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Papillary Thyroid Carcinoma:
Novel Treatment Approaches

Systemic chemotherapies
for advanced, metastatic
differentiated  (papillary
or follicular) thyroid car-
cinomas (DTC) have had
limited effectiveness, with
response rates typically
25% or less. Treatment
with cytotoxic chemother-
apy (such as doxorubicin,
cisplatin, and taxanes) has been generally lim-
ited to patients with symptomatic or rapidly pro-
gressive metastatic disease unresponsive to or
unsuitable for surgery, radioiodine, and external
beam radiotherapy.

Recent biological discoveries have triggered a
plethora of trials testing novel therapies for pap-
illary thyroid carcinoma (PTC). Of prime impor-
tance has been recognition of key oncogenic
mutations that activate signaling through the mi-
togen-activated protein kinase (MAPK) pathway,
regulating growth and function in many cells. Nu-
merous lines of evidence suggest that most PTCs
arise from a single activating somatic mutation in
one of three genes that code for kinases signaling
upstream in the MAPK pathway: BRAF, RAS, and
unique translocations producing RET/PTC onco-
genes. Consistent with the “oncogene addiction”
hypothesis, inhibition of these etiologic activating
mutations could potentially lead to either tumor
stabilization or regression, and therefore, interest
arose in the therapeutic potential of inhibitors of
these kinases.

A second development was recognition that an-
giogenesis plays a critical role in thyroid tumor
cell growth and metastasis. Of the identified pro-
angiogenic factors, vascular endothelial growth
factor (VEGF) is critically important, mediated
through binding to 2 receptor tyrosine kinases,
VEGFR-1 (FIt-1) and VEGFR-2 (Flk-1/KDR) that
also trigger MAPK signaling.
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kinases have been of keen interest for thyroid
carcinomas, given the oncogenic roles of mutant
BRAF, RET, and RAS, and the contributory roles
of growth factor receptors such as VEGFR. These
drugs are generally partially selective, inhibiting
multiple kinases at nanomolar concentrations and
often affecting multiple signaling pathways. Oral-
ly administered, these agents have tolerable com-
mon side effects that include hypertension, diar-
rhea, skin lesions, and fatigue. Interest in use of
thalidomide arose following reported responses
in individual patients with anaplastic thyroid car-
cinoma. ldentification of abnormalities of nuclear
gene regulation that affect differentiated function
stimulated interest in targeting DNA methylation,
histone deacetylation, and nuclear receptors as
means to reverse these de-differentiating steps.
The routes leading to drugs being tested for thy-
roid cancer in clinical trials have ranged from
hypothesis-driven protocols as extensions of in
vitro studies identifying a rationale for a particu-
lar drug’s use, to empiric observations in phase |
trials that certain therapies yielded clinical ben-
efit in participating patients with thyroid cancers.
Once clinical trials became available, awareness
among patients grew rapidly. The remainder of
this review will focus on findings from key studies
that reflect this new paradigm for treatment.
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Motesanib

Motesanib (AMG 706; Amgen Inc.) is an
oral, tyrosine kinase inhibitor (TKI) target-
ing VEGF receptors. In a phase | study per-
formed in part at the M.D. Anderson Cancer
Center, motesanib demonstrated antitumor
activity in patients with advanced solid ma-
lignancies, including five patients with DTC.
Based on this phase | experience, M.D. An-
derson endocrinologists led an international,
multicenter, phase Il trial, testing the efficacy
of motesanib therapy in patients with pro-
gressive DTC (1). The eligibility criterion of
progression was based upon serial radio-
graphic imaging studies within the preceding
6 months. Of 93 DTC patients who initiated
therapy, one-third were still on drug after 48
weeks. Partial response was confirmed by
subsequent imaging and independent radio-
logic review in 14% of the DTC patients, and
another 35% of these previously progressive
disease patients maintained stable disease
for at least 24 weeks. The median progres-
sion-free survival was 40 weeks. Although
the drug does not inhibit BRAF, patients with
BRAF mutation-bearing tumors were less
likely to progress while on drug, which may
relate to higher dependence upon VEGF-me-
diated angiogenesis in such tumors. Overall,
the drug was well tolerated, with side effects
including fatigue, nausea, diarrhea, and hy-
pertension. An unanticipated side effect of
motesanib diphosphate therapy was a 30%
increase in the mean dosages of levothyrox-
ine required to maintain TSH suppression
and 60-70% of patients experienced peak
TSH concentrations out of the therapeutic
ranges. Although Amgen decided not to pur-
sue further studies of motesanib in thyroid
carcinoma, this study was an important proof
of concept, demonstrating the usefulness of
a well tolerated angiogenesis inhibitor to halt
progression of this disease.

Axitinib

Axitinib (AG-013736; Pfizer) is an oral TKI
that potently blocks VEGF receptors. In a
phase | study of 36 patients with advanced
solid malignancies, one of five thyroid cancer
patients experienced some tumor shrinkage.
A multicenter phase Il study that included
M.D. Anderson investigators examined the
efficacy of axitinib in advanced or metastatic
thyroid carcinoma, starting at a dose of 5
mg twice daily (2). Of the 60 patients who
started therapy, 50% had PTC, 25% had FTC
(including Hurthle cell variants), and the re-
mainder had either medullary or anaplastic
carcinoma. Although response assessment
was not possible in 25% of the patients,
partial response rate was 31% in DTC, and
median progression-free survival was 18
months. Common adverse events included
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fatigue, stomatitis, proteinuria, diarrhea, hy-
pertension, and nausea. Currently recruiting
patients is a multicenter phase Il study to
determine the efficacy of axitinib in patients
with metastatic DTC refractory to doxorubi-
cin, or for whom doxorubicin therapy is con-
traindicated.

Sorafenib

Sorafenib (BAY 43-9006; Bayer Pharma-
ceuticals Corporation) is an oral, small mol-
ecule TKI targeting VEGFR-2 and -3, RET
(including most mutant forms that have been
examined), and the serine kinase BRAF. In
preclinical studies, sorafenib prevented the
growth of a cell line derived from a papillary
thyroid cancer that contains the oncogenic
RET/PTC1 mutation. In four phase | trials of
varying doses and administration schedules
of sorafenib in patients with solid tumors, the
optimal therapeutic dose was found to be 400
mg twice daily. The most common or signifi-
cant toxicities included hand-foot syndrome,
rash, fatigue, diarrhea and hypertension.

Although no thyroid cancer patients were re-
ported in these phase | trials, tumor shrinkage
was reported in one thyroid cancer patient in-
cluded in a large randomized discontinuation
phase Il trial for advanced solid tumors. Sub-
sequently, two phase Il trials were performed
specifically in patients with metastatic PTC.
Sponsored by the National Cancer Institute,
one phase Il trial recruited 58 patients in a
10 month period. Of 36 evaluable patients,
confirmed partial response was seen in 8%,
and minor response (defined as 23-29% re-
duction in tumor diameters) was described
in another 19%. In the other phase Il study,
partial responses were reported in 23% of 30
patients, and another 53% had stable disease
for at least 16 weeks.

Sorafenib is approved by the U.S. Food and
Drug Administration as treatment for ad-
vanced renal cell carcinoma and unresectable
hepatocellular carcinoma. Although not spe-
cifically approved for thyroid carcinomas, our
thyroid cancer specialists are recommending
off-label use of sorafenib in selected patients
with progressive metastatic PTC for whom
clinical trials are not appropriate. Our collec-
tive experience with sorafenib treatment will
be presented at an upcoming national meet-
ing by Drs. Maria Cabanillas and Naifa Bu-
saidy. In a case report presented at recent
annual meeting of the Pediatric Academic
Societies, Dr. Steven Waguespack described
a child successfully treated with sorafenib for
lung metastases from PTC that had been pro-
gressing despite radioiodine therapy (3). As
with any new medication, further experience
with the drug is leading to identification of
less common but significant toxicities, which

Continued on page 3

Upcoming Events

11th European Con-

gress of Endocrinology
April 25-29, 2009.
Istanbul, Turkey
(http://www.ece2009.com/)

AACE 18th Annual Meet-
ing and Clinical Congress
May 13-17, 2009. Hous-

ton, TX. (www.aace.com)

The Endocrine Society
ENDO 2009, June 10-13,
2009. Washington, DC.
(www.endo-society.org)

World Congress on
Thyroid Cancer, August
6-10, 2009. Toronto,
Canada. (http://www.
thyroid2009.ca/)

North American Neuro-
Endocrine Tumor Society
Annual Conference
Diagnosis & Manage-
ment Strategies: A Mul-
tidisciplinary Approach
October 2-3, 2009
Charlotte Marriott City

- Charlotte, North Carolina
(Additional information
to be announced later)

ThyCa’s 12th Interna-
tional Thyr0|d Cancer
Survivor’s Conference,
Oct 16,18, 2009. Boston
é tt /IWwWw. thyca.
org/ onfFlyer2009.pdf)

Third Annual Thyroid
Neoplasms Confer-
ence, Oct. 21-24, 2009
El Dorado Hotel,

Sante Fe, NM
(Additional information
to be announced later)
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for sorafenib includes keratoacanthomas and other malignant
cutaneous squamous cell lesions (4). Thus, only physicians
familiar with management of adverse events of such therapies
should consider their use in thyroid cancer patients.

Sunitinib

Sunitinib (SU11248; Pfizer) is an oral, small molecule TKI of
all three VEGF receptors, RET, and RET/PTC subtypes 1 and
3. Prolonged partial responses have been described in DTC
patients treated with sunitinib, 50 mg daily for 28 days followed
by 14 days of no treatment per cycle. Aphase Il study is ongo-
ing in patients with progressive DTC using this starting treat-
ment regimen. Preliminary results report partial response in
13% of 31 DTC patients, and disease stabilization in another
68%. Common or severe adverse events include fatigue, diar-
rhea, palmar-plantar erythrodysesthesia, neutropenia, and hy-
pertension. Like sorafenib, sunitinib is approved for treatment
of renal cell carcinoma, and is therefore available for use in
selected thyroid cancer patients with metastatic disease war-
ranting therapy outside of clinical trials.

Gefitinib

Gefitinib (ZD1839; AstraZeneca) is an oral, small molecule
inhibitor of the EGF receptor that was initially introduced for
therapy of non-small cell lung carcinoma. Because many
PTCs display activated EGFR signaling, and inhibitors have
had demonstrated efficacy in pre-clinical models, a phase Il
study was initiated, examining the effectiveness of gefitinib in
a mixed cohort of thyroid cancer. However, there were no com-
plete or partial responses in the 25 evaluable patients.

Thalidomide/Lenalidomide

Thalidomide was found to be an angiogenesis inhibitor de-
cades after it achieved notoriety as a teratogenic cause of
neonatal dysmelia. However, the exact mechanism by which
thalidomide exerts its antiangiogenic effects remains un-
known. Based on a report of a patient with anaplastic carci-
noma whose disease stabilized for 6 months on thalidomide
treatment, a phase Il trial was initiated to examine the efficacy
of thalidomide in patients with progressive, metastatic thyroid
carcinoma. Starting at 200 mg daily, the dose of drug was
progressively increased as tolerated, with a median maximum
daily dose of about 600 mg. Of 28 evaluable patients, 18%
achieved a partial response, but toxicities were dose limiting
in the majority of patients, including somnolence, peripheral
neuropathy, constipation, dizziness, and infection. Given the
suggested efficacy but high rate of adverse events with tha-
lidomide, a subsequent phase Il study was initiated using the
derivative compound lenalidomide. A preliminary report de-
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scribed 2 partial responses among 10 patients, but a full report
of the study has not yet been presented.

Intranuclear targeting

The possible role of retinoid receptors to regulate iodine up-
take by thyroid follicular cells was suggested by studies dem-
onstrating that incubation of poorly differentiated thyroid cancer
cells with 13 cis-retinoic acid could partially restore radioiodine
uptake. Subsequent clinical trials yielded conflicting results.
Recently, a synthetic agonist of the retinoid X receptor (RXR),
bexarotene, was tested in a phase Il trial in patients with ra-
dioiodine-unresponsive metastatic disease. After 6 weeks of
therapy with bexarotene, 300 mg daily, radioiodine uptake was
partially restored in 8 of 11 patients, but a clinical response
with measurable tumor reduction was lacking. A similar ra-
tionale was the basis of studies of the histone deacetylase
inhibitor depsipeptide. In a phase Il trial in patients with ra-
dioiodine-unresponsive metastatic DTC, one of 14 patients
exhibited dramatic restoration of uptake permitting therapeutic
radioiodine administration. Significant cardiac toxicities were
seen, however, including sudden death in one patient. The
PPAR gamma agonist rosiglitazone was evaluated for the po-
tential of restoring radioiodine uptake in 10 patients with unre-
sponsive metastases. In four patients, radioiodine uptake was
visualized following eight weeks of therapy with oral doses up
to 8 mg daily, but clinical response was limited. The lack of
major clinical effect of restoring radioiodine uptake may have
multiple explanations, including the acquisition by tumor cells
of radiation resistance.

The orally available histone deacetylase inhibitor SAHA was
studied in 16 DTC patients; no objective responses were re-
ported, and most patients discontinued therapy due to adverse
events. In a phase | trial, combining valproic acid, a histone
deacetylase inhibitor, with 5-azacytidine, a DNA methylation
inhibitor, was well tolerated; two patients with metastatic PTC
demonstrated prolonged stable disease but radioiodine uptake
was not assessed.

One of the first multicenter thyroid cancer trials sponsored by
the National Cancer Institute, a phase Il study of the DNA meth-
ylation inhibitor decitabine to attempt to restore radioiodine up-
take in advanced DTC is led by M.D. Anderson investigators.
Study recruitment has concluded, and a report is currently in
preparation.

Summary

Compared with the dismal historical track record, the recent
proliferation of clinical trials for thyroid cancer has been re-
markable. (Continued on page 4)
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Targeting angiogenesis (and specifically VEGF receptors) has
produced the most impressive clinical responses to date in
DTC. Although most small molecule VEGF receptor antag-
onists also inhibit RET, the efficacy of axitinib to induce ob-
jectiveresponses in the absence of any anti-RET activity sug-
gests that RET may not be as important a target for therapy as
VEGFR. Studies of therapies targeting nuclear mechanisms of
gene regulation indicate that reversal of epigenetic or nuclear
receptor abnormalities can potentially re-establish the cellular
capacity to take up radioiodine, but the clinical significance of
such an effect appears limited.

In collaboration with other M.D. Anderson investigators, our
endocrinologists have focused on the earliest stages of drug
development for advanced DTC. We currently participate in
several phase | trials of novel therapies, such as PLX4032,
a selective inhibitor of RAF kinases. Patients whose tumors
bear the BRAF mutation and with advancing metastatic dis-
ease despite standard therapies can be enrolled in this trial,
testing the hypothesis that inhibiting the mutant protein that is
believed to cause the cancer could effectively treat the disease.
Other drugs in phase | trials of interest for patients with DTC
include novel inhibitors of VEGFR, MAPK signaling, and other
key intracellular pathways. Based on such phase | experience,
we are leading a new international phase Il study of E7080, a
novel inhibitor of VEGFR that also blocks angiogenesis that
is stimulated by fibroblast growth factors, another important
mechanism in DTC.

The overall goal of developing new treatments is to extend the
duration of life without unduly harming the quality of that life.
Presently, no novel treatment has been demonstrated to im-
prove survival for thyroid cancer patients. Toxicities of many

of these new therapies, although less life-threatening than cy-
totoxic chemotherapies, are common and can be dose-limiting,
and clinicians must be familiar with recognizing and managing
the side effects if they intend to use these agents. Finally,
the low rate of partial response, and the absence of complete
responses in all of the various monotherapy trials identify the
need to develop either more effect single agents or to identify
rational combinations of therapeutic targets (including cytotox-
ic chemotherapies) that have synergistic effectiveness without
enhanced cross-toxicities.

Information on these and other clinical trials for thyroid cancer
at M.D. Anderson can be obtained at:
http://www.mdanderson.org/departments/endocrinology/din-
dex.cfm?pn=54DCOD15-EDFD-4394-82DBAD4EAABEACD6

Trials active at other institutions can be also be found at:
www.clinicaltrials.gov or www.thyroid.org
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Notes from the Endocrine Faculty Team

Dr. Gilbert Cote promoted to pro-
fessor

Dr. Cote earned his Ph.D. in Bio-
chemistry from the University of
Vermont Medical School and did his
postdoctoral training in Molecular
Endocrinology at Baylor College of
Medicine before joining M. D. An-
derson’s Department of Endocrine
Neoplasia and HD’s faculty in 1992,
Since then he has published numer-
ous manuscripts and reviews on the
topic of medullary thyroid cancer,

Dr. Anita Kuo Ying joins the fac-
ulty

Dr. Anita Kuo Ying obtained her
bachelor of arts degree from Rice
University in Houston, Tx. She then
left her hometown to obtain her med-
ical degree from Duke University
School of Medicine, where she also
did her combined internal medicine/
pediatrics residency. She accepted
the position of Chief Resident in Pe-

and currently holds membership at the Faculty of Medicine 1000
where he provides expert review of the thyroid cancer literature. In
addition, he is recognized for his expertise in the study of aberrant
RNA splicing and the role that errors in this pathway may play in
the contribution to tumorigenesis. Itis important to note that in ad-
dition to his research interests Dr. Cote is dedicated to mentoring
and education. He has been a member of the Graduate School
of Biomedical Sciences at Baylor College of Medicine since 1993
where he teaches several graduate level courses. In 2004 he was
awarded the John P. McGovern Outstanding Teacher Award in rec-
ognition of his efforts. He is currently the Director of the Program
in Human and Molecular Genetics at the GSBS. In honor of his
accomplishments, Dr. Cote was promoted to professorship at M.
D. Anderson in September of 2008.

diatrics for the following year. After 10 years in North Carolina, Dr.
Ying returned to Houston to complete a dual adult and pediatric
endocrinology fellowship at Baylor College of Medicine and M.D.
Anderson Cancer Center. During that time, she developed an in-
terest in clinical outcomes and effectiveness. She has presented
her work on health care costs and has written a review on thyroid
cancer in young adults. Dr. Ying is extremely excited to join the
faculty at M.D. Anderson to pursue her clinical and research fo-
cus on benign and malignant endocrine tumors in children and
adults, cancer survivorship, long-term endocrine effects of cancer
therapy, and clinical effectiveness.






