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Background: Currently, there is no standard treatment for metastatic anaplastic thyroid cancer (ATC). DNA
microarray analysis has shown platelet-dervived growth factor receptor (PDGFR) overexpression in ATC rel-
ative to well-differentiated thyroid cancer. In p53-mutated/deficient ATC cell lines, cABL is overexpressed, and
selective inhibition of cABL results in a cytostatic effect. Imatinib inhibits tyrosine kinase activity of Bcr-ABL and
PDGF. We hypothesize that patients with ATC that over-expresses PDGF receptors or cABL will respond to
imatinib.

Methods: Patients with histologically confirmed ATC who had measurable disease and whose disease expressed
PDGEF receptors by immunohistochemistry were eligible for study. Imatinib was administered at 400 mg orally
twice daily without drug holiday. Response to treatment was assessed every 8 weeks. Patients with complete
response, partial responses, or stable disease were treated until disease progression. The study was terminated
early due to poor accrual.

Results: From February 2004 to May 2007, 11 patients were enrolled and were started on imatinib. At baseline,
4/11 had locoregional disease, 5/11 had distant metastases, and 2/11 had both. Nine of 11 had prior che-
moradiation, and 7/11 had thyroidectomy. Eight of 11 were evaluable for response; 4 were excluded for lack of
follow-up with radiologic evaluation. The overall response rates at 8 weeks were complete response 0/8, partial
response 2/8, and stable disease 4/8. The median time to follow-up was 26 months (ranges 23-30 months). The
rate of 6-month progression-free survival was 36% (95% confidence interval, 9%-65%). The rate of 6-month
overall survival was 45% (95% confidence interval, 16%-70%). The most common grade 3 toxicity was edema in
25%; other grade 3 toxicities included fatigue and hyponatremia (12.5% each). There were no grade 4 toxicities or
treatment related deaths.

Conclusions: Imatinib appears to have activity in advanced ATC and is well tolerated. Due to difficulty of
accruing patients with a rare malignancy at a single institution, further investigation of imatinib in ATC may be
warranted in a multi-institutional setting.

Introduction nosis for patients with ATC is poor with median overall sur-

vival of 8 months for localized disease and 3 months for those

HYROID CANCER IS a relatively rare malignancy. In 2008,

there were ~37,000 new cases of thyroid cancer, resulting
in 1590 deaths (1). Anaplastic thyroid cancer (ATC) comprises
only about 1%-2% of all cases of thyroid cancer, but it ac-
counts for 50% of thyroid-cancer-related mortality (2,3). At
presentation, 50% of ATC cases present with metastases, and
68% of patients will develop metastatic disease during the
course of their disease (4). The majority of patients with ATC
will develop pulmonary metastases (2,5). The overall prog-

with metastatic disease (5-8).

In the metastatic setting, single-agent doxorubicin results
in a response rate of ~20% (9). Combination chemotherapy
regimens of doxorubicin with other cytotoxic agents such as
bleomycin, vincristine, or melphalan do not significantly im-
prove survival (5). More recently, paclitaxel was investigated
as a single agent in a phase II study with an encouraging
response rate of 58%; however, the median survival of the
study cohort as a whole was only 24 weeks (10).
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A few pathways are thought to be vital for the pathogenesis
of ATC. Preclinical data indicate that cABL plays a role in
proliferation of fibroblasts lacking p53 (11). Using murine fi-
broblasts that were p53~/~, Whang et al. showed that retroviral
transduction of cABL increased fibroblast colony formation in
cABL™/~ p537/~ mice. p53 deletion or mutation occurs in
about 70%-85% of ATC. Several investigators have proposed
that p53 abnormality transforms well-differentiated thyroid
cancer into an anaplastic subtype (12-14). In preclinical mod-
els, imatinib inhibited growth of ATC cell lines (11,15-17).

Platelet-dervived growth factor receptor (PDGFR) is also
vital in the pathogenesis of ATC. In the 1980s, PDGFR was
noted to be present in different ATC cell lines, and stimulation
of the receptor with PDGF resulted in internalization and
growth of the cell line HTh 74 (18,19). In our own institution,
gene expression profiles derived from DNA microarray
analysis have been obtained using Affymetrix GeneChips
from two human ATCs, as well as four normal thyroids, seven
papillary thyroid cancers, and eight thyroids with benign
disease (multinodular goiter or adenoma). The relative ex-
pression level of PDGFR-f showed an approximate 10-30-
fold increase in anaplastic carcinoma compared to normal
thyroid, papillary carcinoma, and multinodular hyperplasia
(T. Giordano, unpublished result).

Imatinib is a protein-tyrosine kinase inhibitor that targets
Ber-Abl and c-kit/platelet derived growth factor receptor
(PDGEFR) tyrosine kinases. Its favorable toxicity profile and
oral formulation facilitate its clinical application in a wide
variety of malignancies, including chronic myelogneous leu-
kemia and gastrointestinal stromal tumors. Given the lack of
therapeutic options for advanced ATC and the preclinical ra-
tionale to target cABL and PDGF in ATC, we conducted a pilot
study to evaluate the effectiveness of imatinib in patients with
advanced ATC whose tumors overexpress PDGFR or cABL.

Patients and Methods
Patient population

All eligible patients had histological confirmation of ATC,
overexpressing PGDFR as determined by immunohisto-
chemistry using formalin-fixed, paraffin-embedded tissues.
Each patient had measurable disease as determined by Re-
sponse Evaluation Criteria in Solid Tumors (20). All had Zu-
brod performance scores of >70% with a life expectancy of at
least 12 weeks. Patients were required to have adequate bone
marrow function, with absolute neutrophil counts of >1500/
uL and platelets of >100,000/uL, and adequate renal and
hepatic function, with a creatinine <1.5xinstitutional upper
limit of normal (IULN), bilirubin <1.5xIULN, and aspartate
aminotransferase/alanine transaminase <2.5xIULN, respec-
tively. Prior chemotherapy, chemoradiation, radiation ther-
apy, or surgeries were permitted if they were completed 28
days before registration.

This protocol was approved by the University of Michigan
Institutional Review Board, and all patients provided written
informed consent.

Imatinib supply

Novartis Pharmaceuticals Corporation provided imatinib
(100 mg capsules) for this study during the first 12 months of
therapy.
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Treatment plan

Imatinib 400 mg was administered orally twice daily with
food. Toxicities were classified according to the Common
Terminology Criteria for Adverse Events (version 2.0) (21).
Clinical assessments took place every 4 weeks. Complete
blood counts and serum chemistries were obtained every
2 weeks for the initial 16 weeks and then every 4 weeks
thereafter. Dose modification of imatinib was delineated
according to the severity of the adverse effects. Patients who
developed >grade 3 or recurrent >grade 3 nonhematologic
toxicity had imatinib withheld until the toxicity had resolved
to <grade 1, and the daily dose was reduced to 300mg
once daily for patients receiving 400 mg of imatinib, 400 mg
for patients receiving 600 mg of imatinib, or 600 mg for pa-
tients receiving 800 mg. For grade 3/4 hematological toxic-
ity, defined as an absolute neutrophil counts <1 x10°/L or a
platelet count <50x 10°/L, imatinib was withheld until the
toxicity had resolved to <grade 2. Dosages were then ad-
justed as noted above. No dose interruption or reduction
was needed for grade 1/2 hematological toxicities or grade
3/4 anemia.

Study evaluation

Computed tomography or magnetic resonant imaging of
neck and chest were obtained at baseline. Tumor response
was assessed every 8 weeks (for the first 16 weeks, then every
3 months thereafter), using the same imaging modality that
was obtained at baseline. The Response Evaluation Criteria in
Solid Tumors (20) was used to assess response. To be con-
sidered evaluable for response, patients must have completed
radiologic imaging following 8 weeks of imatinib. Any patient
who had at least one dose of imatinib was considered evalu-
able for toxicicity.

Statistical methods

The primary objective of this trial was to estimate the re-
sponse rate associated with imatinib treatment in patients
with advanced ATC. The study was powered by the optimal
two-stage accrual design (22) based on the criteria of stopping
the trail if true response rate was 5% or lower and rejecting the
null hypothesis if the true response rate was 20% or higher.
The study planed to accrue 10 response-evaluable subjects
during the first stage and 19 additional subjects during the
second stage for a total of 28 subjects. If no responses were
seen in the first stage, the trial would stop. Otherwise, an
additional 19 response-evaluable patients would be entered.
The trial advanced to the second stage but was terminated
after 11 patients due to slow enrollment. Subjects completing
two cycles of treatment were considered evaluable. The de-
sign provided at least an 80% statistical power and at most a
5% overall type I error rate.

The analysis was descriptive in nature. Mean, median, and
frequency counts were reported for demographic, clinical
variables, and toxicity. The Kaplan—-Meier method was used
to compute median follow-up time, to estimate of time to
progression, to estimate progression-free survival, and to es-
timate the overall survival. Time to progression was defined
as the time to disease progression where the event was true
disease progression. Progression-free survival was defined as
the time to either disease progression or to death due to any
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TABLE 1. PATIENT CHARACTERISTICS
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TaBLE 2. CoMMON TOXICITIES

Characteristic No. of enrolled patients %
Total 11 100
Gender
Male 6 55
Female 5 45
Age (years)
Median 65
Range 53-79
Distant metastases
Lungs 6 55
Ribs 1 9
Previous therapy
Thyroidectomy 7 64
Chemoradiation
Doxorubicin 6 55
Nondoxorucicin 3 27
Noncytotoxic 2 18

reason; events were disease progression and death. All anal-
ysis was conducted using SAS v9.1 (23).

Results
Patient characteristics

Between February 13, 2004, and May 10, 2007, 11 patients
were enrolled. All 11 patients had overexpression of PDGFR by
immunohistochemistry. Patient characteristics are listed in
Table 1. Eight patients completed 8 weeks of imatinib and were
considered evaluable for response. There were six men and five
women, and the median age was 65 years (ranges 53-79). All
had a Zubrod performance status >70%. At baseline, 4/11
patients (36%) had locoregional disease, 6/11 patients (55%)
had distant metastases, and 2/11 patients (18%) had both. Two
of 11 patients received second-line systemic therapies, one with
sorafenib, and one with combretastatin.

Toxicity

Toxicities from therapy are noted in Table 2. The most
common grade 3 toxicity was edema in 25%; other grade 3
toxicities included fatigue and hyponatremia (12.5% each).
There were no grade 4 or 5 toxicities reported. Three patients
required dose attenuation to 300 mg twice daily for the fol-
lowing adverse events: grade 3 hyponatremia (1/11), grade 3
periorbital edema (1/11), and persistent grade 1 fatigue and
nausea (1/11). No patients required dosage reductions lower
than 300 mg twice daily.

Treatment and tolerance

The median duration of therapy for this study was 120 days
(range 2-694 days). For those patients achieving disease sta-
bility, the average duration of imatinib treatment was 259 days.
One 53-year-old male patient with recurrent, locally advanced
disease, who initially underwent thyroidectomy without post-
operative chemoradiation, attained a partial responses (PRs)
for 120 days. Another patient, a 61-year-old woman with re-
current, locally advanced disease, achieved a PR for 694 days.
Imatinib was discontinued due to progressive dysphagia,
which was not related to her disease or study medication.
Today, these two patients remain alive off of therapy.

No. of patients

Toxicity Grade 1-2 Grade 3

Hematologic
Lymphopenia
Anemia
Thrombocytopenia

Nonhematologic
Anorexia
Weight loss
Fatigue
Infection without neutropenia
Skin rash
Allopecia
Brusing
Allergic rhinitis
Dysphagia
Nausea/vomiting
Diarrhea
Abdominal pain
Melena
Pericardial effusion
Chest pain
Pleural effusion
Cough
Hemoptysis
Dyspnea
Myalgia/arthralgia
Hypoxia
Urinary urgency
Edema
Electrolyte abnormality
Dehydration
Elevated creatinine
Hypoglycemia
Hyperglycemia
Abnormal liver function tests
Hypertension
Hypothyroidism
Syncope
Ataxia
Blurry vision
Memory loss
Mood change
Change in mental status
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Response to treatment

Out of 11 patients, 8 were evaluable for response. The
overall response rates at 8 weeks were complete response 0/8,
PR 2/8 (25%), and stable disease 4/8 (50%). The median fol-
low-up time was 32.7 months (95% confidence interval
[CI] =28.9-36.5 months). The estimate of 6-month time to
progression was 36% (9%—65%). The estimate of 6-month
progression-free survival was 27% (95% CI, 7%-54%) (Fig. 1).
The estimate of 6-month overall survival was 46% (95% CI,
17%-71%) (Fig. 2).

Discussion

This is the first published report of the use of imatinib in
patients with recurrent, advanced or metastatic ATC who
have failed front-line therapy with surgery and or definitive
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FIG. 1. Progression-free survival. CI, confidence interval.
Color images available online at www liebertonline
.com/thy.

chemoradiation. Here we report rates of PR and disease sta-
bility at 25% and 50%, respectively. Our results with imatinib
are comparable to studies administering cytotoxic chemo-
therapy regimens for ATC. For example, doxorubicin when
given to patients with advanced ATC produced a response
rate of 20% (9). A similar response rate was seen with the use
of paclitaxel, though the numbers of complete and PRs in this
trial were somewhat higher than in our study (10). Overall,
however, it is difficult to determine the effectiveness of im-
atinib, given the low number of patients that we treated.
Unfortunately, our trial was terminated prematurely due to
poor accrual, suggesting the importance of treating such or-
phan tumors in a multi-institutional setting,.

Preclinical data by Podtcheko et al. suggest a strong ratio-
nale for targeting cABL and PDGF with imatinib (15). How-
ever, clinically, we observed no complete responses and few
PRs with treatment. In a different preclinical model, the cy-
totoxic effects of imatinib were observed in nine different ATC
cell lines (24). Cell viability was only minimally affected in 1/
9 cell lines when treated with 10 uM of imatinib, for which a
therapeutic dosage of imatinib would not be feasible to ad-

1.00

6mon estimate = 45.5%, 95%CI = (16.7%, 70.7%)
12mon estimate = 36.4%, 95%CI = (11.2%, 62.7%)
18mon estimate= 27.3%, 95%CI = ( 6.5%, 53.9%)
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FIG. 2. Opverall survival. Color images available online at
www liebertonline.com/thy.
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minister. One could then speculate that the dosage of imatinib
in our trial was not adequate to induce a clinical response.
Additionally, multidrug-resistant proteins (mrp) may play a
role in inducing resistance to imatinib in ATC cell lines. Such
resistance with imatinib has been well established in chronic
myelogenous leukemia (CML) and gastrointestinal stromal
tumor (GIST) (25,26). Thus, mrp-1 overexpression in ATC
may consequentially lead to resistance with imatinib. Future
investigation of imatinib and other targeted therapies is nee-
ded to correlate the expression of mrp-1 and therapeutic
outcomes.

Other tyrosine kinase inhibitors have been studied in
patients with advanced ATC. In a preliminary report of 16
patients with advanced ATC who had progressed after
treatment with frontline chemotherapy or chemoradiother-
apy, Nagaiah et al. reported rates of PR and disease stability at
13% and 27%, respectively, with sorafenib (27). The most
common grade 3 and 4 toxicities reported were lymphopenia
and rash with desquamation. Although the response rates are
equally as low in this study as in our trial, the rate of disease
stabilization is encouraging. Equally as encouraging are the
limited numbers of grade 3 and 4 toxicities reported in each
trial. The most frequent grade 3 event in our study was lym-
phopenia in 45% of patients. We also reported no grade 4
adverse events or treatment-related deaths. This observation
is important, since the majority of patients who present with
advanced ATC have markedly limited performance statuses,
inhibiting them from receiving treatment with cytotoxic che-
motherapy. The encouraging rates of disease stability in a
tumor that is progressively fatal, in addition to the good tol-
erability of treatment, make the use of targeted therapies in
ATC more appealing. Finally, other molecular pathways such
as phosphoinositide 3-kinase (PI3K)/AKT/mammalian target
of rapamycin (mTOR) appear to play a pathogenic role in
ATC (28,29). With the current development of new mTOR
inhibitors, clinical trials combining imatinib with such tar-
geted agents are worth considering.

In addition to its use in the palliative setting, imatinib may
play a role in radiation sensitization for patients with ATC.
Aggressive local progression of disease places these patients
at risk of suffocation. As such, improving local control is an
important goal in the treatment of ATC. Palliative radiation
therapy improves medial survival in patients with ATC, al-
though marginally (4). The current standard of care for newly
diagnosed locally advanced ATC is radiotherapay with
weekly doxorubicin, which has been shown to improve local
control and survival (30). Preclinical data by Podtcheko et al.
suggest that imatinib may also have a radiosensitizing effect
in ATC cell lines (31). Using two ATC cell lines, ARO and
FRO, with mutated or deficient p53, both of which demon-
strated sensitivity to imatinib, the investigators demonstrated
a cytotoxic effect with the combination of imatinib and radi-
ation therapy. Additionally, the combination of imatinib
and cytotoxic chemotherapy with radiotherapy may also be
feasible, since imatinib and chemotherapy have different
therapeutic targets. An ongoing clinical trial evaluating the
combination of imatinib with doxorubicin in GIST may pro-
vide some insight related to the effectiveness and toxicities of
combining these two agents.

ATC is a rare and deadly disease with limited treatment
options once patients have failed disease control with defin-
itive chemoradiotherapy. Imatinib has encouraging activity in
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ATC and is well tolerated. A definitive conclusion regarding
its clinical efficacy cannot necessarily be drawn from our
study with so few patients. Nonetheless, we believe that im-
atinib may play a role in the treatment of patients with
widely advanced or metastatic ATC, perhaps in combination
with cytotoxic chemotherapy or other targeted agents. Thus,
further investigations in a multi-institutional setting are
warranted.
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