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[ Abstract | Thyroid cancer (TC) is a common malignant tumor of the endocrine system, with differentiated TC (DTC) accounting
for more than 90%. Most patients usually have a good overall prognosis after receiving radioactive iodine (RAI) treatment, however
some patients’ lesions gradually lose the ability to take up iodine during treatment and become RAl-refractory DTC (RAIR-DTC),
with a poor prognosis. For RAIR-DTC recurrence lesions or distant metastases that cannot be surgically removed, it was previously
believed that there were limited treatment options. With a deeper understanding of the pathogenesis of RAIR-DTC and its changes at
the biomolecular level, targeted therapy, immunotherapy and combined targeted and immune therapy have shown broad application
prospects. Their effectiveness and safety have also been confirmed in human studies, bringing new hope for the treatment of RAIR-
DTC. This article summarized the pathogenesis and development mechanism of RAIR-DTC, the current status of clinical research
on targeted therapy and immunotherapy, and their main conclusions, in order to provide direction for future research. Multi-kinase
inhibitors (MKIs) are the first-line therapy for advanced metastatic RAIR-DTC. Currently, Food and Drug Administration (FDA) of
the United States has approved the following drugs for the treatment of RAIR-DTC: sorafenib, lenvatinib and cabozantinib. The first
two of these have been approved by China National Medical Products Administration for RAIR-DTC treatment. In China, anlotinib
and donafenib have also been approved for RAIR-DTC treatment. The efficacy and safety of these targeted therapies have been
verified. Apatinib, an anti-angiogenesis inhibitor independently developed in China, is expected to be an effective salvage therapy
for sorafenib-resistant lesions. Selective single-target inhibitors, with their more specific action targets, generally cause fewer side
effects. For certain RAIR-DTC patients with specific mutation types, selective single-target inhibitors may be more effective. TC
is generally considered to have a low tumor mutational burden (TMB), and its response to immunotherapy was once thought to be
limited. Immune checkpoint inhibitors (ICIs), including pembrolizumab, durvalumab, atezolizumab and ipilimumab, have shown
limited efficacy when used alone. However, when combined with targeted therapy, pembrolizumab can enhance the efficacy of
targeted drugs, serving as a viable salvage therapy, potentially due to the “synergistic effect” of the combination therapy. It is crucial
to determine the individual contributions of each therapy to tumor suppression and survival extension, especially when the sample
size is limited. The design of reasonable controls becomes the key in these studies. Previous studies were obstructed by the unclear
definition of RAIR-DTC, limited sample sizes and high heterogeneity. Therefore, prospective, multi-center, large-scale clinical trials
are needed in the future. Additionally, it is essential to consider whether prolonged progression-free survival (PFS) after treatment can
be translated into long-term survival benefits, and whether it improves the quality of life for patients. In conclusion, the treatment of
RAIR-DTC still faces many challenges, we must continue to explore and address these issues in the future.

[ Key words | Radioiodine-refractory differentiated thyroid cancer; Gene mutation; Signaling pathway; Immune microenvironment;

Targeted therapy; Immunotherapy; Combination therapy; Prognosis
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BEE T BRI K&, AT RAIR-DTC
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RAR P ZE Z K (thyroid stimulating hormone
receptor, TSHR ) FIFRIRE A LYIEE ( thyroid
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Rl “orfl (dedifferentiation ) 7, HIGHEFL
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3-kinase, PI3K ) ifi . MAPKGH F§ 2 6 15 HOIR
MR SR g — Y, R
T BE 0 ] IR B AR S 1 6 R A R AR IR NTS
PFXHEA LWL, &&HEFDTCKR
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antigen 4, CTLA-4) ' THff 32w RT
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PRI A M 2 1 = FR R I PD-L 145G, Rk ey
Pt g ) PD-L1gE ik SDTCEF I
ELAEHAS | SEAMRERAETE R . BRAF
V600EZ 75t il FEPD-L1#3k ' .
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CIEZH
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MK Is f2 i 301 5 B PER AIR-DTC [ — 2R IR 97
T, HEI#EEEMMAYE RS (Food and
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DTCH 25 sE&E AR (sorafenib) . CIEE
Je (lenvatinib) . F1#H#E 2 (cabozantinib) ,
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Tab. 1 Phasell or [ll clinical trials addressing the efficacy and adverse events of MKIs for the treatment of RAIR-DTC
Drug TC type Trial type Patients and treatment Efficacy Adverse events in drug group ~ Reference
Sorafenib vs RAIR-  Phase Total, N=417; sorafenib PFS: 10.8 months (sorafenib) vs Hand-foot syndrome (76.3%), [24]
placebo DTC I (400 mg, twice a 5.8 months (placebo), HR=0.59, diarrhea (68.6%), alopecia
day), N=207; placebo, P <<0.000 1 (67.1%), rash or desquamation
N=210 (50.2%)
Lenvatinib vs RAIR-  Phase Total, N=392; PFS: 18.3 months (lenvatinib) vs ~ Hypertension (67.8%), diarrhea [27]
placebo DTC I lenvatinib (20 mg, 3.6 months (placebo), P<<0.001; (59.4%), fatigue or asthenia
once a day), N=261; ORR: 64.8% (lenvatinib 1.5% (59.0%), decreased appetite
placebo, N=131 (placebo), P<<0.001 (50.2%), decreased weight
(46.4%), nausea (41.0%)
Lenvatinib vs RAIR-  Phase Total, N=151; PFS: 23.9 months (Lenvatinib) Hypertension (62.1%), [28]
placebo DTC I lenvatinib (24 mg, vs 3.7 months (placebo), proteinuria (23.3%)

once a day), N=103;
placebo, N=48

P<<0.000 1; ORR: 69.9%
(lenvatinib) vs 0.0% (placebo),

P<<0.0001

Cabozantinibvs ~ RAIR-  Phase Total, N=258;

PFS: 11.0 months (cabozantinib) vs Hypertension (12%), hand-foot [29]

placebo DTC I cabozantinib (60 mg, 1.9 months (placebo), HR=0.22, syndrome (10%), fatigue (9%)
once a day), N=170; P<<0.000 1; ORR: 11.0%
placebo, N=88 (Cabozantinib) vs 0% (Placebo),
P=0.000 3
Anlotinib vs RAIR-  Phase Total, N=113; anlotinib PFS: 40.5 months (anlotinib) vs Hand-foot syndrome (9%), [31]
placebo DTC I (12 mg, once a day), 8.4 months (placebo), HR=0.21, hypertension (8%), proteinuria
N=76; placebo, N=37 P <<0.001 (5%)
Donafenib vs RAIR-  Phase Total, N=191; PFS: 12.9 months (donafenib) vs Hypertension (13.3%), hand-foot [ 36 ]
placebo DTC I donafenib (300 mg, 6.4 months (placebo), HR=0.39, syndrome (12.5%)
twice a day), N=128; P<20.000 1; ORR: 23.3%
placebo, N=63 (Donafenib) vs 1.7% (Placebo),
P=0.000 2
Apatinib vs RAIR-  Phase Total, N=92; apatinib ~ PFS: 22.2 months (apatinib) vs Hypertension (34.8%), hand-foot [ 37 ]
placebo DTC ] (500 mg, once a day), 4.5 months (placebo); HR=0.26, syndrome (17.4%), proteinuria

N=46; placebo, N=46

P<0.001; ORR: 54.3%

(15.2%), diarrhea (15.2%)

(apatinib) vs 2.2% (placebo)

HR: Hazard ratio; ORR: Objective response rate.

SorafenibJe& € E FD AL i F Ti8 ¥ RAIR-
DTCHYZ I FFMKIs, L F AR % A2 PER AIR-
DTCHI—ZiAIT i, Bk EdE > .
Sorafenib A% #5215 P9 B2 A M A= K R 52 44

( vascular endothelial growth factor receptor,
VEGFR) . RET. RAFHUML/NRIE A K K7
Z KB ( platelet-derived growth factor receptor B,
PDGFRP) "' BEAE—TI I ik >
AT 417HIRAIR-DTCHEH, kI sorafenibZl 11
r T AR A (progression-free survival,
PFS) B WA T2 4H

Lenvatinib '** Flicabozantinib '**' #k
MKIs, #{3&EFDAHLHE T AE HsorafenibJCiL
B} B4 RIBYT o LenvatinibAY ¥ 5 2 VEGFR |
BCET AE A A K 32 K ( fibroblast growth
factor receptor, FGFR) . PDGFRa, RET,
KIT '*', Cabozantinibfy#l 5 &c-MET, RET,
VEGFR '®' | BEA:— Tk % lenvatinib 4 < % T
Wi PRI 127 44 A392fIRAIR-DTCH %,

lenvatinib4l () " (i PFSBEH i K T2 Bt dl,
[l g — 33 T390 e PG 36 2% W 3iE B T lenvatinib
R BCHER 2% 4P . Lenvatinib N H K AYPFS
FIEE 25 1 % L2 ff % ( objective response rate,
ORR) , #3CHE E L5 AE M 4% (National
Comprehensive Cancer Network, NCCN) | K&
IR N RL~= 4 ( European Society for Medical
Oncology, ESMO ) . v If K I JE 2 2
( Chinese Society of Clinical Oncology, CSCO )
BRI SeEE . BEAE—T0 % X) cabozantinib[1) K
R COSMIC-31 1A% ) 44 A T 258 fIRAIR-
DTCH# ¥, cabozantinib4l s (i PFSH] g KT
LRGAH . 20244 — IR A MY COSMIC-3 111K
B ORISR —#B 4P RAIR-DTCH 250t
sorafenibflllenvatiniby=4: i 2544, {Hcabozantinib
RERIH B E B Im R AR 4, IR H Z S
71t sorafenibEklenvatinibi& 77 o
AnlotinibBJ ¥ i VEGFR, PDGFR .
FGFR. ¢-KIT "™/, o 3T I — 301 o T 00 A
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R B gy AT13IRAIR-DTCH %, anlotinib
P PRSI A T2 R . 5 A1 33 [m] it
PERFSE 123 Wik KanlotinibXRAIR-DTCA M #
(A R K B 224, A B A sorafenibif) T
RIWE RAFELENAARAEH . BarENA —l
WG PRI (NCT02586337 ) IEFE#EAT, SEXt
Fanlotinib5 22 B I /ERAIR-DTC H iy 7 8 A %2
ol 8

Donafenib ] il i VEGFR 45 £ Fl 52 1A 1% 2 R
PG . Z AP Rafi LA R i Raf/MEK/
ERKfH 545 g Y . —TipaHLEZ Hhe . Pk
T30 R 6 ) 4 A T 35| RATR-DTC A R
F, SR ER, 300 mgZH7E TR PFSHIIE 45 /)N
FAHIT G T-200 mg# . A —3iZ e MG
PRI 10T g AT 19149 ) M 30 /s RS PER ATR -
DTCH ¥, 45 x, donafenibiy 42 a7 i 35 4k
KT ST VF A 2R LS TEAR B THLPFS, FEORRAN
Pl R AR WA L TR RN gL, HEA
[P R 32 P AR AP . Donafenib 2 4545 H
Ry B SRR ALE, B TR R
e B % L R AIR-DTCHIIRTT

HurEA A - T “ST-18987
( — B MMKIs ) 192 b T I R K 56
(NCT06359847 ) IEFERZEHE, BTN ST-
1898 F FI X — £k MK IsiA Y7 i it Ji 1) Jiy 3505 e 4
A4 MERAIR-DTCHIITAL
3.2 VAVEGFRA¥e.5 6938 & ik 2 4

FrTbAEs JE (apatinib ) J&— 145 A B4 il
F), HH¥ S EVEGFR-2, HE K¥iEEFDAMH
HEF TIRITDTC . M AT BA A — 33 T HA I IR
I 7 X I T apatinib 22 R 7 R 0 0 30 a
R TERAIR-DTCEE TP RO 2 21k, Lyl
A92fIRAIR-DTCHF, apatinibZ ) 71/ PFSH]
BRKTLERM . Z AN S —imrsr 2 g
¥4 BRAF V600EZ A 1y it JE HIRAIR-DTC %
Ztapatinibif T J5 PFS S G2 fif R 2 it () 3 B A 41 o
K, KHBRAF V60OES I ] i AV 1E 1Y 45 T %
SR PRI TG IT W A W bR B . MRS
BA T SR R IR, apatinib i iE R IARAIR-
DTCH—F T BRI taIa Yy ik, g Ysorafenib
T 245 s A R R R B YT T
3.3 Ede Bk A A

B A S A R R AR RSN MK T3
WREL . W W25 A FEBRAF I 5] ATMEK A
il

BRAFHIHI5] . 4E5id4EJE ( vemurafenib ) FlI

ikfidEJE (dabrafenib ) #B/2 N L EEEBRAF
M. Dunns O EBESEANA T 10001 BRAF
V600EZ/EFURAIR-DTCE ¥, AT 4SRRI
ST IR 4RI T RATGEEL, £ J52LRALIRYT I 24
Wy 22 (partial response, PR) | 2fF Nk fa
i€ (stable disease, SD) . Michael Rothenberg
g Y RS g8 T 1001 £ BRAF V600EZE A5
RAIR-DTCH# , 4 TikPidE)JeiRyT a6 Bt
THMRATRE, Z/F4:RATRITG2HIPR, 4
BISD. A W.BRAFHI il 5 75 2 il & RATLL & #%
YEM.

MEK#I#l57) . F3EEJE ( selumetinib ) J&—
Pl e BEEMEKAM 5], BEE I BEAHIMEK (S
ST TS IR AT E . Ho%%: ' YBFSE g0 A
T20IRAIR-DTCHEF, Hr 1261 8 T RA
B, Wi — PR EELESRANRIT F 5
JHPR.
3.4 BRAFeEib T MR E

H i 5¢ T AU B &30y e i b . BE
FE—T0 0 AR 56 - g A T 531 BRAF
V600EZ 7S MU RAIR-DTCE E, 2641
SKPLARJE B2ty . 2700 Ak R AR e +ith 35
BB IRIT o By JE, WI4R a7 30T
KL 25 o B AR UEAT B — 3 T3 I PR 56
( NCT04940052 ) 44 A T 150f5|BRAF V600EZE AL
FIPERRAIR-DTCE# , 7EZ AT VEGFRAL )3
JrfE e . X e LI ¢ 1Y H AR LAY
BeEA PR R B A i3 e Al sl el 4l . IrE
ZR PSS N RS . 5 —TUEFESE T
[ Bl ARIRE (NCT01947023 ) BAERRHIAE:
JE (lapatinib) SikHrdEJe G H 2576 7 RAIR-
DTCHYA K I Ml e K 32 5 i, FFE00 200 5%

Fifi 5 X RAIR-DTC /3 FHLE I AWHRE ,
Kk Z2 3 R ) 25 ) s BE A G FH A
98 (H HAE FH 4 R AERATR-DTC A5 S 36 1F A 48 1]
i) IE TR AR ARG, #L IR YT A Rk
0 1E T2 A5 20 AR 19 S 3 o X T i sk Fe 30
RAIR-DTCTIEFARE, fIIRIT & NECA LI
PEFE

BT 25 08 R, SRR OR RO AR
WAELZZ P i R % X sorafenib A A 7Y T Il
PRAKE D KR R B TR R
2166% 1 BE AN R N Mk /b2 & | (522
B, sorafenibZH A 9l H 35 A A 4k K M A
i ( EBR R B ERR ANl ) . Y3 HhsorafenibZd
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MIFET- N I S s T2 R4, (O RE A &
75 Asorafenib F 12 FECR . [ iR H Al A Fh ) 24
YA AR FE BE AN RN, (H R AR R i 2
AN B RN ) 7 R AR A A EE AR A T S S
Iﬂljil [25, 27, 29, 31, 37, 39] 5

I8, ARG R T L IR, BT
M EEYT 255, Shids 4 & HapatinibjAJRAIR-
DTCHTREF AR %S, {HeabozantinibfY B ARL
t A

P, Xtk RIRAIR-DTCHIHE AT 254
SBvIE SR Ay K A 8 ek /1T I & SO 7 7
Faa TR E RS, AT LA
L B IREE RKIRIT T
4 HREBIBITERAIR-DTCHEIR A
4.1 H A& EIHH (immune checkpoint
inhibitors, ICIs) %5

TC s 1 BH BB G 28 4 2 o503 - VTG A R 48
Yo My Al . 1CTs2—28 H T IMIRR YT i sz
25y, HAE FAIL I 230 1 BH W7 e 5 A A o
(#PD-1. PD-L1., CTLA-4) %, f#ERX
RGAEl, MBS s R 5, [MILERE ]
B g 240

PR B i 38 A o < b, B
SRR M (tumor mutation burden, TMB ) #%
ik, B TMBRYBRF A ICISTEHUR, IHIRTTEL
WELF T HLIR AR B FTMBA, B8
G PEVEST IIRCRATBR 7 B Xk HOIR R e g2 0k
EBL ] TR ABIFGE LA K S i 7 7 22 R S 4O
JiEd g SR, IR s i e ey 7 vk R B
A RANARITI T -

MATEFIER 24T ( pembrolizumab ) 2 H R
— Pt HCR AR 19ICTs, J& FPD-1/PD-L1
I3, pembrolizumabifi i 455 PD-1, FHIKT
PD-15PD-L1Z [ A AHEAEH, DI BR X T4
T RE I , EGR TN A TE M, ST &0
PERIRATFRRE T . BB fE—Tipembrolizumab
2500 T BRI W 99 T 2240 PD-L 1 B 1
RAIR-DTCH#, HAUAH 26 FPR, I —1
DR T Il R 0 98 A T 1036 2 BiTVA ST IS
HRIPDTCHEF , B 4## 5 pembrolizumab
BZPAYTT, SRORRIUHKG6.8%, H 5MEPD-LI
FKEEAMT X . |H EAEIRITHEAN R R
P s7 (19.4% ) | & (14.6% ) FIEE
(14.6%) 5 1361 (12.6% ) KA3H4% AR
N, 26 (1.9% ) PISHA R IWAET .
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