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[ Abstract] Programmed cell death receptor 1 (PD-1)/PD-1 ligand ( PD-L1) maintains immune
tolerance of normal tissues and mediates immune escape of tumors. For autoimmune thyroiditis, thyroid
follicular epithelial cells inhibit the damage of T cells by up-regulating PD-L1 expression. With the applica-
tion of immune checkpoint inhibitors (ICIs) in the field of cancer therapy, the incidence of immune-related
thyroid disorders caused by ICIs has increased. Thyroid function should be monitored during and after ICls
treatment to promptly diagnose primary and (or) secondary thyroid disorders. The PD-1/PD-L1 signaling di-
rectly stimulates thyroid cancer cells, and exerts inhibitory effects on tumor-infiltrating immune cells. Com-
bination of ICls targeting PD-1/PD-L1 with chemo-radiotherapy or targeted therapy is a promising therapeu-
tic strategy in the treatment of refractory thyroid cancers.
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IEH R P HEAMIBE T3 4K 1 (programmed cell
death protein 1, PD-1) fitf&( PD-1 ligand, PD-L1) 15 T 41/
i PD-1, 4] T UGBS | 4 Rp A0 R o et 52, Jiyge 200 i
I8 PD-L1 A e b it . BEAE MR Seaityr ke 0
HUE A RERE A 5S35 (immune checkpoint inhibitors, ICIs) 4
S A AERST a3 I R GE DI RE 2R L, B an, 7E$E
ST RETTA (TR AT 2451 A 15 4 2R BA470 ( Pembrolizumab )
BT IERE T A 0~19.2% k4 BRI BE 55, Hop
AR BEIBGR AT (a7 AR Ik ) & AR 0~ 11.5% , HUR IR 2
BETCHEAE (FIFRFH 7T) RAEHH 0~7.7%" , S e M e
IRIREZIH (immune-related thyroid diseases, IRTDs) FlFIR iR
J& ( thyroid cancers, TCs) TR 5 B AR SN B T VA T4
# TC(radioiodine refractory differentiated TC, RR-DTC) K43
AE I TC( poorly differentiated TC, PDTC) AL HE TC (ana-

plastic TC, ATC) HBETG 2, AR T EIr8ca B, 50k
FMETEYE TCs (refractory TCs, RTCs) , RTCs I RIGT T AYE A&
SXfERL ASCRIELEIAR PD-1/PD-L1 7 IRTDs 1 TCs H A9 H]
AR #RI] PD-1/PD-L1 ) ICIs 7 RTCs J&J7 G FEMME.

—. PD-1/PD-L1 5 IRTDs

IRTDs JEFEHLIAR [ %1 5 407 s 7 R 259 55 5 | il
FA), ERIALAAR R 0 8 2R G0 % T REAR A R R 2 A 1 I
A S P RIS B A (20) S5 M9, TRTDs %6055 4
B G M HUIR IR (autoimmune thyroid diseases, AITDs) Fll
ICIs 5 A FRBEAI A K SV (immune-related adverse events,
irAEs) .

1. PD-1/PD-L1 £ AITDs " AGBLIA LY FE T, AITDs J&
e WL B R S S e MR | LA T 5 T ( Graves
disease, GD) FIHF A H R iR 2 ( Hashimoto's thyroiditis, HT)
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b R R SR s R AR R M T O 4 (in-
filtrating T lymphocytes, ITLs), AITDs 2{ 21+ CD4'/CD8"
ITLs (¥ PD-1 FHE: 0] i F+ 5 D55 7R 86.4% 1Y AITDs i
H R IR LR PD-L1 B, H PD-L1 3k T RAE TR
VBV A PD-1 rs36084323 AA FERIZ HT M M40
HURIRBREE A BUAOK T8 T GG JE R HT o A S5y 5
HAE GD i He 7 F HT, ZE 5 BE HT P e T4
HT;PD-1 1s36084323 G/A FER LM A 0 FNAY S 3h
TIGVESS T G S, B A JER R ARG PD-1 A F
ICT G LA, FeHA PD-1 & 355 AT 0k B B S ek &%
PR AR IR U R AR T L T GD B MR T
PD-L1 1s822339 AA JEPRAY B E G £ K RIHE AT 5 0950 AR
it S AL M B OK P & RYT R RS g4, PD-1
FHPE T IR B AT AT /I BRUFFR AR 6 e 200 i 1 % 457 6 T B
55F PD-1 BIYE TREL40M" . aRBF SRS LW, 78 ATTDs
o PD-1/PD-L1 Xt HUARBREH SUR (R 1 T 1TLs 7EA 2 581
B B RIS 1 ) a3 40 PD-1 1 BRI IR B 36 I Bz 40 ff PD-
L1 ik, X —HL K 7E— 2 R B LR 7 R i AITDs Jj&—12
PEIERE , AR 2 R A S

2. ICIs F A HURIR DI BE AL, H AT, ICIs = 2 AL F5H 7]
AR REPE T IR E I BT )R 4 (cytotoxic T lymphocyte antigen
4, CTLA-4) #1 PD-1/PD-L1 By B84, 1CIs 78 & 3550 M8 V5 F
) ) E T B8 2R 8 7 A AN AT s il ) B 23087, B irAEs , 60%
Y irAEs 1 PD-1/PD-L1 #II50[ PD-1 ##I51 ; Pembrolizumab |
YA YT ( Nivolumab ) | VG L F Bk H47T ( Pidilizumab ) ; PD-L1
T 30 BT s F BR B BT ( Atezolizumab ) | JBE AR F G B BT
( Durvalumab) B 4 B 41 ( Avelumab) ] BT 20 4 4% ~ 14% I
BE AT PD-1 MG R G R AN RS irAEs , A0 F5
T g HURIRSIBEZEALAN 1 BOBE RS | TR KR
INF 1%, 2K HE 7 42 IR IR K3 (thyroid stimulating
hormone, TSH) 4= 5, H 304K & PEH U6, WFIR R0 2% ~
49 Y B0 BRI B EAT CTLA-4 3 VT 445 (Ipilimumab )
VAIT A R & P B R, 7 Tpilimumab 1 Nivolumab B¢ FH Y
Fs & AR I I & 15% "  1CLs WA 515 48 8 v W T, 1.
RS IA B HIRAS , — b HEH TR N 1CTs 5 R HLA %
PEDIRETCHE , HOR AR A 20 3R 8 T 800 1 1k aod 2 FPOBR R
WERBAL, %F 1CTs BEAT 515 & dE H ek, nr 5] gk
S R, 3 [ ] ST 25 A R I 5 AR AE 1CTs TR 7 ) A 4~
6 J& IBITEE R A 12 DI TSH A EDIR R Y, AR
B,

Z.PD-LI #E TCs FERERETFEHFHNMNME

1. PD-L1 7 TCs ik, ZIWM5as REW MR T
IE 5 FOIR IR 20 B B 1 AR R 2851 FEBR IR o 48 R PR 8
TCs HZUP PD-L1 Rk H R, BT AdIbRE Bilkiket
AT I AR, ARREIBFSE b PD-L1 PR R 4% 5 7EFL Kok
TC(papillary TC, PTC) 4 0.9% ~82.5% ,ATC H1>h 22.2% ~
81.2%'"

JlE45 4% PD-L1 ( membrane PD-L1, mPD-L1) i 3 2 [
K A T 24 7 £ T 5 1 PD-LI (soluble PD-L1, sPD-L1)!% |
PTC A I sPD-L1 & & 0 & 5 T Xt g4l . sPD-L1 il
mPD-L1 Z5#AHL, 5 PD-1 456 )5 ARG AT e .

AR L = A sPD-L1 A T 40BN, X s Jm 3 A 4 5
T8 P G g8 g 2B A AR AT, A8 BT B g kb AR R RN B
JifriE 200 S A T AR 4H 2L, OGT sPD-L1 & TCs #E R i1
I, BT AR — PR R,

2. PD-L1 5§ TCs 228 2 IEAHIC, B [H 1 #F 58 h
PD-L1 Rk KF45F (AR —WF5E 1 PDTC/ATC 4141 PD-
L1 BT PTC!™ A 7 DTC 285 st it ik e =8
ATC B, PD-L1 FHE R & F 5, 15 70% ~90% " . PD-LI
5 TCs JRA KRN HRIMZ AL Ik B 4556 8% Frge s &2 & %5 in
PR ZE R IEA I PD-L1 @ik B E NI E R EE.
Joit J& A= 17 (progression-free survival, PFS) I & 42 77 (overall
survival, 0S) %% PD-L1 kA B F 2% PD-LI m#iAHE
HPRIR A R AR R R 10 2.825 £5 7Y . B-Raf iU
FeH 22/ 5 A TR H 4 ( B-Raf proto-oncogene, serine/ threo-
nine kinase, BRAF) V" 545 5 TCs (B MERRE 5 &M
BETEA A TCs h BRAF " 58745 5 PD-L1 %3k
A MRMEMAAA P, Bal BT R BRAFY" 5878
1Y TCs ZMAIRE PD-L1 33k & W i ; 482 IEJE ( Vemurafenib ) 4
F BRAFY™" 58 AR A0 MU S , Wt o 24 24505 A0 2R 1 0 ( mito-
gen-activated protein kinase, MAPK) i % i) - 7% , PD-L1 3
IRHEIN 5 17 7] 3688 JE ( Selumetinib ) 2 FEAIL BRAF V™" 2875 4 iy
B PD-L1 335, #8278 BRAFY 545 {8 3 PD-L1 35121 it
Hb, 30 TCs PD-L1 334 W] 75 5 4 A J&] 40 BEL ¥ | 02 3F 48 At 04
TP BRI, AR B ME TCs Hh, PD-L1 ik B
PD-L1 BVl @755 T B N5 TCs ek sh, dos
XeF e 20 A AR 3 PR T LRV A G A
=5,

=.$8[5 PD-1/PD-L1 % RTCs &7 HEIFF ST IR

RR-DTC BE B 10 4EAEFR LR 20% ,PDTC HBE 5 4F
HFFERINT 20% , ATC BEILT-HA & TCs 1 20% ~ 50%
SR AEAEW 3~6 4 H P77 L] PD-1/PD-L1 7E RTCs 3397
TIBIR CARIEEER . T3¢ ICTs (U481 PD-1/PD-
L1 By,

1. ICIs Hph i TR0 FR . A 535 X5 ATC /)N BB AL 1
17 ICIs 3897, 76 H WA UL Z2 3 1CIs B9 45 908 0%, (H 97 30
B AE ATC B HBLZE IE  55 7% )5 H Pembrolizumab
HZRRIT IRIT 3 M RME R R 22 8 2 R BB T
RS X RS FE A2 P DTC 3 , Pembrolizumab
PAZEREHIAY irAEs %A RN 82% HAS BLSE MRS 5 1697
JE R4 2% f# (partial response, PR) MK E (stable dis-
ease, SD) KN 9% Hl 59% , ¥ ik i#F J& ( progression disease,
PD) &K 32%, JC B & 5¢ B 58 42 2% f# ( complete response,
CR) ™', FiRZERHLRBAH] ICTs 38)7 RTCs R4 (07
AR

26T ICIs WYIBRAVRYT IS . WFFE R W T IZ R AR
ATC B34 i/ Pembrolizumab 597 J5 5 kL 46 /N 66% , 547 F-
RIGITEAIIR 18 N A $&oRm Xt T UL 3 7T % B R T
i F ICTs 4908 5 FRAT FARDY 32 BURIT i ATC JE
PD-L1 3R 4145 PD-L1 {154 PFS(118 5 453 d) A1 0S
(149 5 1474 d) #9221 $% PD-L1 # 43k B 7T RE Mk
WIFIRG ICIs FPERAR 2, SCHRARGE 1 49 ATC JRF7E4E2
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JIF +Pembrolizumab 3 Y7 i , £ Ik B 45 6 B kL RR 2 45 /)N
Fiits 2 ﬁ:‘,ﬁﬁ:ﬂiﬁgﬁ[m o XFF23kFiAEJE ( Dabrafenib ) 167
SRR B A ki ATC 8838 T LIALYT +Pembrolizumab , i
I7 S i S A B A 45 /NS

BRAF #1319 1 T 30) TCs VA7, SR, 3
MAPK 15538 5% P SO0 40 T 28 , 350 0™ & 20 4 3%
PR RN J , IRI7BE 26 1k, BRAFY" 2845 R il PTC b
FARE S A SV E AR T 23k, AT i S e 40
TIPSR 4% 968 £ I BRAF 410156 37 PLX4032 B3 [A] Nivol-
unab BB A 23 F CD4*/CD8* T 4003 | [iRE L T
AN I bR AR K kA, BELIBT PD-1/PD-L1 1] 4
I8 IR % JE ( Lenvatinib) & PLX4032 X ATC i 41 i 4
FAE | Vemuarfenib 877 SR 455 & B9 ATC HBETFRL
AR, I Nivolumab, Bt 20 4~ H , Hu i R 2 LA 4%
SR ARG E M L U3 A SCERRGE , 12 ] ATC
TE3E5Z Lenvatinib  Dabrafenib | [ifl 3 25 J& ( Trametinib ) 45 i it
TG IT I 45 B PD, i Pembrolizamab 134 J7 4%
J9:PR 5 5/12,8D 15 4/12, PD 5 3/12;°F-3%) PFS Jy 2.96 M)
SEH0S H 6.93 4~ 7 8 il ATC Fl PDTC B 1E1A YT i
TR B Lenvatinib A1 Pembrolizumab , 3G J7 459 4 . CR 5 4/
8,PR /5 2/8,SD /5 1/8,PD /i 1/8;F¥ PFS K 17.6 ™~ H ,F
¥ 0S J 19 AP ix 2 BRF5E LS B4R R, TER YT R B
BT FH A A0 41 370 F1 Pembrolizumab | 1B FF 350 7 400 11 37
I PD J5 B Pembrolizumab Y7245 2.2,

L ISE ]

PD-1/PD-L1 ZEZE4¢1E 5 L ZUA M H S i ik 52 Fn A 3 Mg
M Gpr ki B EEAE, AITDs H, HAR IR UE 0 40 il
it i PD-L1 335 3k i 4 5 28 200 B (9 5 B2 ek . TCs 2
ff b3 PD-L1 35, 7615 S T 4 H0 T AE 5008 & 45 fa e b 1
FH B VB, i 0 e 40 e 334 5 A 4 M R T, F AT, RTCs
P58R 2 TCs WRYT TR A ME R | ICTs 5 TR iy #EE )34
ISP (o L — F VAR TR IT 7 % (A e IR b, Kok
R AR R PD-1/PD-L1 %} TCs B94E FH R AH LWL, #E 47
ICIs HEA SR HEAE RTCs 11 KEEABSE , v RTCs FFIRITHR
FHANRTT )
FIERIMR A VEE 7 TR 25 o
EEREAER  IRER S SURT B 28 HIRIE S RSB

2 % x #

[ 1] Gonzdlez-Rodriguez E, Rodriguez-Abreu D. Immune checkpoint in-
hibitors: review and management of endocrine adverse events[ ] ].
Oncologist, 2016, 21(7) : 804-816. DOI; 10.1634/theoncologist.
2015-0509.

McLeod DS, Cooper DS. The incidence and prevalence of thyroid
autoimmunity[ J |. Endocrine, 2012, 42(2) . 252-265. DOI; 10.
1007/512020-012-9703-2.

Alvarez-Sierra D, Marin-Sanchez A, Ruiz-Blazquez P, et al. Anal-

—
NS}
[

—
(O8]
[

ysis of the PD-1/PD-L1 axis in human autoimmune thyroid disease :
Insights into pathogenesis and clues to immunotherapy associated
thyroid autoimmunity [ J]. J Autoimmun, 2019, 103; 102285.
DOI:10.1016/].jaut.2019.05.013.

[4] Kawabata M, Inoue N, Watanabe M, et al. PD-1 gene polymor-
phisms and thyroid expression of PD-1 ligands differ between

Graves’ and Hashimoto’s diseases [ J]. Autoimmunity, 2021, 54
(7): 450-459. DOI;10.1080/08916934.2021.1946796.

Yoon JH, Shin MH, Kim HN, et al. Programmed cell death-ligand
1 (PD-L1) gene single nucleotide polymorphism in Graves’ disease

—
W
[

and Hashimoto’ s thyroiditis in Korean patients [ J ]. Endocrinol
Metab ( Seoul), 2021, 36 (3): 599-606. DOI. 10.3803/EnM.
2021.965.

[6] Han H, Fu X, Huang J, et al. PD-1/PD-L1 affects Graves progres-
sion through lymphocytes on the proliferation, apoptosis and inflam-
matory cytokine secretion of thyroid follicular epithelial cells[ J]. J
Toxicol Sci, 2020, 45(11); 701-711. DOI;10.2131/jts.45.701.

[ 7] Ramos-Casals M, Brahmer JR, Callahan MK, et al. Immune-related
adverse events of checkpoint inhibitors[ J]. Nat Rev Dis Primers,
2020, 6(1) . 38. DOI.10.1038/s41572-020-0160-6.

[8] LE#m, LS54T, ), 5. "SF-FDG PET/CT Waill 6ot AR R
B HIE RN [ T]. AR B 22 5 4y TR R A0, 2022, 42
(2): 118-121. DOI;10.3760/ cma.j.cn321828-20200827-00326.
Wang JN, Wang XZ, Yang X, et al. ®F-FDG PET/CT in detec-
ting immune-related adverse events[ J]. Chin J Nucl Med Mol Ima-
ging, 2022, 42(2). 118-121. DOI: 10.3760/cma. j. cn321828-
20200827-00326.

LulJ, Li L, Lan Y, et al. Immune checkpoint inhibitor-associated

[9

[

pituitary-adrenal dysfunction: a systematic review and meta-analysis
[J]. Cancer Med, 2019, 8 (18): 7503-7515. DOI. 10. 1002/
cam4.2661.

[10] Spain L, Diem S, Larkin J. Management of toxicities of immune
checkpoint inhibitors [ J ]. Cancer Treat Rev, 2016, 44. 51-60.
DOI:10.1016/j.ctrv.2016.02.001.

[11] Thompson JA, Schneider BJ, Brahmer J, et al. NCCN guidelines
insights: management of immunotherapy-related toxicities, version
1.2020[ J]. J Natl Compr Canc Netw, 2020, 18(3). 230-241.
DOI;10.6004/jncen.2020.0012.

[12] Zhang GQ, Wei W], Song HJ, et al. Programmed cell death-ligand
1 overexpression in thyroid cancer[ J]. Endocr Pract, 2019, 25
(3):279-286. DOI:10.4158/EP-2018-0342.

[13] Chen Y, Wang Q, Shi B, et al. Development of a sandwich ELISA
for evaluating soluble PD-L1 (CD274) in human sera of different ages
as well as supernatants of PD-L1* cell lines[ J]. Cytokine, 2011,
56(2): 231-238. DOI;10.1016/j.cyt0.2011.06.004.

[ 14] Aghajani MJ, Roberts TL, Yang T, et al. Elevated levels of soluble
PD-L1 are associated with reduced recurrence in papillary thyroid
cancer[ J ]. Endocr Connect, 2019, 8(7): 1040-1051. DOI; 10.
1530/EC-19-0210.

[15] Ahn S, Kim TH, Kim SW, et al. Comprehensive screening for PD-
L1 expression in thyroid cancer[ J]. Endocr Relat Cancer, 2017,
24(2) : 97-106. DOI;10.1530/ERC-16-0421.

[16] Cantara S, Bertelli E, Occhini R, et al. Blockade of the pro-
grammed death ligand 1 (PD-L1) as potential therapy for anaplas-
tic thyroid cancer[ J]. Endocrine, 2019, 64 (1) 122-129. DOI.
10.1007/512020-019-01865-5.

D' Andréa G, Lassalle S, Guevara N, et al. From biomarkers to

[17

[

therapeutic targets: the promise of PD-L1 in thyroid autoimmunity
and cancer[ J]. Theranostics, 2021, 11(3): 1310-1325. DOI: 10.
7150/thno.50333.

[ 18] Aghajani MJ, Yang T, Schmitz U, et al. Epithelial-to-mesenchymal

—

transition and its association with PD-L1 and CD8 in thyroid cancer
[J]. Endocr Connect, 2020, 9(10) . 1028-1041. DOI. 10.1530/
EC-20-0268.



FhABKE BE 2R 50 T 515 24k 2023 4E 2 45 43 55 2 1 Chin J Nucl Med Mol Imaging, Feb. 2023, Vol. 43, No. 2 <121 -

[19] Chintakuntlawar AV, Rumilla KM, Smith CY, et al. Expression of
PD-1 and PD-L1 in anaplastic thyroid cancer patients treated with
multimodal therapy; results from a retrospective study[ J]. J Clin
Endocrinol Metab, 2017, 102(6) : 1943-1950. DOI. 10.1210/jc.
2016-3756.

[20] Chowdhury S, Veyhl J, Jessa F, et al. Programmed death-ligand 1
overexpression is a prognostic marker for aggressive papillary thyroid
cancer and its variants [ J]. Oncotarget, 2016, 7 (22). 32318-
32328. DOI:10.18632/oncotarget.8698.

[21] Shi RL, Qu N, Luo TX, et al. Programmed death-ligand 1 expres-
sion in papillary thyroid cancer and its correlation with clinicopatho-
logic factors and recurrence[ J ]. Thyroid, 2017, 27(4) . 537-545.
DOI;10.1089/thy.2016.0228.

[22] Al-Jundi M, Thakur S, Gubbi S, et al. Novel targeted therapies for
metastatic thyroid cancer—a comprehensive review [ J]. Cancers
(Basel) , 2020, 12(8): 2104. DOI:10.3390/ cancers12082104.

[23] Siraj AK, Parvathareddy SK, Pratheeshkumar P, et al. PD-L1 is an
independent prognostic marker in middle eastern PTC and its expres-

FY%E mutation[ J ]. Cancers ( Basel) ,

sion is upregulated by BRA
2021, 13(3) : 555. DOI:10.3390/ cancers13030555.

[24] Yao D, XiaJ, LiJ, et al. CD47 is associated with the up-regulation
of the PD-1 oncogenic signaling pathway[ J]. Int J Clin Exp Pathol ,
2018, 11(12) ; 5612-5621.

[25] Durante C, Haddy N, Baudin E, et al. Long-term outcome of 444
patients with distant metastases from papillary and follicular thyroid
carcinoma; benefits and limits of radioiodine therapy[J]. J Clin
Endocrinol Metab, 2006, 91(8) . 2892-2899. DOI. 10.1210/jc.
2005-2838.

[26] Elisei R, Pinchera A. Advances in the follow-up of differentiated or
medullary thyroid cancer[ J]. Nat Rev Endocrinol, 2012, 8(8):
466-475. DOI:10.1038/nrendo.2012.38.

[27] Laha D, Nilubol N, Boufragech M. New therapies for advanced thy-
roid cancer [ J]. Front Endocrinol ( Lausanne), 2020, 11. 82.
DOI:10.3389/fendo.2020.00082.

[28] Sukari A, Kukreja G, Nagasaka M, et al. The role of immune
checkpoint inhibitors in anaplastic thyroid cancer ( Case Series )
[J]. Oral Oncol, 2020, 109; 104744. DOI.10.1016/j.oraloncolo-
2y.2020.104744.

[29] Mehnert JM, Varga A, Brose MS, et al. Safety and antitumor activ-

ity of the anti-PD-1 antibody pembrolizumab in patients with ad-
vanced, PD-L1-positive papillary or follicular thyroid cancer[ ] ].
BMC Cancer, 2019, 19 (1): 196. DOI: 10. 1186/s12885-019-
5380-3.

[30] Nabhan F, Kander E, Shen R, et al. Pembrolizumab in a patient
with treatment-naive unresectable BRAF-mutation negative anaplas-
tic thyroid cancer [ J ]. Case Rep Endocrinol, 2021, 2021.
5521649. DOI:10.1155/2021/5521649.

[31] Yang SR, Tsai MH, Hung CJ, et al. Anaplastic thyroid cancer suc-
cessfully treated with radiation and immunotherapy: a case report
[J]. AACE Clin Case Rep, 2021, 7(5) : 299-302. DOI.10.1016/
j.aace.2021.03.003.

[32] Zhi J, Zhang P, Zhang W, et al. Inhibition of BRAF sensitizes thy-

roid carcinoma to immunotherapy by enhancing tsMHCII-mediated

immune recognition[ J]. J Clin Endocrinol Metab, 2021, 106(1) .

91-107. DOI.10.1210/ clinem/ dgaa656.

Gunda V, Gigliotti B, Ashry T, et al. Anti-PD-1/PD-L1 therapy

augments lenvatinib’s efficacy by favorably altering the immune mi-

[33

[

croenvironment of murine anaplastic thyroid cancer[ J]. Int J Cancer,
2019, 144(9) : 2266-2278. DOI.:10.1002/1jc.32041.
[34] Gunda V, Gigliotti B, Ndishabandi D, et al. Combinations of
BRAF inhibitor and anti-PD-1/PD-L1 antibody improve survival
and tumour immunity in an immunocompetent model of orthotopic
murine anaplastic thyroid cancer [ J]. Br J Cancer, 2018, 119
(10) : 1223-1232. DOI;10.1038/s41416-018-0296-2.
Kollipara R, Schneider B, Radovich M, et al. Exceptional response

—
(o5}
wn

[

with immunotherapy in a patient with anaplastic thyroid cancer[ J].
Oncologist, 2017, 22(10) ; 1149-1151. DOI; 10.1634/theoncolo-
gist.2017-0096.

Iyer PC, Dadu R, Gule-Monroe M, et al. Salvage pembrolizumab

[36

[l

added to kinase inhibitor therapy for the treatment of anaplastic thy-
roid carcinomal[ J]. J Immunother Cancer, 2018, 6(1): 68. DOI;
10.1186/s40425-018-0378-y.

Dierks C, Seufert J, Aumann K, et al. Combination of lenvatinib

[37

[

and pembrolizumab is an effective treatment option for anaplastic
and poorly differentiated thyroid carcinomal J]. Thyroid, 2021, 31
(7): 1076-1085. DOI;10.1089/thy.2020.0322.

( Wk B 457:2021-10-19)



