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New Strategies for Combined Radioiodine Therapy in Refractory

Thyroid Cancer
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The prognosis of differentiated thyroid cancer (DTC) is excellent, which is mainly due to the high therapeutic
efficacy of radioactive iodine (RAI) therapy as well as indolent nature of thyroid cancer itself. Although most
patients with DTC are well freated with RAI therapy, a certain number of patients have been suffered from
refractoriness to RAI therapy. To overcome refractoriness, many alternative treatments have been investigated,
and they could be classified based on the mechanisms of action; redifferentiation drug and molecular targeted
drug. Not only redifferentiated drugs but also molecular targeted drugs could induce differentiation of thyroid
cancer cells. Consequently, alternative treatments allowing tumor cells of RAI avidity followed by RAI therapy
could utilize a synergistic effect of both therapies. Combined RAI therapy is expected to improve therapeutic

effects and prognoses of RAI refractory thyroid cancers.
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Table 1. Comparison of RAl~refractory thyroid cancer criteria
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RAl-refractory thyroid cancer Ref.

1. Presence of one target lesion without iodine uptake

(1) =0ne measurable lesion as measuared by CT or MR

(2) Disease progression® within 14 months
2. Patients whose tumors had iodine uptake
At least one of the following criteria

(1) Single RAI (=37 MBaq);

(2) Multiple RAI (the last RAI>16 months ago);

administered within 16 months of each other

(3) A cumulative RAI dose of =22 GBq
At least one of the following criteria

disease progresssion® within the previous 16 months
disease progression® after each of 2 RAl Tx. (=37 MBaq)

* RAI non—avid metastatic lesion voidng on Dx. RAI scan upt to 2 years
* RAI avid metastatic lesion stable in size or progression® despite of RAI therapy within 6 months

* FDG—avid lesion on PET

*Disease progression defined by RECIST criteria
CT: computed tomography, FDG:
radioactive iodine
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Table 2. Re—differentiation drugs

So Won Oh, et al

Class Mechanism of action Drugs
Retinoic acid RA that forms a complex with RAR—RXR heterodimer modu— 13—Cis—RA (isotretinoin), all—#rans—RA
lates the frequency of transcription initiation of thyroid specific (retinoin), bexaroten
genes after binding to RAREs in their promoters.
HDAC inhibitor HDAC inhibitors relieve the HDAC dependent block of diffe— Desipeptide, valproic acid, trichostatin

rentiation, thereby restore RA signaling pathway.
PPAR 7 agonist that binds to PPAR—RXR heteromimer activa—

PPAR 7 agonist

A, vorinostat (SAHA)
Rosiglitazone

tes transcription of target genes regulated by PRRE, and
blocks down-regulation of PPAR7Y mRNA mediated by

PAX8/PPAR 7 fusion protein.

HDAC: histon deacetylase, PAX8: paired box gene—8, PPAR: peroxisome proliferator activated receptor, PRRE: PPAR
responsive element, RA: retinoic acid, RAR: retinoic acid receptor, RARE: RA responsive element, RXR: rexinoid receptor,

SAHA: suberoylanilide hydroxamic acid
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Fig. 1. Mechanisms of re—differentiation drugs. (A) In the

absence of ligands, histone deacetylase (HDAC) containing
complexes that are tethered through corepressors (CoR) bind
to the heterodimers (RAR—RXR or PPAR-RXR) repress the
transcription of target genes that are regulated by responsive
elements (RARE or PRRE) in their promoters. (B) Binding of
ligands (RA or PPAR 7 agonist) destablizes the CoR—binding
interface and induces allosteric changes in the ligand binding
domain (LBD), which results in the formation of co—activators
(CoA) and histone acetyltransferase (HAT) complexes. These
series of conformational changes of the heterdimers activate
the transcription of target genes. CoA: coactivator, CoR:
corepressor, DBD: DNA binding domain, HAT: histone
acetyltransferase, HDAC: histone deacetylase, LBD: ligand
binding domain, PPAR: peroxisome proliferator activated
receptor, PRRE: PPAR responsive element, RA: retinoic acid,
RAR: retinoid acid receptor, RARE: RA responsive element,
RXR: rexinoid receptor.
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Fig. 2. Combined radioactive iodine therapy with retinoic acid.
No radioactive iodine (RAI) uptake was seen on the previous
post—therapy scan (left). After retinoic acid treatment, RAl
uptake was restored in the mediastinum (black arrow) and liver
(white arrow) on the post—therapy scan (right).

So Won Oh, et al

re 4
H
rOb
ek
i)
>
rr
ofy

o
o
©
o M
o
2
3
]
=
a
o
o
]
[¢]
=}
o,
2
o

3) SIAE EHOtMESIEA ANalA|
S| A8 ofA| P histone acetylation)+= FAJ-FAst
]

Fote A2 oMAIE SHacetylation)/ Bo A E SH(deacetyla-

= &9 ETh S| AE oMMES= Y
U] 55k of 2 oflA F AT Hoist=
A Qleh A E 7o Fast o
&= mitogen-activated protein kinase (MAPK)
pathway”} 5] 2= ofA|HSE stFxdste] 22T o
Areh R E HARE7E QA (silencing) FITEY 5| A @
oMA|EStE &= S| AE OMMHSNE st REshE it
Ao Tosh=t], CoRs¥} AZALE 0] RAR-RXR hetero-
dimerS FAF O] AEj= 415H1, MAPK= RARRXR
heterodimer7} CoAsof| Agsh= £919] 25 HIPA|
7 RAREH 2A3H §7k0] A4 HHSHE Al
o}

S| 2E oA E sl EotAE S I o] Tt olsiE vt
0.2 HDAC A3A7t o X 2o] AH§E|7] A&k
T} £5] HDAC ZH§3b} ol HAsE FHHBH
Tde @ o A= Romidepsin (depsipeptide) 2} Vori-
nostat (suberoylanilide hydroxamic acid; SAHA) 51} 2+
© HDAC A3|A7F X2 EiHE 91w} u]FH4 Hel

OFZOFA & (Food and Drug Administration; FDA) 0| A]
SASTE E3h

HDAC AsiAl= gl stFxdeE o] e
5| &E oMESEE HEHA AeskE =g 4 U
Aoz 7ldidt: A 9 4¥E 3} HDAC AeiAl=
NIS, Z/dapitetas 52 vlEqt A ¥4 /4

=

A AL F771E Aos WAt HDAC *
SfAl SolA SAHA= S84dEedHEy A& =
H o2 FDA 5U& Wolx 224 Jd4e e vige
2 QFddol grEE o] gtk oA A58l
st I w fA EES S

2]
A
A 7|}t g YAV E XA IAAY &
ZAHe thd o2 3t AAE Aite OoA] TEAYA
Z5HTE Kelly 5770] 749 34} 6o A SAHAS:
Eolgt A7} 1go] BRI S YeR)Sl T, Woyach 5
o] E3RMHAAY S 169 A Y T3 39
S 4O SAHAE Fofgt Ao+ A= &

T2 A8 el gtk Zalu Kely 5Y0] A7

Vol. 8 No. 1, 2015 30



New Strategies for Combined Radioiodine Therapy in Refractory Thyroid Cancer

oA SAHA ol F A2 QTS WEstel A Rg
AN AR LT AL ST 7S Bl
¥ S 0 ol B A7 4Tl g

HDAC A3liA] =02 ARESH | Eohs thE A=A
=4 st A 3} = O Azawpt FeE A
2 7digeh 2Zole A &7l Hofst=
Zez Z d#A MAPK pathway®l phosphatidy-
linositol-3 (PI3)/Akt pathwayS ¥ A sl= X|2A|=3}t
SAHAZ 3 A3 A A3t WEEY” o] A
ToAME ofd oAl Sl SAHAZE VA1 o
A = Tk b Sastg o), B9 Ak
e 3k ol AHgSIeS T S ehlst

E]' 37)

4) PPARy Z2HX
PPAR-E RXRY} heterodimersS o] Fo] ZH85=
830l dZF0 2 TR-llike subfamilyo] £3t0 a,
B, v Al 74 ofgo] EARtTE o] & PPARY & &
AAE o] Aol FAHE AS 2ASHE B,
g tiAboll Hefshs Aoz A=A Sk ot 71
2 Hlgto 2 PPARY ZH8A|Ql thiazolinedione©] A2
G A 2A| 2 AREE O] gtk 2T PPARY 7} A of
Aot ofeh 9%, ME F7] 24, 24 S} ol
Tt Al U 7o st Aor FBXHA
e oS0l E ChFR WFE YO AT} o] 2ol
|32 Ut} 53] PPARY ZH8Al= AE F7]9F IARS
Zalsie] A 548 ot O 98BS
H

N

o il

ek
PPARY ZH8Al= SY T
AN BEE SET 5 9Tk PPARY 284
7} PPARS] LBD9] ZA¢Ist & RXRY} heterodimer & Eff
=2 "} F, PRRE (PPAR responsive element)7} 245}
L Ao WA BHBE SEC ot e et
of WEBE 71T 0o SARE BHolth Ea
PPAR 7 ZF&A|+= paired box gene-8 (PAX8)o] Z-&-35}
o YEIE 2T 4~ QIth PAXSL A o] TA|E
of B3lo} M T §HA WAL 2HIL PR
ARl o E7HAtel A PAXS/PPAR 7 e
o] YIS ofAld (wild type) PPAR Y &) FFA|7]
58 97 "k o] PAXS/PPARy Ajufjdo] of3|
A= Sl A (PAXS8/PPAR 7 fusion oncoprotein)
ol 2 sfarzdshs A4t Blo] 9
oo, sjaFd A3 PPARY 9] o] g

OI

gk

31 Clin Exp Thyroidol

A1} PPAR-RXR heterodimer©] Z23+sl= PPARy ZA-&
A7t £ol50°] PPRE 23 {AA} AALE Atk 11
282 PPAR7Y 7} &1E A YA 220 PPARY
28712 Aol Hu NIS mRNAS 43

At SEH? olae 44 o Ad
shom WAHRE ARATY WANY A=
PPARy ZFEA|E AL S AR ESo] 23y
ok QAT AT QR Rt YA R0

=

EXEHEX| 2K
YA ZRE Aoz A SIste] A B5he BANE
A3z 77t BAA o R Sxst7] AlZRsE 0d Ty o o]

o TR FRO BHES epIYSHE oFSo] s

9 A= ol B ¢o) FF it Sofitk. ol
I%F ERA WA BAYEet Hoke] AT Akl
ofafatSo] 7129l 2| Lo eryEstel Uy
S A4o] £2E Avolth MY ATE of
o= ofujolA] ZHARAere] w7 Aol Thojshi Zlo.
2 deldl AsAegRet S WMol Fol w7
AFYI, ol F EASHE PAS0] B ATET
ek

) &8I

=2 0
¥A AT HEH Z+= MAPK pathway?} PI3K/Akt path-
wayO| Tk T4 oA ZNEANA ASHEHZIF X &
Aoz FPSEH, ME7F 2EEXR] ¢k AL 4
SHA o] ki o = o]o] XIE} RAS, PIK3CA, PTEN,
7}
=3

p53, ALK, BRAF S}
ubAl ol 2] 8fo] Q3 gq—apo gl Aoz ok

=3}

= e .

ot A2 HGE = o|do] A THEE B B
orch A2 84 g2Al 7]L]-0]-Zi](receptor tyrosine

kinase; RTK) £Z31} BRAF -S4 X%} ©Ho|7} g7 &4
e 49, & 7HA 5% MAPKS} PIBK/Akt pathway
Z/gsto] FFE A BR oL Y o 5ol T
gt Aoz B3 Yk

BRAF V600E $o|(BRAF'"")7} 7P¢ 22 a1 9]
C}. BRAF Ho|= MAPK pathwayS 53f /2]
pathway&



¢}
ol
12
ok
o
0
v
ol
=)

u]
o
™,
oL
o
ox

a

7o 2%
fote ol gth
(extrathyroidal extension), &
ool e 2Xyelsty

o AT}

GO

=

a
o m &

re

e
rr

re o i)
mL o
fo rx

o
e
N

)
o

_1:._[

lo
o ok
N

o o
<

rJ
oL 1w
e
- [
oZ:[
fo
fo ro
n g o
Mo @

[—F{—Qoﬁn

N':D—“‘

ox
=
H1
rJ
f
ol
ol
f
o
N
>
2
o o
o
W rE o f Hu o rt 30 (O gE

oft

oK

Ir

2 o

I

fu

o
N

e (o
~
- T
N
oz
>
i
)

9& o
Al
sl
lo &
£
%

o
e
12
N
il
rir
oM,
o
i
>,
i
tot
N
do
1
1)
rr
pat)
o
rJ

2) EIZA F|LtotR| K&

ZHAA Qo A RTK ZZo| ¢habay 1 o] Tosh=
Z10] 457 & RTKE HEH3H= E|24] 7]LpobA] A
A= HrAAH R o E X FATA ALY SR %]

Sofo] 20144 19 $2futet AEOFEAHYOIHE

SUT VAL PHOR A8 SIS 2

Ui 24 AT ABNEL A, BEUHE Boli
] 7

73
Ale A% 213
olnz el 21
L 2 oot 9o
Sorafenib 0] 2Jo]E of ] E5o] €24l 7] Lo 4
A5 WAHROE ARATY YAHY BAS
Ao 2 A9t 150 sorafenibE Tt X| & g
ol 94alAL} 2o WAT HEe] BE Bl of
ASE BT Avatinib BIPFAS S} 5B
oz FEus) 30%, HYH 38%FS LERAL

SAYPYR ZUzro] 18.17HY oItk Motesanib-<
AYYPAL T 03 ol A BEe 14%9F 2
Y 67%0)A A= dH3-S I3, o] oAM= T
AgrEdo] as FLr 81% =k st

=}

L
© BalghgAer 3 3792 dos B
B 4%t L HHS ARG O PUYHE F

ot o2 El24l 7]hobA] A

o2
L)
Mo
5
N
e
2
[
3l

So Won Oh, et al

37 GO sorafenibo] YA L OE A ZAY 2
Y B A 20 71 A FDA 5208 ol AL
57] Azt ot ohe 2 sluotl AaAl S
o 45al S4% AR RS Hol: $EL ohy
oh o2 o $4u ARAHE e RARAS}
Agol &4 YHAYE A BA Aol £YF 2
o= s

3) EIZN F|LtotM XA /UAERR2E HHXZ

v T

5olth &+ MAPK pathway?] &l (downstream) o] ¢
X3 MEKS M8z 02 xjsiohs MEK A8 23]
A7t Ao} WAL E ABATY el
Hgai7] Slgk A7 BT Ho 52 WA R
O ARATY AL BAIA MEK MeE A
A Q] selumetinibS Fo5t1 YAH Qo E HIHAES
3| B3HoA|S 1124 PET/CTE B/ 5 $Ab 20
E 437t S7IRE Ao AIT YAV 2 e & AR Al
Yotk I A3 YA e e s ARATA A
oF 4k 207 5 8ol AV E HAVE 1S
Fon, AR A7 T 3% oYY, s
F2HsE UEtligleh 5] o] Solle =2
210] 0.2 ng/mL D]gEO 2 ZhA4gh FRbE Q)Qich B2
Al ZIvobAl AsiAI7E 7HA = MZ2SA A 9 23t
= Rikel YAV R o & HIA| BT SR Els
Botol 94e Aw AHG AL Ao A7
o O B 7t AT 2B 7|70] FEoH
Genz gren F4 A7t Wasith

Q.

N
i

=

42

WS weuzt 2 19 G2 AR
ghat g0l e WS T vk gAY
dubH o2 o 57t 72 ZEIt AR AA gloi
PR s ANBAYY g2 Aol wr=n
oAF7F %5t Fabsel A7 He el A &
o ORI 7R A 2AYE IAL XS A =S
ISl 7[R =] FRE A 42 d-ol2
2 giAR=2A Ee A dddT7E Algsith

Vol. 8 No. 1, 2015 32



New Strategies for Combined Radioiodine Therapy in Refractory Thyroid Cancer

7] W2 AtiEos QAT FAo] ek =
Yol el ite o 83 q
AT A7 G} HEAYA Loho] XX BT A
Hieta @ 4 ek

22 FDA 8718 S B maa) 247 Sl
501301 X]EX‘] o]-/H 7]-/\1-}1\:]_%1- ‘f‘_ ]- ;‘(]i }({U]—_,_]. 01-7]]]
A7 TSI} e 2y b2 AR 2 e}
A T gEAdor 945 A7 AHoletn v

d3, B RAL A8 ¥ee Uents
12 mIHE A7 §A157] olgths wHe R

.

HES WYl MRS, LAE KT T YA
4aecE Wyt ¢ Wy EUE Hot: Hol
8% Jolth T ST YAHIROE RS
Ystel A RATE IheHY 4 Qi Heke dus
T ol ST 4 Uk A o YED YyAT
So] W40

Xz, 2XtEY K7,

References

1) Jung KW, Won Y], Kong HJ, Oh CM, Seo HG, Lee ]JS.
Cancer statistics in Korea: incidence, mortality, survival and
prevalence in 2010. Cancer Res Treat 2013;45(1):1-14.

2) Machens A, Holzhausen HJ, Dralle H. The prognostic value
of primary tumor size in papillary and follicular thyroid carcino-
ma. Cancer 2005;103(11):2269-75.

3) Cho BY, Choi HS, Park Y], Lim JA, Ahn HY, Lee EK ez

al. Changes in the clinicopathological characteristics and out-

comes of thyroid cancer in Korea over the past four decades.

Thyroid 2013;23(7):797-804.

Fernandes JK, Day TA, Richardson MS, Sharma AK. Over-

view of the management of differentiated thyroid cancer. Curr

Trear Options Oncol 2005;6(1):47-57.

5) Schlumberger M. Management of refractory thyroid cancers.
Ann Endocrinol (Paris) 2011;72(2):149-57.

6) Chung JK. Sodium iodide symporter: its role in nuclear medi-
cine. | Nucl Med 2002;43(9):1188-200.

7) Durante C, Haddy N, Baudin E, Leboulleux S, Hartl D,
Travagli JP, et al. Long-term outcome of 444 patients with

4

=

distant metastases from papillary and follicular thyroid carci-
noma: benefits and limits of radioiodine therapy. | Clin Endo-
crinol Metab 2006;91(8):2892-9.

8) Sherman SI. Cyzotoxic chemotherapy for differentiated thyroid
carcinoma. Clin Oncol (R Coll Radiol) 2010;22(6):464-8.

9) Paeng JC, Kang KW, Park do J, Oh SW, Chung JK.

Alternative medical treatment for radioiodine-refractory thyroid

33  Clin Exp Thyroidol

10

=

11)

12

~

13

=

14

=

15)

16)

17)

18)

19

~

20)

21)

22)

23)

cancers. Nucl Med Mol Imaging 2011;45(4):241-7.

Brose MS, Nutting CM, Sherman SI, Shong YK, Smit JW,
Reike G, ez al. Rationale and design of decision: a double-blind,
randomized, placebo-controlled phase III trial evaluating the
efficacy and safety of sorafenib in patients with locally advanced
or metastatic radioactive iodine (RAI)-refractory, differentiated
thyroid cancer. BMC Cancer 2011;11:349.

Ho AL, Grewal RK, Leboeuf R, Sherman EJ, Pfister DG,
Deandreis D, ez al. Selumetinib-enhanced radioiodine uptake in
advanced thyroid cancer. N Engl | Med 2013;368(7):623-32.
Altucci L, Gronemeyer H. The promise of retinoids to fight
against cancer. Nat Rev Cancer 2001;1(3):181-93.
Schmutzler C, Schmitt TL, Glaser F, Loos U, Kohrle J. The
promoter of the human sodium/iodide-symporter gene responds
to retinoic acid. Mol Cell Endocrinol 2002;189(1-2):145-55.
Jeong H, Kim YR, Kim KN, Choe JG, Chung JK, Kim MK.
Effect of all-trans retinoic acid on sodium/iodide symporter
expression, radioiodine uptake and gene expression profiles in a
human anaplastic thyroid carcinoma cell line. Nucl Med Biol
2006;33(7):875-82.

Hoffmann S, Rockenstein A, Ramaswamy A, Celik I, Wun-
derlich A, Lingelbach S, ez al. Retinoic acid inhibits angio-
genesis and tumor growth of thyroid cancer cells. Mol Cell
Endocrinol 2007;264(1-2):74-81.

Simon D, Kohrle J, Schmutzler C, Mainz K, Reiners C,
Roher HD. Redifferentiation therapy of differentiated thyroid
carcinoma with retinoic acid: basics and first clinical results. Exp
Clin Endocrinol Diabetes 1996;,104 Suppl 4:13-5.

Simon D, Koehrle ], Reiners C, Boerner AR, Schmutzler C,
Mainz K, er al. Redifferentiation therapy with retinoids:
therapeutic option for advanced follicular and papillary thyroid
carcinoma. World | Surg 1998;22(6):569-74.

Grunwald F, Menzel C, Bender H, Palmedo H, Otte R,
Fimmers R, ez al. Redifferentiation therapy-induced radioiodine
uptake in thyroid cancer. | Nucl Med 1998;39(11):1903-6.
Simon D, Korber C, Krausch M, Segering J, Groth P, Gorges
R, et al. Clinical impact of retinoids in redifferentiation therapy
of advanced thyroid cancer: final results of a pilot study. Eur
J Nucl Med Mol Imaging 2002;29(6):775-82.

Chung JK, Lee Y], Jeong JM, Lee DS, Lee MC, Cho BY,
et al. Clinical significance of hepatic visualization on iodine-151
whole-body scan in patients with thyroid carcinoma. | Nucl Med
1997;38(8):1191-5.

Short SC, Suovuori A, Cook G, Vivian G, Harmer C. A phase
II study using retinoids as redifferentiation agents to increase
todine uptake in metastatic thyroid cancer. Clin Oncol (R Coll
Radiol) 2004:16(8):569-74.

Courbon F, Zerdoud S, Bastie D, Archambaud F, Hoff M,
Eche N, ez al. Defective efficacy of retinoic acid treatment in
patients with metastatic thyroid carcinoma. Thyroid 2006;16(10):
1025-31.

Handkiewicz-Junak D, Roskosz ], Hasse-Lazar K, Szpak-
Ulezok S, Puch Z, Kukulska A, ez al. 13-cis-retinoic acid
re-differentiation therapy and recombinant human thyrotropin-
aided radioiodine treatment of non-Functional metastatic thyroid
cancer: a single-center, 53-patient phase 2 study. Thyroid Res
2009;2(1):8.



24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34

=

35

=

36)

37)

Gruning T, Tiepolt C, Zophel K, Bredow ], Kropp J, Franke
WG. Retinoic acid for redifferentiation of thyroid cancer--does
it hold its promise? Eur | Endocrinol 2003;148(4):395-402.
Kim WG, Kim EY, Kim TY, Ryu JS, Hong §J, Kim WB,
et al. Redifferentiation therapy with 13-cis retinoic acids in
radioiodine-resistant thyroid cancer. Endocr | 2009;56(1):105-12.
Fernandez CA, Puig-Domingo M, Lomena F, Estorch M,
Camacho Marti V, Bittini AL, ez al. Effectiveness of retinoic
acid treatment for redifferentiation of thyroid cancer in relation
to recovery of radioiodine uptake. | Endocrinol Invest 2009;
32(3):228-33.

Oh SW, Moon SH, Park do J, Cho BY, Jung KC, Lee DS,
et al. Combined therapy with 1311 and retinoic acid in Korean
patients with radioiodine-refractory papillary thyroid cancer. Eur
J Nucl Med Mol Imaging 2011;38(10):1798-805.

Xing M. Molecular pathogenesis and mechanisms of thyroid
cancer. Nat Rev Cancer 2013;13(3):184-99.

Kitazono M, Robey R, Zhan Z, Sarlis NJ, Skarulis MC, Aikou
T, et al. Low concentrations of the histone deacetylase inhibitor,
depsipeptide (FR901228), increase expression of the Na(+)/I(-)
symporter and iodine accumulation in poorly differentiated
thyroid carcinoma cells. | Clin Endocrinol Metab 2001;86(7):
3430-5.

Furuya F, Shimura H, Suzuki H, Taki K, Ohta K
Haraguchi K, e al. Histone deacetylase inhibitors restore
radiotodide uptake and retention in poorly differentiated and
anaplastic thyroid cancer cells by expression of the sodium/iodide
symporter thyroperoxidase and  thyroglobulin. Endocrinology
2004;145(6):2865-75.

Zarnegar R, Brunaud L, Kanauchi H, Wong M, Fung M,
Ginzinger D, et al. Increasing the effectiveness of radioactive
todine therapy in the treatment of thyroid cancer using Tricho-
statin A, a histone deacetylase inhibitor. Surgery 2002;132(6):
984-90; discussion 990.

Fortunati N, Catalano MG, Arena K, Brignardello E,
Piovesan A, Boccuzzi G. Valproic acid induces the expression
of the Na+/I- symporter and iodine uptake in poorly differ-
entiated thyroid cancer cells. | Clin Endocrinol Metab 2004,
89(2):1006-9.

Puppin C, D'Aurizio F, D'Elia AV, Cesaratto L, Tell G,
Russo D, ez al. Effects of histone acetylation on sodium iodide
symporter promoter and expression of thyroid-specific transcrip-
tion factors. Endocrinology 2005;146(9):3967-74.

Kelly WK, O'Connor OA, Krug LM, Chiao JH, Heaney M,
Curley T, ez al. Phase I study of an oral histone deacetylase
inhibitor, suberoylanilide hydroxamic acid, in patients with
advanced cancer. | Clin Oncol 2005;23(17):3923-31.

Woyach JA, Kloos RT, Ringel MD, Arbogast D, Collamore
M, Zwiebel JA, ez al. Lack of therapeutic effect of the histone
deacetylase inhibitor vorinostat in patients with metastatic
radiotodine-refractory thyroid carcinoma. ]| Clin Endocrinol
Metab 2009;94(1):164-70.

Hou P, Bojdani E, Xing M. Induction of thyroid gene
expression and radiotodine uptake in thyroid cancer cells by
targeting major signaling pathways. | Clin Endocrinol Metab
2010;95(2):820-8.

Kroll TG, Sarraf P, Pecciarini L, Chen CJ, Mueller E,

38)

39)

40

=

41

-

42)

43

=

44)

45)

46)

47)

48)

49)

50)

So Won Oh, et al

Spiegelman BM, et al. PAXS-PPARgammal fusion oncogene
in human thyroid carcinoma [corrected). Science 2000;289(5483):
1357-60.

Karger S, Berger K, Eszlinger M, Tannapfel A, Dralle H,
Paschke R, ez al. Evaluation of peroxisome proliferator-activated
receptor-gamma  expression in benign and malignant thyroid
pathologies. Thyroid 2005;15(9):997-1005.

Park JW, Zarnegar R, Kanauchi H, Wong MG, Hyun WC,
Ginzinger DG, ez al. Troglitazone, the peroxisome proliferator-
activated receptor-gamma agonist, induces antiproliferation and
redifferentiation in human thyroid cancer cell lines. Thyroid
2005;15(3):222-31.

Philips JC, Petite C, Willi JP, Buchegger F, Meier CA. Effect
of peroxisome proliferator-activated receptor gamma agonist,
rosiglitazone, on dedifferentiated thyroid cancers. Nucl Med
Commun 2004;25(12):1183-6.

Kebebew E, Peng M, Reiff E, Treseler P, Woeber KA, Clark
OH, et al. A phase II trial of rosiglitazone in patients with
thyroglobulin-positive and  radiotodine-negative  differentiated
thyroid cancer. Surgery 2006;140(6):960-6; discussion 996-7.
Kebebew E, Lindsay S, Clark OH, Woeber KA, Hawkins R,
Greenspan FS. Results of rosiglitazone therapy in patients with
thyroglobulin-positive and radioiodine-negative advanced differen-
riated thyroid cancer. Thyroid 2009;19(9):953-6.

Tepmongkol S, Keelawat S, Honsawek S, Ruangvejvorachai
P. Rosiglitazone effect on radioiodine uptake in thyroid
carcinoma patients with high thyroglobulin but negative total
body scan: a correlation with the expression of peroxisome
proliferator-activated receptor-gamma. Thyroid 2008;18(7):697-
704.

Liu Z, Hou P, Ji M, Guan H, Studeman K, Jensen K, ez
al. Highly prevalent genetic alterations in receptor tyrosine
kinases and phosphatidylinositol 3-kinase/akt and mitogen-acti-
vated protein kinase pathways in anaplastic and follicular thyroid
cancers. | Clin Endocrinol Metab 2008;95(8):3106-16.

Xing M, Westra WH, Tufano RP, Cohen Y, Rosenbaum E,
Rhoden KJ, ez al. BRAF mutation predicts a poorer clinical
prognosis for papillary thyroid cancer. | Clin Endocrinol Metab
2005;90(12):6373-9.

Liu D, Hu S, Hou P, Jiang D, Condouris S, Xing M.
Suppression  of BRAF/MEK/MAP  kinase pathway restores
expression of iodide-metabolizing genes in thyroid cells expressing
the V60OE BRAF mutant. Clin Cancer Res 2007;13(4):1341-9.
Gupta-Abramson V, Troxel AB, Nellore A, Puttaswamy K,
Redlinger M, Ransone K, et al. Phase 1I trial of sorafenib in
advanced thyroid cancer. | Clin Oncol 2008;26(29):4714-9.
Kloos RT, Ringel MD, Knopp MV, Hall NC, King M,
Stevens R, ez al. Phase I trial of sorafenib in metastatic thyroid
cancer. | Clin Oncol 2009;27(10):1675-84.

Ahmed M, Barbachano Y, Riddell AM, Whittaker S, Newbold
K, Harrington K, ez al. An open labelled phase 2 study
evaluating the safety and efficacy of sorafenib in metastatic
advanced thyroid cancer [abstract]. Ann Oncol 2008;19Supp!
8:218.

Hoftijzer H, Heemstra KA, Morreau H, Stokkel MP,
Corssmit EP, Gelderblom H, ez al. Beneficial effects of

sorafenib on tumor progression, but not on radioiodine uptake,

Vol. 8 No. 1, 2015 34



New Strategies for Combined Radioiodine Therapy in Refractory Thyroid Cancer

in  patients with differentiated thyroid carcinoma. Eur | Martins RG, ez al. Motesanib diphosphate in  progressive

Endocrinol 2009;161(6):923-31. differentiated thyroid cancer. N Engl | Med 2008;359(1):31-42.
51) Cohen EE, Rosen LS, Vokes EE, Kies MS, Forastiere AA, 53) Bible KC, Suman V], Molina JR, Smallridge RC, Maples W],

Worden FP, et al. Axitinib is an active treatment for all Menefee ME, et al. Efficacy of pazopanib in progressive,

histologic subtypes of advanced thyroid cancer: results from a radioiodine-refractory, metastatic differentiated thyroid cancers:

phase II study. ] Clin Oncol 2008;26(29):4708-13. results of a phase 2 consortium study. Lancet Oncol 2010;
52) Sherman SI, Wirth 1J, Droz JP, Hofmann M, Bastholt L, 11(10):962-72.

35 Clin Exp Thyroidol



