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Abstract: The majority patients of differentiated thyroid carcinoma (DTC) with indolent progression have
general good prognosis after standard primary treatments including surgery, thyroid stimulating hormone
(TSH) suppression and radioactive iodine (RAI) therapy. However, there are still some patients suffered from
recurrence or distant metastasis after initial treatment. They may lose the ability of uptaking iodine during
their natural course of disease or treatment and could not benefit from subsequent RAI treatment, which
will result in radioiodine-refractory differentiated thyroid cancer (RAIR-DTC). Options are very limited for
RAIR-DTC patients, which is associated with a poor prognosis. Recently, with the research advances on the
molecular mechanism of RAIR-DTC, redifferentiation combined with RAI therapy have been increasingly
used to treat RAIR-DTC, and some outcomes are quite encouraging. This paper reviews the progress of
signaling pathway inhibitors, histone deacetylase inhibitors, DNA methyltransferase inhibitors, retinoids and
peroxisome proliferator-activated receptor agonists in redifferentiating therapy of RAIR-DTC.
Key words: Radioiodine-refractory differentiated thyroid cancer; Redifferentiation; Iodine uptake;
Radioactive iodine therapy
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B OE: s B FTREE (DTC) K E#EEE, 2F K RPRBREHLTF () A4k
(RAL) FHIEALETT G BARTUGAT, 2B ARG &4 BT B BT R RZA A, HFTRED KRR
RRGTIREY KRB, REASERALE T FIRE, R ARMES W SAE FRRE (RAIR-
DTC) . RAIR-DTC#& % Tik#ah 67 7 ik A MR, HAR KMk, L5k, MAFRAIR-DTCH T Au#l
R RBRN, HF A IRARALS /7 ZRAIR-DTCP Ik — 2 ey AT K. AXLHER TS
BIEIPE A . G K CEALEEIPH A (HDACI) . DNAW AL H) 7 | 4 7 8 & 26 4 it Rl
D ERIG I HE LR (PPAR) 8 3) ] ERAIR-DTCH 3 B o076 77 ¥ a9 &
KR ARXEE MR TR, Bl AR A Akt T
FESES: R736.1 FFRU (R TR R 55) R IRAS(OSID) :

0 5|5
HUIRARJE (thyroid carcinoma, TC ) Zif4E %k
I HE A B PR A S AR P A I g, R R R R

IgiSEER. 2022-01-05; {#EIHEE: 2022-03-30

VEZ B, 1.430079 XX, 4 PHE K2RFERE
T 8 ) A6 I 5 TR T2 Sk FR oA 2. 430079 XX, # Ak H R I
[ [ 3k 20 9

BIEEE. s (1979-) , B, W+, THE
IF, EBINF LB B AE R A, E-mail:
chenjian2003@aliyun.com

EEE . kB (1995-) , &, Mdfit, T2
kU G oG Hhak 5 G R AT R

R AR E R Z -1, Hodr, DI HUR R
( differentiated thyroid carcinoma, DTC ) i .,
T AR 95%, REZBDTCETF A | it
PR (radioactive iodine, RAI ) Y7 A1 (&) figFH
MR 2 (thyroid stimulating hormone, TSH ) i
TAI7 G R R, (FJEEMEE N, 54 15%/)
DTCE & 7EH A R RE AT R 72 b 2k S g
JIBCRILEG IO JE Ry RO VA 1 53 Y TR R B
( radioiodine-refractory differentiated thyroid cancer,
RAIR-DTC) , #Jifilfi2:", HETRAIR-DTCIRYT
T XA RBEIFROAE, BEEXRAIR-DTCR A &
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JE RO AR FHLHRIDETE AR A, LAYE
IR T AR RLA ST g C s T
1HITRAIR-DTCIHF UG 1 —E . AR SCHRAIR-
DTCH)YE T IR T AR RIT S BE A 72514

1 MRS B RIKERE

201543 [E HUR IR P32 ( American Thyroid
Association, ATA ) 155 S ERAIR-DTC A 1ETSHH
P TCAN IR L fof T AIRBOIR ST, kb AE
ZRANRIT G 78 B e R aE ), sl 4R
S AR R B, (HARADSYF A Bk R,
RS T ROE B AR S R AR, 1T i = 9
FRFN Gy BLhih s eAh, WOETR Ve ki Wy 2552
FIRAIAYHIE . BARBIE] . BRI PR
IR, kb i U BRI 0 5 RATVAR YT 7 A
IHAESE Ll , RAT2E B4 (RAI-whole body
scan, RAI-WBS ) ByRiFRYE | okt s (% 55 i |
RALIGYT 1) Rt i () @ AR AF R AIR-DTCHY &
SAFAESL, AH AT B 2 531 5AR 55 T Tl B ik
FEik A BT . METRAIR-DTCIAYT F
BFEEAFA. AT, BT Buayr, HFEAR
AR TCEMIR IR, A Ge by R 797 O A,
AR ) 25 ) 245 S FR BRI 1 ) ( tyrosine kinase
inhibitor, TKI) K IEJE (sorafenib ) Fl4fk#Es
J& (lenvatinib ) #ifit#EF FRAIR-DTCIGYY, {H
T HIGEIFRAIR-DTCHY A1 (overall survival,
OS) A4 i AAF BN UESL, 17 < IR 1) YR 97 6 F
ATEANR N . W5 B /RRAIR-DTCH 1 i Jé
P, RAIR-DTCHEH PIOSA S, 104FEAAFH

(‘survival rate, SR ) {¥10%, TMXTRALIEYT UM
RS PEDTC R 104ESRAT1K60%

FOPR AR AL AR DG S B K 3Rk 7 ) A0 6 Na/ 1
351K (sodium iodide symporter, NIS ) | {Z HAR
R ZE 2K (thyroid stimulating hormone receptor,
TSHR ) %71, TSHR 5 TSHEE 4 5 80 %00 26 11
NISZ R E T 5¢ i H AR IR E . TSHR S NISHY
Foik 5 T RE ERAIR-DTCRTRALG Y7 AN Rk 1 Ji
B, k2 AR, LhaiE25DTC
KA FEEG 5. RWB . JER 5
PE N,

2 (FEERIAEE
2.1 22 B A R

R B PAY R s 7 B0 S A [R] 54 ( rat sarcoma
viral oncogene homolog, RAS ) /RAFi[if ( rapidly

accelerated fibrosarcoma, RAF ) /22 % 5y ik 845 11
I ( mitogen-activated protein kinase kinase,
MEK ) /22245 38005 25 11 ( mitogen-activated
protein kinase, MAPK ) 2158 478 HOR IR i &
A RIE A R R R AR Y, RASH
P FMAPKAE 5 i 1 i, iR R AR f5 AT
POE MAPKAE 53 i 5 SO M S5 55, AT i
it g 9 i tE o BRLEE PR IR e R R TR TR I B L
( v-raf murine sarcoma viral oncogene homolog B1,
BRAF ) J& TRAFEERI K, J&— a2 00 S
FEDR, Hgbt 22 R/ 95 2 R 2R 1 N TMAPK
T BT, IR R AR JE AT R AR M
AEMEK i MAPKGHE B0 , 1 1M 3 i i e 31 7
PEFRRAE, W ie 00 R K A R 22 e B 2 G T
. MEKGEMAPKIE F# ) —E 244K, JEBRAF
W S G B — B4, MEKH0 il 75 v B
MAPKG# #7742 i He g fE . BRAF/RASZE
AR S MAPKGE i, EUNIS ik = FIRALT
BIEAL, BIEXMRARAIF AR, AIMFIEIE
B TYEF FMAPKIE % Y BRAF . RAS, MEK%
A RS 158 1) 24 ) AT i v PR BRI g TR
FERAKT- AN SRR G RAFSE /R MAPK
B ) 7] 75 S RAIR-DTCH/MEAR m R, I
£, E1, B TIEKS FRAIR-DTC )
AR B ER ) 2459 = 345 BRAFHN I FIMEKS 77
BRAFH] il 57 7T 38 12 70 i MA PG B &2 RAT
R, DunnfFJFJE T —WRN TS, RHIBRAF
TR 4E 53R )R 5 F RAIR-DTC 40 E )5, 104
BE A AFIRAFRIUE I, ZLRALARIT A, 2613k
F3or22 @ ( partial response, PR ) , 20 fEta e
(stable disease, SD ) "', Rothenbergl]>% {IBRAF
s fidE e (dabrafenib ) $E17Ti5 S 401k,
TEZMEE 100 8 sz ik hidk Je iR 97 6 il Jm
a5 R (WBS) , KI6MH L HRAFEEIY
hn, el EARAGRYT A, 2618 E R1FPR,
451SDM", FKWIBRAFH il 51 7T Yk 5 BRAF 58 2%
RAIR-DTC  # X RAI SO $2 B RALG ST IT
R, AERAIR-DTCIE I Lia 7 A ] e 259
Hayes 55 i 5% K FHMEK ) i 1] W) 36 2 Je 16 97
RAIR-DTCJ5, BRAF V600EZ 25 &I B & (Y PFS
YR, RUIMEKHGIH A & e (selu-
metinib ) J7Y7 A BEXTBRAF VO00OEZS S (5 I RIUR
S, A SR B FEUIR AR T RA TSR R
bl 2 Ho S5 IF R It R 5 R ] ) 2685 JE 5 RATR-
DTCH/MbSE, 200 8% A 126 R AU I,
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Table 1 Targeted drugs for re-differentiating therapy of RAIR-DTC

Patients with

Patients who

Patients

Genetic " M . Patients . Type of
Compound Targets 5 increased iodine  received 3 with Reference
oo uptake/(n)  radioiodine (7) i PR () SD (n) Sy
Vemurafenib BRAF ~ BRAF 4/10 4 2 2 Ppilot trial 12361111;1, et al™’
Dabrafenib BRAF BRAF 6/10 6 2 4  Clinical study Rothenberg, et al."
(phase 1) 2015
BRAF 4/9 1 1 0
.. NRAS 5/5 5 4 1 Clinical study [15]
Selumetinib MEK RET/PTC 23 | 0 | (phase 2) Ho, et al."™ 2013
wild-type 1/3 1 0 1
TTx BRAF+ BRAF 5/9 5 2 3 . Jaber, et al."®
MEK  NRAS/KRAS 33 3 | N Retrospective study 2018
TTx BRAF+ BRAF 33 3 2 1 . Iravani, et al.!'”
MEK  NRAS 13 ) ) 0 Retrospective study 2019

Notes: RAIR-DTC: radioiodine-refractory differentiated thyroid cancer; PR: partial response; SD: stable disease; BRAF: v-raf murine sarcoma viral

oncogene homolog B1; MEK: mitogen-activated protein kinase kinase; RAS: rat sarcoma viral oncogene homolog; KRAS: Kirsten rat sarcoma viral

oncogene homologue; NRAS: neuroblastoma rat sarcoma viral oncogene homolog; RET: rearranged during transfection; PTC: papillary thyroid

carcinoma; TTx: targeted therapy.

8 7ER ATHE UL ) — & I {H )5 2 32 RALIR YT, 1
56 B EPR, 36 HSD, HAFEEMZE, N
B9 5] Hh i 2 B 240 R R A S 25 3008 25 1R[] 5
¥ (neuroblastoma RAS viral oncogene homolog,
NRAS ) RASLHE 5], LK RIRIT G RAIER
IS, HZRANGITIRABIPR, KU F]SERE
XTRASHR A RIRAIR-DTC B # (1 P AL IR 7 A 20
T, SR & TR G S T Y

extracellular signal e

MSATARA IR YT ik —2 2% . S F AR5
PIREA SRR, RGN T —WRHA . 29
Il R A 9 A ik — 2R 55 W) 368 Je 7E 5 5 1o Ak i
SR BRI ATRED TR AR A T 4G SR AT
XF A M APKGH & 0 il 5% ( BRAFAI (5% )
MEKHIHIFH] ) 67 FIRAIR-DTCE # #47 8] 7
EHT, ALHE— RS T B A ) 3R T AT Al
BRAF/RASZEZF [ RAIR-DTC i # B LA RALIA
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Figure 1 Drugs and relevant pathways involved in the re-differentiating therapy of RAIR-DTC
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JP LRI B AR R RGE TR E
i 98 JE IR IT RAIR-DTCH P4k 1, RIS
YA B S5 A BRAF 72 B RAIR-DTC &
H R EYT 2 AT 0L, BRAFH]
FIFIMEKA il 51327 7T £ = RAIR-DTC 5 45 R AT
B, dF—250EB T MAPKGHE B 7E H IR AR 40 i A
TTRABEEER . 2R, BRI RATEEHUR I
KA RAEARA R, BRAFIHIFI A5 S iE
TR B E N, BIEE/NEANIS, 55 K
ARG R — UL HI TR AR E e B R
R T RAFIE R R R ST, HERIT-XTRAS
ZRAFHRAIR-DTCHEE T RS, Btk — 2 1]
WV TE AR 28 ATE . SRR X e 2B R 1b Y7
o IBITIG IR SR WL -5 15 AH X A BRAF 28 A8 7Y
SEEATHIR R R — M

i, Saqeenaf TR A —IHT AT K R,
Yefa B A 4K ( SWItch/Sucrose Non-Ferment-
able, SWI/SNF ) 7EZEFFTC/Mbrb & 45 5 2R
L DR 5% 725 3 B A AT AT Xt M A PG % 410 1]
R FEIRTTE R, I N B A TR
I RAIR-DTCH MRSy 8 i 17 i S
2.2 BERRWURE-3FE500E/ 5 A B/ A N A R AR
138 %

5 1 LB -3 238 W ( phosphoinositide 3-ki-
nase, PI3K ) /25 B ( protein kinase B, PKB,
NFRAKT ) /E A% R EF (mammalian target
of rapamycin, mTOR ) ( PI3K/AKT/mTOR ) {5
SN EEEIE SDTCH A . K. %%
AR T P AR S R R IR T AR
mTORJE— Pl 22 Z IR/ 75 & TR & F W, & T Wk
IR T JUL P 384 it A DG 38t ( phosphatidy-linositol
kinase-related kinase, PIKK ) TRAX R F, &
PI3K/AKTI@ # T i RN L H, AT A5 NIS
Fik R RATHEEL, 7EPI3KGE il ie h 31
PEFA S B9 3 BT A P T3 K T Pk 5 R ATR -
DTCX RATFHEUREE, # il AKT, mTORA]
755 FCR M g A B 101k, B S RATEE I, DL
BT PR NTS 22k 8 fin 5 9 il PI3K/AKT/
mTOR(E Sl A %,

AKTHP6I 57 AT DL o 2 S NISA 3 i il f% iz
ORI IIRATEEI,  H AR HUR AR M b o & 3
AKTAr i BER I, & BT AKT i 551 fz HoAir A4
Yy o] 8 B e B IR AT B P fE 40 5 . 7E
B ARF Fl [] J 1k 9 B2 it - 7K 71 & 111 ( phosphatase
and tension homolog, PTEN ) KA, M

Hl mTOR AT i 1 $& /51 % s 24 11 [ ¥ ( transcrip-
tion termination factor 1, TTF1 ) %%k
RAMEI RS SE8G 3 — B M PI3K . AKT,

MEK ., BRAF&HEA , & BLPI3K A i 55 76 54 fin
RN E2 3y T = 11 R (E R N B
WAT HE— 25 A UEPI3I K il 70) 47 oF i I IR 4K 4

Il RAJF 5 R BAR 4E 5237 ( Everolimus ) fE Sk —Ff
mTORAM I, X W ADTC & B A B g 7
PR (H SR 5 52 45 i 4 I . BorsonZE i
¢ TiZPI3KAM &I A i L PG 4 ( Buparlisib ) X}
RAIR-DTCHYF AL, deA & BLIL B S I PR 2k
i, (HEDREAR TR A A, SR BUm R AR A
(B ) bogg 2k 3% ML mT BE 32 3R 58 4 4] 0

mTORBEZ I 5 RASKEARZ A E, MAPKHIPIZK
i % 22 18] 38 1 RAS Y A8 SO/ It 2 e 527, X
fife A T e A DA 8 6 A P I3 KA o] 751 2k 3 1 AL
il 2 R AROULER 21 (0 B g 5 ol R AIK, AL BE
i — R PI3K I il I ZERAIR-DTC B 3 14 )7 51
USRI TR T AL

3 RMEEREMm
3.1 AL B SR

PO AL I 42 2 V8 1 8 kg S8 0 g g 1)
—ANEERER, AEEmERER KR REE DK
FEEELIEN, XL Bt s omib . WAL,
BERR AL Az R ARSE, Horp DL Ak B4 JC y H
B HET WA IR A L R R F
BLL, A2 AT HOIR BRI 34 5L PR R s i ML 2
— U8 YR A S BEAR S 3 R 2R il P
HEH OB NG (histone acetyltransferase,
HAT ) FIZHZE 12 2Btk (histone deacetylase,
HDAC) . H#EH L ZBALEEIHI 7] (histone
deacetylase inhibitors, HDACi ) 4Py e . ikt
A0 RSB T R R AP ] e
FHR R 440 1 v =815 NIS Y mRN A VK - ik,
R MR, (R PRI I R I Ay B
FETMAPKGH Al MR E A LB, i F2
DTC 87 A Qs 2 PR % S L8R, Fufi 22 120Ky
HDACi 5MAPKG#E Ffil F 85 1T TCA M Y75
SR, R BEMAPKA G 5 1 TC A 14 7
SRR, SRR N ARSI R A FEfd FTHD ACilk
A MAPKH #4101 il 71175 3 RAIR-DTCHE 40 b iR T
AL T IS REAEY . ChengZE iF 58 7EMAPKHE BE 1Y
BRAFHlF KT HDACHAY LA b, I TSHAI
BT, B AT RS VE RS SR TC A IR AT
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EUY T RE B 2 & TR SO A Y, (i
FE AL T A ML I B B, AT I R i — Ik
SEHITRL
3.2 DNAH AL B 5]

5T FHTSHR . NISKEE[R S 8h - H 364k 534
NIS mRNAZ A T, DTCAHMEERINAE T %Y,
FEOR IR 5% 5 Rl F--1 ( thyroid transcription factor-1,
TTF-1) JEH R EAL [ TTE-1Ri50/>, TTF-15
Ja s FrE G/, AT TSHR, NISAE HUR AR
SILTTER, HAh, NISFE AW 55850 5-Humsng-
AR - 1204 -3 ( 5-C-phosphate-G-3, CpG ) 5 H 3L
TEARE AR, Massimino® & SIDNA 3L AL ity
FHIF5- A4t ( S-azacytidine, 5-azaC ) A] #iiil
TCANMEA LTS BE, R IR iM%, K
/L TCHYNIS ik FIRATFEHL . {H Tuncel % Af
FER KIS R, A fi] &R 2E5-azaC 2y ) 4b HE
Jei FEOBR IR I 55 200 JH R0 g 20 i A NS IR IR g 2R
ISP DA, e 2 M 1 R R KPR = o R
fIRET, ORE B B 25 S T i vh % b 16 0 2 —
FINEZ=HH 5 RR . BIHFCYIE, iz it—
1425 B B4k 2590175 S RAIR-DTC R MEAE IR
HMIFFER S 2 H S 25 W T A I R AN

4 ERERHEFRE
4.1 YRI5

AEHE (retinoic acid, RA ) J&4i Z AN
PEACIE ™4, 38 ) 28 LR AAZ (A 30 S O R
S, BHAIRAE . AT SR, RAKZGY)
i3 A T RASZARSERZ Z AR RINIS R A KCF I
1T e TCAH M P e g, [ B RAp PR T 240 L 174 4%
PR RANSZIS R IR A HA (2 TCUE I 41 i 7T
SALRIERTY, (RS 2ERAZ 25115 S RAIR-DTC
PR IR TT I R ROCR HAEAE 4, Short55F 2
() —30 TG R ST SN T 166 3, 4RAZSZ,
YRAITSIE G, A BRI 3] B R AT HGY
I, LivSEEA i — 0P AL . ATREVERFSY Bk B
RARZG vl B IMRATRIL, (HEEA FEAL MG IR
W b T e RA Y T4 IR YT
JTRL, PakSER—WiMetasitr, RZRAKZY)E
SRS, RABRBUEINAHER N27.6%, 5
ATRALAIT IS BN R R 17%, RUIRAZKZ)Y)
TE/DBRAIR-DTCH A I B Gy 7 A 3,
I, RAHLE—FRAIR-DTCIE S FAMLIIETT ik
&, FLHARM G B A R — DR R
4.2 3R ARIG FE R 22 A SN

o SR AL AR I FE P 3005 2 K ( peroxisome
proliferator-activated receptor, PPAR ) J& 545K
HIA% 2R, f1F5PPAR-0.. PPAR-3FIPPAR-y3
Az, A PPAR-y X AR H R I 240 B 34 7 % 53
LA EZAEA™ . PPARBEF] (1B RS |
neAs £ R A A% S S ) SPPARYEE G, R E S
B 4B R S 2 DX 3 A W AR 3 B ) s g s

( PPAR-y response element, PPRE ) , Mg gE#
FEIPTENAYIR,  BE I TCH M H 57 50 19
PI3KH 51

TEPRNWTFEH, Tepmongkol 2 & L% 4% 51
Al 2 S PPAR-y = 5 BB IURATE L, PPAR-yfIik
FORA TR BE W2 TR, Kebebew s
BT AR RIS 25 R A 5 2 AR F], 29 R 30
B R&ANERYT G RARHBCIR A 5 PPAR mRNAFIEE
FIZRIA KT Z A A, B I gE 45 1
TepmongkolAH{L, & INE ¥ 51 il iG Y7 7] 175 = RAIR-
DTCHEF MRABER™, AL FHFFELERG T 5K
R I b . Rosenbaum S5 7E I Sl | 42
KT BHESNE FH2515 S0 ], XFOF) s 17 1 B
58, REAMIVEELEIRYT IR MRHIR . Horp 3
ARPRYY, R %A G A1 S — Rl R A5 5 T 5
25, AR 23— 2 R R 58 AIE 52 =7
R, HAPPARK AN AR AR S BRSO e i, (L
PR RATEBUS/E T B Fr b T ARSI 5 B BE,
o B R ST IR SE RE I R A £

5 NEERE

RAIR-DTCHIIRYT & H Al I PR T8 i 1Y — X
B, A4 T BTG R 22 TRAIR-DTCif &
P RIR YT 5 5 8 Al . HDACi, DNAH
FEALBEAIHI R . RAZE 259 S PPAR LS I 1 B 5%
PEE . HESRHDACI, DNAHEALEHDHIF . RAZK
245 S PPARI 270 55 25 W Ae AR it e v e DL i &
RAIR-DTCH43b., AN [ 75 B b 2 o 4t R
H I R I7 R AR R AE. MEEZ R, MAPKAI
PI3K I B& 4 1571175 F R AIR-DTCH /M F s -
A FRAGAIF BRI ARG AR A BR
HJE HATAE R4 i S B G RANGY T AT REEA
— B W RN AT 5. HRTITE RIFZE i i = K
WIRE DT B, R A S SR 2 AR E . A
AT IR ER . GRS IR IT RO
Sl Z M B RO, DRGSR s T
T Bl R A 22 ET X AN R0 B 25 T B
RAIR-DTCH)iF5F F o3 ALIR P R H  # E
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