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Clinical value of Ki-67 in the grading and comprehensive
management of medullary thyroid carcinoma
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Abstract Ki-67, a key marker of cellular proliferation, has gained increasing recognition in the management of
medullary thyroid carcinoma (MTC). With the establishment of the International Medullary Thyroid
Carcinoma Grading System (IMTCGS), a Ki-67 proliferation index >5% has been incorporated as a
major criterion for defining high-grade MTC and predicting adverse outcomes. This review provides a
comprehensive overview of the role of Ki-67 across the continuum of MTC care. In diagnosis, the Ki-67
index assessed in fine-needle aspiration samples correlates well with surgical specimens and assists in

predicting tumor grade and optimizing imaging strategies. In prognosis, elevated Ki-67 levels are
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significantly associated with aggressive clinicopathological features, shorter survival, and accelerated
calcitonin/CEA doubling times, establishing Ki-67 as a robust independent prognostic indicator. In
therapeutic decision-making, Ki-67 may help determine surgical extent, guide postoperative surveillance,
and serve as a dynamic marker for evaluating response to targeted therapies. Ki-67 also demonstrates
potential complementary value when combined with RET mutations and other molecular biomarkers,
supporting more refined risk stratification. Although interobserver variability remains a limitation,
advances in Al-assisted pathology and preliminary studies on serum Ki-67 offer promising avenues for
standardization and non-invasive assessment. Overall, Ki-67 plays an increasingly important role in

grading, prognostication, and clinical decision-making in MTC, and may further enhance individualized

2434 H [ AR R
disease management.
Key words Thyroid Neoplasms; Carcinoma, Medullary; Ki-67 Antigen; Review

CLC number: R736.1
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M, IMTCGS B 8 5% Ki-67 14 58 38 #0=>5% 1F R & X
PO MTC 1 = K AR 2 — o 5% 3% — 0 (B DF
B A, TR TR A PRSI B e 1S Y, AR
W R X B S AEAF I (overall survival, 0S) 1Y
S A

2 Ki-67EMTCiZHBIBIMNE

2.1 ARETEFNOE

4f £ ¢ i 3% K (fine-needle aspiration, FNA)
JE RS W Y S EEP, i Bl LA 4 MG B B G 2 4
JiL Ak 2 5 2 A B 1 R i B A R v R A g
FW, FNABEAR K Ki-67 355 F RYIBAr A B
Ki-67 14 5 48 % = BEAH O (FH X R B P8 0.72)
Ki-67 3 58 15 $0>5% 7£ W00 155 4 e MTC i HA 5
MRS B (100%) P9, =X & T Ki-67 £ 23 H T
SRS T e A AR TR o 2 FNA 1 Ki-67 3 5 45
B=5% W, RIAE FC A GE 95 A8 58 4, 0 R
15 G MTC /) rT RE L AT R S 8 480 i A AR AR 1 T
RF % (g Kb de XG4 . 25 5 100 2 0 25 7
). Lubin %5 % £ Ki-67 14 58 45 B 1E FNA 2 47
BB . T JLAE, A WFSEHE A H ELISA £ i 1 B
I 1Y 1L 7 Ki-67 7K, Ki-67 [ = 263k 5 7L 7 98 e
B WE ML 0 R Em Y., G
Ki-67 KV — R TR v, BARI /N (HHE .
P A5 S0 3%k MTC TG A2 W 4 it 7 LBk,
{BHAE MTC Ry ol 474, o HOE BB 75 L W41 213
FATE TR, SR ARRA RV R B IE R 7 0 22—
22 HEBEERE

I R 1 B 22 R Pk A2 55 T MTC R 5
BRI W, (AR E RN TR
ARHETZ W, Adams 57 % B MTC 19 Ki-67 & % i
5 SF- AR A A AR (PF-FDG) HE U A %
Bl 5, 1A BN IR & BT #E B KT MTC Fil CEA 7K
T R FE T, 2R (SPET) R AN
=, miA AL (PET) W3 E A 1 24 4 J&) &6
W E5 55 R 5k o 7F 2009 4 Faggiano 5214 5 T I
A, AT A B R Y Ki-67 1 E 45 B0>2% i
HYARGFMFEFRSGZE (Cn) KBTI, NAIE
B BARR A 1 SEAl E3En FDG-PET/CT K & . %8
FHHE, KT ARATE M Ki-67 36 5 45 $>2% L KR
J& Cin Fl CEA 522 T LR & kL Ki-67 Y4 58 48 $0>2%
W BB, N B R Mok A FDG-PET/CT LA A& 38 B

PR R KB Rkl AT SE B R F 1. Ki-67
WEREHR BT R — I T A R TRk as . B B
PR B= A 4 DR IR 2 £ 25 0 1T BB B 5 1Y) FDG-PET/CT
K gk 25, SEBLEE T R IR A AL e o

Zhang ZFUOV S5 B 818 A 5 B W ST T 3T
R PSR AR Y TR AR L i AT S B R A T
PRBR /R B K /N >2.15 em DL 5L i 2 A ]
75 & MTC Ki-67 & 25 (=5%) (%00 7 10 5,
HAEB AL T (area under the curve, AUC) &
ik 0812, XKW, JoOIMEARAT N Ki-67 £ ik T AL
AT RE AR T AV AR R G iR ) 2 A O
FZ 22 HEAT 0028 B 40 2, SR il 5 90 B F RS
Rl A 15 .

3 Ki-67Z&EMTC hyFmF g &

Ki-67 76 MTC il # 2 ML R LR E, &
Vissio ZE 1) 101 5] MTC i PR £ 4 H Ki-67 3 58 15 %k
B A7 B 2% (L : 0~20%) o 51 13195 3] 5 B
Ki-67 3 58 5 $0>3%, X 15 9] Ki-67 3 58 15 $0>5% .
FHIRF 5P, Ki-67 Rk K FER KB st
MTC i35 0 & T IR B i A i B . A
GER BT MTC ik L 25 56 3% kb v Ki-67 5 B & kR
BN A R R R Y Ki-67 3 A 45 B T R & b
JEW AN, A ST IE B Ki-67 1Y 5 2R 3k 0] DLk
SETUIN MTC 835 B9 A 77, R W] 1 AT DU 408 Ji &
i 8 1) Ki-67 38 58 5 KO T AR I 00 45 0% Sk Al 11
fIH AL 0S, 48 T Ki-67 HE G5 B R F 2 TR
B AR 8 MR, OS MR . I AF R, O T LB
WEE PR FiE B MTC 9k %, 20224F, Xu FEM7ELL
SWrBE - BURRHRE AE 0 (MSKCC) 44 & 4
MBI H RGP SR o, R X 327 51l MTC E
i BA AT & I B4E T IMTCGS . AR s IMTCGS &= 24
MTC #% %€ SCH B EAZLUIT 1 NERIE . A7 224y 3448
£ =52 mm?, Ki-67 34 54 18 £ >5%, =% 1fF AE M
INBE .

fE—2eptge, #E— 2P IPA T Ki-67 3 56 15 %k
FH OG0 A2 0 KURS: , 6 Ml 23 6 A2 B I R R o 3R 1)
NET "', Ki-67 3§ 58 $8 B0 0 1%, 52 & KRS 1 in
14145, 710 i NET H L Ki-67 3458 8 B0 14 fn 14>
L, FETT KRS 19 0 1895, 5 R R, Ki-67 1
B 8 BRI SR R, O LB A R AR R A 3
G AE 25 . P, S IFIT, I PR 2 4R 5 N B
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i 41 5 Ki-67 3§ 8 45 KO B AR B, AR A g
R RIS, X Bl A KU A R
feft Tl

4  Ki-67 ZE MTCiafr HRIEENE

FE Mian SE A58 T E B, = Ki-67 K 5 H
ARBRAM 8. R Z5 R | m a5 R . 1 0 A
FULAR Y OS % YA 2 o 7F Saglietti 555 i BF 5% HHIE
BT Ki-67 34 5E 48 B0 R LA 2 75 G ah 55 B 1 45
bro FEGEEFEEIT S, Ki-67 B4 5H 48 505 iR
FRIRE KN R WSS RE A oG, D
HAFUIE] T Ki-67 34 5E 45 FO U MTC 250k 2 45
U AR VAN A e A o R AL AN R &/
W, fEfK Cmfafa (<171.18 pg/mL) HYHEEh, H
fiff Ki-67 ¥4 58 8 B0t =, AR ARIR AR AR AR R H
M K2, 768 Co g A F T, Ki-67 3955 48 5L
)% R e 8 Tois AR A (disease-free survival, DFS)
F R R, Ki-67 3 518 15 50 >5% /2 =5 Cin FEH K R
A= AR IR A A S TR P ik — & B I R S B
AAHEREHRSFE L X T AT Cn KF55 & 0 &
&, ARG B A P Y Ki-67 36 58 15 B0 g 00 ok A%
O RUBS 6 B, I 408 ot o) s o B R 1 i 17 O i 5 ik
— AT EIIGYT . DU S BB I (A AR Ak AU 5 B

IMTCGS 7E 22 />l 37 A 81 H B4 3iF S 58 A %5 10
MTC B &5 W AEfF 45 R, 46 0S. DFS. 57
PEAAE (disease-specific survival, DSS) it 4b 7 7%
W kA
DMFS) . — I 7E 87 5] MTC & % o i B 5% | =),
IMTCGS = 2 5% 2% (9 0S . DFS. DSS 1 DMFS &
FRE, HAEZ AR B HT TP AR AR R S TS A
JERIH, FEEDEE A — T 5, IMTCGS & 200 5
B FEW OS Fl DMFS AH G, 2278 5 43 A1 i 75 IMTCGS
J& OS F1 DMFS fy4f 57 500 K+ (HR 4351 4 28.30 Al
15.70), s TIZRFEEREA R ETH.OP R
SEHIE . IMTCGS 19 73 9 45 R 38 e 52 W IR 7 5K
JuH R AR R BT R A ) R R . A B
FEIIE B AE B MTC Hr i 900 MTC 5 5 & 119
ARHT Cn KL B K/ ZhbdE . HURBRSNY R
FUR S5 55 RE A0 56, X278 IMTCGS 7] T 40 )2
LAY E TR B SR BE YT o kA, IMTCGS 5
Oy FARAEM (U RET 275 ) 10 KBk #F — 20 S HE I
FEASPEAGEETT TR R N 5 @ 900 MTC 38 % UL RET

(disease-free metastasis-free survival ,
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RAF (JUHIE MIIST) , XKW 49 R G vl 45 T 40
MVARIT RS . SR, 7F B g A B o RET R 78
G , IMTCGS /Y T A/ FH Al BE s 55, @h @ T
A R A B b Y T R NG SRR IR [
137 {5l MTC £ 3 7 FL 58 T IMTCGS 5 1% 48 KU K+,
45 W 7R IMTCGS 2 2 9 R 551 A8 1~ 9 2k 7 000 A
T (HR=11.23, P=0.05), [MiARJG Ctn 7K 25 #4) P
52 R W A8 4 F IMTCGS  (AUC: 0.90 vs. 0.64,
P=0.002), /R IMTCGS 5 1% Gut6 bn B A B AME

B J5 , IMTCGS % % & 2] 59 4 0 /9 Bl 7. 2
e, DMEARIm R ek . flan, — T st kT
LT IMTCGS 1 H: At 1 R 5 21 DA 2R 9 91) 4 RIS A,
FF B0 T & & A AE, RSN 5 UE 3 B T
RS B (AUC=0.9) , X nl il i 78 2 T 5% By = /E
il a2 A R b BE U5 FIE ST IR . R B, IMTCGS 5
SEER-based XU P73 (9 45 & s, e Bl 7 98
HRG L REEARDERIK, BNERILS%
B RIBE T AH G 2, #2145 42 A0 I 48 A R oK
KSR . Williams Z5HSI G BF 58 2 B IMTCGS oA R
R E R M SEN, EAIRRE N, £
5% S H5 4 IMTCGS A8 A s 3RS B, LU T A8
B MR ARRMIE ] I — PR IMTCCS #E 1R
I7 U SR R HLAA

F& T A A X I DR 1 SR R M i R K
SRR ME MTC B3, N BN e A . RIS e .
LRSI A WIRYT s KT RET A 5 0 E
AR Bl R RS/ 5 R B B 1 MTC 8 3 1 47 %€
MR . WP, H R s TR, Xic
b 5 4 B RE R B9 MTC B 3%, 1 R 0 259
YT, T Ki-67 £E #8136 9T b a] BE B AW 0 AR
I, 38 335 97 0 S R 42U Ki-67 1 5E 5 E 0 AR
b, > LU M F Ak 24 4 Sk e Jgg 1 B 0 o R
TEHAh — L g 2 A v, 5 Ki-67 &35 X4l Bl Ak g7
o [ IR T R AURR O A HEY . ROk
WF 58 B3 MTC 8 & Ki-67 5 5 B4k y7 s 80 17 25 9
TBIT R Z IR B G 2, DAGE T 47 M 4 S I PRS2 i
— WA RO R, ZE Ok A ZE IR B R A28
MTC #5585 AG He g 4F AT, BB 08 b 35 40 il i e 14
FRUHBEAR Con K, ifya 40 i A0 386 7 (2 52> . o
TR MTC B E IR 8OR Rk i BiF 5% R 46 v
P H0 0] Ki-67 S HOAH A5 5 0E B b, SRR A )
YN, A IA MY R, DI
BHE WG .
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5 Ki-67 5SEEMIREIRIKRF

Ki-67 J2& 45 5 P BAR 14 1 58 A 7 SR
5 A AE Py bR &Y s R S 80 A o 7E Ki-67
B 5H 45 505 MTC HF 5 M5 38 W 19 QM o b
AW FE 4598 A 58 2 — 3. 2T 3 HE Ki-67
5 Mg (2 28 1 2 (84775 W 35 A0 5 o Laure Giraudet
EPNE B Ki-67 5 AR J5 Con 538 B 6] (HH & R AL 2=
-0.36, P=0.03) M CEAfEHIRTE (AR 2=-0.51,
P=0.002) fAIE W FH A, $28 Ki-67 8w, Mg
b A 4 f R . 2RI, Nigam 2557 7E 117 4
MTC 35 R B, B MTC 835 1 Cin 5 15 B (1]
R . AN, S A IR A S AR 48 R 1 Cin
IKAFE43 R B AN BHAPE BT AL, & 3R B % 4 v Ki-67 3
FH T8 B <10% (1) L9 S 2 T B 41 (P<0.001)
E— 2 E T Ki-67 7E X 43 i J88 3 5 Wk 745 o 19 AF
H o T Saglietti 53 K & BH Ki-67 % i5 5 AR T Cin
5 CEA 7K V- Z [ AE7E 10 35 A G, {H Prox] (9 R ik
AL G 2 00 Ki-67 AR5, $EIRTE Ki-67 PR 45 HL ]
Rl BEAEAE LA O EE o TR R . FIAE, D HEfE
SEUOVLE [l JBCPE AFF 5 vh 23 B 1 44 451 MTC 25 220 20 1]
I 55 4 2P Ki-67 50 BLE B Cin B9 K KF, 4
J R R A W 2R R KT 5 s AT O A G
B 35 2 [a] 9 JC & 3 A OGPk o 2B & b 19 90 1]
MTC 4l ™, [FAE 3CHE T Ki-67 5 AT Cin If T
WE MM (1=0.147, P=0.167). HHij, Ki-67 1%
FEAEH S Cin (fU 4% R E Ctn, THC Ctn &2 R J5 Cin)
MR ME O B R A, R TR 4 R AT
225, it — 200 KBRS 5T I DL 5 E .
Pennelli £ 55 T 64 5] MTC £ % ) PDCD4 3 N 5
miR-21 (A &M, & B THC PDCD4 K R i85
Ki-67 3 8 802 W A0 (P=0.04) . Herac 5578 X
97 {5 MTC & % [8] Ji 1 THC 23 #r b & B, 2B Kl
R 2R 2A R IK S Ki-67 84 5l 5 B B 2 A 6
(P=0.002) . XEERFFE R, B Ki-67 158 15 4 5 H
AW bR B WA S A, A BT ORI IR s A 4 LT
AT MR A e A5 8, 1E Tl B VTAS iR R
JE SO A T O AR T R

6 Ki-67 5EERTHMEX M

JL-F fr A s 4% M MTC 3 YA 7E RET R R %
AR T 2 50% Y EL & PE MTC BB 35 48 445 K 20 g RET

ZRAL . Mian 2575 1 [ JBPE AF 58 60 1 1 & 1 MTC
BE, RIAM I RET 2R 78 /35 1 Ki-67 ik KF
3w TAE RET B B3 (P=0.02), X —45H8 N
& M MTC BB 3 09 KURS 43 J2 48 4t 7 8 B4R 4l .
Frank-Raue 5¢°VfE 839 f4i] # & P MTC £ & 1 [l Jii o4
BT, & Ki-67 Y5 15 50 >50% 1) 3 4] B8 A
I E) A 41 e RET MOIST & 7% o — I % 20 f5i] £ H: i
MTC & & a5, 3k — 20 S0 8F T Ki-67 5 RET
RAFM AN, K Ki-67 ik K & Bel-2 Fik 554y
OSAHIG, /R4 Fhr& 5 Ki-67 ¥4 5H 15 5 i ik &
S HT A B T ARAR S 4 2 o I AR, Romei S5 P9X)
149 ] MTC 45 #4717 B 0 A, 25 58 WK RET
FH P 995 181] 719 KGi-67 3% 15 7K ~F- 85 T RAS BHME R 491 o itk
A, AR IE K, TEFTA RETSE7ZE Y, M918T %
A B e RS B % . SR, 7E Nadeem S5V fFF
o, K Ki-67 #5168 5 RET/RAS 7% (f4&
RETH: 5 257 . RETIRANMIZEAE . M918T VA 41 i
S8 F RAS TR AN M 28 48 ) Z () % A 35 AH G M
H A e 0 A 58 4 — 30, AT RE 5 A5 B A KN |
P 22 S 2 A X%, (B2 800F 5% X HF RET %% 4%
CRE 52 MOI18T) 55 0 e 14 BH 16 1 19 CHK o Pezzani
PR P Ki-67 ik /K OF 5 o 2 &t PCR ke DU 9
PTTG1 R IR K FAEAE i A0 G . — T 521 L
149 5] MTC 58 35 v 4 26 Wi A PR AR i 5 3% 2 k&2
K mRNA 1) R B 7K T, 455 %W GIPR MR A K
5 Ki-67 ¥4 58 15 B0 2 (R AF7E b 35 IE A O E R .

7 RBRESRFKRE

Ki-67 14 58 115 %5 09 ) 52 A7 A — 2 19 0, 1
] 22 S e AT RE S I 45 SR Y T R A L AR,
N T8 fig 4 B 340 A R 40 9 R e Ry v IR GX — J)
FRAE L T 0 i LB . 3% &R G e 08 A S0 B 51 HE
MES ., TRPEOSEEILTHER, REET
T Ki-67 Bz o AR . HERR . FTEE M. W
I, AT e BY Ki-67 PEAS A ¥ A MTC 5k 3 2
W 55 IR 43 J2 1 5 B v o 3T U3 A E O AE LR R
PR T I Ki-67 ks AN (6, 8 7516 26 Ki-67 1F 4
WAERRED B ERRE L, X — BN
MTC )2 97 S48 158 M A 55 7 1), WA AR i G A1
WU 9 3 MTC, 8% 72 AR 5 38 2o 2 25 W i 7
Ki-67 7K VK PFAL G 97 SN 5 0w 1E i, DT 9 g
T Ki-67 76 MTC 2 F2 48 2 iy b FH4E RS . S48 Ki-67
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B 58 18 BCE G 57 8 MTC v — A 5 50 15 s
Yy, AB o Sy 35000 AR AT 5 G kAR L 2
P I BE PR 58 R i — D IR E . R BIME AR QT 2,
X T AR T P A A b s N Bk EL A B PE (eNO) Y
SR, R T S AT IR ) A S50 O H
HIG R PSR A R B o Bk, ROk Al IR A1 Ki-67
fE 75 1 Sk T0UI0 I B P bk £ 45 55 B 0 A AR W b R
Yo KRB FE AT 4k ZL 2B Ki-67 5 HAh A P bR ok
Y. 85 ) RET RN 588 1B M5 5, M 2
ASTRMARAL LU LE AR Fi2EAl i 96 1 42 28 1 o

25 I, Ki-67 3458 15 B0 MTC 19 4 B b 403 1
H s 2 MM E . BEAUE IMTCGS 4r % RS
oA PEFSRAG TIPS e An . B AE AR AT U PEA
AR R A VR RE L W AEIR YT RON A i
B HZ 0 A E . Rk, 8 4 S A I A
. RGBT REA, FRHETFERESZ
WS, DRASZEEEMNICHEEZIT S
AR A B A

VEETRR A AR T LK B IEE S
BRI T R ZAL XA e 5 MR TR
O AT A KT 5 MO & SR e PR R A
AT B HAR L KRR F R TR AR AR
WXFRNE 2% L5,
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