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Abstract

This review summarizes clinical features and molecular pathogenesis of medullary thyroid cancer
(MTC), and then focuses on current use of molecular, biochemical, and imaging disease markers as
a basis for selection of appropriate therapy. Clinicians treating MTC patients face a series of
challenges: 1) distinguishing MTC as early as possible from benign nodular disease and differentiated
thyroid cancer (DTC) in order to choose appropriate initial surgery; 2) managing low-level residual
cancer in otherwise asymptomatic individuals; and 3) treating progressive metastatic disease. Early
clinical trials employing small molecules targeting Ret and/or VEGF receptors suggest that such
approaches could be effective and well-tolerated. This review highlights early progress in targeted
therapy of MTC, along with significant challenges in disease monitoring to appropriately select and
evaluate patients being treated with these therapies.

Overview of Clinical Features and Natural History

MTC accounts for 2-5% of cases of thyroid cancer. In the United States, there were an estimated
30,180 new cases of thyroid cancer in 2006 with 1500 deaths.1 Whereas a marked increase
has been observed in thyroid cancer incidence in the U.S., this increase has been almost entirely
accounted for by DTC, especially papillary cancer. No comparable increase has been detected
in MTC.2 In SEER data from 1973-2002, U.S. MTC patients had a median age of 50 at
diagnosis and a slight female preponderance.3 Approximately 25% of MTC cases are inherited,
in one of the three disorders comprising MEN 2, all stemming from activating mutations in
the ret proto-oncogene. The most common form of MEN 2 is MEN 2A, comprising MTC as
the cardinal feature, pheochromocytoma in ~50%, and hyperparathyroidism in ~ 20%,
depending on the ret mutation. FMTC (familial medullary thyroid cancer) is operationally
defined as MTC without other hereditary endocrine tumor. Some families initially classified
as FMTC eventually develop cases of pheochromocytoma, making this classification tentative,
especially in families with fewer than eight affected members. MEN2B comprises MTC as the
cardinal feature, plus pheochromocytoma, plus enteric ganglioneuromas, enlarged corneal
nerves and a marfanoid body habitus. A minority of MEN 2A patients develop characteristic
cutaneous lichen amyloidosis or a limited form of Hirschsprung's syndrome.

At presentation, patients with sporadic MTC most commonly present with an isolated thyroid
nodule, or a palpable cervical lymph node. Diagnosis is then made through a combination of
fine needle aspiration cytology and serum calcitonin. Increasingly, MTC patients are also being
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identified through detection of incidental thyroid nodules or lymph nodes, discovered in the
course of carotid ultrasound or neck or chest CT or FDG-PET, performed for another indication.
A minority of MTC patients present with systemic manifestations of their cancer, including
diarrhea, flushing, symptoms related to hypercortisolism due to ectopic ACTH production, or
painful bone metastases.

Cervical lymphadenopathy is acommon manifestation which occurs early in the clinical course
of MTC. Moley and colleagues found that >75% of MTC patients with palpable primary tumors
had associated lymph node metastases.4 Machens, Dralle and colleagues reported a
significantly higher rate of nodal metastasis for MTC than PTC, with a trend toward more
frequent involvement of the contralateral cervical and mediastinal compartments in MTC.5
Cervical nodal involvement involves central and ipsilateral nodes more frequently than
contralateral nodes -- Scollo et al. found that both central and ipsilateral node involvement
occurred in approximately 50% of patients, whereas contralateral nodes had a 25-30%
prevalence.6 Contralateral and mediastinal involvement becomes common (50-60%) when the
primary tumor is locally invasive (pT4).> Furthermore, Machens and Dralle noted the very
strong correlation between contralateral and mediastinal nodal disease and distant metastases,
arguing that the presence of adenopathy at these sites is an important marker of systemic
(therefore surgically non-curable) disease.7

MTC distant metastases typically occur in the mediastinum, lung, liver, abdominal lymph
nodes and bone. Clinically-occult liver metastases are a leading cause of failure to achieve
biochemical cure with surgery. Early in their course, these liver metastases have a miliary
pattern that makes radiographic detection difficult. Even macroscopic liver metastases may be
mis-diagnosed as hepatic cysts, based on the low-attenuation signal of these lesions as seen in
typical venous phase contrast CT. The estimated prevalence of MTC liver metastases varies
depending on the technique, but may be as high as 90% in some patient populations, using
hepatic arteriography.8 For bone involvement, MRI has proved more sensitive than
conventional technetium bone scintigraphy and indicates a prevalence of approximately 75%
in a population of patients with known distant metastases at any site (vs. 57% for conventional
scintigraphy).?

Survival in MTC is intermediate between well-differentiated and poorly differentiated or
anaplastic thyroid cancers. IN U.S. SEER data (1973-2002) reviewed by Sosa and colleagues,
patients with tumors classified as confined to the thyroid gland had a 10 year survival greater
than 95%, whereas patients with regional disease had an overall survival of 75%. Patients with
distant metastases had a 40% 10 year survival. No significant survival improvements were
detectable across this 30 year time interval.3 Among the entire cohort of Swedish MTC patients,
overall relative survival for sporadic cases was 63% at 10 years and 50% at 20 years. Initial
clinical stage remains highly predictive of future mortality even up to 20 years after diagnosis.
10 The application of two relatively new markers, calcitonin doubling time and somatic ret
mutation status, to assess prognosis and select patients for clinical trials, is discussed below.

Pathogenesis and Markers

Activating germline mutations in the ret proto-oncogene occur in virtually all patients with
inherited MEN 2 whereas somatic (tumor-specific) ret mutations are detectable in a significant
fraction of sporadic MTC cases. Ret is a single-pass transmembrane receptor belonging to the
tyrosine kinase superfamily. Closest neighbors in this family are FGF receptors and VEGF
receptors. Ret binds to a set of circulating ligands including GDNF (glial derived neurotrophic
factor), in the presence of accessory proteins referred to as GDNF receptor alpha 1-4. Ligand
binding leads to ret dimerization, and auto-phosphorylation of key tyrosine residues in the
intracellular domain of ret, especially Tyr1062. Phosphorylated Tyr1062 and additional sites
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become docking residues for the adaptor molecules including Shc, IRS1 and 2, and others,
leading to activation of downstream signaling pathways such as P-I3K-AKT, and Ras-Raf-
Mek-Erk. Several research groups have provided comprehensive reviews of ret signaling.11:
12

The ret gene is normally expressed in a narrow range of neural crest-derived tissues in the
adult, including basal ganglia, autonomic neurons, enteric ganglia, thyroid calcitonin-
producing parafollicular cells, and adrenal medullary chromaffin cells. Germline inactivating
mutations of ret are responsible for approximately 50% of cases of familial Hirschsprung's
disease.13 The key role of Tyr1062 phosphorylation in ret signaling and development is
illustrated by “knock-in” transgenic mice in which the Tyr1062 residue of the endogenous ret
alleles was replaced by phenylalanine (which is not phosphorylatable). These knock-in mice
showed marked growth retardation and had defects in enteric neurons and renal development,
although this phenotype is less severe than complete ret knockout.14 Ret is classified as a proto-
oncogene because naturally-occurring or experimental mutations that activate the receptor can
lead to neoplastic transformation of a variety of cell types. A reasonable assumption is that
activated forms of ret can transform many tissue types, and that the restricted tumor and
hyperplasia syndromes seen in MEN 2 reflect the limited range of tissues in which the ret
promoter is normally active. A slightly different paradigm is observed in ~20% of cases of
papillary thyroid cancer. Here, a truncated, active form of ret is genetically rearranged as a
RET-PTC oncogene, so that a variety of different promoters inappropriately transcribe the
mutant ret gene in thyroid epithelial cells ( see 15 for review).

There is experimental evidence suggesting that ret mutations play a critical role in initiating
MTC tumorigenesis. Transgenic mice bearing the M918T ret mutation characteristic of
MENZ2B develop diffuse and nodular C cell hyperplasia, but, somewhat surprisingly, no frank
MTC by 12 months of age. In addition, these experimental mice develop pheochromocytomas
and enteric ganglioneuromas.18 In contrast to these “knock-in” results, transgenic over-
expression of MEN 2A and MEN 2B forms of ret under the control of a tissue-specific
calcitonin promoter does lead to frank MTC.17: 18

In human familial MTC, there is now an extensive literature correlating specific germline ret
mutations with age-specific penetrance of cancer development and nodal metastases.19 For
the most common mutation in MEN 2A (codon 634, accounting for 68% of MEN 2 families),
50% of affected children develop at least microscopic MTC by age 10. 40% develop nodal
metastases by age 20, with the earliest reported nodal disease at age 5.19' 20 The codon 634
mutation has been assigned a risk category level 2, with a consensus for prophylactic
thyroidectomy by age 5.21 The codon 918 mutation associated with the vast majority of cases
of MEN 2B confers a high risk of metastatic MTC, beginning even in the first years of life.
This mutation (along with codons 883 and 912) has been assigned a risk category level 3,
indicating highest risk, and a need for prophylactic thyroidectomy in the first year of life, if
possible. In contrast, patients with several other intracellular domain codon mutations including
768, 790, 791 804, and 891 have variably reduced penetrance, and are assigned risk category
1.21

In sporadic MTC, a limited literature suggests that the presence of somatic ret mutations,
especially M918T, may confer an adverse prognosis. Somatic ret mutations have a quite
variable prevalance in different series, ranging from 20-50%.22 23 The discovery that
mutation-positive and mutation-negative regions may co-exist in the same sporadic MTC
tumor24 suggests that such genetically heterogeneous MTC's may not be clonally-derived from
a ret mutant initiating tumor cell. Data from Schilling and colleagues indicate that in spite of
genetic heterogeneity within primary tumors, 76% of patients have concordant ret mutation
results in all lymph nodes tested (43% all-positive, 33% all negative).2> Furthermore, the
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presence of an M918T mutation (in any specimen) was a strong negative prognostic indicator
for metastasis-free survival and, by trend, for overall survival. 10 year survival was
approximately 45% in M918T- positive patients versus 90% when the mutation was absent.
25 Larger scale studies are needed to further explore this provocative finding and to validate
somatic M918T mutations as a marker of high-risk disease, and potentially, of susceptibility
to ret-targeted therapies.

Integrated MTC Monitoring: Genetic and Biochemical Markers and Imaging

Pre-operative

Germline testing for ret proto-oncogene mutations is now accepted as standard-of-care as part
of the initial diagnostic work-up of MTC, even in the absence of a family history of MTC or
MEN 2. Approximately 4-6% of family history-negative individuals are found to harbor
germline mutations.2® These mutations tend to be disproportionately clustered amongst the
class 1 mutations listed above, with reduced clinical penetrance compared to classic
extracellular mutations such as codon 634. Patients found to harbor cryptic germline mutations
clearly require testing for pheochromocytoma and hyperparathyroidism, as well as family
screening. In addition, surgical decision-making may be altered, based on a higher risk of bi-
lobar tumors and contralateral nodal metastasis. In our institution, patients with newly
diagnosed MTC are evaluated with ret protooncogene testing, 24 hour urine metanephrines or
fractionated plasma metanephrines, serum calcium, calcitonin and CEA.

Calcitonin is a specific and highly sensitive biomarker for MTC and C cell disease. Although
calcitonin values in early occult MTC may merge with the upper limit of normal, the vast
majority of MTC patients exhibit significant calcitonin elevations. European data have shown
that pre-operative calcitonin levels correlate with tumor size and disease stage. Calcitonin
levels < 100 pg/ml were associated with a median tumor size of 3 mm, with 98% < 1 cm.
Calcitonin levels >1000 pg/ml correlated with a median tumor diameter of 2.5 cm.2” Nodal
metastasis first could be observed at basal calcitonin levels of 10-40 pg/ml (normal range, <10
pg/ml). Distant metastasis and extrathyroidal growth began appearing in patients with
calcitonin levels of 150-400 pg/ml. Node-positive patients did not achieve biochemical
remission when their preoperative basal calcitonin levels exceeded 3000 pg/ml in the
population reported by Machens, Dralle and colleagues.?8

In parallel with calcitonin, CEA levels may provide valuable information for risk stratification
in patients with MTC. Machens and Dralle have recently reported that pre-operative serum
CEA levels > 30 ng/ml in their series were incompatible with surgical remission.” The rate of
central and lateral lymph node involvement in these patients was 70%; this rate increased to
90% if the CEA were greater than 100. CEA levels greater than 100 were also associated with
high rates of contralateral nodal disease and distant metastases.

The choice of pre-operative imaging for MTC patients varies depending on hereditary status,
age, and calcitonin and CEA level. Thyroid and neck ultrasound, coupled with FNA, allows
detection of multifocal thyroid involvement and metastasis to central and jugular chain nodes.
However, the pre-operative sensitivity of cervical ultrasound is only moderate, with 32% of
patients having false negative central neck examinations and 14% false negatives in the
ipsilateral neck.29 Ultrasound is also highly operator-dependent, with many facilities
unfortunately lacking experience in performing nodal surveillance in thyroid cancer.
Additional imaging is guided by the degree of calcitonin elevation. Neck, chest, and abdominal
CT scanning are most commonly performed in pre-operative staging of patients with significant
calcitonin elevations. The use of an arterial phase contrast abdominal CT has proven useful in
other neuroendocrine tumors3® and may improve detection of macroscopic MTC liver
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metastases. Hepatic arteriography, though more sensitive than CT for small lesions, has not
been employed widely.

Post-operative

In the post-operative setting, repeat calcitonin testing is typically deferred approximately 6
weeks to allow for a post-operative nadir. Levels of CEA, elevated in approximately 30% of
MTC patients, may reach their nadir even later. A hallmark of surgical remission is an
undetectable basal and pentagastrin-stimulated calcitonin. Overall, the majority of sporadic
patients have persistent calcitonin elevations post-operatively, indicating residual cancer. After
comprehensive lymphatic clearance along with thyroidectomy, those patients found to be node
negative have a 95% chance of an undetectable basal calcitonin level. However, the presence
of any lymphadenopathy reduces the chance of calcitonin normalization to approximately 30%.
6 Recent data from the French MTC consortium show that serial post-operative calcitonin
measurement can provide valuable prognostic information. At least 4 measurements of
calcitonin over a 2-3 year period could provide an accurate estimate of the calcitonin doubling
time in most patients, which remained relatively stable over the natural history of the disease.
A calcitonin doubling time shorter than 6 months was associated with a significant risk of death
in a5 year follow-up interval (75%), whereas none of the patients with a doubling time greater
than 2 years had disease-specific mortality in follow-up. Calcitonin doubling time was a strong
prognostic indicator in multivariate analyses, even when adjusted for clinical stage. 31 CEA
doubling time, in general, was comparably informative to calcitonin doubling time in patients
who had both markers elevated. These findings of Barbet and colleagues are promising, in that
they allow detection of some high risk individuals even at a relatively early point in their disease
course, potentially prior to the detection of extensive stage IV disease on imaging studies.
Rapid calcitonin doubling time certainly is an indicator of progressive disease, and may prompt
more intensive imaging, or in some circumstances, referral of patients for clinical trials of
systemic therapy.

Clinicians and patients may be frustrated with calcitonin testing because of chaotically variable
swings from test to test. It is well-documented, although poorly explained, that some patients
have widely variable readings, whereas other patients conform more closely to a trendline.31
Intrinsic biologic variability in calcitonin secretion is certainly a contributing factor. However
calcitonin measurement may also be hampered by the high dose hook effect, seen with some
immunoradiometric assays.32 The hook effect may be suspected when rising CEA or changing
imaging findings are not accompanied by rising calcitonin. A hook effect may be confirmed
by showing that the observed calcitonin reading remains similar despite serial dilution of the
sample. Perhaps more insidious than the hook effect is non-linearity of calcitonin assays at
higher levels. Consistent use of a reputable calcitonin assay with concurrent CEA testing is
probably the best current approach to this problem.

Germline ret mutational analysis has now become an accepted standard-of-care in the initial
work-up following diagnosis of MTC, as discussed above. One can anticipate two other
potential uses of ret testing in monitoring patients with established MTC. An emerging class
of small molecule inhibitors, described below, inhibit the tyrosine kinase activity of ret. Two
critical issues have yet to be resolved regarding ret as a biomarker. First, do sporadic patients
bearing the common M918T (or other) ret mutations in their tumors respond differently to
small molecule inhibitors of ret? Already there is precedent that tumors bearing a specific ret
mutation at codon 804 are markedly resistant to the kinase inhibitor zactima.33 One might
speculate that tumors bearing M918T mutations could exhibit oncogene dependence and initial
sensitivity, although further mutations conferring resistance could emerge. To date,
commercial laboratories do not yet offer somatic ret mutation analysis, and this remains a
research test. A further application of ret analysis is to measure the effectiveness of therapy
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targeting ret. Clinical trials are using immunohistochemical analysis of active, phosphorylated
ret in post-treatment biopsy specimens as a key biomarker to indicate whether ret is actually
being inhibited or not. It is not yet clear whether post-treatment FNA's to measure ret inhibition
could have a role in clinical practice.

The choice of post-operative imaging depends on prior imaging results, calcitonin and CEA
levels, presence of any symptoms, and the rationale for potential treatment. Patients with
undetectable or very low calcitonin levels are unlikely to have any identifiable disease on
imaging. In our institution, we frequently consider periodic imaging with neck ultrasound in
patients with modest calcitonin elevations (> 20 pg/ml) and more extensive imaging with higher
calcitonin levels (>100-200 pg/ml). Neck ultrasound has the potential to detect recurrent or
persistent lymph nodes < 1 cm, and allows efficient selection of nodes for FNA. Neck CT and
MRI, exhibiting somewhat less resolution, have the capacity to image deeper structures in the
neck, as does FDG-PET.34 Mediastinal and lung metastases are sensitively detected with chest
CT. As noted above, detection of hepatic metastases remains a major challenge in MTC, with
a trade-off between highly sensitive/highly invasive techniques (laparoscopic biopsy and
hepatic arteriography) versus a moderately sensitive/non-invasive technique (arterial phase
contrast abdominal CT). Detection of bone metastases is effective with an axial MRI including
cervical, thoracic, lumbar and pelvic sequences.9 As an alternative, FDG-PET appears to have
utility for whole body bone imaging.34 Conventional technetium bone scintigraphy has proven
disappointing in MTC.9

Two special imaging indications deserve mention. The first indication is selection of patients
for systemic therapy clinical trials. Most MTC trials to date have utilized Recist criteria,
requiring measurable disease such as lesions > 1cm on spiral CT.3° Bone lesions or other lesions
without quantifiable three dimensional measurements are not applicable. Patients with
progressive Stage IV disease on imaging should be actively considered for clinical trials. The
presence of moderate cervical lymphadenopathy, as well as distant metastases, could be
considered advantageous in targeted therapy trials, allowing for a post-treatment biopsy to
assess the degree of target inhibition. A more traditional indication of imaging is the selection
of patients for potentially curative re-operation. Here the importance of imaging is more in a
negative sense, to effectively rule out inoperable disease. On the other hand, the use of hew
imaging techniques to detect operable disease and promote curative resection has been
generally ineffective.34: 36 This lack of effectiveness has frequently been attributed to the high
frequency of occult liver metastases in patients with longstanding MTC.8: 37 A more realistic
surgical strategy for re-operation is described below, reserving this procedure for patients with
incomplete or inadequate primary surgery or a clearcut intent for palliation or forestalling likely
complications.

Evolving Therapy of MTC

Surgery

Surgical treatment of MTC has been extensively studied and reviewed; several excellent
summaries are published.38-40 For patients with established, palpable sporadic MTC, the
recommended procedure is total thyroidectomy with central compartment and ipsilateral
modified radical neck dissection, encompassing levels 11-VI. Some centers also routinely
perform an initial contralateral neck dissection, while others select contralateral nodal
dissection at a second stage, based on the predictive value of a positive contralateral central
neck specimen,® combined with postop calcitonin measurement and other indicators.

Inthe U.S., asurprisingly high percentage of MTC patients have undergone incomplete surgery
as their initial operation. In SEER data (1973-2002), more patients underwent thyroidectomy
without lymph node dissection (37%), than total thyroidectomy with modified radical or radical
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neck dissection (26%) as their initial procedure. Potential explanations for this clinical practice
include the initial misdiagnosis of MTC by FNA in some cases, and the relatively high
percentage of initial operations performed by surgeons with very limited experience with the
disorder. Certainly a strong case can be made for centralized referral of MTC patients to centers
of excellence. Intra-operative assessment of lymph nodes by palpation and observation is not
an adequate method of assessing nodal involvement, with less than 70% sensitivity and
specificity.41 The performance of the central lymph node dissection is of critical importance,
because of the predilection of MTC to sites in the tracheo-esophageal groove, which may be
difficult to access. An appropriate central nodal dissection entails removal of all lymphatic
tissue from the level of the hyoid bone to the innominate vessels and laterally to the carotid
arteries.41 Finally, it is important to emphasize the importance of local control of MTC, even
in patients with relatively advanced stage 1V disease. Since even widespread MTC may be
associated with long symptom-free intervals, it is critical to obtain local control to forestall
complications such as vocal cord paralysis, airway obstruction, and hemoptysis.

The role of re-operative neck surgery in MTC remains controversial. Re-operation with a
curative intent is most feasible in patients who have had an inadequate initial operation. A
second indication is imageable recurrent cervical metastasis. If the intent of re-operation is
curative, i.e. reducing the post-operative calcitonin to undetectable levels, then there is an onus
on the clinician to extensively rule-out distant, inoperable disease, including sensitive
examinations of the liver. Moley and colleagues have shown a 25% prevalence of occult liver
metastases by laparoscopic biopsy and even higher rates have been detected by hepatic
arteriography.® 42 Palliative re-operation may be indicated if there is risk for future
compression or invasion of the trachea or major vessels, for example.

External beam radiation therapy has a limited role in MTC that has been well-summarized
elsewhere.*3 Four non-randomized studies support the use of adjuvant external beam
radiotherapy in post-operative patients at high risk for local recurrence, for example in patients
with locally-invasive tumor, grossly positive surgical margins, or extensive adenopathy with
extra-nodal extension. In this setting, adjuvant XRT may reduce the 10 year local recurrence
rate by 30-50%.44 External beam radiotherapy is also useful in a palliative fashion in bone
metastases. There is of course no role for radioiodine therapy in MTC. Targeted radiotherapy,
using either anti-CEA monoclonal antibodies or radiolabeled somastatin receptor ligands, is
also under investigation.

Systemic Therapy

Experience to date with single agent or combination chemotherapy for MTC has been largely
unsatisfactory, with no large scale or phase 111 studies performed to date. Noceraet. al. reported
a partial response rate of 15% in MTC patients treated with a combination of doxorubicin,
streptozotocin, 5-FU and dacarbazine.*®> Approximately 28% of advanced MTC patients had
partial responses in a small-scale trial of cyclophosphamide, vincristine, and dacarbazine.6
Based on the significant mortality of Stage IV MTC and the absence of effective conventional
chemotherapy, a number of groups have sought targeted therapy of the disease, using the ret
tyrosine kinase, angiogenic growth factors, somatatostatin receptors, CEA, the proteasome,
and heat shock proteins as principal targets.

Ret as a therapeutic target

Proof-of-principal that ret inhibition can provide useful treatment for MTC stems from several
experimental studies. A dominant negative ret molecule, preserving the extracellular and
transmembrane domains of the receptor but lacking the intracellular tyrosine kinase domain,
was capable of inducing growth arrest and programmed cell death when over-expressed in
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MTC cells that expressed a native ret activating mutation at codon 634, but had no effect in
heterologous tumor cells lacking a mutant ret.4” Neutralizing antibodies directed at activated
ret (including phosphporylated Tyr1062) also inhibited growth.*8 Based on such encouraging
proof-of-principal studies, and the remarkable initial responses of such small molecule
inhibitors as imatinib in CML and gastrointestinal stromal tumor, a growing list of candidate
inhibitors of ret now have been identified and tested.

Small molecule tyrosine kinase inhibitors (TKI's) with activity against ret include the
following: RPI-1, sunitinib (SU11248), PP1 and PP2, CEP-701 and CEP-751, zactima
(ZD6474), sorafenib (BAY 43-9006), XL-880, and XL-184 (see 12 and 49 for recent
summaries). Other small molecule inhibitors of ret are expected to emerge soon. Most of these
agents bind to the ATP-binding pocket of ret which is highly conserved compared to other
receptor tyrosine kinases, creating the potential for multiple inhibitory targets, and potentially,
greater side effects. Sunitinib, zactima, sorafenib, XL-880 and XL-184 all target KDR/
VEGFR?2, a second highly important target in MTC. In fact, it is a challenge for clinical trials
to distinguish anti-Ret efficacy from activity stemming from inhibition of VEGF receptors and
other targets.

Early clinical trials employing TKI's targeting ret suggest that this strategy could be well-
tolerated and relatively effective, at least in a cytostatic fashion. Wells and colleagues reported
preliminary data on a phase 11 trial of zactima, a multifunction TKI targeting ret (IC5o 100 nM),
VEGFR2/KDR (ICsq 40 nM), and EGFR.%0 Of fifteen patients with hereditary MTC, three
showed partial tumor responses, ten stable disease and two progressive disease. Median
duration of treatment was 136 days. Twelve of fifteen patients had a greater than 50% decrease
in calcitonin; some patients had >90% declines. Approximately half of the patients also had
significant declines in CEA. Side effects for this oral drug included diarrhea, nausea, skin rash
and fatigue, often necessitating dose reductions. Although this trial was not powered to
distinguish responses to different ret mutations, independent in vitro work has indicated marked
differences in sensitivity to this agent, with one common mutation at codon 804 highly resistant
to zactima but relatively sensitive to sorafenib.33 51 An international phase 111 trial is currently
beginning, in order to evaluate the efficacy across a broader population of MTC patients.

In addition to zactima, MTC clinical trials are currently planned or underway for sorafenib and
sunitinib. Agents earlier in the developmental pipeline have the potential to inhibit ret at
subnanomolar concentrations, and significant promise for hereditary and at least some cases
of sporadic MTC.

The strategy of combining targeted therapy with cytotoxic chemotherapy has had some notable
successes, for example trastuzamab plus chemotherapy in breast cancer. However targeted and
cytotoxic agent pairings need to be carefully designed. Preclinical studies are just beginning
to examine ret inhibition in combination with cytotoxic drugs. As a single agent in MTC
xenograft studies in mice, irinotecan had excellent activity with median progression-free
survival of 95 days and all mice progression-free at 75 days.>2 The combination of irinotecan
plus the TKI CEP-751 did not reach median progression-free survival at 135 days, with 100%
of mice progression-free at 110 days, after a treatment course lasting 30 days. CEP-751 has an
ICs for RET of 100nM in the presence of serum and additional activity against VEGFR2 and
TrkA.52 While the mechanism for the additive activity of CEP-751 and irinotecan is uncertain,
the TKI in this experiment appeared to abrogate the mid-S phase arrest associated with the
DNA damage response to irinotecan. Other TKI's targeting ret shared this property, although
the specificity of this interaction needs further investigation.>2
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Angiogenesis inhibitors

Two phase Il clinical trials recently have been completed for single agent TKI's targeting VEGF
receptors 1-3 in thyroid cancer including significant populations with MTC. Axitinib
(AG-013736) was associated with an overall partial response rate of 20% in thyroid cancer
patients in preliminary results. Two of twelve MTC patients had radiographic partial responses
and six stable disease with four patients progressing on treatment.53 Interestingly, follicular
thyroid cancer exhibited the strongest response to date (33% PR, 87% PR or SD). Reported
side effects of this oral agent were moderate, including fatigue, hypertension and proteinuria.
The best overall response rate to Axitinib as a single agent is in renal cell carcinoma (46%), a
VHL and VEGF-dependent tumor.54 A Phase Il study of the VEGFR inhibitor AMG-706
(Amgen, Thousand Oaks) in MTC has also reached completion. It will be interesting to see if
combinations of angiogenesis inhibitors and chemotherapy or other targeted agents show
greater efficacy in MTC, as has been observed in colorectal cancer, for example. Multifunction
TKI's have the potential to target both ret and VEGFR's, combining these two excellent targets
in MTC.

Other target targeted therapies

A number of other therapeutic targets are under investigation in MTC. These investigational
approaches include targeting somatostatin receptors with high energy-emitting ligands,>®
radio-immunotherapy using monoclonal antibodies to CEA,%6 and the use of proteasome
inhibitors such as bortezomib, potentially targeting the AKT-Nf kappa B pathway.>’ Heat
shock protein inhibitors, such as 17-AAG and other geldanomycin derivatives, can lead to
imp5a8i red protein folding and potentially to destabilization of mutant proteins such as activated
ret.

Future Prospects for Monitoring and Therapy

Activated Ret is the outstanding target for therapy in MTC, based on the relatively high
prevalence of this mutated oncogene (~50% of tumors overall), a relatively specific expression
pattern, and emerging proof-of-principal studies. There is an immediate need to correlate
biomarkers relating to ret mutational status and ret inhibition at the tumor level, with clinical
response to TKI's. There are several critical monitoring issues for MTC patients who fail ret
inhibitor treatment: 1) do they exhibit a “sensitive” ret mutation; 2) is heterogeneity of ret
mutations within their tumors a problem; 3) has ret kinase activity been effectively inhibited
by the drug? Furthermore, conventional Recist criteria may provide inadequate imaging
guidelines for response to therapies such as ret inhibitors which appear primarily cytostatic.
The role of functional imaging such as FDG-PET or DCI-MRI has not been studied in this
setting.

A further challenge will be to devise effective drug combinations that overcome the resistance
associated with effective kinase inhibitors in other disorders, such as imatinib in CML and
GIST, for example, which may stem from second site mutations or more complex adaptive
mechanisms.>9: 60 Clearly, understanding the tumor adaptation to ret inhibition may be helpful
in developing combination strategies. It is encouraging to both patients and clinicians that a
variety of promising avenues is now emerging for MTC.
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