lm&n also stimulate
angiogenesis in an independent way (Neufeld et919). Particularly, NRP-1
has been shown to stimulate the migration, butlmproliferation, of cultured
endothelial cells (Mukhopadhyay et al. 2004).

Physiologically, VEGF-A is expressed at low levi@ the majority of normal
adult tissues, with the exception of renal glomarglodocytes, adrenal cortex,
breast, lung, and also macrophages and cardiacytegavhere the expression
is typically high (Berse et al. 1992; Brown et 8995; Maharaj et al. 2006).
The main inductor of VEGF-A expression is hypoxahich acts by
stimulating both gene transcription and mRNA stahilon (Claffey et al.
1996; Levy et al. 1997). As for other oxygen semsiproteins, crucial role in
VEGF-A transcription is played by hypoxia-induciblactor (HIF), a
heterodimeric protein transcription factor. Normgalbne HIF-1 peptide, HIF-
la, is rapidly degraded under normoxic conditionsotigh the ubiquitin
pathway. By contrast, hypoxia stabilizes Hik-thus allowing its dimerization
with HIF-18. The complex binds to and activates a hypoxipaesive
element in the VEGF-A promoter.

Besides being crucial in physiological angiogesierole of VEGF-A is
considered predominant also in tumour angiogenbsieed, VEGF-A mRNA
up-regulation has been detected in many human ttsrimumeans oin situ
hybridation (Dvorak et al. 1995; Ferrara et al. A9%urthermore, different
types of anti-VEGF treatments, such as VEGF-A aft5¥R-2 monoclonal
antibodies, small-molecule inhibitors of VEGFR sting, and antisense
oligonucleotides, have showed in vivo inhibition oéll-lines from many
tumours (Ferrara et al. 1997; Kim et al. 1993). =& up-regulation in
cancer may be related to several mechanisms, aisending on the tumour
type. Hypoxic regulation of VEGF-A has been demmistl in several
tumours (Semenza 2002). However, VEGF-A expressia@also increased by
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low pH, another hallmark of tumours, and this haysoley a HIF-1 independent
way (Fukumura et al. 2001b). Given that many ottienours show high
expression of VEGF-A under normoxic conditiongsitonceivable that other
mechanisms are involved. One of them is the aatfooncogenes and tumor
suppressor genes (Mukhopadhyay et al. 2004; Rak €004). Indeed, these
genes act not only by stimulating tumour growth aoavival, but also by
inducing VEGF-A expression and thereby angiogeneAisother possible
mechanism is the production (by tumour or hostsgedf growth factors
(including EGF, TGFRe, TGFf, FGF, and PDGF) or inflammatory cytokines
(such as IL-& and IL-6), which have demonstrated to up-reguldEsF-A
expression (Ferrara et al. 1997; Neufeld et al9).99

1.3.3 The PDGF-system and its role in physiologicabnd tumour

angiogenesis

Like VEGFs, members of the PDGF family are disnef disulfide-linked
polypeptide chains (Heldin et al. 1999). PartidylaPDGFs are composed by
the combination of four structurally related smglolypeptide units, which
constitute five homo- or hetero- dimers: PDGF-AAGF-BB, PDGF-AB,
PDGF-CC, and PDGF-DD (Andrae et al. 2008; Heldialefl999; Hoch et al.
2003). The A-, B-, C-, and D- chains are encodeamfrdifferent genes,
localized on the chromosomes 7p22, 22913, 493114082, respectively, and
their expression is independently regulated (Bétslet al. 2001; Dijkmans et
al. 2002; Heldin 1992; LaRochelle et al. 2001; Ut al. 2001). Whereas the
AA, BB, and AB isoforms are already active whenretad, PDGF-CC and
PDGF-DD need to be activated through the cleavdgtheo CUB domain,
performed by plasmin or tissue-plasminogen activéBergsten et al. 2001;
LaRochelle et al. 2001).

PDGF isoforms act through activation of two stanally related cell surface
tyrosine-kinase receptors, namely PDGéRnd PDGFR3. Coding genes of

33



PDGFRe. and PDGFR3 are localized on chromosomes 4ql2 and 5q33,
respectively. Both receptors are composed from fieatracellular
immunoglobulin-like domains, a transmembrane domainuxtamembrane
domain, splitted kinase domains, a kinase insartado, and a cytoplasmic tail.
Each chain of the PDGF dimer interacts with oneepémr subunit, thus
inducing dimerization. Particularly, PDGFRs may stinte three different
dimers, namelya, af, andpp. This makes possible multiple PDGF-PDGFR
combinations, which allow the PDGF system to exeneral and complex
biological functionsIn vivo studies of associations between PDGFs and these
dimeric receptors have showed as follows: PDGF-AAlesively act via the
ao dimer; PDGF-AB and —CC can activate either daeand theof dimers;
PDGF-DD activates only thg3 dimer, but the possible stimulation of tag
dimer is under study; PDGF-BB is the only isoforhowing activity on all
three dimers (Bergsten et al. 2001; Claesson-WEdg4; Claesson-Welsh et
al. 1988; Gilbertson et al. 2001; LaRochelle et2801; Li et al. 2000; Matsui
et al. 1989).

Following ligand binding and dimerization, PDGFRundergo auto-
phosphorylation, thus activating an intra-cellulaolecular cascade which
includes: phospholipase ¢-the G-protein Ras, the phosphatidylinositol 3-
kinase, the growth-factor receptor-bound proteinS3p (tyrosine-specific
phosphatase), Src homology and collagen proteiR, (&rgroup of adaptor
proteins) and Src, a family of non-receptor tyreskinases (Claesson-Welsh
1994). This signaling system culminates in thevatibn of many factors
which regulate gene expression, including mitogetivated protein kinase
family members (ERKs, JNKSs), and focal adhesioragea(FAK, a mediator of
integrin signaling pathway) among others. This ¢e&al the expression of a
panel of immediate-early-response genes involvedhe regulation of cell
cycle, cell migration, and transformation.

A still discussed point about the physiology tbé PDGF system is the
differential activity of the two PDGFR subunits.u8ies on NIH3T3 clones
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demonstrated that the inhibition of PDGERignaling was associated with the
enhancement of PDGF-BB(which acts through the attw of all three
receptor dimers)-mediated phenotypic transformasoggesting that PDGFR-
a antagonizes PDGFBR-induced transformation (Yu et al. 2000). Thuspalg
from PDGFRe is thought to regulate PDGF-pathway leading tol cel
transformation with both positive and negative \attj while PDGFRp
mainly stimulate this process. PDGleRvnediated simultaneous activation of
both positive and negative signaling has also bdemonstrated in cell
migration and chemotaxis (Koyama et al. 1994; Yeket al. 1996). As
speculated by the majority of authors, this wasljikrelated to the fact that
PDGFRe, but not PDGFR3, may activate stress activated protein kinase-1/c-
Jun NH2-terminal kinase-1 (SAPK1/JNK-1), which umrt antagonizes PDGF-
mediated positive signals. It is conceivable thBGFR-o«-mediated agonistic
and antagonistic activities for cell growth and gt represent a fine
molecular mechanism for the modulation of PDGF aigiasing on genetic
background of the cells and additional extracetltdators. PDGFs, especially
AA and BB, stimulate proliferation (by acting on /&1 transition (Pledger et
al. 1981; Stiles et al. 1979)) and/or act as chantimt agents of mesenchymal
cells, including fibroblast, vascular smooth musatells, glial cells,
macrophages and chondroncytes (Deuel 1987; Hel@®R2)1 Importantly,
PDGFs are able to amplify mitogenic signal by stating PDGF itself and
other growth factors expression (Clemmons et aé811®aulsson et al. 1987).
They are is also involved in the production of agén (Canalis 1981;
Narayanan et al. 1983), fibronectin (Blatti et dl988), proteoglycan
(Schonherr et al. 1991), hyaluronic acid (Heldi®2) and collagenase (Chua
et al. 1985). These findings are consistent withelavant role for PDGF
system in connective tissue homeostasis. Wheneat o studies revealed that
PDGF induced similar set of molecular events aritlilee responses in cells
expressing PDGFR- or PDGFRB (Rosenkranz et al. 1999), there was a
remarkable difference in the phenotype of knock-mite where genetic
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deletion of PDGFRx or PDGFRB resulted in early embryonic lethality
through different mechanisms (Soriano 1994, 198¥eed, PDGFRx was
mainly involved in formation of central nervous &ym and organogenesis
(Lindahl et al. 1997)while PDGFR$ was essential for development of
supportive cells in the vasculature failure. Pattdy, pericyte migration to
the new blood vessels was impaired in PDGF&eficient mice, thus leading
to abnormal blood vessel formation and defectivedicaascular system
development (Leveen et al. 1994; Soriano 1994)s Tridicates a more active
role for PDGFRB signal in angiogenesis, as compared with that fRIDGFR-
a. It has been demonstrated that endothelial tip loglated at the leading front
of angiogenic vessels, release PDGF-BB to chenamattrericytes specifically
harbouring the PDGFR-receptor (Gaengel et al. 2009; Hellberg et al.0(201
Furthermore, PDGF-BB also allows pericyte recruitin® tumour vessels
indirectly, by stimulating VEGF-A expression in teadothelium (Guo et al.
2003). This activity is crucial for maturation asthbilization of neo-formed
vessels, as endothelial cells stop proliferating aohieve a quiescence state
only when covered by mural cells (Gerhardt et 02 Guarani et al. 2011)
Thus, an abnormal pericytes covering induces aontnalled endothelial cell
growth (Hellstrom et al. 2001), which is typical @imour angiogenesis.
Indeed, the overexpression of PDGF-BB in mice paxaally inhibits tumour
growth by promoting pericyte recruitment and inagcendothelial cell growth
arrest (McCarty et al. 2007). Interestingly, a rgcetudy has shown that
VEGF-A negatively regulates pericyte function am$sel maturation, and this
happens through the inhibition of the PDGF syst&meénberg et al. 2008).

In tumour angiogenesis, activation of the PD@§tean mainly relies on the
production of PDGF-BB by neoplastic cells. Througls mechanism, tumour
cells recruit pericytes not only by the directiaeton PDGFR3 expressing
endothelial cells, but also through the overexpoessf stromal-cell-derived
factor-lo. Furthermore, pericytes can also arise from pedutar PDGFR3+
pericyte progenitors, recruited from the bone mar(8ong et al. 2005). Up-
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regulation of PDGFs and PDGFRs has been detectecarious cancers,
including glioma, Kaposi’'s sarcoma, prostate caneed pancreatic cancer
(Heinrich et al. 2003; Hermanson et al. 1992; Md¢Zat al. 2007; Sitaras et al.
1988). Particularly, PDGFR-is mainly expressed in tumour cells, whereas
PDGFR$ is expressed in stromal and peri-vascular cellsligtfom et al.
1999; Hermanson et al. 1992; Soriano 1994). Howegenetic alterations
specifically involving the PDGF system and inducitgyactivation have been
found in different tumours (Simon et al. 1997; &mv et al. 2003). Co-
expression of ligands and receptors in malignalis saggests the existence of
an autocrine loop for the PDGF system in the statioth of tumour cells
growth and motility (Heldin et al. 1987). Particjga PDGFs, namely the AA
and BB isoforms (already active before secretiampy induce cellular
transformation not only by extra-cellular, but algoan intra-cellular autocrine
mechanism, which is based on the interaction WRKGPRs in the endoplasmic
reticulum where they are subjected to phosphogna(Bejcek et al. 1989;
Keating et al. 1988). In animal tumour models, arte activation of PDGF
signaling promotes breast cancer metastasis (dgehnli et al. 2006).
Furthermore, autocrine and paracrine activationthef PDGF system may
induce epithelial-mesenchymal transition, a charatic feature of cancer
invasion and metastasis, in several cancer typesuding breast cancer,
prostate cancer, and mesothelioma (Bierie etGl62Jechlinger et al. 2006;
Kong et al. 2008; Patel et al. 2010). The role &XGF system in tumour
progression is further confirmed by the fact thB®@G¥Rs inhibition reduces
growth by determining pericyte detachment and floeeevessel regression
(Bergers et al. 2003b). Similarly to VEGF systehms t suggest a more active
role of PDGFs signaling in promoting tumour pragien, rather than initial
neoplastic transformation. Indeed, expression ofGPIBB in PDGFR-
negative tumours leads to hypervascularizationaaelerated tumour growth
rates (Nissen et al. 2007; Xue et al. 2012). Ini@ng model, tumour-cell-
derived PDGF-BB stimulates migration of PDGBRexpressing endothelial
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cells, accelerating tumour progression (Guo et2803). PDGF-BB also
stimulates peri- and intra-tumoral lymphangiogesdsy a direct action on
lymphatic endothelial cells, thus favouring occaoe of metastases in sentinel
lymph nodes (Bruyere et al. 2008; Cao et al. 208éever, the involvement
of PDGF system in both physiological and patholabangiogenesis is highly
complex, being characterized by strict interactioms$h other angiogenic
factors such VEGF-A, angiopoietins, and FGFs (Nissieal. 2007). This may
in part explain the dual role of PDGF system in dumevolution. In primary
tumours activation of PDGF system has a proteast®n, as it allows neo-
vessels stabilization and limits tumour cells intesation, thus antagonizing
neoplastic spread (Gerhardt et al. 2008). In thiygohase of tumour evolution
PDGF blockage can paradoxically promote malignaBgycontrast, activation
of PDGFRs sustains tumour progression in a morearazbd phase of the
disease, once micro-metastatic sites have beesdgldeveloped.

1.4 Genetics of angiogenesis and cancer

Similarly to the majority of biological processeangiogenesis presents a
wide variability between individuals. The major tacaffecting this variability
is genetic background. Indeed, a large cohort stafly 478 individuals
demonstrated that genetics accounts for almost 80%rculating VEGF-A
variability, whereas environmental factors detemmionly 20% (Pantsulaia et
al. 2004). Furthermore, studies of nuclear familievealed significant
correlations between circulating VEGF-A in all gaof relatives, excluding
spouses (Berrahmoune et al. 2007).

Given the complexity of angiogenesis, studyhaf tinderlying genetic basis,
the so-called “angio-genome”, is challenging. Acdiog to the current
evidence, various types of genetic variability nadfct angiogenesis, and this
happens mainly through the modulation of gene esgiwa (Rogers et al.
2012). Thus, a myriad of genetic and molecular rincations, potentially
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regulating gene expression, may be involved, inolydyenetic mutations or
single nucleotide polymorphismsb(SNPs) (McCarthy ai. 2008),
translocations, copy number variations (Beckmanralet2007), epigenetic
changes (DNA methylation and histone modificatiof®}hones et al. 2008),
and miRNAs (Couzin 2008).

Although several models have been developednimals, no assays are
available for quantifying angiogenic-response irmans. Thus, knowledge
about human *“angio-genome” mainly relies on caneidgene studies,
focusing on whether genetic variability of gene®adly known as associated
with angiogenesis can affect angiogenesis-dependsetases. Particularly,
several studies assessing the relationship of gagio SNPs with
susceptibility and aggressiveness of cancer haven bgerformed, with
heterogeneous results mainly depending on the turtype (Rogers et al.
2012). The main weakness of this approach is tlbahaovel genes can be
found, so it is possible that genetic featuresngfiy affecting angiogenesis
have not been identified yet. Currently, these issidre mainly performed by
testing for single SNPs.

SNPs are inherited germline genetic variants dh@ commonly found in the
human genome (Frazer et al. 2007). As compared wittations, SNPs often
involve the substitution of a single nucleotidedyasut are more frequent, with
a minor allele frequency of 1% or more (Efferthatét 2005). SNPs can be
found in any part of the human genome, includirgulatory regions of genes
(promoter or 3"-untranslated regions), within imioor exonic sequences and
within inter-genic regions. SNPs within a DNA seqece distinguish into three
subgroups characterized by their location in padépt coding (cSNP),
regulatory (rSNPs) or splicing (SSNP) regions of tihuman genome. The
majority of SNPs are clinically silent without afiynctional implication on the
final gene product. Although belonging to a specgiene, SNPs may also be
able to regulate other genes, either on the sammndsome or other different
chromosomes. Due to the variations in genetic réooation of different
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regions of chromosomes, these single variants @&n te inherited together
as a linkage disequilibrium (LD) block, which isfiled ‘haplotype’.

1.4.1 VEGF-A SNPs and cancer

The human VEGF-A is a highly polymorphic genethwundreds of SNPs
disseminated through the various regions alreadjstexed in the National
Center for Biotechnology Information Databank (NLTESNP database

(http://www.ncbi.nlm.nih.goy The majority of SNPs are functionally neutral,

and those showing association with diseases aievbdlto modulate VEGF-A

function by affecting its expression (Je et al. Z0Renner et al. 2000). Indeed,
large-scale studies observed that disease-assbc@&itl’s were frequently

located in non-coding genomic regions (rSNPs),i@aerly the promoter, the

5'UTR, and the 3'UTR, which are significantly inweld in transcriptional and

post-transcriptional gene modulation (ArcondegugleP013).

Out of 24 SNPs indentified within the promoteidab’UTR regions, about
one-third showed correlation with severity of dses (Metzger et al. 2015).
The main hypothesis is that these SNPs may affe&RA function through
the elimination or creation of transcription-fagdsinding sites (TFBS), thus
being able to induce strong modifications in gergression (Ponomarenko et
al. 2002; Stenson et al. 2009; Wray 2007). For eptenthe promoter SNP -
2578 C>A (rs699947) has been associated to sewdrityany diseases, both
benign (such as atherosclerosis and rheumatoidtettand malignant (such
as breast and lung cancer) (Chen et al. 2012; Haval. 2005; Jin et al. 2005;
Kammerer et al. 2010). The minor homozygous gereo#@ is associated
with decreased serum levels of VEGF-A, thus indigathat the SNP affects
VEGF-A function by acting on its expression (Shahbat al. 2002).
Importantly, it has been reported that the C-altélthe -2578 C>A offered the
binding for the dimer HIF/B, which represents the main mediator of hypoxia-
inducted VEGF-A production, whereas the A-allelemelates the site
(Buroker et al. 2013). Thus, the absence of anylibg for HIFlo/f may
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explain the significant reduction of VEGF-A expliessin subjects carrying
the AA-genotype, and therefore the association wligease. Similarly, the
5UTR SNP +405 G>C (rs2010963) is associated teersty of several
diseases (Awata et al. 2002; Jin et al. 2005), isdsG-genotype, which
represents the common homozygous variant, is agedcwith the highest
VEGF-A production (Watson et al. 2000). Regarditsgimpact on TFBS, this
SNP is located within a potential myeloid zinc #ngrotein binding site and
may affect the binding specificity (Watson et al00R). Particularly, a
reduction of the binding specificity has been agged to the minor C-allele,
which may explain its association with a loss inGFA production (Jin et al.
2005). Despite their impact on TFBS is still uncleather SNPs of the
promoter/S’'UTR affecting gene function are: the 604T>C (rs833061),
located in the promoter, where a lowered VEGF-Adpation for carriers of
the common T-allele was reported (Hansen et alOBP1lthe -1154 G>A
(rs1570360), located in the promoter, where a redW¢EGF-A production
was reported for the common G-allele.

Regarding SNPs located in the 3'UTR regions itonceivable that they can
affect VEGF-A function by acting at the post-tramsitonal level, through the
modification mMRNA stability. Among the 'BTR SNPs, the only one showing
an association with diseases and with VEGF-A prodncs the +936 C>T
(rs3025039), where the minor allele T was assottiati¢gh significantly lower
VEGF-A levels (Krippl et al. 2003; Renner et al 0.

In recent years, growing interest to the assessrof VEGF-A SNPs as
feasible markers of prognosis in cancer has besareed, particularly for the
epidemiologically prevalent tumours. Results fronffedent studies were
sometimes controversial, basing on the tumour titpe,geographic area, and
also whether germline or somatic SNPs were sulgette analysis. In
colorectal cancer, the SNP +936 C>T revealed thgomarognostic
significance. Of 3 large studies, 2 showed thaep&t carrying the T allele had
improved outcome (Dassoulas et al. 2009; Lurje 1et2@08), whereas 1
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showed worsened outcome related to T allele (Kiral.e2008b). Importantly,
the papers reporting the protective effect of thallEle assessed germline
SNPs, whereas the one showing worsened prognasarped the analysis at
the somatic level. There was more consistency thi¢h+405 G>C, where the
cited papers from both Dassoulas et al. (Dassatlat 2009) and Kim et al.
(Kim et al. 2008b) showed improved outcome ingra8 carrying the C allele,
despite analysis was performed at the germlinesanahtic level, respectively.
By contrast, other 2 studies found no correlatiGiwieen this SNP and
prognosis (Hansen et al. 2011; Lurje et al. 200®)e study by Dassoulas
(Dassoulas et al. 2009) also found an associagbnden the A allele of -2578
C>A and improved OS but this finding was not canfd by three other
studies (Hansen et al. 2011; Kim et al. 2008b; Midsta et al. 2010). Among
the 5 most important breast cancer studies, SKE>>T and +405 G>C were
found to be slightly associated with OS (Koutraale015). Of 4 papers about
genitourinary cancers (Kawai et al. 2007; Kim et 2005; Li et al. 2005;
Mucci et al. 2009), only one reported significaegults, namely the association
between the A allele of -2578 C>A and improved @Senal cell carcinoma
(Kawai et al. 2007). Nevertheless, another studyladder cancer did not
confirm this association (Stenson et al. 2009). @& gynaecological cancer
studies (Amano et al. 2008; Goode et al. 2010;etledt al. 2007; Lose et al.
2010; Polterauer et al. 2007), a considerableiogisiiip between the C allele
of the SNP +405 G>C and poor prognosis was fourtdv/apapers (Amano et
al. 2008; Lose et al. 2010). Furthermore, the -4 was foundto be
associated with OS in sonstudies (Goode et al. 2010; Lose et al. 2010).
Among the 4 lung cancer studies, theallele of +405 G>C, the C allele of
460T>C and the G allele of -1154G>A were found ® dssociatedvith
improved OS in separate studies (Guan et al. 28&&t et al. 2008)The five
most commonly evaluated VEGF SNPs (+405 G>C, -460,T-1154 G>A, -
2578 C>A and +936 C>T) were also included in a pdoheta-analysis, and a
strong correlation between the C allele of the SMB5 G>C and improved
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OS was observed (hazard ratio: 0.79; 95% CI: 0.84+-(® = 0.007) (Eng et al.
2012).

No studies are available about the associateiwden VEGF-A SNPs and
clinical outcome of thyroid cancer. Neverthelessirgle study by Hsiao et al.,
making the analysis at the germline level, fourat the A allele of -2578 C>A
was associated with increased risk of developingc@hd to the presence of

lymph node metastases among men (Hsiao et al. 2007)

1.4.2 VEGFR-2 SNPs and cancer

Genetic variability may affect the biological nfition of VEGFR-2.
Particularly, several SNPs have been identifiedath coding and regulary
regions of the VEGFR-2 gene, with potential impact protein function.
Among others, the rSNP -604 C>T (rs2071559), dral ionsynonimous
cSNPs 1192 C>T (rs2305948) and 1719 T>A (rs18708ave been mostly
characterized regarding their impact on VEGFR-Zfiom.

The -604 C>T is located in the promoter, anceaesh found that genetic
variants of this SNP suppress transcriptional #@gtithus leading to down-
regulation of expression level of VEGFR-2 (Wan@gkt2007). This is likely
due to alteration of the binding site for transtiapal factor E2F (Wang et al.
2007). Furthermore, Galan et al. found that thet-68T, particularly the C-
allele, exerts inhibition of VEGF-A signal and wassociated with increased
risk of age-related macular degeneration (Garc@s&d et al. 2007).

SNPs 1192 C>T and 1719 T>A are located in examd 11, respectively,
which correspond to the third and fifth NH2-terminamunoglobulin-like
domains within the extracellular region (Leppaneale2010). C>T variant of
rs2305948 leads to change of amino acid at resi@9§%/>1 and similar
change at residues 472H>Q happened with T>A var@ntrs1870377.
Functional research discovered that the exchangheske residues decreases
the binding efficiency to VEGF-A (Wang et al. 20@hang et al. 2009).
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As compared with VEGF-A SNPs, fewer and non twice data are
available about possible impact of VEGFR-2 SNPscancer prognosis. In
colorectal cancer, the -604 CC genotype was adedcivith increased
microvessel density and decreased survival, whetteasl192 CC genotype
was associated with decreased microvessel densdyiracreased survival
(Hansen et al. 2010a). Nevertheless, studies asbend lung cancer did not
reveal any significant association. Interesting hoit conclusive data about a
possible correlation of VEGFR-2 SNPs with clinicaitcome of glioblastoma
have been also reported (Sjostrom et al. 2011).

No studies are available about the associateawden VEGFR-2 SNPs and

thyroid cancer.

1.4.3 PDGFRs SNPs and cancer

Although up-regulation of the PDGFs and thegepgors has been reported
for many cancers (as aforementioned), the knowledbeut association
between SNPs relying on these genes and canctlt & s preliminary level
(Cao 2013). Nevertheless, some data about assoc@itiSNPs of PDGFR-
and PDGFR3 with disease are available. Particularly, all tifesd SNPs are
located in the promoter regions, thus indicatingassible impact on gene
expression. Wu et al. reported that the promotd? S885 G>T (rs1800810) of
PDGFRea was associated with the severity and allergicustatf childhood
asthma (Wu et al. 2006). Kim et al. reported thgoamtion of 3 promoter
SNPs of PDGFR- (rs3756314, rs3756312, and rs3756311) with schizopa
(Kim et al. 2008a). Besides these benign conditi@es Bustos et al. revealed
the association of a specific promoter haplotype PRIGFRe with the
occurrence of primitive neuroectodermal tumors @peindymomas (De Bustos
et al. 2005).

Our interest in involving the PDGF system in theesent study about
angiogenic SNPs and thyroid cancer follows theifigd recently reported by
Kim et al. (Kim et al. 2012). Indeed, authors fouhdt two promoter SNPs,
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namely the aforementioned -635 G>T and the -130% @Gs6554162) of
PDGFRe, were associated with PTC susceptibility. Paréidyl frequencies
of the A allele of -1309 G>A and the T allele 085G>T, therefore the minor
variants, were decreased in the PTC group, thugestigg a protective effect.
This association was also confirmed through hapetgnalysis based on the
identification of the GG and AT blocks. ImportantBnalysis was performed
only at the somatic level.

Recently, polymorphic sites within the PDGERromoter have been deeply
characterized (Joosten et al. 2001), and was gldarhonstrated that they may
affect the transcriptional regulation of the gelRarticularly, authors identified
5 promoter haplotypes, displaying wide differennetheir ability to induce
reporter gene expression in human U2-OS osteosarcoefis. To date,
transcription factors involved in this haplotypeesiiic PDGFRe promoter

regulation remain unknown.

2. Aims of the study

General objectives of the study were: a) to it novel and easily available
molecular markers that could improve prognostiatstcation, and therefore
clinical management of patients affected with DT to speculate about the
biological role of angiogenesis in a “simple” cano@del such as DTC, where
treatment strategy is almost similar in all patenhdependently from initial
pathological features.

Main aim was to evaluate germline SNPs of VEGRVAEGFR-2, and
PDGFRe, as prognostic markers of clinical outcome in DTC.
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3. Materials and Methods

3.1 Patients and samples

We performed a multicenter retrospective studyolving 4 neighbour
centers from Naples: University Federico INT Pascale; Second University
of Naples; Cardarelli hospital. The study was approved by the Ethics
Committees of each included center and informederdrwas obtained from
each patient before the enrolment. Inclusion catevere: a) histological
diagnosis of DTC at local pathological review; baghosis and follow-up
entirely performed at a single institution; c) dahility of clinico-pathological
data d) at least 18 months of follow-up after suygd&xclusion criterium:
patients younger than 18 years. Blood samples wl&@ned from consecutive
DTC patients afferent to the involved centers fr@tiober 2013 to October
2015. At the time of enrolment, all patients werelbjected to
clinical/biochemical/instrumental follow-up afteeaeiving the conventional
treatment approach (total thyroidectomy with/with&®Al, followed by TSH
suppression). Clinico-pathological data had beeonspgectively collected
according to recommendations in each center. Mdkfivere reviewed by a
single investigator (the candidate Vincenzo Malotizata recorded included:
gender (male/female); age at diagnosis (years)tolbggy (histotype and
variants); primary tumour size (cm); multifocalifyes/no); extra-thyroidal
extension (yes/no); concomitant Hashimoto’s thyit@dyes/no); lymph node
status (Nx/NO/N1); distant metastasis (yes/no); BA4CC stage (I/1I/11l/IVa-
b-c); ATA group risk (low/intermediate/high). Da&bout clinical outcome
were obtained by consulting the files and, if neaeg by interviewing the
attending physician or the patient himself. Follopr€ata were last updated in

December 2015 for all included patients.
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3.2 Polymorphisms

Overall, 8 angiogenesis-related SNPs were imdudh the analysis: -2578
C>A (rs699947), -460 T>C (rs833061), +405 G>C (i<¥®B3), and +936
C>T (rs3025039) for the VEGF-A gene; +1192 C>T 33&948) and +1719
T>A (rs1870377) for the VEGFR-2 gene; -1309 G>A6554162) and -635
G>T (rs1800810) for the PDGFirRgene. The selection of this specific set of
angiogenic SNPs was performed basing on the fatigveriteria: a) previous
documentation and characterization; b) precededigations attesting the
possible impact on protein function; c) previousadabout the impact on
cancer prognosis; d) previous data about the oslshiip with DTC. Current
knowledge about each of these issues has beerdwldiacussed in the

Background section.
3.3 DNA extraction and genotyping

DNA was extracted and purified from peripher&ddal according to the
manufacturer protocol using a QIAamp tissue kitag§@in, Hilden, Germany).
DNA concentration was determined by means of Naop®r (Wilmington,
DE) ND-1000 Spectrophotometer and samples wereedilto 10 ngil. SNP
genotyping was carried out according to the TagMay#®otyping protocol
(Applied biosystems StepOnePflf§ with 20-ng DNA template.The
TagMan SNP genotyping is an advanced, validated| widely used
technology having high throughput and low runniraste (Borodina et al.
2004; Giles et al. 2004; Hampe et al. 2001). lunexps forward and reverse
PCR primers, and two differently labeled TagMan onigroove binder (MGB)
probes. Briefly, the bi-allelic SNP is located hetmiddle third of the probe.
Each allele-specific MGB probe is labeled with aoflescent reporter dye
(either a FAM or a VIC reporter molecule) and igeled with a fluorescence
guencher. When the MGB probe is intact, the repatye is quenched. During
PCR, the 5’-nuclease activity of Taq DNA polymeraksaves the reporter dye
(FAM or VIC) from an MGB probe that is completelybridized to the DNA
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strand. Once separated from the quencher, thetezpdye fluoresces. By
contrast, if a single point mismatch is presentvieen the probe and the target
DNA strand because of a SNP, the binding of th&@ito DNA is destabilized
during PCR, and this prevents the probe cleavadeppen efficiently, thus
letting the fluorescent reporter dye remain quedchi@erefore, an increase in
either FAM or VIC dye fluorescence indicates hongimity for FAM- or VIC
specific alleles, whereas an increase in the femaece of both dyes indicates
heterozygosity. By means of this method, genotygfesultiple samples can
be rapidly generated, thus allowing the simultaseanalysis of a SNP in
many patientsFor each analyzed SNP existing and established aaGM
genotyping assays were used. A positive controgvipusly verified by
sequencing, was used for confirming homozygous types. We used a 96-
well plate. For overall quality assurance, 10% of analyzed $asngvere
randomly selected and analysis was repeated idicaips. Genotype

concordance was99%.

3.4 Clinical management during follow-up

Despite being a multicenter study, involved eemtwere neighbours and
strictly interacting. Thus, clinical management wasmogeneous between
different institutions. All patients with tumourd.cm were treated by means of
total thyroidectomy, whereas DTC <1cm (microcaronas) were subjected to
near-total thyroidectomy. Lymphadenectomy was perénl in case of
clinically involved lymph nodes with therapeutiadent (central and/or lateral
dissection) and in patients with T3/T4 primary tumdlesions >4 cm and/or
with extra-thyroidal extension) without evident Ilgmnode involvement with
prophylactic intent (central compartment). Posgsuy RAI ablation was
performed in all patients with the exception offaoal microcarcinomas (pTla
according to the AJCC/UICC classification). Prepiara and treatment

procedures were in accordance with dedicated goaefrom the Society for
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Nuclear Medicine and Molecular Imaging and the pesn Association of
Nuclear Medicine (Luster et al. 2008; Silbersteirale 2012). Particularly, I-
131 was administered by means of thyroid-hormonéhdsawal (thus
achieving TSH leveb30 mU/ml) 5-12 months after surgery. Administered
activity ranged from 50 to 163 mCi, basing on dsse&haracteristics and
patient age. Importantly, all RAI treatments wererfprmed at 2 Nuclear
Medicine referral centers (University Federico NddNT Pascale), and this
further ensures homogeneity in treatment procedukéier thyroid ablation,
patients were subjected to TSH suppressive thef2ypyng follow-up, patients
were subjected to clinical (neck palpation), bicukal (thyroglobulin [Tg] Tg
and Tg-antibodies [AbTg] levels) and instrumentakdk ultrasonography
[US]) examinations every 6 months. Twelve-eighteeonths after surgery
patients were subjected to recombinant human T8hukttion test to attest
remission from disease. During follow-up, patiesit®wing measurable basal
(under TSH suppression) or stimulated Tg, suspgioeck US findings, or
both were advised to morphological or functionahgimg or both, including
computed tomography or 18-fluorodeoxyglucose paositr emission
tomography. All ultrasonographically suspicious nled >1 cm in diameter

underwent fine-needle aspiration with measuremgmgan the aspirate.

3.5 Definitions of clinical outcome

Patients were classified as having no evidehcksease (NED) if at the time
of final follow-up the suppressed Tg was <1 ng/Ab,Tg were negative, neck
US did not present suspicious finding, and thereew® pathological findings
on any other study performed for clinically indieatreasons, such as 1-131
whole-body scan, radiography, computed tomografByfluorodeoxyglucose
positron emission tomography, or biopsy. Patient®wsng measurable
basal/stimulated Tg and/or raising AbTg after tigm@blation until last follow-
up and did not present any structural evidenceisgase were classified as
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having biochemical persistent disease. Patient&isigostructural evidence of
disease, independently from Tg and AbTg levelsratftyroid ablation until
last follow-up were classified as having structysalsistent disease. Patients
achieving remission, defined as a period of NERrafbnventional therapeutic
approach, who develop a new biochemical (measurasdal/stimulated Tg
and/or raising AbTg) or structural evidence of dsewere classified as having
recurrent disease (biochemical or structural). Baté recurrences were
carefully recorded in order to calculate the disdase survival (DFS), defined
as the length of time after achieving NED in whibk patient was without any

evidence of disease.

3.6 Statistical analysis

For all statistical analyses, SPSS version Z6rOWindows (SPSS Inc.,
Chicago, IL) was used. Chi-square test was appldassessing Hardy-
Weinberg equilibrium. The deviation of the SNPsdjavweinberg equilibrium
was established at p>0.05. Relationship of each BiiPclinical outcome and
with clinico-pathological features at diagnosis veasessed by considering the
genotype as a three-group categorical variablecaoraance to the reference
model (homozygous common variant versus heterozs/getsus homozygous
minor variant) and by grouping in accordance to dbeninant (homozygous
common variant versus heterozygous + homozygousormwariant) and
recessive (homozygous common variant + heterozygeusus homozygous
minor variant) models. In case of minor homozygaemnotype frequency
<10%, analyses were performed exclusively by medndominant model.
Group comparisons of categorical variables weréopmed by means of chi-
square test. ANOVA T-test was used to compare goatis variables between
genotypes. Results were reported as number ancergage of genotypes
within each group for categorical variable and asdian[range] for each

genotype for continuous variable. Relative risk JRKRth 95% confidence
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interval (CI) was calculated for each variable. \8wal analyses were
performed according to the Kaplan—Meier method, @nadlog-rank test was
used to test for differences between groups. Estiroallelic frequencies and
haplotype analysis were performed by means of thgld¥iew software. The
degree of LD was expressed by Lewontin coeffic{@} and by coefficient of
correlation of . Both parameters estimate the non-random association
alleles at two loci. Association of haplotype frequies with clinical outcome
was performed by means of Haploview, and odds g&i@R) with 95% CI
were  provided by the software. Given that biochaic
persistences/recurrences hesitate in structuralasks only in 20% of cases
(Haugen et al. 2016), we decided to exclude thmmalitions from the
outcome analysis. Therefore, we considered as pstignendpoints: persistent
structural disease, recurrent structural disea&) bit last follow-up, and DFS
when performing survival analysis. Accuracy of ggpes as prognostic
markers was assessed according to Galen (Galen, 982onsidering true
positive (TP), true negative (TN), false positive], and false negative (FN)
results. The PPV was TP/(TP+FP) and the negatiedigive value (NPV)
was TN/(FN+TN). The 95% CI of all these estimateaswalso evaluated.
Binary logistic regression analysis was applied ddjusting genotypes with
significant association with clinical outcome aivamiate analysis for selected
factors having demonstrated prognostic impact. Uitiwariate analysis, OR
with 95% CI were reported. All tests were two sidadd p-values of less than

0.05 were used for considering an associationaissical significance.
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4. Results
4.1 Study cohort

Overall, 249 patients were included in the studgmography, pathological
features, staging according to the AJCC/UICC systeisk stratification
according to the ATA guidelines, and clinical outw are summarized in
Table 1. Briefly, study population included 46 n&al@8%) and 203 females
(82%). Median age at the time of diagnosis was &'y (range 15-74). Mean
and median follow-up were 67+54 months and 3.75rsydd5 months),
respectively.

As expected, the vast majority of patients (90%&ye affected with PTC,
being the classic variant the most represented reupg Forty-one (16%)
patients were considered as having aggressiveldgstowith inclusion of 3
tall cell, 10 diffuse sclerosing, and 4 solid PT@riants, and 24 FTC.
Remarkable features of our study population weeeitiglusion of a relevant
percentage of microcarcinomas (35%) and the lowigoof patients showing
distant metastases at diagnosis (2%). This resurtémver portion of subjects
with advanced staging (10% for stage Il and 8%stage V) and having high
risk of recurrence (4%), as compared with recergelacohort studies about
DTC (Castagna et al. 2011; Pitoia et al. 2013;|&wt al. 2010b; Vaisman et
al. 2012).

After thyroid ablation, 7 patients (3%) showestgistent structural disease.
Of them, 4 subjects (57%) had distant metastasdbeatime of diagnosis.
Recurrent disease was observed in 42 subjects (Bé¥gving a period of
NED. Importantly, 35 of them (14%) showed strucilyraconfirmed
recurrence, Wwhereas isolated biochemical recurren@@easurable
basal/stimulated Tg and/or raising AbTg) withouy atructural correlate was
observed in 7 patients (3%). However, at the tirhéast follow-up 65% of
patients were classified as NED.
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Table 1. Demographic, clinico-pathological and progestic features of the
study population of patients with DTC ( n=249).

Median age (years) at diagnosis [range] 43 [15-74]
Sex-ratio (males/females) 46/203
Median follow-up (months) after diagnosis [range] 37 [12-281]
Histology, number (%)

Papillary 225 (90)
Classic variant 116 (47)
Follicular variant 50 (20)
Warthin-like variant 17 (7)
Hurtle-cells variant 7 (3)
Tall-cell variant 3(1)
Diffuse sclerosing variant 10 (4)

Solid variant 4 (2)
Unknown papillary variant 18 (7)

Follicular 24 (10)

Median primary tumor size, cm [range] 1.2 [0.1-8.5]

Microcarcinoma, number (%) 88 (35)

Multifocality, number (%)

Yes 60 (24)

No 173 (69)

Unknown 16 (6)
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Extra-thyroidal extension, number (%)

Yes 63 (25)
No 162 (65)
Unknown 24 (10)
Concomitant autoimmune thyroiditis, number (%)

Yes 85 (34)
No 116 (47)
Unknown 48 (19)
Lymph node metastasis, number (%)

NO 68 (27)
N1 68 (27)
Nx 113 (45)
Distant metastasis, number (%)

Yes 6(2)

No 239 (96)
Unknown 4(2)
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Radiometabolic treatment, number (%)
Yes
No

Uncertain

190 (76)
49 (20)

10 (4)

1-131 ablation dose mCi, median [range]

100 (42-163)

1-131 cumulative dose mCi, median [range]

141 (42-964.5)

AJCC/UICC Stage, number (%)

I 189 (76)
[! 8 (3)

n 25 (10)
v 20 (8)

IVa 14 (6)

IVb 0(0)

IVc 6(2)
Uncertain 7 (3)
ATA initial risk classification, number (%)

Low 113 (45)
Intermediate 118 (47)
High 9 (4)
Uncertain 9 (4)
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Clinical status at last follow-up , number (%)

Persistent structural disease 7 (3)
Recurrent disease 42 (17)
Biochemical 7 (3)
Structural 35 (14)
NED 161 (65)
Uncertain 3(1)

AJCC/UICC:American Joint Commettee on Cancer/Unionfor International Cancer Control;
ATA:American Thyroid Association.

4.2 Polymorphisms: alleles and genotypes frequencies @rHardy-

Weinberg equilibrium

Genotyping of the 8 selected SNPs was succésspdrformed in all
patients. Alleles and genotypes frequencies, a$ agelresults from Hardy-
Weinberg equilibrium test are reported in Tablelke(es frequencies reported
as minor allele frequency [MAF]). Allele frequensiavere consistent with
those reported in the NCBI SNP database for thec&aan population.
Furthermore, they were highly similar to those dité in a cohort of healthy
control subjects from the same geographic area4@=tlata not shown).
Genotype frequencies conformed to Hardy-Weinbergliegum for all SNPs
(p>0.05). Five SNPs (+936 C>T for VEGF-A; +1192TCand +1719 T>A for
VEGFR-2; -1309 G>A and -635 G>T for PDGFMR- showed minor
homozygous genotype frequency less than 10% and therefore analyzed
basing on the dominant model (as previously spebifi
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Table 2. Distribution of genotypes, MAF and result§rom the Hardy-Weinberg equilibrium test for
the analyzed SNPs.

Hardy-Weinberg equilibrium

SNPs Genotype n (%) MAF
p-value
-2578 C>A (rs699947) CC 92 (37); CA 113 (45); AA 44 (18) 0.404 0.420
-460 T>C (rs833061) TT 91 (37) TC 113 (45) CC 45 (18) 0.408 0.334
+405 G>C (rs2010963) GG 86 (35) GC 123 (49) CC 40 (16) 0.408 0.844
+936 C>T (rs3025039) CC 190 (76) CT 52 (21) TT 7 (3) 0.133 0.232
+1192 C>T (rs2305948)  CC 193 (78) CT 55 (22) TT 1 (0.5) 0.114 0.273
+1719 T>A (rs1870377)  TT 154 (62) TA 79 (32) AA 16 (6) 0.223 0.24
11309 G>A (rs6554162) GG 142 (57) GA 94 (38) AA 13 (5) 0.241 0.774
635 G>T (rs1800810) GG 174 (70) GT 70 (28) TT 5 (2) 0.161 0.709

MAF=Minor allele frequency

4.3 Association of clinico-pathological factors wit clinical outcome

In order to attest the consistency of our stpdyulation and the accuracy of

data collection and follow-up assessment, thudit@ong the interpretation of

translational analysis, we firstly evaluated th&tienship between clinico-

pathological factors and clinical outcome.

Results from this analysis are reported in Tabl®ur findings were almost

conformant to what expected basing on the majaritgtudies about clinical
prognostication of DTC (Baek et al. 2010; Ghoss#ial. 2014; Jukkola et al.
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2004; Simpson et al. 1987): microcarcinoma (whiah wsed as categorical
variable to assess the prognostic impact of tunsme) (p<0.0001, RR=0.16,
95% CI 0.05-0.51), multifocality (p=0.001, RR=3.085% CI 1.53-5.93),
extra-thyroidal extension (p<0.0001, RR=3.71, 954 81-7.61), and lymph
node metastases (p=0.004, RR=3.5, 95% CI 1.37-8@4¢ associated with
recurrent structural disease among patients actgeWED after thyroid
ablation; microcarcinoma (p<0.0001, RR=1.48, 95% QI25-1.76),
multifocality (p<0.0001, RR=0.56, 95% CI 0.41-0.7&Xxtra-thyroidal
extension (p<0.0001, RR=0.58, 95% CI 0.43-0.76ndg node metastases
(p<0.0001, RR=0.51, 95% CI 0.37-0.72), and distaatastasis (p=0.001, RR
0.21 95% CI 0.03-1-3) were associated with NEDaat follow-up; age at
diagnosis ¥ 45 years p=0.027, RR=7.4, 95% CIl 0.9-60.7), uniazble
histology (involving aggressive variants of PTC &¥C) (p=0.005, RR=6.26,
95% CI 1.45-26.91), multifocality (p=0.006, RR=13,35% CI 1,29-99.4),
extra-thyroidal extension (p=0.032, RR=5.16, 95%0@I7-27.46), and distant
metastases (p<0.0001, RR=52.54, 95% CI 14.89-1BAx&te associated with
persistent structural disease.

As expected, ATA classification was able to jmeall analyzed clinical
outcomes: recurrent structural disease: p<0.00ttérmediate risk RR=7.72,
95% CI 2.39-24.91; high risk RR=27.75, 95% CI| 798399; NED: p<0.0001;
intermediate risk RR=0.6, 95% CI 0.5-0.73; higlk i&R=0.35, 95% CI 0.26-
0.47; persistent structural disease: intermedigte RR=1.91, 95% CI 0.17-
20.82; high risk RR=56, 95% CI 7.06-444.05.
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Table 3. Relationship between clinico-pathologicakftures of DTC at diagnosis and clinical outcome.

Gender
Male
Female
Age at diagnosis
<45yrs
245 yrs
Histology*
Favourable
Unfavourable
Tumor size**
Microcarcinoma
Macrocarcinoma
Multifocality
Yes
No

Extra-thyroidal
extension

Yes
No

Concomitant
thyroiditis

Yes
No
LN metastasis***
NO
N1
Distant metastasis

Yes

No
AJCC/UICC stage

I-1l

1-v

ATA group

Low

Intermediate

High

N:number; Cl: confidence interval; NED: no evidenceof disease; LN: Lymph node; AJCC/UICC: American Joint

Persistent structural disease, N(%) Recurrent structural disease, N(%) NED, N(%)
Relative Relative risk Relative risk

Yes No risk(95%Cl) p-value | Yes No (95%Cl) p-value Yes No (95%Cl) p-value
1(2.2) 43(93.5) 0.76(0.09-6.19)  0.801 7(15.2) 36(78.3) 1.14(0.53-2.43) 0.738 31(67.4) 13(28.3) 1.09(0.88-1.36) 0.441

6(3) 196(96.6) 1(reference) 28(13.8) 168(82.8)  1(reference) 130(64)  72(35.5)  1(reference)

1(0.7) 135(97.8) 1(reference) 0.027 21(15.2) 114(82.6)  1(reference) 0.65 87(63) 49(35.5)  1(reference) 0.588
6(5.4) 104(93.7) 7.4(0.9-60.7) 14(12.6) 90(81.1) 0.86(0.46-1.61) 74(66.7)  36(32.4) 1.05(0.87-1.26)

3(1.6) 185(97.4) 1(reference) 0.005 22(11.6) 163(85.8)  1(reference) 0.178 127(67.6) 61(32.4) 1 (reference) 0.13
4(9.8) 36(87.8)  6.26(1.45-26.91) 8(19.5) 28(68.3) 1.08(0.57-2.04) 22(55) 18(45) 0.81(0.60-1.09)

1(1.1) 87(98.9) 0.29(0.03-2.44) 0.229 3(3.4) 84(95.5) 0.16(0.05-0.51) <0.0001  73(83) 15(17) 1.48(1.25-1.76) <0.0001
6(3.7) 152(94.4) 1(reference) 32(19.9) 120(74.5)  1(reference) 88(54.7) 70(43.5)  1(reference)
4(6.7) 56(93.3) 11.33(1,29-99.4) 0.006 14(23.3) 42(70) 3.01(1.53-5.93) 0.001  26(43.3) 34(56.7) 0.56(0.41-0.76) <0.0001
1(0.6) 169(97.7) 1(reference) 14(8.1) 155(89.6)  1(reference) 130(75.1) 40(23.1)  1(reference)
4(6.3) 58(92.1) 5.16(0.97-27.46) 0.032 15(23.8) 43(68.3) 3.71(1.81-7.61) <0.0001 28(44.4) 34(54) 0.58(0.43-0.76) <0.0001
2(1.2) 158(97.6) 1(reference) 11(6.8) 147(90.7)  1(reference) 124(76.5) 36(22.1)  1(reference)

0(0) 85(73.3) Not assessable  0.132  6(7.1) 79(92.9) 0.49(0.2-1.19) 0.106  64(75.3) 21(24.7) 1.17(0.97-1.41) 0.09
3(2.6) 111(95.7) 1(reference) 16(13.8) 95(81.9) 1(reference) 73(85.9) 41(35.3) 1(reference)

1(1.5) 67(98.5) 1(reference) 0.551 5(7.4) 62(91.2) 1(reference)  0.004 51(75) 17(25) 1(reference)  <0.0001
2(2.9) 65(95.6)  2.03(0.18-21.85) 17(25) 48(70.6)  3.5(1.37-8.94) 26(38.2)  41(70.6) 0.51(0.37-0.72)

52.44(14.89-

4(66.7) 2(33.3) 184.64) <0.0001 1(16.7) 1(16.7) 3-64(0.87-15.1) 0.142 0(0) 6(100)  0.21(0.03-1-3)  0.001
3(1.3) 233(97.5) 1(reference) 32(13.4) 201(84.1) 1(reference) 159(66.5) 77(32.2)  1(reference)

3(1.5) 191(97) 1(reference) 0.008 22(11.2) 169(85.8)  1(reference) 0.075 137(69.5) 57(28.9) 1(reference) 0.002
4(8.9) 41(91.1)  5.74(1.33-24.78) 9(20)  32(71.1) 1.90(0.94-3.83) 21(46.7)  24(53.3) 0.66(0.47-0.91)

1(0.9) 111(98.2) 1(reference) <0.0001 3(2.7) 108(95.6) 1(reference) <0.0001 96(85) 16(14.2)  1(reference) <0.0001
2(1.7)  115(97.5) 1.91(0.17-20.82) 24(20.3) 91(77.1) 7.72(2.39-24.91) 61(51.7) 56(47.5) 0.6(0.5-0.73)

27.75(7.93-

4(44.4) 4(44.4) 56(7.06-444.05) 3(33.3)  1(11.1) 9% (99) 0(0) 8(100) 0.35(0.26-0.47)

Commettee on Cancer/Union for International CancerControl; ATA: American Thyroid Association. *Favoura ble histology
includes classic, follicular, Warthin-like, and Hurtle-cells variants of papillary thyroid cancer; unfavourable histology
includes tall-cell, diffuse sclerosing, and solidariants of papillary thyroid cancer and follicular thyroid cancer;

**Categorization in micro- and macro- carcinoma wasused for the analysis. ***Patients not subjecteda cervical

lymphadenectomy (Nx) have been excluded from the alysis.
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4.4 Association of genotypes with clinico-pathologicdkatures

This analysis was aimed to identify correlationsaeen SNP genotypes and
clinico-pathological features, thus providing iaitindications about possible
prognostic impact of included SNPs.
Results are reported in Table 4. Schematicd#lig, following associations
were detected:
- VEGF-A -2578 C>A (rs699947):

1. Analysis by means of dominant model revealed aacatson with
primary tumour size (p=0.024). Particularly, thenori A allele was
associated with higher tumour size.

2. Analysis by means of recessive model revealedoagtassociation
with the presence of distant metastases at diagn@si0.002).
Particularly, the minor homozygous genotype AA \easociated to
the presence of metastases.

- VEGF-A -460 T>C (rs833061):

1. Analysis by means of dominant model revealed aocssson with
primary tumour size (p=0.023). Particularly, thenori C allele was
associated with higher tumour size.

2. Analysis by means of recessive model revealedoagtassociation
with the presence of distant metastases at diagn@si0.002).
Particularly, the minor homozygous genotype CC associated to

the presence of metastases.

Due to the association with distant metastasespmtiomozygous genotypes
of VEGF-A -2578 C>A and/EGF-A -460 T>C (AA and CC, respectively) were
also associated with the ATA high risk group.

- VEGF-A +936 C>T (rs3025039):
1. Analysis, performed exclusively by means of dominamodel,
revealed an association with aggressive histology0.027).
Particularly, the minor T was the risk allele.
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2. An association with Hashimoto’s thyroiditis was aalsletected
(p=0.039). Particularly, the minor T allele was moirequent
among patients with concomitant autoimmune thytisidi

- VEGFR-2 +1192 C>T (rs2305948):

1. Analysis, performed exclusively by means of dominamdel,
revealed an association with gender (p=0.027).idedatly, the
minor T allele was more frequent in females.

- PDGFRea -1309 G>A (rs6554162):
1. Analysis, performed exclusively by means of domtmandel, revealed
an association with primary tumour size (p=0.02artieularly, the

minor A allele was associated to higher volume.

No significant associations were found for VEGF-A405 G>C
(rs2010963), VEGFR-2 +1719 T>A (rs1870377), and FB@ -635 G>T
(rs1800810).
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Gender, Age at diagnosis (yrs), Histology,** Tumor size (cm), Multifocality,

n(%) median[range] n(%) median[range] n(%)
Table 4.
Male Female p-value p-value  Favourable Unfavourable p-value p-value Yes No p-value  Relationship
VEGF-A rs699947 0.209 0.067 0.762 0.071 0.699 ?,‘;‘gi?ﬂy
cc=92 19(20.7)  73(79.3) 40 [15-65] 17(18.5) 68(73.9) 0.9[0.3-5.5] 24(26.1)  63(68.5) VEGFR-2, and
CA=113 23(20.4)  90(79.7) 43[17-72] 18(15.9) 88(77.9) 1.3[0.1-8.5] 24(21.2) 80(70.8) Eﬁﬁﬁf{rﬁ‘hi ms
AA=44 49)  40(90.9) 45[22-74] 6(13.7) 34(85) 1.3[0.2-7] 12(27.3)  30(68.2) gg?hg'l'(;‘;gal
Dominant model (CC vs. CA+AA) 0.498 0.053 0.494 0.024 0.621 features of
Recessive model (CC+CA vs. AA) 0.077 0.059 0.617 0.235 0.644 (?;gnztsis_
VEGF-A rs833061 0.186 0.097 0.715 0.072 0.857
TT=91 19(20.9) 72(79.1) 40 [15-65] 17(18.7) 67(73.6) 0.9[0.3-5.5] 23(25.3)  63(69.2)
TC=113 23(20.4) 90(79.6) 43[17-72] 18(15.9) 88(77.9) 1.3[0.1-8.5] 25(22.1)  79(69.9)
cc=45 489)  41(91.1) 45[22-74] 6(13.3) 35(77.8) 1.25[0.2-7] 12(26.7) 31(68.9)
Dominant model (TT vs. TC+CC) 0.458 0.086 0.454 0.023 0.791
Recessive model (TT+TC vs. CC) 0.067 0.067 0.565 0.271 0.720
VEGF-A rs2010963 0.129 0.745 0.556 0.109 0.867
GG (n=86) 11(12.8) 75(87.2) 43.5[15-74] 69(80.2) 12(14) 1.4[0.2-7] 23(26.7) 60(69.8)
GC (n=123) 24(19.5) 99(80.5) 43[17-72] 89(72.4) 23(18.7) 1.2[0.1-8.5] 28(22.8) 84(68.3)
CC (n=40) 11(27.5)  29(72.5) 40.5[24-62] 32(80) 6(15) 0.8[0.3-5.5] 9(22.5) 29(72.5)
Dominant model (GG vs. GC+CC) 0.093 0.871 0.391 0.210 0.611
Recessive model (GG+GC vs. CC) 0.108 0.445 0.729 0.055 0.750
VEGF-A rs3025039* 0.265 0.429 0.027 0.55 0.499
€C =190 38(20)  52(27.4) 43[15-74] 37(19.5) 141(74.2) 1.2[0.1-8.5] 48(25.3) 131(68.9)
CT+TT=59 8(13.6) 51(86.4) 40[21-71] 4(6.8) 49(83.1) 1[0.3-7] 12(20.3)  42(71.2)
VEGF-R2 rs2305948* 0.027 0.723 0.662 0.656 0.157
CC=193 30(15.5) 163(84.5) 43[15-74] 33(17.1) 147(76.2) 1.25[0.2-7] 51(26.4) 132(68.4)
CT+TT=56 16(28.6) 40(71.4) 42[24-62] 8(14.3) 43(76.8) 1[0.1-8.5] 9(16.1)  41(73.2)
VEGF-R2 rs1870377* 0.853 0.445 0.456 0.197 0.257
TT=154 29(18.8) 125(81.2) 42.5[15-74] 28(18.2) 118(76.6) 1.1[0.1-8.5] 42(27.3) 107(69.5)
TA+AA=95 17(17.9)  78(82.1) 43[19-72] 13(13.7) 72(75.8) 1.3[0.2-7] 18(18.9)  66(69.5)
PDGFR-a rs6554162* 0.084 0.903 0.930 0.02 0.544
GG=142 21(14.8) 121(85.2) 42 [19-72] 23(16.2) 108(76.1) 1.1[0.1-6.2] 36(25.4) 96(67.6)
GA+AA=107 25(23.4) 82(76.6) 43[15-74] 18(16.8) 82(76.6) 1.3[0.2-8.5] 24(22.4) 77(72)
PDGFR-a rs1800812* 0.140 0.304 0.829 0.124 0.927
GG=174 28(16.1) 146(83.9) 42 [15-72] 28(16.1) 133(76.4) 1.2[0.1-8.5] 42(24.1)  120(69)
GT+TT=75 18(24) 57(76) 43[17-74] 13(17.3) 57(76) 1.2[0.2-7] 18(24) 53(70.7)
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Extra-thyroidal extension, n(%)

Concomitant thyroiditis,

LN metastases,

Distant metastases,

n(%) n(%) n(%)

Yes No p-value Yes No p-value Nx NO N1 p-value Yes No p-value
VEGF-A rs699947 0.687 0.967 0.618 0.004
CC=92 21(22.8)  64(69.6) 30(32.6) 43(46.7) 39(42.4) 26(28.3) 27(29.3) 2(2.2) 89(96.7)
CA=113 30(26.5) 69(61.1) 40(35.4) 53(46.9) 52(46) 28(24.8)  33(29.2) 0(0) 110(97.3)
AA=44 12(27.3)  29(65.9) 15(34.1) 20(45.5) 22(50)  14(31.8)  8(18.2) 4(9.1) 40(90.9)
Dominant model (CC vs. CA+AA) 0.391 0.796 0.757 0.845
Recessive model (CC+CA vs. AA) 0.841 0.940 0.320 0.002
VEGF-A rs833061 0.725 0.901 0.515 0.005
TT=91 21(23.1) 63(69.2) 29(31.9) 43(47.3) 39(42.9) 26(28.6) 26(28.6) 2(2.2) 88(96.7)
TC=113 30(26.5) 69(61.1) 40(35.4) 53(46.9) 52(46) 27(23.9)  34(30.1) 0(0) 110(97.3)
CC=45 12(26.7) 30(66.7) 16(35.6) 20(44.4) 22(48.9) 15(33.3) 8(17.8) 4(8.9) 41(91.1)
Dominant model (TT vs. TC+CC) 0.439 0.666 0.832 0.861
Recessive model (TT+TC vs. CC) 0.927 0.773 0.258 0.002
VEGF-A rs2010963 0.416 0.286 0.817 0.218
GG (n=86) 26(30.2) 54(62.8) 28(32.6) 43(50) 41(47.7) 20(23.3) 25(29.1) 4(4.7) 82(95.3)
GC (n=123) 29(23.6) 78(63.4) 38(30.9) 57(46.3) 56(45.6) 36(29.3) 31(25.2) 2(1.6) 117(95.1)
CC (n=40) 8(20) 30(75) 19(47.5) 16(40) 16(40) 12(30) 12(30) 0(0) 40(100)
Dominant model (GG vs. GC+CC) 0.264 0.545 0.579 0.101
Recessive model (GG+GC vs. CC) 0.295 0.114 0.757 0.273
VEGF-A rs3025039* 0.798 0.039 0.480 0.683
CC =190 48(25.3) 126(66.3) 59(31.1) 95(50) 86(45.3) 55(28.9) 49(25.8) 5(2.6) 182(95.8)
CT+TT=59 15(25.4)  36(61) 26(44.1) 21(35.6) 27(45.8)  13(22)  19(32.2) 1(1.7) 57(96.6)
VEGF-R2 rs2305948* 0.839 0.789 0.821 0.094
CC=193 49(25.4) 128(66.3) 68(35.2) 91(47.2) 88(45.6) 54(28) 51(26.4) 3(1.6) 188(97.4)
CT+TT=56 14(25)  34(60.7) 17(30.4) 25(44.6) 25(44.6)  14(25)  17(30.4) 3(5.4) 51(91.1)
VEGF-R2 rs1870377* 0.348 0.436 0.559 0.285
TT=154 37(24) 106(68.8) 58(37.7) 73(47.4) 66(42.9) 45(29.2) 43(27.9) 5(3.2) 148(96.1)
TA+AA=95 26(27.4) 56(58.9) 27(28.4) 43(45.3) 47(49.5) 23(24.2) 25(26.3) 1(1.1) 91(95.8)
PDGFR-a rs6554162* 0.801 0.494 0.646 0.633
GG=142 35(24.6) 93(65.5) 51(35.9) 64(45.1) 62(43.7) 42(29.6) 38(26.8) 4(2.8) 136(95.8)
GA+AA=107 28(26.2) 69(64.5) 34(31.8) 52(48.6) 51(47.7) 26(24.3)  30(28) 2(1.9) 103(96.3)
PDGFR-a rs1800812* 0.370 0.988 0.847 0.477
GG=174 47(27)  111(63.8) 60(34.5) 82(47.1) 77(44.3) 49(28.2) 48(27.6) 5(2.9) 167(96)
GT+TT=75 16(21.3)  51(68) 25(33.3) 34(45.3) 36(48)  19(25.3) 20(26.7) 1(1.3) 72(75.8)
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AJCC/UICC stage, ATA group,
N(%) N(%)
I-11 n-v p-value Low-intermediate High p-value

VEGF-A rs699947
cc=92 76(82.6) 15(16.3)  0.682 88(95.7) 2(2.2) 0.013
CA=113 87(77) 20(17.7) 104(92) 2(1.8)
AA=44 34(77.3) 10(22.7) 39(88.6) 5(11.4)
Dominant model (CC vs. CA+AA) 0.512 0.335
Recessive model (CC+CA vs. AA) 0.436 0.003
VEGF-A rs833061 0.736 0.016
TT=91 75(82.4)  15(16.5) 87(95.6) 2(2.2)
TC=113 87(77)  20(17.7) 104(92) 2(1.8)
CC=45 35(77.8) 10(22.2) 40(88.9) 5(11.1)
Dominant model (TT vs. TC+CC) 0.553 0.347
Recessive model (TT+TC vs. CC) 0.488 0.004
VEGF-A rs2010963 0.265 0.109
GG (n=86) 67(77.9) 19(22.1) 80(93) 6(7)
GC (n=123) 94(76.4) 22(17.9) 111(90.2) 3(2.4)
CC (n=40) 36(90) 4(10) 40(100) 0(0)
Dominant model (GG vs. GC+CC) 0.299 0.051
Recessive model (GG+GC vs. CC) 0.126 0.171
VEGF-A rs3025039* 0.534 0.470
CC =190 153(80.5) 33(17.4) 178(93.7) 6(3.2)
CT+TT=59 44(74.6) 12(20.3) 53(89.8) 3(5.1)
VEGF-R2 rs2305948* 0.060 0.108
cc=193 157(81.3) 30(15.5) 181(93.8) 5(2.6)
CT+TT=56 40(71.4) 15(26.8) 50(89.3) 4(7.1)
VEGF-R2 rs1870377* 0.382
TT=154 122(79.2) 31(20.1) 145(94.2) 8(5.2) 0.110
TA+AA=95 75(78.9) 14(14.7) 86(90.5) 1(1.1)
PDGFR-a rs6554162* 0.777 0.193
GG=142 114(80.3) 25(17.6) 129(90.8) 7(4.9)
GA+AA=107 83(77.6) 20(18.7) 102(95.3) 2(1.9)
PDGFR-a rs1800812* 0.888 0.199
GG=174 138(79.3) 32(18.4) 159(91.4) 8(4.6)
GT+TT=75 59(78.7) 13(17.3) 72(96) 1(1.3)

N:number; LN: Lymph node; Nx: patients not subjected to cervical lymphadenectomy;
AJCC/UICC: American Joint Commettee on Cancer/Union for International Cancer
Control; ATA: American Thyroid Association. *Polymo rphisms analyzed exclusively by
means of dominant model because of a Minor Homozyge Genotype frequency<10%.
**Favourable histology includes classic, follicular Warthin-like, and Hurtle-cells variants
of papillary thyroid cancer; unfavourable histology includes tall-cell, diffuse sclerosing,
and solid variants of papillary thyroid cancer andfollicular thyroid cancer.
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4.5 Association of genotypes with clinical outcome

Results from this analysis are reported in T&blBslo statistically significant
associations were found between any of the incl@&NE and clinical outcome
(p>0.05).

Nevertheless, significant trends were obsereedhfe VEGF-A SNPs -2578
C>A and -460 T>C. Indeed, minor homozygous genatygfeboth SNPs (AA
and CC, respectively) were slightly associated wéhsistent structural disease
(p=0.066 and 0.073, respectively) and with recurrsetructural disease
(p=0.066 and 0.059, respectively). Surprisinglg pnognostic impact of the 2
genotypes was opposite if considering structurasipence or recurrence as
clinical outcome. Regarding the former, RRs we@395% CI 0.84-15.68)
for the AA genotype of -2578 C>A and 3.54 (95% B215.25) for the CC
genotype of -460 T>C, meaning that genotypes weseaated with higher
likelihood to have persistent structural diseasd &Aad therefore negative
prognostic impact. By contrast, analysis of reaurr&tructural disease found
that RRs were 0.31(95% CI 0.07-1.24) for the AA@gpe of -2578 C>A and
0.30(95% CI 0.07-1.2) for the CC genotype of -460CT indicating that
genotypes were associated with a reduced risk \é#ldping recurrences after
a period of NED and were therefore protective.
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Table 5. Relationship between VEGF-A, VEGFR-2, and PGFR-a polymorphisms and clinical outcome.

VEGF-A rs699947
CC=92

CA=113

AA=44

Dominant model (CCt
vs. CA+AA)

Recessive model
(CC+CAt vs. AA)

VEGF-A rs833061
TT=91

TC=113

CC=45

Dominant model (TT#
vs. TC+CC)

Recessive model
(TT+TCt vs. CC)

VEGF-A rs2010963
GG (n=86)

GC (n=123)

CC (n=40)

Dominant model (GGt
vs. GC+CC)

Recessive model
(GG+GCt vs. CC)

VEGF-A rs3025039*
CC=190

CT+TT=59

VEGF-R2 rs2305948*
CC=193

CT+TT=56

VEGF-R2 rs1870377*
TT=154

TA+AA=95

PDGFR-at rs6554162*
GG=142

GA+AA=107
PDGFR-a rs1800812*
GG=174

GT+TT=75

Persistent structural disease, N(%) Recurrent structural disease, N(%) NED, N(%)
Relative Relative risk Relative risk
Yes No risk(95%Cl) p-value Yes No (95%Cl) p-value Yes No (95%Cl) p-value
3(3.3) 89(96.7) 1(reference) 0.110 14(15.2) 75(81.5) 1(reference) 0.178 61(66.3) 31(33.7)  1(reference) 0.971
1(0.9) 111(98.2) 0.27(0.29-2.58) 19(16.8) 92(81.4) 1.08(0.57-2.04) 73(64.6) 39(34.51) 0.98(0.8-1.19)
3(6.8)  39(88.6) 2.19(0.46-10.4) 2(4.5) 37(84.1) 0.32(0.07-1.36) 27(61.4)  15(34.1) 0.97(0.74-1.26)
0.97(0.81-1.18)  0.827
0.79(0.18-3.48) 0.277 0.89(0.47-1.66) 0.715
0.97(0.76-1.25)  0.862
3.64(0.84-15.68) 0.066 0.31(0.07-1.24) 0.066
3(3.3) 88(96.7) 1(reference) 0.118 14(15.4) 74(81.3) 1(reference) 0.163 61(67) 30(33) 1(reference) 0.918
1(0.9)  111(98.2) 0.27(0.29-2.56) 19(16.8) 92(81.4) 1.07(0.57-2.02) 72(63.7)  40(35.4) 0.95(0.78-1.17)
3(6.7) 40(88.9) 2.11(0.44-10.05) 2(4.4) 38(84.4) 0.31(0.07-1.31) 28(62.2)  15(33.3) 0.97(0.74-1.26)
0.96(0.8-1-15) 0.689
0.78(0.17-3.42)  0.744 0.87(0.46-1.63) 0.673
0.99(0.78-1.26) 0.96
3.54(0.82-15.25)  0.073 0.30(0.07-1.2)  0.059
4(4.7) 80(93) 1(reference) 0.308 9(10.5) 71(82.6) 1(reference) 0.242  53(61.6) 31(36) 1(reference) 0.106
3(2.4) 119(96.7) 0.51(0.11-2.24) 22(17.9) 97(78.9) 1.64(0.79-3.38) 76(61.8)  46(37.4) 0.98(0.79-1.22)
0(0) 40(100) Not assessable 4(10) 36(90) 0.88(0.29-2.7) 32(80) 8(20) 1.26(1.01-1.58)
1.05(0.86-1.28)  0.576
0.38(0.89-1.69) 0.193 1.45(0.71-2.95) 0.292
1.27(1.05-1.54)  0.055
Not assessable 0.237 0.64(0.24-1.71) 0.363
5(2.6) 182(95.8) 1(reference) 0.773 26(13.7) 156(82.1) 1(reference) 0.779 127(66.8) 60(31.6) 1(reference) 0.147
2(3.4) 57(96.6)  1.26(0.25-6.36) 9(15.3) 48(81.4) 1.1(0.55-2.21) 34(57.6)  25(42.4) 0.84(0.66-1.07)
4(2.07) 186(96.4) 1(reference) 0.198  25(13) 161(83.4) 1(reference) 0.324 127(65.8) 63(32.6) 1(reference) 0.397
3(5.4) 53(94.6) 2.54(0.58-11.03) 10(17.9) 43(76.8) 1.4(0.72-2.73) 34(60.7)  22(39.3) 0.9(0.71-1.14)
4(2.6) 148(96.1) 1(reference) 0.797  20(13) 128(83.1) 1(reference) 0.528 100(64.9) 52(33.8) 1(reference) 0.886
3(3.2) 91(95.8) 1.21(0.27-5.29) 15(15.8) 76(80) 1.22(0.65-2.25) 61(64.2) 33(34.7) 0.98(0.81-1.19)
5(3.5) 135(95.1) 1(reference) 0.431 17(12) 118(83.1) 1(reference) 0.307 90(63.4) 50(35.2) 1(reference) 0.66
2(1.9) 104(97.2) 0.52(0.1-2.67) 18(16.8) 86(80.4) 1.37(0.74-2.53) 71(66.4)  35(32.7) 1.04(0.86-1.25)
6(3.4) 166(95.4) 1(reference) 0.355 21(12.1) 145(83.3) 1(reference) 0.189 112(64.4) 60(34.5) 1(reference) 0.868
1(1.3)  73(97.3) 0.38(0.47-1-16) 14(18.7) 59(78.7) 1.51(0.81-2.81) 49(65.3) 25(33.3) 1.01(0.83-1.23)

N:number; CI: confidence interval; NED: no evidenceof diseasetSubgroup considered as reference for the assessmefithe
relative risk. *Polymorphisms analyzed exclusiveljoy means of dominant model because of a Minor Homggous Genotype
frequency <10%.
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4.6Association of VEGF-A SNPs with clinical outcome aér
stratification for AJCC/UICC stage and ATA risk gro up

The controversial finding of an opposite progmosnpact of VEGF-A -2578
C>A and -460 T>C depending on the considered @lnéndpoint required a
more in depth analysis of the actual prognosticealf these SNPs.

However, we have previously showed that patidmsbouring the AA
genotype of -2578 C>A and CC genotype of -460 T>&eamore commonly
metastatic at diagnosis, as compared with othemotgpas, and that the
presence of metastases at diagnosis was the mastfpbclinical predictor of
persistent structural disease in our series (seagmph 4.3). Therefore,
association with metastases may act as confouniiogr generating the
correlation of the highlighted genotypes with pstiesit structural disease as
clinical outcome. Indeed, the majority of patiemsth the AA and CC
genotypes (for VEGF-A -2578 C>A and -460 T>C, respely) having
persistent structural disease as clinical outcoreeswnetastatic at diagnosis
(see Figure 1.). By contrast, analysis of recursgnictural disease revealed
lower rates of recidivisms for the highlighted ggmpes, and among these few
recurring cases about a half showed metastatiasksat diagnosis (Figure 1.).
These observations led us to hypothesize that raghaustive information
about VEGF-A -2578 C>A and -460 T>C prognostic eatwuld be obtained
after discriminating between “early” and “advancetisease. Therefore, we
decided to re-assess prognostic impact of VEGF-RSby stratifying for two
major classification system, namely AJCC/UICC (isérsus llI-1V) and ATA

risk group (low-intermediate versus high risk).
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Figure 1. Percentage of patients with DM=Distant metastasis at diagnosis;
PS=Persistent structural disease; RD=Recurrent structural disease
according to genotypes (recessive model applied) for the SNPs VEGF-A
rs699947 and VEGF-A rs833061. Grey areas indicate the portion of patients
with PS and RD having distant metastasis at diagnosis.

4.6.1 VEGF-A SNPs and prognosis of early diseasdage I-1l and ATA

low-intermediate risk patients.

This analysis was focused on a) stage I-Il sbjgaccording to the
AJCC/UICC system) including intra-thyroidal tumowgual or less than 4 cm
in size; b) ATA low-intermediate risk patients (aoding to the ATA
guidelines) including a wider range of patients,mely subjects with
completely resected tumour, without gross extraetiakal extension (pT4a-b),
and without metastatic disease. Given the inclusibnpatients with non
advanced disease with low likelihood to have ptesis disease after
conventional therapeutic, we decided to assessatikeof recurrent structural
disease as single clinical endpoint.

Results are reported in Table 6. Analysis ofstkll patients included 197
out of 249 subjects. The AA and CC genotypes oV&6>A and -460 T>C

were both associated with reduced risk of recursémictural disease (p=0.018
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and 0.016, respectively), showing RRs of 0.2 (95¢4002-1.42) and 0.19
(95% CI 0.02-1.38), respectively. Analysis of ATAw-intermediate risk
subjects involved 231 out of 249 patients. The A# £C genotypes of -2578
C>A and -460 T>C were both associated with recurstructural disease
(p=0.035 and 0.031, respectively), demonstratingesert protective action
with  RRs of 0.17 (95% CIl 0.02-1.22) and 0.16 (95% @02-1.18),

respectively.

Prognostic impact of minor homozygous genotypfes2578 C>A and -460
T>C was further demonstrated by means of survinalysis, being DFS the
endpoint (see Figure 2.). Indeed both the AA afidgénotype, for the SNPs -
2578 C>A and -460 T>C respectively, were associatgd longer DFS, as
compared with other genotype subgroups (common hkggous and
heterozygous). This association was confirmed th Btage I-1l and ATA low-
intermediate risk patients. Here we report medi&$ [@and p-values from the
survival analysis analysis.

1) Stage I-ll patients: a) -2578 C>A: median DFS 34nthe for the AA
genotype versus 30.6 months for the CC+CA genotype8.017; b)-
460 T>C: median DFS 36 months for the CC genotypesus 30.3
months for the TT+TC genotypes; p=0.014.

2) ATA low-intermediate risk patients: a) -2578 C>Aedian DFS 37
months for the AA genotype versus 31.4 months fe CC+CA
genotypes; p=0.03; b)-460 T>C: median DFS 38 mofdhghe CC
genotype versus 31.4 months for the TT+TC genotype$.026.
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Table 6. Relationship between VEGF-A polymorphisms ah recurrent disease in AJCC/UICC stage I-Il and ATA low-
intermediate risk DTC patients.

AJCC/UICC stage I-11, N(%)

ATA classification low-intermediate risk, N(%)

VEGF-A rs699947

CC=92

CA=113

AA=44

Dominant model (CCt vs. CA+AA)
Recessive model (CC+CAt vs. AA)
VEGF-A rs833061

TT=91

TC=113

CC=45

Dominant model (TTt vs. TC+CC)
Recessive model (TT+TCt vs. CC)
VEGF-A rs2010963

GG (n=86)

GC (n=123)

CC (n=40)

Dominant model (GGt vs. GC+CC)
Recessive model (GG+GCt vs. CC)
VEGF-A rs3025039*

CC =190

CT+TT=59

Recurrence

11(12)
15(13.3)
0(0)

11(12.1)
15(13.3)
0(0)

7(8.1)
16(13)
3(7.5)

19(10)
7(11.9)

No recurrence

65(70.7)
76(67.3)
31(70.4)

64(70.3)
76(67.3)
32(71.1)

56(65.1)
83(67.5)
33(82.5)

133(70)
39(66.1)

Relative
risk(95%Cl)

1(reference)
1.13(0.55-2.33)
0.2(0.02-1.42)
0.84(0.41-1.75)
0.2(0.02-1.42)

1(reference)
1.12(0.55-2-29)
0.19(0.02-1.38)
0.83(0.40-1.71)
0.19(0.02-1.38)

1(reference)
1.45(0.63-3.33)
0.75(0.20-2.72)
1.26(0.56-2.85)
0.58(0.18-1.84)

1(reference)

1.26(0.25-6.36)

‘ p-value
0.058
0.659
0.018
0.053
0.617
0.016
0.417
0.565
0.346

0.633

Yes

14(15.2)
17(15)
1(2.3)

14(15.4)
17(15)
1(2.2)

7(8.1)
21(17.1)
4(10)

25(13.2)
7(11.9)

No

75(81.5)
92(81.4)
36(81.8)

74(81.3)
92(81.4)
37(82.2)

70(81.4)
97(78.9)
36(90)

155(81.6)
48(81.4)

Relative risk
(95%ClI)

1(reference)
0.99(0.51-1.89)
0.17(0.02-1.26)
0.78(0.41-1.49)
0.17(0.02-1.22)

1(reference)
0.98(0.51-1.87)
0.16(0.02-1.21)
0.77(0.4-1.46)
0.16(0.02-1.18)

1(reference)
1.95(0.87-4.38)
1.1(0.34-3.53)
1.74(0.78-3.84)
0.69(0.25-1.87)

1(reference)

0.91(0.41-2)

p

-value

0.108

0.461

0.035

0.098

0.637

0.031

0.170

0.158

0.46

0.826

N:number; Cl:confidence interval; inter AJCC/UICC: American Joint Commettee on Cancer/Union for Interrational
Cancer Control; ATA: American Thyroid Association. ¥Subgroup considered as reference for the assessmefithe relative
risk. *Polymorphisms analyzed exclusively by meansf dominant model because of a Minor Homozygous Getype

frequency<10%.
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Figure 2. Kaplan-Meier analysis of disease-free survival according to SNPs YEGF-A -2578 C=4A and -460 T>C. Analysis
was performed in stage |-l (A and B for -2578 C=A and -460 T=C, respectively) and ATA low-intermediate risk (C and D
for SHFs -2578 C=A and -460 T=C, respectively) DTC patients. ATA: American Thyroid Association.
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4.6.2 VEGF-A SNPs and prognosis of advanced diseasstage IlI-IV

patients.

Given the low number of patients classified aAAhigh risk (9 subjects,
4%), this analysis was exclusively performed ongetdll-IV patients,
including tumours with any extra-thyroidal extems@nd/or more than 4 cm in
size. Persistent structural disease, recurrenttstial disease, and NED were
considered as clinical endpoints. Only 45 out o® ®tients were included,
and this represents a limit of this analysis.

Results are reported in Table 7. No statisgicaijnificant associations were
found (p>0.05). Nevertheless, a significant trendswobserved for the
association between the AA and CC genotypes of&25¥A and -460 T>C
and NED (p=0.065 for both genotypes). ParticulaRiRs of showing NED at
last follow-up were 0.38 for both genotypes, intiog lower likelihood of
being disease-free at final follow-up and thereferenegative prognostic
impact.
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Table 7. Relationship between VEGF-A polymorphismsrad clinical outcome in AJCC/UICC stage IlI-IV DTC patients.

VEGF-A rs699947
CC=92

CA=113

AA=44

Dominant model (CCt

vs. CA+AA)

Recessive model
(CC+CAt vs. AA)

VEGF-A rs833061
TT=91

TC=113

CC=45

Dominant model (TT#

vs. TC+CC)

Recessive model
(TT+TCt vs. CC)

VEGF-A rs2010963

GG (n=86)
GC (n=123)
CC (n=40)

Dominant model (GGt

vs. GC+CC)

Recessive model
(GG+GCt vs. CC)

VEGF-A rs3025039*

CC=190
CT+TT=59

Persistent structural disease, N(%) Recurrent structural disease, N(%) NED, N(%)
Relative Relative risk Relative risk
Yes No risk(95%Cl) p-value Yes No (95%Cl) p-value Yes No (95%Cl) p-value
2(2.2) 14(15.2) 1(reference) 0.09 3(3.3) 11(12) 1(reference) 0.809 8(8.7) 8(8.7) 1(reference) 0.177
0(0) 26(23) Not assessable 8(7.1) 18(15.9) 1.43(0.45-4.56) 14(12.4) 12(10.6) 1.07(0.58-1.97)
2(4.5) 8(18.2)  1.6(0.26-9.61) 2(4.5)  6(13.6) 1.16(0.24-5.57) 2 (4.5) 8(18.2)  0.4(0.1-1.51)
0.44(0.06-2.88) 0.386 1.37(0.44-4.25) 0.572 0.88(0.48-1.63) 0.711
4.2(0.67-26.3)  0.104 0.9(0.24-3.34)  0.885 0.38(0.1-1.36)  0.065
2(2.2) 14(15.4) 1(reference) 0.09 3(3.3)  11(12.1) 1(reference) 0.809 8(8.8) 8(8.8) 1(reference) 0.177
0(0) 26(23)  Not assessable 8(7.1) 18(15.9) 1.43(0.45-4.56) 14(12.4) 12(10.6) 1.07(0.58-1.97)
2(4.4) 8(17.8) 1.6(0.26-9.61) 2(4.4) 6(13.3) 1.16(0.24-5.57) 2(4.4) 8(17.8) 0.4(0.1-1.51)
0.44(0.06-2.88)  0.386 1.37(0.44-4.25) 0.572 0.88(0.48-1.63) 0.711
4.2(0.67-26.3)  0.104 0.9(0.24-3.34)  0.885 0.38(0.1-1.36)  0.065
2(2.3) 17(19.8) 1(reference) 0.75 2(2.3) 15(17.4) 1(reference) 0.184 9(10.5) 10(11.6)  1(reference) 0.973
2(1.6) 27(22) 0.65(0.1-4.26) 10(8.1) 17(13.8) 3.14(0.78-12.66) 13(10.6) 16(13) 0.94(0.50-1.76)
0(0) 4(10) Not assessable 1(2.5) 3(7.5) 2.12(0.25-18.04) 2(5) 2(5) 1.05(0.35-3.13)
0.57(0.08-3.76) 0.561 3.01(0.75-12.05) 0.077 0.96(0.52-1.75)  0.894
Not assessable 0.548 0.91(0.15-5.35) 0.922 1.09(0.39-3.04) 0.872
3(1.6) 34(17.9) 1(reference) 0.860 10(5.3) 24(12.6) 1(reference) 0.572 19(10) 18(9.5) 1(reference) 0.238

1(1.7)  14(23.7) 0.82(0.93-7.29)

3(5.1) 11(18.6) 0.72(0.23-2.25)

5(8.5) 10(17)  0.64(0.29-1.41)

N:number; AJCC/UICC: American Joint Commettee on Cancer/Union for International Cancer Control; ATA: Am erican
Thyroid Association. ¥Subgroup considered as reference for the assessmaritthe relative risk. *Polymorphisms analyzed
exclusively by means of dominant model because ofMinor Homozygous Genotype frequencg10%.

73




4.7 Haplotype analysis of VEGF-A SNPs and associati with clinical
outcome in stage I-Il and ATA low-intermediate risk patients.

Given that 2 VEGF-A SNPs (-2578 C>A and -460 Ts@owed association
with recurrent structural disease in stage I-1l &IA low-intermediate risk
patients, we performed haplotype analysis of thencluded SNPs of the
VEGF-A gene, and subsequently assessed haplotyplesionship with
structural recidivisms. This aimed to identify aspible combined prognostic
effect of VEGF-A SNPs.

Analysis of LD in the overall study populatiogevealed a strong association
between the 3 neighboloci -2578 C>A (rs699947), -460 T>C (rs833061),
and +405 G>C (rs2010963), as reported in TableaB&idalarly, the prognostic
relevant SNPs -2578 C>A and -460 T>C showed compl® (D’'=1 and
r’=0.98).

Table 8. Linkage disequilibrium between the 4 VEGF-A 8IPs (-2578 C>A, -460 T>C, +405 G>C,
and +936 C>T) assessed by means of Lewontin coeffitt (D’) and coefficient of correlation of 2.

SNPs SNPs D’ R2
-2578 C>A (rs699947) 460 T>C (rs833061) 1,00 0,98
-2578 C>A (rs699947) +405 G>C (rs2010963) 1,00 0,47
-2578 C>A (rs699947) +936 C>T (rs3025039) 0,28 0,02
-460 T>C (rs833061) +405 G>C (rs2010963) 0,99 0,46
“460 T>C (rs833061) +936 C>T (rs3025039) 0,28 0,02
0,17 0,00

+405 G>C (rs2010963)

+936 C>T (rs3025039)
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Three common haplotypes with frequency above 10%e wlefined by means
of Haploview program based on population frequenoighe SNPs (Figure 3).

Figure 3. ldentification of 3 common haplotypes

- 1 among the 4 included VEGF-A SNPs: 2578C, -460T,

e +05C named CTC; the 25784 -460C, +405(3

named ACG; the -2578C, -460T, +405G named CTG.

Analysis performed by means of the Haploview
software.
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These include: th&°"%C, “°°T, *%°C (named CTC) haplotype; the’®A, -
480c, %G (named ACG) haplotype; thé>’®C, “°°T, **°G (named CTG)
haplotype. Haplotypes frequencies were similabifgidering the overall study
cohort, stage I-Il, and ATA low-intermediate risitients (Table 9.). However,
estimated frequencies for each haplotype were stamiwith those reported

for other Caucasian populations (Zhai et al. 2008).
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Comparison of estimated haplotypes frequencies dmtwpatients with and
without recurrent structural disease (results regabin Table 10.) revealed
significant prognostic effect for ACG and CTG hdpjmes in both stage |-l

(p=0.05 and 0.005, respectively) and ATA low-intediate risk patients
(p=0.036 and 0.039, respectively). Particularlye #&CG haplotype confers
protection (stage I-1l: 25% and 40.2% for recurrargl non recurring patients,
respectively, OR=0.22 [95% CI 0.11-0.46]; ATA lomtermediate: 25.9% and
40.7% for recurring and non recurring patientspeesively, OR=0.51 [95% CI

0.27-0.97]), whereas the CTG confers risk for gtmat recurrence (stage I-l:
34.1% and 16.6% for recurring and non recurringiep#t, respectively,

OR=2.6 [95% CI 1.31-5.17]; ATA low-intermediate: .8% and 17.8% for

recurring and non recurring patients, respectiv€ig=1.93 [95% CI 1.02-

3.67]). This was consistent with results from tle@atype analysis reporting a
negative prognostic impact for the AA and CC gepesyof -2578 C>A and -

460 T>C.

Table 9. Common VEGF-A haplotypes and frequencies inverall study cohort, AJCC/UICC stage
I-1l, and ATA low-intermediate risk patients. All p- values>0.05.

Frequency % Frequency % Frequency %
Haplotype
in overall study cohort in AJCC/UICC stage I-II in ATA low-intermediate
CTC 40.4 41.6 40.9
ACG 40.4 39.3 39.4
CTG 18.9 18.5 19.3

AJCC/UICC: American Joint Commettee on Cancer/Unionfor International Cancer Control;
ATA: American Thyroid Association.
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Table 10. Common VEGF-A haplotypes and association thi recurrent structural disease in stage
I-1l and ATA low-intermediate risk patients.

Frequency % recurrent/non Frequency %
recurrent patients AJCC/UICC | p-value recurrent/non p-value
Haplotype OR(95% Cl) i OR(95% Cl)
stage I-Il recurrent patients ATA
low-intermediate
40.9/42.6 0.93(0.49 44.4/41 0.239 1.15(0.65-
CTC 0.831
1.77) 2.04)
25/40.2 0.22 (0.11- 25.9/40.7 0.036 0.51(0.27-
ACG 0.05
0.46) 0.97)
34.1/16.6 2.60(1.31- 29.6/17.8 0.039 1.93(1.02-
CTG 0.005
5.17) 3.67)

AJCC/UICC: American Joint Commettee on Cancer/Union for International Cancer Control;
ATA: American Thyroid Association; OR: Odds ratio; Cl : Confidence interval.

4.8 Combined genotype analysis in stage I-ll and AX low-intermediate

risk patients.

Haplotype analysis, using the Haploview softwanmelies on estimates of
frequencies and determines only the likelihoodhef haplotipic phase for each
individual. Thus, this kind of analysis is usefudr fidentifying prognostic
effects related to SNPs combination, but cannates¢ individual haplotype.
To overcome this limit, we tried to identify comboh genotypes having
prognostic effect. Basing on results from the ggpet(single SNP) and
haplotype analysis, we decided to assess prognasti@act (namely the
association with recurrent structural diseasehefdombination of the SNPs -
2578 C>A, -460 T>C, and +405 G>C in a recessiveehod

Results are reported in Table 11. As expectbd, ACG homozygous
genotype (ACG+/+) offered a protective effect agastructural recurrence in
both stage I-Il (p=0.018, RR 0.2, 95% CI 0.02-1.4)d ATA low-
intermediate (p=0.035, RR 0.17, 95% 0.02-1.22) pskients. Importantly,
ACG+/+ showed p-values and RRs exactly consistétht tvose demonstrated
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by analysis of single SNPs (namely the -2578 C>Al a#60 T>C) and
therefore no additional prognostic information wasvided by analysis of
combined genotypes. By contrast, the CTG homozygmmeotype (CTG+/+)
was significantly associated to higher rate ofctrtal recurrence in stage I-11
(p=0.018, RR=3.55, 95% CI 1.39-9.08), and was #Hiygtieleterious also in
ATA low-intermediate risk subjects (p=0.079, RR=.95% 0.97-6.95),
where the absence of statistical significance wkadyl due to the low number
of CTG subjects (9 out of 231). The identificationthe CTG+/+ genotype as
deleterious prognostic marker represented, indemd, improvement as
compared with single SNP analysis, where no neggbrnognostic markers
were found. Survival analysis, having DFS as prnimandpoint, further

confirmed the prognostic role of ACG+/+ and CTGgeénotypes (Figure 4.).

Table 11. Relationship between combined genotypes C¥¢+, ACG+/+, CTG+/+ and recurrent
structural disease in stage I-1l and ATA low-intermediate risk patients.

AlCC/uicc Stage -1l ATA low-intermediate risk
Genotype
p-value RR(95% Cl) p-value RR(95% Cl)
CTC+/+ 0.346 0.58(0.18-1.84) 0.464 0.69(0.25-1.87)
ACG+/+ 0.018 0.2(0.02-1.42) 0.035 0.17(0.02-1.22)
CTG+/+ 0.018 3.55(1.39-9.08) 0.079 2.59(0.97-6.95)

AJCC/UICC: American Joint Commettee on Cancer/Union for International Cancer Control;
ATA: American Thyroid Association; RR: Relative risk; Cl: Confidence interval.
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Figure 4. Kaplan-Meier analysis of disease-free survival according to genotypes ACG+/+ and CTG+/+. Analysis
was performed in stage I-1l (A and B for ACG+/+ and CTG+/+, respectively) and ATA low-intermediate risk (C and
Dfor ACG+/+and CTG+/+, respectively) DTC patients. ATA: American Thyroid Association.

4.9 PPV and NPV of the ACG+/+ and CTG+/+ genotype$or disease

recurrence in stage I-1l and ATA low-intermediate risk DTC patients.

We evaluated the accuracy of the ACG+/+ and C¥Ggenotypes as
prognostic markers in DTC, by determining PPV amWNor the development

of structural recurrences after the achievememBD following conventional

therapeutic approach. Analysis was performed ih tdage I-Il and ATA low-

intermediate risk patients.

Results are shown in Table 12. The 2 genotypewad remarkable NPV in
both analyzed subgroups. Particularly, NPV of AC&was 84.4% (95% Cil
78.03-89.57) and 84.3% (95% CI 78.52-89.11) in estafy and ATA low-
intermediate risk patients, respectively; NPV of &+ was 87.9% (95% CiI
82.48-92.21) and 87.2% (95% CI 82.09-91.24) in estkt) and ATA low-
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intermediate risk patients, respectively. Nevedbkg] given that the major
mission of prognostic stratification of DTC is tdentify the subgroup of

patients who will develop recurrences, our attanticas mainly focused on
PPV. As expected, PPV of ACG+/+ genotype, which hasn previously

associated to low risk of recurring, was null feage I-11 (0%, 95% CI O-

11.22) and very low for low-intermediate risk (2.7%6% CIl 0.07-14.16)

patients. By contrast, the CTG+/+ genotype, whichs hdemonstrated
association with occurrence of structural recidiyishowed acceptable PPV,
namely 42.8% (95% CIl 9.9-81.59) in stage I-Il @8813% (95% CI 7.40-

70.07) in ATA low-intermediate risk subjects.

Table 12. Assessment of PPV (positive predictive wed) and NPV (negative predictive value) for the
ACG+/+ and CTG+/+ genotypes among stage I-Il and ATA low-intermediateisk DTC patients.

ATA low-intermediate risk,
AJCC/UICC Stage I-1l, N=198 N=226

Genotype |[PPV% 95%Cl NPV% 95%CI|PPV% 95%CI NPV% 95%ClI
0- 78.03- 0.07- 78.52-

ACG+/+ 0 84.4 2.7 84.3
11.22 89.57 14.16 89.11
9.9- 82.48- 7.40- 82.09-

CTG+/+ 42.8 87.9 33.3 87.2
81.59 92.21 70.07 91.24

N: Number; Cl: Confidence interval; AJCC/UICC: Amer ican Joint Commettee on Cancer/Union
for International Cancer Control; ATA: American Thyro id Association.

4.10 Multivariate analysis in ATA low-intermediate risk patients

Given that the ATA classification is the onlysssm with demonstrated
ability to predict persistent/recurrent diseasejcWhrepresents the primary
endpoint of this study, we decided to perform atmaltiate analysis in the
subgroup of ATA low-intermediate risk patients. tikadarly, we decided to
adjust the ACG+/+ genotype, the only demonstrastajistically significant
association with recurrent structural disease, tleo pathological features
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representing well-known prognostic factors in theage of “early” disease:
tumour size (assessed through the categoricalblarmaicrocarcinoma versus
macrocarcinoma) and multifocality.

Results from this analysis are reported in TdldeAll the factors involved
in the analysis, namely ACG+/+ genotype, tumouresiand multifocality,
revealed to be independent prognostic factors adirrent structural disease
(p=0.048, 0.008, 0.003, respectively). Particulalyge ACG+/+ genotype
retained its protective prognostic significanceemaftadjustment, showing
adjusted OR of 0.12 (95% CI1 0.01-0.98).

Table 13. Model of multivariate analysis with inclugon of ACG+/+ VEGF-A haplotype, tumour size
(microcarcinoma vs macrocarcinoma) and multifocaliyy in ATA (America Thyroid Association)
low-intermediate risk patients.

ATA low-intermediate risk Univariate analysis Multivariate analysis

Adjusted OR | Adjusted p-

Recurrence OR (95%Cl) | p-value

recurrence (95%Cl) value
VEGF-A genotype
ACG+H/+ 127) 36(97.3) 0.15(0.02- 035 0.12(0.01-0.98) 0.048
’ ’ 1.13)
Other haplotypes 31(15.7) 167(84.3) 1(reference)
Tumor size
Microcarcinoma 0.14(0.04- 0.18(0.05-0.64) 0.008
3(3.4) 84(96.6) <0.0001
0.49)
Macrocarcinoma 29(19.6) 19(12.8)
Multifocality
Yes 3.97(1.68- 3.9(1.59-9.57) 0.003
11(12.1) 64(70.3) 0.001
9.34)
No 15(13.3) 76(67.3) 1(reference)

AJCC/UICC: American Joint Commettee on Cancer/Union for International Cancer Control;
ATA: American Thyroid Association; OR: Odds ratio; Cl : Confidence interval.

81



5. Discussion

Angiogenesis is considered a hallmark of cantsming more heavily
involved in neoplastic progression rather than asedevelopment (Hanahan
et al. 2000). It is therefore conceivable thatdffeciency of angiogenic process
may significantly affect cancer evolution, and #fere clinical outcome.
Particularly, a less efficient angiogenic procesgxpected to exert protective
action against cancer progression, thus determinb@jter prognosis.
Importantly, cancer-related neo-vessels formatalies on the use of the host
angiogenic machinery, thus being strictly dependapni those factors
affecting physiological angiogenesis (Carmeliealet2011; Dvorak 1986). It
has been ascertained that efficiency of human gegesis, defined as the
ability to respond to angiogenatimuli, including those derived from cancer
cells, mostly depends from individual genetic baokeqd, rather than
environmental factors (Berrahmoune et al. 2007;tddama et al. 2004).
Importantly, the impact of genetic variability onggogenesis is mainly exerted
through the modulation of gene expression (Rogeas €012). In humans, the
absence of tools for quantifying angiogenic resgomakes not feasible the
direct identification of those hereditary traitsvafved in the modulation of
angiogenesis. Therefore, information about the aled “angio-genome” is
still partial in humans and mainly relies on stedebout the association of
previously identified candidate genes with angiagesrelated diseases,
including cancer.

SNPs are the major source of human genome VdgigBrazer et al. 2007).
Despite being functionally neutral in the majoray cases, they may affect
gene expression mainly through the elimination oeaton of TFBS.
Importantly, genes with recognized role in the aggnic process, are usually
highly polymorphic. These observations make feasilrole for SNPs in
affecting human angiogenesis (Rogers et al. 20l®refore, a wide number
of association studies assessing the relationshtpvden selected SNPs of

angiogenic-related genes, namely those with cheniaed or suspected
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functional effects, with phenotype, and thereforegposis, of different forms
of cancer have been performed. The majority ofelstadies were focused on
the VEGF-A gene, whom product is the leading mdeeau the modulation of
angiogenesis (Nagy et al. 2007), and SNPs locatedthe promoter, the
5'UTR, and the 3'UTR regions, with demonstratedsospected impact on
transcriptional and post-transcriptional gene matioih, were the most studied
(Arcondeguy et al. 2013).

Results were highly heterogeneous and, someticoesroversial (Eng et al.
2012), with prognostic effect of some SNPs beinghaestrated by some
authors and rebutted by others. Even, opposite nosigc impact was
sometimes demonstrated, with different risk allelgsorted for a single SNP.
Discrepancies between studies may be only in pgrtamed by means of
different ethnicity, as controversial results wafso reported within the same
population (Heist et al. 2008; Masago et al. 2009us, other variables should
be taken into consideration. Firstly, it seemedt Mi&GF-A SNPs-related
prognostic effects were highly tumour specific.idt conceivable that each
cancer represents an independent model with itsmawalecular and biological
features, and this may imply different biologicaldatherefore prognostic
relevance for angiogenesis. However, some studéesodstrated prognostic
value for VEGF-A SNPs only in specific stages & #ame tumour (Lurje et
al. 2008). Indeed, role of VEGF-A may be differantording to disease stage,
due to possible modifications in the balance betw@m®e- and anti- angiogenic
molecules, and particularly to the production ob-pngiogenic factors other
than VEGF-A, which is typical of advanced tumou@ai meliet et al. 2011).
Another relevant variable is the possible intemactibetween therapeutic
strategies and VEGF-A genotypes. For example, @uah (Guan et al. 2010)
found beneficial effect for the C-allele of the VE@ -460 T>C in locally
advanced non small cell lung cancer. Given thatGfadlele was associated to
increased VEGF-A production, and was therefore ebgoeto worsen the

prognosis, and that a previous report effectivélgvged deleterious effect for
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the allele (Masago et al. 2009), authors explathed controversial finding by
the fact that the majority of patients had beeat&a@ with radiotherapy, thus
suggesting a possible favourable interaction treatrgenotype. Therefore, the
performance of different therapeutic approaches atdgast partially induce
discrepancies of VEGF-A SNPs prognostic impact betwdifferent tumour
types and, within the same tumour type, betwedereit stages, due to both a
direct impact on prognosis and to possible intéwacuith intrinsic features of
the angiogenic machinery. To date, only few studie®lved the VEGFR-2
gene, which codifies for the major mediator of VE&Feffects on
angiogenesis (Ferrara 2009), whereas no studiesteated yet (to the best of
our knowledge) the possible association of PDGFREPSS with cancer
prognosis (Rogers et al. 2012). Therefore, concdugiata about possible
prognostic information deriving from SNPs of thgemes are still missing.

Besides the possible prognostic implicationslaustanding the actual role of
angiogenesis in each tumour type is mandatory aldleet development and, in
many cases, approval of anti-angiogenic drugs Hertteatment of different
forms of cancer (Bridges et al. 2011; Welti et 2013). Therefore, the
characterization of the underlying molecular medcdras, namely the
identification of the specific role of each angiogemolecule, and, even more
importantly, the phase of disease evolution whargiagenesis exerts the
major influence, would strongly allow the optimimat of anti-angiogenic
treatment strategies.

By the clinical sight, DTC can be defined as siimple” cancer model.
Independently from disease stage at diagnosis, ettional therapeutic
approach is almost similar in all patients, beiagédd on surgery with/without
RAI, followed by TSH suppressive therapy (Haugemle016). Afterwards,
no additional treatments are performed until theetlgment of recurrent
disease, which is considered the endpoint of thnmtaof prognostic studies
about DTC. This homogeneity in patients managemakes the assessment
of clinical outcome less dependent from the interiee of differential
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treatment strategies, as compared with other tusadurus, DTC represents a
feasible model allowing a better comprehension hef &ctual impact and
underlying mechanisms of angiogenesis on tumoungtype, and therefore
prognosis.

As a proof of this concept, consistent resuliewsng relevant role of
angiogenesis in DTC have been reported by thatiotdl studies focusing this
issue. Indeed, several studies performed in last0l$ears have assessed the
expression of VEGF-A on tumour tissues from DTChbay protein detection
through immunoistochemistry and by mRNA detectibroagh RT-PCR. All
of them demonstrated not only VEGF-A overexpressiotumour tissue, as
compared with the normal counterpart, but also earclassociation with
aggressive pathological features, including lymphenand distant metastases,
and worsened clinical outcome, namely higher raiesecurrent disease
(Bunone et al. 1999; Kilicarslan et al. 2003; Kleinhal. 2001; Lennard et al.
2001; Salajegheh et al. 2013). Importantly, soradiss also reported VEGFR-
2 overexpression, but its association with clinmalcome has not been proved
(Bunone et al. 1999). Although data are still prghary and far to be
conclusive, some studies have suggested a possibléor the PDGF-system
in DTC. In 2006, Chen et al. (Chen et al. 2006 w&tbthat mMRNA and protein
expression of PDGF-AA and PDGRRwas increased in thyroid carcinoma
cell lines compared to benign tissues from thymdiular hyperplasia. More
recently, higher expression of PDGIRhas been demonstrated in PTC
harbouring lymph node metastases, as comparedtiate tumours without
lymph node involvement (Zhang et al. 2012). Furth@ne, a recent study by
Cong et al. (Cong et al. 2015), based on gene ssiore profiling of DTC
samples obtained from The Cancer Genome Atlas, dstmrated association of
PDGFRe expression and aggressive clinico-pathologicdlufes.

To date, studies about the relationship betwaagogenic SNPs and DTC
are few and poorly conclusive. Particularly, sonuhars have assessed the
possible association with disease susceptibility pathological features, but
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no reports have been published about the assatiatith clinical outcome.
The only study analyzing association between geenWEGF-A SNPs and
DTC was proposed by Hsiao et al. in 2007 (HsiaaleR007). This was a
case-control analysis including SNPs -2578 C>A,5+@&>C, and +936 C>T.
Results were poorly conclusive, as statisticalgngicant findings were found
only in men, where the A-allele of -2578 C>A was@sated to increased risk
of developing PTC. Furthermore, an associatiorhefdllele with the risk of
lymph node metastases was also reported. More thec&alajegheh et al.
(Salajegheh et al. 2011) performed an associatioay oetween 3 VEGF-A
SNPs {141 A>C, +405 G>C, and +936 C>T) and pathologietdres of
DTC, finding that the C-allele of the SNP -141 veasociated to lymph node
metastases, whereas the G-allele of the SNP +4@3ha&nCC genotype of the
SNP +936 were more common in advanced stages. tasperesting, these
data were not conformant to our analysis becausetgaing was performed at
the somatic level. Importantly, authors found natrenship between VEGF-A
MRNA expression and SNPs, and this confirms the¢ flaat DTC-related
angiogenesis is mainly related to host and natirt@our genetic characteristics,
thus empowering our study approach. To date, ndietthave been performed
about the possible association of VEGFR-2 SNPsand. By contrast, Kim
et al. (Kim et al. 2012) have recently publishgohper about the association of
PDGFRs SNPs and DTC. Authors performed a caseaaitrdy, finding that
two PDGFRe SNPs located in the promoter, the -635 G>T and-113©9
G>A, were associated with the risk of developingCPDespite performed at
the somatic level, this analysis further empowdrs thesis of a possible
involvement of the PDGF-system in DTC. Given thady of evidence, we
decided to include in our analysis not only SNRamfrthe VEGF-system,
encompassing the two main factors of angiogenesguiation VEGF-A and
VEGFR-2 (Ferrara 2009; Nagy et al. 2007), but &lem the PDGF-system.
As already specified in th#laterials and Methods section, SNPs were

selected basing on previous characterization of fthrectional impact, on
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previous data about prognostic impact on cancey ibasgtailable, on preceded
publications focusing their relationship with DT®egarding the VEGF-A
gene, we included 4 well-characterized SNPs (25%8,G460 T>C, +405
G>C, and +936 C>T), encompassing all regions irelin the regulation of
gene expression (namely the promoter, the 5’UTRI, e 3'UTR). All of
them showed enough evidence of affecting gene sgjame (functional impact
of each included VEGF-A SNP has been describechén paragraph..4.1
VEGF-A SNPs and cancer). Furthermore, each included VEGF-A SNP had
already demonstrated prognostic impact in othertwmtypes (associations of
included VEGF-A SNPs with prognosis of other tumdypes has been
reported in the paragraph4.1 VEGF-A SNPs and cancer). Regarding the
VEGFR-2 gene, data about the prognostic impacelated SNPs on cancer
are still poor. Given that data about the corretatiof VEGFR-2
overexpression and prognosis of DTC are still lagkiwe chose to focus our
analysis on the 2 nonsynonimous cSNPs, namely TP and 1719 T>A,
located in the extra-cellular domain of the recepidhich are involved in the
modulation of the binding affinity to VEGF-A. Reglimg the PDGF-system,
data about the functional effects related to thé>SHdre still unclear and, as
already discussed, studies about prognostic impactancer are missing.
Basing on the previously cited studies (Chen e2@06; Cong et al. 2015;
Zhang et al. 2012), which reported that higher FBR& expression was a
hallmark of PTC and, also, was associated with eggive disease features,
and on the Kim’s study, finding that the PDGERromoter SNPs -635 G>T
and the -1309 G>A affected susceptibility to depeRI'C (although analysis
was performed at the somatic and not at the geendivel) (Kim et al. 2012),
we decided to include these 2 SNPs in the analysis.

Correlations between genotypes of the selecifdsSand clinical outcomes
(categorized as persistent structural diseaseyresdustructural disease, and
NED, as specified in thMaterials and Methods section) in the overall study
population showed no statistically significant fesuNevertheless, analysis
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according to recessive model revealed trends afcadson between the minor
homozygous genotypes of the VEGF-A SNPs -2578 Cnhd\-460 T>C (AA
and CC, respectively) and 2 prognostic endpoirgssiptent structural disease
and recurrent structural disease. Surprisinglygpostic effect related to these
genotypes was opposite basing on the considenaeidalliendpoint. Despite not
achieving statistical significance, they conferpgotection against structural
recurrences among DTC patients achieving NED dftgroid ablation, but
were more frequent, as compared with the other tgpee (common
homozygous and heterozygous), among patients showersistence of
structural disease after treatment.

It is important to note that the prognostic emidfs recurrent and persistent
structural disease defines two different sets ofCDJatients. The former is
typical of patients, representing the vast majorisho can be defined as
having an “early” disease and easily achieve raonsafter treatment. The
latter, indeed, typically involves that low portiamf DTC patients having
“advanced” disease, particularly those with metastapread (Tuttle et al.
2010b; Vaisman et al. 2012). Our study populati@s wonsistent with these
concepts, as the presence of distant metastasigagosis represented the
strongest clinical predictor of persisting struatudisease, but was not
associated to structural recurrences. Importandigalysis of genotypes
association with clinico-pathological factors retegh that the minor
homozygous genotypes of VEGF-A -2578 C>A and -4&C TWwere strongly
associated with the presence of distant metastsgisignosis. Despite being
based on few cases of metastatic patients (6 dapjethis association
complicates data interpretation, as the proponionsk of persistent structural
disease that is attributable to the highlightedoggres versus that attributable
to the presence of distant metastases is diffiolde determined.

We thought that more consistent and exhaustiveltsesbout prognostic
impact of VEGF-A SNPs could be derived from theasape assessment of the
2 described clinical scenarios, namely “early” &advanced” DTC. Indeed,
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previous studies of other tumour types have alreatlpwed different
prognostic significance of VEGF-A SNPs accordinglisease stage (Lurje et
al. 2008). This could be related both to the usdiftérent treatment strategies,
which is not the case of DTC where first-line treant is almost similar
independently from initial staging, and also, manterestingly, to intrinsic
modifications of the angiogenic machinery, namelyttee balance between
angiogenic regulating factors, that may occur tgtodifferent phases of the
pathological process. Therefore, we performed atiéd analysis trying to
discriminate between “early” and “advanced” DTCigats. Given that a clear
distinction between “early” and “advanced” diseaseDTC has not been
codified yet, we applied the 2 mostly used stredifion systems, namely the
AJCC/UICC and the ATA (Momesso et al. 2014). Patéidy, we considered
as “early” disease 2 DTC subgroups: AJCC/UICC stadgsubjects, involving
intra-thyroidal tumours equal or less than 4 cmsine, and ATA low-
intermediate risk patients, including patients with gross extra-thyroidal
extension (pT4a-b) and without metastatic disedg¢e.found that both AA
and CC genotypes of VEGF-A -2578 C>A and -460 T>&eaassociated with
significantly lower rate of structural recurrencand therefore exerted
protective action against the development of stmattrecidivisms in both
subgroups. These findings were further confirmedabglysis of DFS, which
was significantly higher among patients with thghhighted genotypes, as
compared with others.

Given the extremely low number of subjects dfeesk as ATA high risk,
which did not allow to perform any statistical ays$, assessment of
“advanced” disease was only based on AJCC/UICCestHgV patients,
including tumours with any extra-thyroidal extems@nd/or more than 4 cm in
size. Analysis showed no statistically significanbgnostic impact for the AA
and CC genotypes of VEGF-A -2578 C>A and -460 TMNevertheless, a
trend was observed with the likelihood of being N&Dast follow-up, which
Is a critical endpoint for patients presenting acheml stages at diagnosis.
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Particularly, the presence of the highlighted ggpes was associated to lower
risk of being disease-free at last follow-up, thsisgggesting a possible
deleterious prognostic impact. However, conclusivdormation about
“advanced” disease is hampered by the low numbesubfects, as our study
cohort mainly included patients with early stage$igher number of patients
with “advanced” DTC, particularly those being meddis at diagnosis, should
be analyzed for a more careful evaluation of VEGF2A78 C>A and -460
T>C prognostic impact.

Given that statistically significant impact orognosis was demonstrated for
2 VEGF-A SNPs only in stage I-Il and ATA low-inteediate risk patients, we
performed more in depth analyses of VEGF-A rel&@&tPs in these specific
subgroups of patients. In order to verify possixepowerment of prognostic
information related to SNPs combination and to wbtaore exhaustive
information about the underlying biology, we penfi@d haplotype analysis
and assessed haplotypes association with the rfateecoirrent structural
disease. The Haploview software, providing estisatef haplotype
frequencies, identified 3 common haplotypes invajvine SNPs -2578 C>A, -
460 T>C, and +405 G>C, namely CTC, ACG, and CTGthem, ACG and
CTG showed association with prognosis in both stajeand ATA low-
intermediate risk patients. As expected from gegpe@gnalysis, ACG conferred
protection against structural disease recurrentereas CTG was associated
to higher risk of recurring.

Given that the SNP +405 G>C provides its comrallele to both the
protective and deleterious haplotype, a relevapibbical role determining an
actual prognostic impact for this SNP has to belusled. Conclusive
information about the actual biological relevaneed therefore prognostic
impact, for SNPs -2578 C>A and -460 T>C, is nmégible by means of this
kind of study, which is based on a SNP-candidapeagzeh. Particularly, gene-
throughout association studies are needed to @ctbat other SNPs or

genetic markers, in LD with those reported in tliespnt analysis, may be
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associated with prognosis, ama vitro and in vivo studies are required to
confirm differential biological effects for polymghic variants of the
highlighted SNPs. Basing on our results, we cay pelform some biological
speculations. We have already reported availalike alzout impact of analyzed
SNPs on VEGF-A function (see paragrap.1 VEGF-A S\Ps and cancer).
Consistently with the protective effect shown irr analysis, the AA genotype
of -2578 C>A has been associated with decreasesmnskvels of VEGF-A,
and therefore with reduced gene expression (Shabbak 2002). By contrast,
a lowered VEGF-A production was reported for thenowon T-allele of -460
T>C (Hansen et al. 2010b), which was part of thietdaous haplotype, and
this was not conformant to our results. Theref@a®mong the 2 prognostic
relevant SNPs detected in our study, which ar@mpiete LD, the -2578 C>A
is that with higher likelihood to play an actuablogical role in DTC-related
angiogenesis and to affect prognosis. ImportantBljmination/creation of
TFBS related to this SNP has been carefully desdriiMetzger et al. 2015),
thus allowing to discuss about possible biologichiferences between
polymorphic variants that could explain the role DTC. As previously
reported, the AA genotype is associated to the édsmy binding site for the
dimer HIFl/B, which represents the main mediator of hypoxiasoted
VEGF-A production (Buroker et al. 2013). By the lbigical sight, this
produces a dramatic change as VEGF-A expressiong lee main regulator
of the angiogenic process, becomes independentHié-1-mediated hypoxia.
Notably, HIFle overexpression has been associated to moleculdr an
morphological changes leading to disease prognegsiach as the epithelial-
mesenchymal transition) and to aggressive pathodbdeatures (including
advanced stage and lymph node metastases) in DiAdC thas suggests a
relevant role for HIF1l-mediated hypoxia in diseggegression of such
tumour type (Wang et al. 2014; Yang et al. 201%)isTs consistent with the
protective role demonstrated for the AA genotypkere VEGF-A expression,
and therefore angiogenesis, related to HIF1-medlibygpoxia is hampered by
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the absence of binding sites within the promotertHermore, the C-allele is
associated to the presence of a TFBS specific f1E which is a key

regulator of cell cycle progression mediating geshtive stimulation from

almost all growth factors (Ertosun et al. 2016mportantly, the previously
mentioned study by Cong et al. (Cong et al. 20&pprted overexpression of
this transcription factor in PTC. Therefore, theegance of the C-allele
determines the exposition of the binding site f@FE, which may in turn

amplify VEGF-A induction following proliferativestimuli, including those

generated from cancer cells. These observationspitde preliminary and

speculative, may provide someationale for the prognostic significance of
SNP -2578 C>A emerged by our analysis.

Another hot point of our study is the differehtprognostic significance of
the identified genetic markers in patients with athed disease stage, where
an absent or, even, pejorative prognostic impastleen reported (although
results from this set of patients has not beenidersd conclusive). The main
hypothesis explaining this issue is that in advendesease, especially in
metastatic patients, up-regulation of pro-angiogemolecules other than
VEGF-A has been demonstrated, involving fibrobgrstwth factors, ephrins,
angiopoietins, and interleukins (Bergers et al.800his cancels the leading
role of VEGF-A in the modulation of angiogenesisdanay therefore explain
the loss of prognostic significance of those fastaffecting its function,
including genetic variability related to SNPs. Cdesing (even if it remains
just a speculation) the -2578 C>A as the bioldtya&levant marker, another
possible hypothesis may derive from the fact thatA-allele is in LD with a
18-bp insertion at position -2549, which harboatdeast twelve additional
TFBS (Brogan et al. 1999; Schneider et al. 2008, ia suspected to enhance
VEGF-A expression (Supic et al. 2012). It is theref conceivable that
modifications of gene expression occurring in axdea disease may lead to
the production of a different set of transcripti@ctors, which may enhance
VEGF-A expression through the binding to this Aeldlirelated insertion. This
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may explain the possible deleterious impact ofAAegenotype of -2578 C>A
in advanced DTC.

Besides the biological speculations, primary ainthe study was to test the
selected set of angiogenic SNPs as feasible prtigmoarkers in DTC, and to
verify if they can improve current prognostic apgeb. Main aim of prognostic
stratification of DTC is to identify that low, butot negligible, portion of
patients (about 25-30%), who will experience peesigrecurrent disease
(Castagna et al. 2011; Pitoia et al. 2013; Tuttl@ale2010b; Vaisman et al.
2012). Although dedicated categorical classificatystems, mainly based on
clinico-pathological factors, have been recentlypmsed by the major societies
dealing with thyroid diseases (Pacini et al. 20@&pia et al. 2013; Pitoia et al.
2009), PPV for the identification of persistinglieing patients is still far to
be optimal (Castagna et al. 2011). Therefore, thé& Aas recently introduced
the “continuum of risk” model, which is an individized non-categorical
approach for persistence/recurrence risk estimatiiding a wider range of
variables (Haugen et al. 2016). Despite the deepackerization of molecular
alterations related to DTC, and particularly to PTXng 2013), molecular
prognostication has only a marginal role in progicodefinition. Indeed, the
most powerful and best characterized marker, theogene BRAE°%F
showed poor specificity, and therefore limited PHbdf, the prediction of
persistence/recurrence. Thus, mutated BRAF doesepoésent a significant
addition to current prognostic systems and its rd@tetion is not routinely
recommended from the latest 2015 ATA guidelinesu@t¢am et al. 2016).
Given this body of evidence, searching for novellaoolar prognosticators
with high specificity and PPV for persistent/reant disease is the major
objective of this research field. Furthermore, roolar prognostication of
DTC is exclusively based on tissue markers, butessibility to tumour
samples is not always feasible. Therefore, progidion-tissutal prognostic
markers, easily available independently from tismigeval, would represent a

relevant advantage.
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Given that Haploview program just calculateslikelihood of the haplotipic
phase of each individual for allowing inferentialatyses, it cannot provide
molecular markers useful for the characterizatibmdividual risk in clinical
practice. Therefore, basing on information obtaingd single SNP and
haplotype analysis, we constructed “risk” genotypgscombining VEGF-A
SNPs -2578 C>A, -460 T>C, and +405 G>C (which wereD) according to
a recessive model (given that minor homozygousamgsiof 2 of these SNPs
had revealed significant prognostic value), aneésssd their prognostic impact
on the occurrence of recurrent structural diseasstage I-Il and ATA low-
intermediate risk DTC patients. As expected, ACGgenotype conferred
protection against structural recurrence in botlbgsoups, whereas the
CTG+/+ conferred significantly higher risk of sttual recurrence in stage |-
and was deleterious also in ATA low-intermediatek rsubjects, where we
attributed the lack of statistical significance ttee low number of subjects
harbouring the genotype. To further reinforce thdst, we proposed a model
of multivariate regression analysis focusing on subgroup of ATA low-
intermediate risk patients. Indeed, ATA classificatis specifically based on
prediction of disease recurrence, which represgr@sendpoint of our study.
Given that we have found prognostic role and seedl| about biological
impact of identified genetic markers in DTC patgentith “early” disease, we
decided to adjust prognostic impact of the genoty@G+/+, the only
achieving statistical significance, for the 2 mpnognostic features of “early”
DTC, namely tumour size and multifocality (Ito ét 2012; Mazzaferri 2007,
Roti et al. 2008). Notably, the marker retained protective effect after
adjustment, and this partially attests the indepah@rognostic role of VEGF-
A genetic variability. Indeed, this result is liet by the fact that restricting
analysis only to patients with low risk accordingATA was not feasible given
the too low number of patients harbouring the gekotype.

In order to assess prognostic accuracy and camp@se markers to the
current set of variables available for DTC progiuadion, we calculated PPV
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and NPV for recurrent structural disease. As exgmkdtom the association
with reduced risk of recurrence, ACG+/+ genotypevetd considerable NPV
but extremely poor PPV. Therefore, this markerasuseful for selecting those
patients with significant risk of recurrence. Howemt may be included within
the set of variables considered for quantifying tis& estimate of recurrence
according to the “continuum of risk” model. Morelenantly, CTG+/+
genotype displayed not only considerable NPV, WHsb acceptable PPV,
which was 42.8% and 33.3% in stage I-Il and ATA lmotermediate risk
subjects, respectively. According to our analysiki¢h needs to be confirmed
and possibly refined by further studies) and to best of our knowledge,
CTG+/+ genotype represents the most powerful mtdecnarker allowing the
identification of those patients affected with lgaiDTC (stage I-1l and ATA
low-intermediate risk are considered under thignitedn) who will develop
structural recurrence. Indeed, the BRAF mutatcamrently considered as the
best molecular prognosticator in this field, showdeV of only 25% in the
largest meta-analysis available to date (Tufanal.e2012). Despite being the
highest reported for a molecular marker (accordangur knowledge), PPV of
CTG+/+ genotype for disease recurrence is acceptabit still limited.
Therefore, future studies about its associatiom BRAF°°F as well as other
molecular features having prognostic relevance (netations of p53 and
TERT promoter) are mandatory for verifying possibterrelation and
prognostic empowerment from markers combination.

Importantly, clinical management of many subgoof patients included in
the heterogeneous group of “early” DTC presentsersgvcontroversies
(McLeod et al. 2013). Particularly, the absenceanidomized controlled trials
makes challenging several therapeutic aspectsjdimg the extent of surgery
(Barney et al. 2011; Bilimoria et al. 2007; Haighak 2005; Mendelsohn et al.
2010), prophylactic central node dissection (Perghal. 2009; Popadich et al.
2011; Shan et al. 2012; Zetoune et al. 2010), aAdtiRatment (Sacks et al.
2010; Sawka et al. 2008). Therefore, an improvementhe capability of
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predicting disease recurrence represents a reldwaakthrough, as it may
significantly optimize clinical decision-making. Flaermore, the selection of a
subgroup of patients with higher risk of diseasgineence by means of genetic
features affecting VEGF-A activity, may provide ttationale for testing new
therapeutic strategies based on the introductiortredtments specifically
targeting the VEGF-A, such as the neutralizing oty bevacizumab. To
date, anti-angiogenic treatment of DTC exclusivedyies on the use of
tyrosine-kinase inhibitors, which are multimodalugls exerting anticancer
activity by means of both anti-proliferative andtiaangiogenic function
(Smith et al. 2004). Up to now, these compoundsngoesorafenib and
lenvatinib those approved by the BSod and Drug Administration, have been
exclusively used in the uncommon setting of RAkaefory macro-metastatic
patients showing morphological disease progressidharotta et al. 2012;
Marotta et al. 2015). Therefore, they are not pairtthe conventional
therapeutic approach. Nevertheless, the use of VE®Ibckage, mainly by
means of bevacizumab, has been tested and, in sas®& introduced into
clinical practice in the adjuvant setting of sevdtanour models (Jain et al.
2006). The validation of CTG+/+ genotype as predictf significant risk of
recurrence among DTC patients with an initially rigadisease may justify
the planning of randomized clinical trial assessimg impact of bevacizumab,
administered as adjuvant treatment after thyromhagt on the rate of disease

recurrence.
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6. Conclusions

This is the first study assessing possible poetio impact of a set of
germline SNPs of angiogenesis-related genes, naMEgF-A, VEGFR-2,
and PDGFRy, on clinical outcome of a large cohort of DTC pats.

We found that analysis of germline VEGF-A SNPaymprovide stable and
easily accessible prognostic markers in the setiintgarly” DTC, including
patients with AJCC/UICC stage I-1l and ATA low-inteediate risk of disease
recurrence. Particularly, single-SNP, haplotypes, @mbined-SNPs analyses,
led to the identification of 2 molecular markergiwpossible role in prognostic
stratification of DTC. These include the ACG homgays genotype, termed
ACG+/+, and the CTG homozygous genotype, termed €¥&f the SNPs -
2578 C>A (rs699947), -460 T>C (rs833061), and +48C (rs2010963).
Both these markers showed significant associatiith the rate of structural
recurrences, with the ACG+/+ being the protectieaalype and the CTG+/+
conferring higher risk of recidivism. Of them, theTG+/+ may more
relevantly impact on clinical practice, as it shovibe highest PPV for disease
recurrence reported to date for any molecular preticator, thus improving
the capability to discriminate “early” DTC patientsho will develop
recurrences after thyroid ablation, which represémé main aim of prognostic
definition of DTC. The validation of this markerdits combination with other
genetic features may facilitate decision-makinghefse patients, which is still
challenging regarding several therapeutic aspeugsortantly, the relevance of
VEGF-A genetic variability, affecting gene functian the early phase of the
disease may providationale for introducing VEGF-A targeted therapy in this
setting.

Data about prognostic impact of VEGF-A SNPsadvanced” disease were
partial and not conclusive, given that study cohuodinly included patients
with “early” disease. Nevertheless, single-SNP ysislsuggested absent or,
even, deleterious prognostic value for SNPs -25%8 @nd -460 T>C, which

were, indeed, protective in “early” DTC. It is caivable that this discrepancy
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was related to the loss of VEGF-A dependency of taamcer-related
angiogenic process and/or to modified productiontrahscription factors

affecting VEGF-A expression, which may occur in aleed tumours.
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This is a series of clinical papers dealing withrent role of anti-
angiogenic treatment in endocrine tumours, and ispaty in DTC.

This is consistent with the submitted thesis, whalojective is also to
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mechanisms of angiogenesis in DTC. Particularly, ywevided
innovative insights about treatment strategies,etbasn the use of
tyrosine-kinase inhibitors, to be applied in théisg of DTC refractory
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