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GENETIC VARIANTS USEFUL FOR RISK ASSESSMENT OF
THYROID CANCER '

INTRODUCTION

Thyroid cancer

Thyroid carcinoma is the most common classical endocrine malignancy, and its incidence has
been rising rapidly in the US as well as other industrialized countries over the past few decades.
Thyroid cancers are classified histologically into four groups: papillary, follicular, meduliary, and
undifferentiated or anaplastic thyroid carcinomas (DelLellis, R. A., J Surg Oncol, 94, 662 (2006)).
Papillary and follicular carcinomas (including the Hiirthle-cell variant) are collectively known as
differentiated thyroid cancers, and they account for approximately 95% of incident cases
(Delellis, R. A., J Surg Oncol, 94, 662 (2006)). In 2008, it is expected that over 37,000 new
cases will be diagnosed in the US, about 75% of them being females (the ratio of males to
females is 1:3.2) (Jemal, A., et al., Cancer statistics, 2008. CA Cancer J Clin, 58: 71-96,
(2008)). If diagnosed at an early stage, thyroid cancer is a well manageable disease with a 5-
year survival rate of 97% among all patients, yet it is expected that close to 1,600 individuals
will die from this disease in 2008 in the US (Jemal, A., et al., Cancer statistics, 2008. CA Cancer
J Clin, 58:; 71-96, (2008)). Survival rate is poorer (~40%) among individuals that are diagnosed
with a more advanced disease: i.e. individuals with large, invasive tumors and/or distant
metastases have a 5-year survival rate of *40% (Sherman, S. 1., et al., 3rd, Cancer, 83, 1012
(1998), Kondo, T., Ezzat, S., and Asa, S. L., Nat Rev Cancer, 6, 292 (2006)). For radioiodine-
resistant metastatic disease there is no effective treatment and the 10-year survival rate among
these patients is less than 15% (Durante, C., et al., J Clin Endocrinol Metab, 91, 2892 (2006)).
Thus, there is a need for better understanding of the molecular causes of thyroid cancer

progression to develop new diagnostic tools and better treatment options.

Although relatively rare (1% of all malignancies in the US), the incidence of thyroid cancer more
than doubled between 1984 and 2004 in the US; due almost entirely to an increase in papillary
thyroid carcinoma diagnoses (SEER web report; Ries L, Melbert D, Krapcho M et al (2007) SEER
cancer statistics review, 1975-2004. National Cancer Institute, Bethesda, MD,
http://seer.cancer.gov/csr/1975_2004/, based on November 2006 SEER data submission).
Between 1995 and 2004, thyroid cancer was the third fastest growing cancer diagnosis, behind
only peritoneum, omentum, and mesentery cancers and “other” digestive cancers [SEER web
report]. Similarly dramatic increases in thyroid cancer incidence have also been observed in
Canada, Australia, Israel, and several European countries (Liu, S., et al., Br J Cancer, 85, 1335
(2001), Burgess, J. R., Thyroid, 12, 141 (2002), Lubina, A., et al., Thyroid, 16, 1033 (2006),
Colonna, M., et al., Eur J Cancer, 38, 1762 (2002), Leenhardt, L., et al., Thyroid, 14, 1056
(2004), Reynolds, R. M., et al., Clin Endocrinol (Oxf), 62, 156 (2005), Smailyte, G., et al., BMC
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Cancer, 6, 284 (2006)). The factors underlying this epidemic are not well understood. In the
apparent absence of increases in known risk factors, scientists have widely speculated that
changing diagnostic practices may be responsible (Davies, L. and Welch, H. G., Jama, 295, 2164
(2006), Verkooijen, H. M., et al., Cancer Causes Control, 14, 13 (2003)).

The primary known risk factor for thyroid cancer is radiation exposure. Potential sources of
exposure include radiation used in diagnostic and therapeutic medicine, as well as radioactive
fallout from nuclear explosions. However, neither source appears to have increased over the past
two decades in the US. Radiation therapy to the head and neck for benign childhood conditions,
once common in the US, declined after the early 1950s (Zheng, T., et al., Int J Cancer, 67, 504
(1996)). Similarly, atmospheric testing of nuclear weapons in the United States ceased in 1963
with the signing of the Limited Test Ban Treaty. The effect of such nuclear testing on thyroid
cancer rates, though not entirely clear, is thought to be limited (Gilbert, E. S., et al., J Natl/
Cancer Inst, 90, 1654 (1998), Hundahl, S. A., CA Cancer J Clin, 48, 285 (1998), Robbins, 1. and
Schneider, A. B., Rev Endocr Metab Disord, 1, 197 (2000)).

The rise in thyroid cancer incidence might be attributable to increased detection of sub-clinical
cancers, as opposed to an increase in the true occurrence of thyroid cancer (Davies, L. and
Welch, H. G., Jama, 295, 2164 (2006)). Thyroid cancer incidence within the US has been rising
for several decades, yet mortality has stayed relatively constant (Davies, L. and Welch, H. G.,
Jama, 295, 2164 (2006)). The introduction of ultrasonography and fine-needle aspiration biopsy
in the 1980s improved the detection of small nodules and made cytological assessment of a
hodule more routine (Rojeski, M. T. and Gharib, H., N Engl J Med, 313, 428 (1985), Ross, D. S,
J Clin Endocrinol Metab, 91, 4253 (2006)). This increased diagnostic scrutiny may allow early
detection of potentially lethal thyroid cancers. However, several studies report thyroid cancers as
a common autopsy finding (up to 35%) in persons without a diagnosis of thyroid cancer (
Bondeson, L. and Ljungberg, O., Cancer, 47, 319 (1981), Harach, H. R, et al., Cancer, 56, 531
(1985), Solares, C. A., et al., Am J Otolaryngol, 26, 87 (2005) and Sobrinho-Simoes, M. A.,
Sambade, M. C., and Goncalves, V., Cancer, 43, 1702 (1979)). This suggests that many people
live with sub-clinical forms of thyroid cancer which are of little or no threat to their health.

The somatic genetic defects believed to be responsible for PTC initiation have been identified in
the majority of cases; these include genetic rearrangements involving the tyrosine kinase
domain of RET and activating mutations of BRAF and RAS ( Kondo, T., Ezzat, S., and Asa, S. L.,
Nat Rev Cancer, 6, 292 (2006), Tallini, G., Endocr Pathol, 13, 271 (2002)., Fagin, J. A., Mol
Endocrinol, 16, 903 (2002)). Although some correlation studies support an association between
specific genetic alterations and aggressive cancer behavior (Nikiforova, M. N., et al., J Clin
Endocrinol Metab, 88, 5399 (2003), Trovisco, V., et al., J Pathol, 202, 247 (2004), Garcia-
Rostan, G., et al., J Clin Oncol, 21, 3226 (2003), Nikiforov, Y. E., Endocr Pathol, 13, 3 (2002)),
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there are a number of events that are found nearly exclusively in aggressive PTCs, including
mutations of P53 ( Fagin, J. A., et al., J Clin Invest, 91, 179 (1993), La Perle, K. M., et al., Am J
Pathol, 157, 671 (2000)), dysregulated B-catenin signaling (Karim, R., et al., Pathology, 36, 120
(2004)), up-regulation of cyclin D1 ( Khoo, M. et al., J Clin Endocrinol Metab, 87, 1810 (2002))‘,
and overexpression of metastasis-promoting, angiogenic; and/or cell adhesion-related genes (
Klein, M., et al., J Clin Endocrinol Metab, 86, 656 (2001), Yu, X. M., et al., Clin Cancer Res, 11,
8063 (2005), Guarino, V., et al., J Clin Endocrinol Metab, 90, 5270 (2005), Brabant, G., et al.,
Cancer Res, 53, 4987 (1993), Scheumman, G. F., et al., J Clin Endocrinol Metab, 80, 2168
(1995), Maeta, H., Ohgi, S., and Terada, T., Virchows Arch, 438, 121 (2001) and Shiomi, T. and
Okada, Y., Cancer Metastasis Rev, 22, 145 (2003)). It has also been demonstrated that invasive
regions of primary PTCs are frequently characterized by enhanced Akt activity and cytosolic p27/
localization ( Ringel, M. D., et al., Cancer Res, 61, 6105 (2001), Vasko, V., et al., J Med Genet,
41, 161 (2004)). The functional roles for PI3 kinase, Akt, and p27 in PTC cell invasion in vitro
has also been demonstrated ( Guarino, V., et al., J Clin Endocrinol Metab, 90, 5270 (2005),
Vitagliano, D., et al., Cancer Res, 64, 3823 (2004), Motti, M. L., et al., Am J Pathol, 166, 737
(2005)). However, the correlation between increased Akt activity and invasion was not found for
PTCs with activating BRAF mutations. Most importantly, these focused studies do not address the
more global question of which biological functions and signaling pathways are altered in invasive
PTC cells.

Medullary Thyroid Cancer

Of all thyroid cancer cases, 2% to 3% are of the medullary type (medullary thyroid cancer MTC)
( Hundahl, S. A., et al., Cancer, 83, 2638 (1998)). Average survival for MTC is lower than that
for more common thyroid cancers, e.g., 83% 5-year survival for MTC compared to 90% to 94%
5-year survival for papillary and follicular thyroid cancer ( Hundahl, S. A., et al., Cancer, 83,
2638 (1998), Bhattacharyya, N., Otolaryngol Head Neck Surg, 128, 115 (2003)). Survival is
correlated with stage at diagnosis, and decreased survival in MTC can be accounted for in part by
a high proportion of late-stage diagnoses ( Hundahl, S. A., et al., Cancer, 83, 2638 (1998),
Bhattacharyya, N., Otolaryngol Head Neck Surg, 128, 115 (2003), Modigliani, E., et al., J Intern
Med, 238, 363 (1995)). A Surveillance, Epidemiology, and End Results (SEER) population-based
study of 1,252 medullary thyroid cancer patients found that survival varied by extent of local
disease. For example, the 10-year survival rates ranged from 95.6% for disease confined to the
thyroid gland to 40% for those with distant metastases (Roman, S., Lin, R., and Sosa, J. A.,

Cancer, 107, 2134 (2006)).

MTC arises from the parafollicular calcitonin-secreting cells of the thyroid gland. MTC occurs in
sporadic and familial forms and may be preceded by C-cell hyperplasia (CCH), though CCH Is a

relatively common abnormality in middle-aged adults. In a population-based study in Sweden,
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26% of patients with MTC had the familial form (Bergholm, U., Bergstrom, R., and Ekbom, A.,
Cancer, 79, 132 (1997)). A French national registry and a U.S. clinical series both reported a
higher proportion of familial cases (43% and 44%, respectively) (Modigliani, E., et al., J Intern
Med, 238, 363 (1995), Kebebew, E., et al., Cancer, 88, 1139 (2000)). Familial cases often
indicate the presence of multiple endocrine neoplasia type 2, a group of autosomal dominant
genetic disorders caused by inherited mutations in the RET proto-oncogene (OMIM, online

mendelian inheritance in men (http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim)).

Anaplastic thyroid cancer

Anaplastic tumors are the least common (about 0.5 to 1.5%) and most deadly of all thyroid _
cancers. This cancer has a very low cure rate with the very best treatments allowing only 10 %
of patients to be alive 3 years after it is diagnosed. Most patients with anaplastic thyroid cancer
do not live one year from the day they are diagnosed. Anaplastic thyroid cancer often arises
within a more differentiated thyroid cancer or even within a goiter. Like papillary cancer,
anaplastic thyroid cancer may arise many years (>20) following radiation exposure. Cervical
metastasis (spread of the cancer to lymph nodes in the neck) are present in the vast majority
(over 90%) of cases at the time of diagnosis. The presence of lymph node metastasis in these
cervical areas causes a higher recurrence rate and is predictive of a high mortality rate

(Endocrine web, (http://wvyw.endocrineweb.com/caana.html)).

Genetic risk is conferred by subtle differences in the genome among individuals in a population.
Genomic differences between individuals are most frequently due to single nucleotide
polymorphisms (SNP), although other variations, such as copy number variations (CNVs) are
also important. SNPs are located on average every 1000 base pairs in the Ijuman genome.
Accordingly, a typical human gene containing 250,000 base pairs may contain 250 different
SNPs. Only a minor number of SNPs are located in exons and alter the amino acid sequence of
the protein encoded by the gene. Most SNPs may have little or no effect on gene function, while
others may alter transcription, splicing, translation, or stability of the mRNA encoded by the
gene. Additional genetic polymorphism in the human genome is caused by insertions, deletions,
translocations, or inversions of either short or long stretches of DNA. Genetic polymorphisms
conferring disease risk may therefore directly alter the amino acid sequence of proteins, may
increase the amount of protein produced from the gene, or may decrease the amount of protein

produced by the gene.

As genetic polymorphisms conferring risk of common diseases are uncovered, genetic testing for
such risk factors is becoming important for clinical medicine. Exampies are apolipoprotein E
testing to identify genetic carriers of the apoE4 polymorphism in dementia patients for the
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differential diagnosis of Alzheimer’s disease, and of Factor V Leiden testing for predisposition to
deep venous thrombosis. More importantly, in the treatment of cancer, diagnosis of genetic
variants in tumor cells is used for the selection of the most appropriate treatment regime for the
individual patient. In breast cancer, genetic variation in estrogen receptor expression or
heregulin type 2 (Her2) receptor tyrosine kinase expression determine if anti-estrogenic drugs
(tamoxifen) or anti-Her2 antibody (Herceptin) will be incorporated into the treatment plan. In
chronic myeloid leukemia (CML) diagnosis of the Philadelphia chromosome genetic translocation
fusing the genes encoding the Bcr and Abl receptor tyrosine kinases indicates that Gleevec
(STI571), a specific inhibitor of the Bcr-Abl kinase should be used for treatment of the cancer.
For CML patients with such a genetic alteration, inhibition of the Bcr-Abl kinase leads to rapid

elimination of the tumor cells and remission from leukemia.

There is an unmet need for genetic variants that confer susceptibility of thyroid cancer. Such
variants are expected to be useful for risk management of thyroid cancer, based on the utility
that individuals at particular risk of developing thyroid cancer can be identified. The present

invention provides such susceptibility variants.

SUMMARY OF THE INVENTION

The present invention relates to methods of risk management of thyroid cancer, based on
the discovery that certain genetic variants are correlated with risk of thyroid cancer. Thus, the
invention includes methods of determing an increased susceptibility or increased risk of thyroid
cancer, as well as methods of determining a decreased susceptibility of thyroid cancer, through
evaluation of certain markers that have been found to be correlated with susceptibility of thyroid
cancer in humans. Other aspects of the invention relate to methods of assessing prognosis of
individuals diagnosed with thyroid cancer, methods of assessing the probability of response to a
therapeutic agents or therapy for thyroid cancer, as well as methods of monitoring progress of

treatment of individuals diagnosed with thyoroid cancer.

In one aspect, the present invention relates to a method of diagnosing a susceptibility to thyroid
cancer in a human individual, the method comprising determining the presence or absence of at
least one allele of at least one polymorphic marker on selected from rs965513 (SEQ ID NO:1),
and markers in linkage disequilibrium therewith, in a nucleic acid sample obtained from the
individual, wherein the presence of the at least one allele is indicative of a susceptibility to
thyroid cancer. The invention also relates to a method of determining a susceptibility to thyroid
cancer, by determining the presence or absence of at least one allele of at least one polymorphic
selected from rs965513 (SEQ ID NO:1), and markers in linkage disequilibrium therewith,
wherein the determination of the presence of the at least one allele is indicative of a

susceptibility to thyroid cancer.
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In another aspect the invention further relates to a method for determining a susceptibility to
thyroid cancer in a human individual, comprising determining whether at least one allele of at
least one polymorphic marker is present in a nucleic acid sample obtained from the individual, or
in a genotype dataset derived from the individual, wherein the at least one polymorphic marker
is selected from rs965513 (SEQ ID NO:1), and markers in linkage disequilibrium therewith, and
wherein the presence of the at least one allele is indicative of a susceptibility to thyroid cancer

for the individual.

In another aspect, the invention relates to a method of determining a susceptibility to thyroid
cancer in a human individual, comprising determining whether at least one at-risk allele in at
least one polymorphic marker is present in a genotype dataset derived from the individual,
wherein the at least one polymorphic marker is selected from markers rs965513 (SEQ ID NO:1),
and markers in linkage disequilibrium therewith, and wherein determination of the presence of
the at least one at-risk allele is indicative of increased susceptibility to thyroid cancer in the

individual.

The genotype dataset comprises in one embodiment information about marker identity and the
allelic status of the individual for at least one allele of a marker, i.e. information about the
identity of at least one allele of the marker in the individual. The genotype dataset may
comprise allelic information (information about allelic status) about one or more marker,
including two or more markers, three or more markers, five or more markers, ten or more
markers, one hundred or more markers, an so on. In some embodiments, the genotype dataset
comprises genotype information from a whole-genome assessment of the individual, that may
include hundreds of thousands of markers, or even one million or more markers spanning the

entire genome of the individual.

In certain embodiments, the at least one polymorphic marker is associated with the FoxE1 gene.

Another aspect of the invention relates to a method of determining a susceptibility to thyroid

cancer in @ human individual, the method comprising:

obtaining nucleic acid sequence data about a human individual identifying at least one allele of at
least one polymorphic marker selected from rs965513 (SEQ ID NO:1), and markers in linkage
disequilibrium therewith, wherein different alleles of the at least one polymorphic marker are

associated with different susceptibilities to thyroid cancer in humans, and
determining a susceptibility to thyroid cancer from the nucleic acid sequence data.

The invention also relates to a method of determining a susceptibility to thyroid cancer in a
human individual, the method comprising obtaining nucleic acid sequence data about a human

individual identifying at least one allele of at least one polymorphic marker associated with the
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FoxE1l gene, wherein different alleles of the at least one polymorphic marker are associated with
different susceptibilities to thyroid cancer in humans, and determining a susceptibility to thyroid

cancer from the nucleic acid sequence data.

In general, polymorphic genetic markers lead to alternate sequences at the nucleic acid level. If
the nucleic acid marker changes the codon of a polypeptide encoded by the nucleic acid, then the
marker will also result in alternate sequence at the amino acid level of the encoded polypeptide
(polypeptide markers). Determination of the identity of particular alleles at polymorphic markers
in a nucleic acid or particular alleles at polypeptide markers comprises whether particular alleles
are present at a certain position in the sequence. Sequence data identifying a particular allele at
a marker comprises sufficient sequence to detect the particular allele. For single nucleotide
polymorphisms (SNPs) or amino acid polymorphisms described herein, sequence data can
comprise sequence at a single position, i.e. the identity of a nucleotide or amino acid at a single
position within a sequence. The sequence data can optionally include information about

sequence flanking the polymorphic site, which in the case of SNPs spans a single nucleotide.

In certain embodiments, it may be useful to determine the nucleic acid sequence for at least two
polymorphic markers. In other embodiments, the nucleic acid sequence for at least three, at
least four or at least five or more polymorphic markers is determined. Haplotype information
can be derived from an analysis of two or more polymorphic markers. Thus, in certain
embodiments, a further step is performed, whereby haplotype information is derived based on

sequence data for at least two polymorphic markers.

The invention also provides a method of determining a susceptibility to thyroid cancer in a
human individual, the method comprising obtaining nucleic acid sequence data about a human
individual identifying both alleles of at least two polymorphic markers selected from rs965513
(SEQ ID NO:1), and markers in linkage disequilibrium therewith, determine the identity of at
least one haplotype based on the sequence data, and determine a susceptibility to thyroid cancer

from the haplotype data.

In certain embodiments, determination of a susceptibility comprises comparing the nucleic acid
sequence data to a database containing correlation data between the at least one polymorphic
marker and susceptibility to thyroid cancer. In some embodiments, the database comprises at
least one risk measure of susceptibility to thyroid cancer for the at least one marker. The
sequence database can for example be provided as a look-up table that contains data that
indicates the susceptibility of thyroid cancer for any one, or a plurality of, particular
polymorphisms. The database may also contain data that indicates the susceptibility for a

particular haplotype that comprises at least two polymorphic markers.

Obtaining nucleic acid sequence data can in certain embodiments comprise obtaining a biological

sample from the human individual and analyzing sequence of the at least one polymorphic
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marker in nucleic acid in the sample. Analyzing sequence can comprise determining the
presence or absence of at least one allele of the at least one polymorphic marker. Determination
of the presence of a particular susceptibility allele (e.g., an at-risk allele) is indicative of
susceptibility to thyroid cancer in the human individual. Determination of the absence of a
particular suscepbility allele is indicative that the particular susceptibility due to the at least one

polymorphism is not present in the individual.

In some embodiments, obtaining nucleic acid sequence data comprises obtaining nucleic acid
sequence information from a preexisting record. The preexisting record can for example be a
computer file or database containing sequence data, such as genotype data, for the human

individual, for at least one polymorphic marker.

Susceptibility determined by the diagnostic methods of the invention can be reported to a
particular entity. In some embodiments, the at least one entity is selected from the group
consisting of the individual, a guardian of the individual, a genetic service provider, a physician,

a medical organization, and a medical insurer.

In certain embodiments of the invention, determination of a susceptibility comprises comparing
the nucleic acid sequence data to a database containing correlation data between the at least
one polymorphic marker and susceptibility to thyroid cancer. In one such embodiment, the
database comprises at least one risk measure of susceptibility to thyroid cancer for the at least
one polymorphic marker. In another embodiment, the database comprises a look-up table
containing at least one risk measure of the at least one condition for the at least one

polymorphic marker.

In certain embodiments, obtaining nucleic acid sequence data comprises obtaining a biological
sample from the human individual and analyzing sequence of the at least one polymorphic
marker in nucleic acid in the sample. Analyzing sequence of the at least one polymorphic marker
can comprise determining the presence or absence of at least one allele of the at least one
polymorphic marker. Obtaining nucleic acid sequence data can also comprise obtaining nucleic

acid sequence information from a preexisting record.

Certain embodiments of the invention relate to obtaining nucleic acid sequence data about at
least two polymorphic markers selected from rs965513 (SEQ ID NO:1), and markers in linkage

disequilibrium therewith.

In certain embodiments of the invention, the at least one polymorphic marker is selected from
the markers set forth in Table 2. In one embodiment, the at least one polymorphic marker is
selected from the markers as set forth in SEQ ID NO:1-229. In one embodiment, the at least
one marker is in linkage disequilibrium with at least one of rs965513 (SEQ ID NO:1), rs907580
(SEQ ID NO:2) and rs7024345 (SEQ ID NO:3). In another embodiment, the at least one marker

is in linkage disequilibrium with at least one marker selected from the group consisting of
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rs965513 (SEQ ID NO:1), rs10759944 (SEQ ID NO:17), rs907580 (SEQ ID NO:2), rs10984103
(SEQ ID NO:37), rs925487 (SEQ ID NO:34), rs7024345 (SEQ ID NO:3) and rs1443434 (SEQ ID
NO:30). In one embodiment the at least one marker is selected from the group consisting of
rs965513 (SEQ ID NO:1), rs10759944 (SEQ ID NO:17), rs907580 (SEQ ID NO:2), rs10984103
(SEQ ID NO:37), rs925487 (SEQ ID NO:34), rs7024345 (SEQ ID NO:3) and rs1443434 (SEQ ID
NO:30).

In certain embodiments of the invention, a further step of assessing the frequency of at least
one haplotype in the individual is performed. In such embodiments, two or more markers,
including three, four, five, six, seven, eight, nine or ten or more markers can be included in the
haplotype. In certain embodiments, the at least one haplotype comprises markers selected from
the group consisting of rs965513 (SEQ ID NO:1), rs10759944 (SEQ ID NO:17), rs907580 (SEQ
ID NO:2), rs10984103 (SEQ ID NO:37), rs925487 (SEQ ID NO:34), rs7024345 (SEQ ID NO:3)
and rs1443434 (SEQ ID NO:30), and markers in linkage disequilibrium therewith. In certain
such embodiments, the at least one haplotype is representative of the genomic strucure of a
particular genomic region (such as an LD block), to which any one of the above-mentioned

markers reside.

The markers conferring risk of thyroid cancer, as described herein, can be combined with other
genetic markers for thyroid cancer. Such markers are typically not in linkage disequilibrium with
any one of the markers described herein, in particular markers rs965513 (SEQ ID NO:1),
rs907580 (SEQ ID NO:2) and rs7024345 (SEQ ID NO:3)ID NO:6), rs9956546 (SEQ ID NO:7),
rs11912922 (SEQ ID NO:8), rs6001954 (SEQ ID NO:9). Any of the methods described herein
can be practiced by combining the genetic risk factors described herein with additional genetic

risk factors for thyroid cancer.

Thus, in certain embodiments, a further step is included, comprising determining whether at
least one at-risk allele of at least one at-risk variant for thyroid cancer not in linkage
disequilibrium with any one of the markers rs965513 (SEQ ID NO:1), rs907580 (SEQ ID NO:2)
and rs7024345 (SEQ ID NO:3) present in a sample comprising genomic DNA from a human
individual or a genotype dataset derived from a human individual. In other words, genetic
markers in other locations in the genome can be useful in combination with the markers of the
present invention, so as to determine overall risk of thyroid cancer based on multiple genetic
variants. In one embodiment, the at least one at-risk variant for thyroid cancer is not in linkage
disequilibrium with marker rs965513 (SEQ ID NO:1). Selection of markers that are not in
linkage disequilibrium (not in LD) can be based on a suitable measure for linkage disequilibrium,
as described further herein. In certain embodiments, markers that are not in linkage
disequilibrium have values for the LD measure r’ correlating the markers of less than 0.2. In
certain other embodiments, markers that are not in LD have values for r’ correlating the markers
of less than 0.15, including less than 0.10, less than 0.05, less than 0.02 and less than 0.01.
Other suitable numerical values for establishing that markers are not in LD are contemplated,

including values bridging any of the above-mentioned values.
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In one embodiment, assessment of one or more of the markers described herein is combined
with assessment of marker rs944289 on chromosome 14q13.3, or a marker in linkage

disequilibrium therwith, is performed, to establish overall risk.

In certain embodiments, multiple markers as described herein are determined to determine
overall risk of thyroid cancer. Thus, in certain embodiments, an additional step is included, the
step comprising determining whether at least one allele in each of at least two polymorphic
markers is present in a sample comprising genomic DNA from a human individual or a genotype
dataset derived from a human individual, wherein the presence of the at least one allele in the at
least two polymorphic markers is indicative of an increased susceptibility to thyroid cancer. In
one embodiment, the markers are selected from the group consisting of rs965513 (SEQ ID
NO:1), and markers in linkage disequilibrium therewith. In one embodiment, the markers are

selected from the group consisting of the markers set forth in Table 2.

The genetic markers of the invention can also be combined with non-genetic information to
establish overall risk for an individual. Thus, in certain embodiments, a further step is included,
comprising analyzing non-genetic information to make risk assessment, diagnosis, or prognosis
of the individual. The non-genetic information can be any information pertaining to the disease
status of the individual or other information that can influence the estimate of overall risk of
thyroid cancer for the individual. In one embodiment, the non-genetic inform‘ation is selected
from age, gender, ethnicity, socioeconomic status, previous disease diagnosis, medical history of

subject, family history of thyroid cancer, biochemical measurements, and clinical measurements.

The invention also provides computer-implemented aspects. In one such aspect, the invention
provides a computer-readable medium having computer executable instructions for determining
susceptibility to thyroid cancer in an individual, the computer readable medium comprising:

data representing at least one polymorphic marker; and a routine stored on the computer
readable medium and adapted to be executed by a processor to determine susceptibility to
thyroid cancer in an individual based on the allelic status of at least one allele of said at least one

polymorphic marker in the individual.

In one embodiment, said data representing at least one polymorphic marker comprises at least
one parameter indicative of the susceptibility to thyroid cancer linked to said at least one
polymorphic marker. In another embodiment, said data representing at least one polymorphic
marker comprises data indicative of the allelic status of at least one allele of said at least one
allelic marker in said individual. In another embodiment, said routine is adapted to receive input
data indicative of the allelic status for at least one allele of said at least one allelic marker in said
individual. In a preferred embodiment, the at least one marker is selected from rs965513 (SEQ
ID NO:1), and markers in linkage disequilibrium therwith. In another preferred embodiment, the

at least one polymorphic marker is selected from the markers set forth in Table 2.
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The invention further provides an apparatus for determining a genetic indicator for thyroid

cancer in a human individual, comprising:
a processor,

a computer readable memory having computer executable instructions adapted' to be executed
on the processor to analyze marker and/or haplotype information for at least one human

individual with respect to thyroid cancer, and

generate an output based on the marker or haplotype information, wherein the output comprises
a risk measure of the at least one marker or haplotype as a genetic indicator of thyroid cancer
for the human individual. In one embodiment, the computer readable memory comprises data
indicative of the frequency of at least one allele of at least one polymorphic marker or at least
one haplotype in a plurality of individuals diagnosed with thyroid cancer, and data indicative of
the frequency of at the least one allele of at least one polymorphic marker or at least one
haplotype in a plurality of reference individuals, and wherein a risk measure Is based on a
comparison of the at least one marker and/or haplotype status for the human individual to the
data indicative of the frequency of the at least one marker and/or haplotype information for the
plurality of individuals diagnosed with thyroid cancer. In one embodiment, the computer
readable memory further comprises data indicative of a risk of developing thyroid cancer
associated with at least one allele of at least one polymorphic marker or at least one haplotype,
and wherein a risk measure for the human individual is based on a comparison of the at least
one marker and/or haplotype status for the human individual to the risk associated with the at
least one allele of the at least one polymorphic marker or the at least one haplotype. In another
embodiment, the computer readable memory further comprises data indicative_of the frequency
of at least one allele of at least one polymorphic marker or at least one haplotype in a plurality of
individuals diagnosed with thyroid cancer, and data indicative of the frequency of at the least one
allele of at least one polymorphic marker or at least one haplotype in a plurality of reference
individuals, and wherein risk of developing thyroid cancer is based on a comparison of the
frequency of the at least one allele or haplotype in individuals diagnosed with thyroid cancer, and
reference individuals. In a preferred embodiment, the at least one marker is selected from the
group consisting of rs965513 (SEQ ID NO:1), and markers in linkage disequilibrium therewith.

In another preferred embodiment, the at least one polymorphic marker is selected from the

group consisting of the markers set forth in Table 2.

In another aspect, the invention relates to a method of identification of a marker for use in
assessing susceptibility to thyroid cancer, the method comprising: identifying at least one
polymorphic marker in linkage disequilibrium with at least one of rs965513 (SEQ ID NO:1),
rs907580 (SEQ ID NO:2) and rs7024345 (SEQ ID NO:3); determining the genotype status of a
sample of individuals diagnosed with, or having a susceptibility to, thyroid cancer; and
determining the genotype status of a sample of control individuals; wherein a significant
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difference in frequency of at least one allele in at least one polymorphism in individuals
diagnosed with, or having a susceptibility to, thyroid cancer, as compared with the frequency of
the at least one allele in the control sample is indicative of the at least one polymorphism being
useful for assessing susceptibility to thyroid cancer. Significant difference can be estimated on
statistical analysis of allelic counts at certain polymorphic markers in thyroid cancer patients and
controls. In one embodiment, a significant difference is based on a calculated P-value between
thyroid cancer patients and controls of less than 0.05. In other embodiments, a significant
difference is based on a lower value of the calculated P-value, such as less than 0.005, 0.0005,
or less than 0.00005. In one embodiment, an increase in frequency of the at least one allele in
the at least one polymorphism in individuals diégnosed with, or having a susceptibility to, thyroid
cancer, as compared with the frequency of the at least one allele in the control sample is
indicative of the at least one polymorphism being useful for assessing increased susceptibility to
thyroid cancer. In another embodiment, a decrease in frequency of the at least one allele in the
at least one polymorphism in individuals diagnosed with, or having a susceptibility to, thyroid
cancer, as compared with the frequency of the at least one allele in the control sample is
indicative of the at least one polymorphism being useful for assessing decreased susceptibility to,

or protection against, thyroid cancer.

The invention also relates to a method of genotyping a nucleic acid sample obtained from a
human individual comprising determining whether at least one allele of at least one polymorphic
marker is pre.sent in a nucleic acid sample from the individual sample, wherein the at least one
marker is selected from the group consisting of rs965513 (éEQ ID NO:1), and markers in linkage
disequilibrium therewith, and wherein determination of the presence of the at least one allele in
the sample is indicative of a susceptibility to thyroid cancer in the individual. In one
embodiment, determination of the presence of allele C of rs965513 (SEQ ID NO:1) is indicative
of increased suscepbtibility of thyroid cancer in the individual. In one embodiment, genotyping
comprises amplifying a segment of a nucleic acid that comprises the at least one polymorphic
marker by Polymerase Chain Reaction (PCR), using a nucleotide primer pair flanking the at least
one polymorphic marker. In another embodiment, genotyping is performed using a process
selected from allele-specific probe hybridization, allele-specific primer extension, allele-specific
amplification, nucleic acid sequencing, 5’-exonuclease digestion, molecular beacon assay,
oligonucleotide ligation assay, size analysis, single-stranded conformation analysis and
microarray technology. In one embodiment, the microarray technology is Molecular Inversion
Probe array technology or BeadArray Technologies. In one embodiment, the process comprises
allele-specific probe hybridization. In another embodiment, the process comprises microrray
technology. One preferred embodiment comprises the steps of (1) contacting copies of the
nucleic acid with a detection oligonucleotide probe and an enhancer oligonucleotide probe under
conditions for specific hybridization of the oligonucleotide probe with the nucleic acid; wherein
(a) the detection oligonucleotide probe is from 5-100 nucleotides in length and specifically
hybridizes to a first segment of a nucleic acid whose nucleotide sequence is given by any one of

SEQ ID NO:1-229; (b) the detection oligonucieotide probe comprises a detectable label at its 3’



10

15

20

25

30

35

CA 02733910 2011-02-11

WO 2010/018600 PCT/1S2009/000010
13

terminus and a quenching moiety at its 5’ terminus; (c) the enhancer oligonucleotide is from 5-
100 nucleotides in length and is complementary to a second segment of the nucleotide sequence
that is 5’ relative to the oligonucleotide probe, such that the enhancer oligonucleotide is located
3’ relative to the detection oligonucleotide probe when both oligonucleotides are hybridized to
the nucleic acid: and (d) a single base gap exists between the first segment and the second
segment, such that when the oligonucleotide probe and the enhancer oligonucleotide probe are
both hybridized to the nucleic acid, a single base gap exists between the oligonucleotides; (2)
treating the nucleic acid with an endonuclease that will cleave the detectable label from the 3’
terminus of the detection probe to release free detectable label when the detection probe is
hybridized to the nucleic acid; and (3) measuring free detectable label, wherein the presence of
the free detectable label indicates that the detection probe specifically hybridizes to the first
segment of the nucleic acid, and indicates the sequence of the polymorphic site as the

complement of the detection probe.

A further aspect of the invention pertains to a method of assessing an individual for probability of
response to a thyroid cancer therapeutic agent, comprising: determining whether at least one
allele of at least one polymorphic marker is present in a nucleic acid sample obtained from the
individual, or in a genotype dataset derived from the individual, wherein the at least one
polymorphic marker is selected from the group consisting of rs965513 (SEQ ID NO:1), and
markers in linkage disequilibrium therewith, wherein the presence of the at least one allele of the

at least one marker is indicative of a probability of a positive response to the therapeutic agent

The invention in another aspect relates to a method of predicting prognosis of an individual
diagnosed with thyroid cancer, the method comprising determining whether at least one allele of
at least one polymorphic marker is present in a nucleic acid sample obtained from the individual,
or in a genotype dataset derived from the individual, wherein the at least one polymorphic
marker is selected from the group consisting of rs965513 (SEQ ID NO:1), and markers in linkage
disequilibrium therewith, wherein the presence of the at least one allele is indicative of a worse

prognosis of the thyroid cancer in the individual.

Yet another aspect of the invention relates to a method of monitoring progress of treatment of
an individual undergoing treatment for thyroid cancer, the method comprising determining
whether at least one allele of at least one polymorphic marker is present in a nucleic acid sample
obtained from the individual, or in a genotype dataset derived from the individual, wherein the at
least one polymorphic marker is selected from the group consisting of rs965513 (SEQ ID NO: 1),
and markers in linkage disequilibrium therewith, wherein the presence of the at least one allele is
indicative of the treatment outcome of the individual. In one embodiment, the treatment Is

treatment by surgery, treatment by radiation therapy, or treatment by drug administration.

The invention also relates to the use of an oligonucleotide probe in the manufacture of a reagent

for diagnosing and/or assessing susceptibility to thyroid cancer in a human individual, wherein
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the probe hybridizes to a segment of a nucleic acid with nucleotide sequence as set forth in any
one of SEQ ID-NO:1-229, wherein the probe is 15-500 nucleotides in length. In certain
embodiments, the probe is about 16 to about 100 nucleotides in length. In certain other
embodiments, the probe is about 20 to about 50 nucleotides in length. In certain other
embodiments, the probe is about 20 to about 30 nucleotides in length.

The present invention, in its broadest sense relates to any subphenotype of thyroid cancer,
including papillary, fillicular, medullary and anaplastic thyroid cancer. In certain embodiments,
the invention relates to certain tumor types. Thus, in one embodiment, the invention relates to
papillary thyroid cancer. In another embodiment, the invention relates to follicular thyroid
cancer. In another embodiment, the invention relates to papillary and/or follicular thyroid
cancer. In another embodiment, the invention relates to medullary thyroid cancer. In yet
another embodiment, the invention relates to anaplastic thyroid cancer. Other subphenotypes of
thyroid cancer, as well as other combinations of subphenotypes are also contemplated and are

also within scope of the present invention.

Certain embodiments of the invention relate to diagnosis of thyroid cancer with an early age at
onset and/or an early age at diagnosis. Thyroid cancer diagnosed at an early age may be more
aggressive, in particular when benign nodules are present at an early age. Thus, certain
embodiments relate to thyroid cancer occurring with an early age at onset and/or an early age of

diagnosis.

Certain embodiments of the invention further comprise assessing the quantitative levels of a
biomarker for thyroid cancer. The biomarker may in some embodiments be assessed in a
biological sample from the individual. In some embodiments, the sample is a blood sample. The
blood sample is in some embodiments a serum sample. In preferred embodiments, the
biomarker is selected from the group consisting of thyroid stimulating hormone (TSH), thyroxine
(T4) and thriiodothyronine (T3). In certain embodiments, determination of an abnormal level of
the biomarker is indicative of an abnormal thyroid function in the individual, which may In turn
be indicative of an increased risk of thyroid cancer in the individual. The abnormal level can be
an increased level or the abnormal level can be a decreased level. In certain embodiments, the
determination of an abnormal level is determined based on determination of a deviation from the
average levels of the biomarke in the population. In one embodiment, abnormal levelis of TSH
are measurements of less than 0.2mIU/L and/or greater than 10mIU/L. In another embodiment,
abnormal levels of TSH are measurements of less than 0.3mIU/L and/or greater than 3.0mIU/L.
In another embodiment, abnormal levels of T; (free T3) are less than 70 ng/dL and/or greater
than 205 ng/dL. In another embodiment, abnormal levels of T, (free T,) are less than 0.8 ng/dL

and/or greater than 2.7 ng/dL.

In some embodiments of the methods of the invention, the susceptibility determined in the

method is increased susceptibility. In one such embodiment, the increased susceptibility is
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characterized by a relative risk (RR) or an odds ratio (OR) of at least 1.30. In another
embodiment, the increased susceptibility is characterized by a relative risk or an odds ratio of at
least 1.40. In another embodiment, the increased susceptibility is characterized by a relative
risk or an odds ratio of at least 1.50. In another embodiment, the increased susceptibility is
characterized by a relative risk or an odds ratio of at least 1.60. In yet another embodiment,
the increased susceptibility is characterized by a relative risk or an odds ratio of at least 1.70. In
a further embodiment, the increased susceptibility is characterized by a relative risk or an odds
ratio of at least 1.80. In a further embodiment, the increased susceptibility is characterized by a
relative risk or an odds ratio of at least 1.90. In yet another embodiment, the increased
susceptibility is characterized by a relative risk or an odds ratio of at least 2.0. Cerain other
embodiments are characterized by relative risk or an odds ratio of the at-risk variant of at least
1.55, 1.65, 1.75, 1.85 and 1.95. Other numeric values of relative risks and/or odds ratios,
including those bridging any of these above-mentioned values are also possible, and these are

also within scope of the invention.

In some embodiments of the methods of the invention, the susceptibility determined in the
method is decreased susceptibility. In one such embodiment, the decreased susceptibility is
characterized by a relative risk (RR) or an odds ratio (OR) of less than 0.8. In another
embodiment, the decreased susceptibility is characterized by a relative risk or an odds ratio of
less than 0.7. In another embodiment, the decreased susceptibility is characterized by a relative
risk or an odds ratio of less than 0.6. In yet another embodiment, the decreased susceptibility is
characterized by a relative risk or an odds ratio of less than 0.5. Other cutoffs, such as relative
risk or an odds ratio of less than 0.69, 0.68, 0.67, 0.66, 0.65, 0.64, 0.63, 0.62, 0.61, 0.60, 0.59,
0.58, 0.57, 0.56, 0.55, 0.54, 0.53, 0.52, 0.51, 0.50, and so on, are also contemplated and are

within scope of the invention.

The invention also relates to kits. In one such aspect, the invention relates to a kit for assessing
susceptibility to thyroid cancer in a human individual, the kit comprising reagents necessary for
selectively detecting at least one allele of at least one polymorphic marker selected from the
group consisting of rs965513 (SEQ ID NO:1), and markers in linkage disequilibrium therewith,

in the genome of the individual, wherein the presence of the at least one allele is indicative of
increased susceptibility to thyroid cancer. In another aspect, the invention relates to a kit for
assessing susceptibility to thyroid cancer in a human individual, the kit comprising reagents for
selectively detecting at least one allele of at least one polymorphic marker in the genome of the
individual, wherein the polymorphic marker is selected from the group consisting of rs965513
(SEQ ID NO:1), and wherein the presence of the at least one allele is indicative of a susceptibility

to thyroid cancer. In one embodiment, the at least one polymorphic marker is selected from the

markers set forth in Table 2.

Kit reagents may in one embodiment comprise at least one contiguous oligonucleotide that
hybridizes to a fragment of the genome of the individual comprising the at least one polymorphic
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marker. In another embodiment, the kit comprises at least one pair of oligonucleotides that
hybridize to opposite strands of a genomic segment obtained from the subject, wherein each
oligonucleotide primer pair is designed to selectively amplify a fragment of the genome of the
individual that includes one polymorphism, wherein the polymorphism is selected from the group
consisting of the polymorphisms as defined in Table 2, and wherein the fragment is at least 20
base pairs in size. In one embodiment, the oligonucleotide is completely complementary to the
genome of the individual. In another embodiment, the kit further contains buffer and enzyme
for amplifying said segment. In another embodiment, the reagents further comprise a label for

detecting said fragment.

In one preferred embodiment, the kit comprises: a detection oligonucleotide probe that is from
5-100 nucleotides in length: an enhancer oligonucleotide probe that is from 5-100 nucleotides in
length; and an endonuclease enzyme; wherein the detection oligonucleotide probe specifically
hybridizes to a first segment of the nucleic acid whose nucleotide sequence is set forth in any
one of SEQ ID NO:1-229, and wherein the detection oligonucleotide probe comprises a
detectable label at its 3’ terminus and a quenching moiety at its 5’ terminus; wherein the
enhancer oligonucleotide is from 5-100 nucleotides in length and is complementary to a second
segment of the nucleotide sequence that is 5’ relative to the oligonucleotide probe, such that the
enhancer oligonucleotide is located 3’ relative to the detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid; wherein a single base gap exists between the
first segment and the second segment, such that when the oligonucleotide probe and the
enhancer oligonucleotide probe are both hybridized to the nucleic acid, a single base gap exists
between the oligonucleotides; and wherein treating the nucleic acid with the endonuclease will
cleave the detectable label from the 3' terminus of the detection probe to release free detectabie

label when the detection probe is hybridized to the nucleic acid.

Kits according to the present invention may also be used in the other methods of the invention,
including methods of assessing risk of developing at least a second primary tumor in an
individual previously diagnosed with thyroid cancer, methods of assessing an individual for
probability of response to a thyroid cancer therapeutic agent, and methods of monitoring
progress of a treatment of an individual diagnosed with thyroid cancer and given a treatment for

the disease.

In certain embodiments of the methods, uses, apparatus or kits of the invention, the at least one
polymorphic marker that provides information about susceptibility to thyroid cancer is associated
with the FoxE1l gene. Being “associated with”, in this context, means that the at least one
marker is in linkage disequilibrium with the FOXE1 gene or its regulatory regions. Such markers
can be located within the FOxE1 gene, or its regulatory regions, or they can be in linkage
disequilibrium with at least one marker within the FoxE1l gene or its regulatory region that has a
direct impact on the function of the gene. The functional consequence of the susceptibility

variants associated with the FoxE1l can be on the expression level of the FOxXE1l gene, the



10

15

20

25

30

35

CA 02733910 2011-02-11

WO 2010/018600 PCT/1S2009/000010
17

stability of its transcript or through amino acid alterations at the protein level, as described in

more detail herein.

The markers that are described herein to be associated with thyroid cancer can all be used in the
various aspects of the invention, including the methods, kits, uses, apparatus, procedures
described herein. In certain embodiments, the invention relates to markers associated with the
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