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[ Abstract ]| Objective To summarize and analyze the clinical phenotypes, hereditary features and
treatment and follow-up strategies of different hereditary pheochromocytoma/paragangliomas (PCC/PGL) and
related syndromes. Methods  Forty-four clinically diagnosed PCC/PGL patients admitted in our hospital from
January 2000 to August 2022 were enrolled, and the clinical data of them and their family members were
collected. Second-generation sequencing was performed on 43 patients for genetic detection, and Sanger
sequencing was applied to verify the mutation of the probands and family members. Results There were
15 patients diagnosed with hereditary PCC/PGL, including 7 cases of von Hippel-Lindau ( VHL) syndrome,
3 cases of multiple endocrine neoplasia type 2 (MEN2), and 5 cases of familial paraganglioma syndrome.
Seven VHL syndrome families were diagnosed as VHL2A (¢. 500G>A), VHL2B (c¢.239G>T and c. 444 _
457del) , and VHL2C (c.293A>G) according to their clinical manifestations. All probands received surgical
treatment, and 2 cases of recurrent PCC and the patients with multiple renal cancer also received targeted
therapy with sunitinib. Three MEN2 families carried c. 1901G>C, c. 1832G>A, and c. 1901G>A missense

mutations, respectively, and were diagnosed with MEN2A clinically. All of them underwent adrenalectomy
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and thyroidectomy, including one for preventive thyroidectomy. Among the 5 familial paraganglioma syndrome
families, 4 patients carried SDHB mutations (SDHB: c. 343C>T, c. 541-2A>G, c. 575G>A, c. 268C>T)
and 1 patient carried an SDHD mutation (SDHD: c. 337_340del ). Sporadic retroperitoneal PGL were most

common. Conclusion More than 1/3 of PCC/PGL patients carry germline gene mutations, showing obvious

genotype-phenotype correlation. Genetic diagnosis technology plays an important guidance role for clinical

precision treatment and follow-up, and genetic counseling.

[ Key words ]
VHL; RET

pheochromocytoma; paraganglioma; hereditary syndrome; clinical characteristics;

Supported by the Project of Clinical Medical Talent Training Plan of Army Medical University (2018XLC3073). Corresponding author: JIANG Jun, E-mail; jiangjun_64

@ 163. com

W& 4% 40 M 98/ Bl A 28 75 98 ( pheochromocytoma/
paraganglioma, PCC/PGL) J&— 2 /b WL i1 # 22 PN 43
JgRg , R s 2k (2 ~ 8) /100 51w K A i R
(PCC) AT B b J 158 5 A9 I 4% &40 L, 1T ) o 221
(PGL) JE H'E F RIS A B RIS &1, il T
MEER LA M e K F-Th =i, 51— ZR 50 i PR R B AL 45
SI T OB AR LR I AT R N R A
aEMFE. 29 10%1% PCC/PGL it HAG LTS e,
Bk PCC/PGL 1y 5 4EEAFR4IC, 29 37%

W 5T R W & 30% ) PCC/PGL 5 it 4% [ & A
5 BRI — He e B AR HRTE e
10 4 Ff PCC/PGL Hu FE 4, X i A ] ()it R 2R A ALk
Hor LG P R #2215 988 25 5 4iE . von Hippel-Lindau
ZEAAE(VHL ZE 5 1E) F1 2 kP N 3 W6 B 95 s 2 7
(multiple endocrine neoplasia type 2, MEN2 Z5 &1 ) 55
R L, B S R 43 9] 4 SDHx  VHL 1 RETH ¢,
XU BB R R R AR L R 2 R S
fr PCC, - AJ [m] iy - A 2H 2R AR A7 B 4 B Y g
KBS, WA BEAVTN R RB LR . A
(7] (14 35 PR 5 A8 SR 25 B AR AN IS A [R] , B 9 G R 25
TEXFPERIRTT (Bl VT L S s e i il A L, A
WHFEEAE T 20 AR IRBHS WG JT 13515 A0 O 1Y
PCC/PGL Hyllm AR 13 A YT Iy AN 45, LU 4 5 i
PRI (112 W FA 9T e

1 ARSI

1.1 BHagE

] BRSO 2000 4F 1 & 2022 4F 8 A FRE %4y
o R B 28 PCC/PGL [ 218 il , A
IR /INT 50 2 WUl 2 k& PCC/PGL 554 PGL,
AW GIG S, A I A 7 0 722 /) i I 557 444
I IR BRBEAE IR 45 1 fR 3 44 ), ISR S B IO KR
B R PR S R A 25 45, 43 1l R R AR
A0 IR R A 24 AR P A I S5 B ek I 3
14 5] F 35 R ity R 2R 2 TR SE TR 5872, g 1 i) i il ik

H AR K2 W VAL 2510k, ABF5E 45 2
RO B2 PR IR D 2 AT (ERHE H 2018 5
93 %) A BH MEIGER G EE T AE R
1.2 X@EnAE

L% K5 43 5] PCC/PGL B3 4N MK A , EDTA
P PR IRAAE R . B A bRAR F ARy, H
16 5] B PR UINAR KL PRI AGH I , 45D panel 4345 : MAX |
NF1 ,SDHAF2  SDHB ., SDHC ,SDHD , RET . TMEM127 .
VHL EPAST;9 1] iy 3t 5 75 B2 w400, A5 0 panel
Ry SEAA bR R LY 1021 SBR[ 5 18 5 H ) S
BN AR, S A8 -0, ELAAAS Iy 2k R AT 4
R EEA IR 43 B R U IR e 40
DNA R H s X3l 04 & AR il p 5K &
ML AP T K AR +10 bp P& FIX A 5 W FE
FEAE,20 bp LLN YRR 48 A 578 B Ah I8 1 K F 1)
P& DLE0 S A v o b o MR 78 S o A A 5 [ R 2
TB LA A 5L R 2 % 2> ( American College of Medical
Genetics and Genomics, ACMG) 4855 , BIR 5 FUR AR |
BEMRIBURZEAE S SUAR WA S, R4 AT REAS 23 15
FEG XU 1) B A0 R A8 S R AR R, Sanger il T
B SE IR APt A S 0 3] ) SO 18 S A A]
BERTE AR S, REHEUE T S B DU 3 PR 52 728 Y 2% & A IR
SRARANE L, X AR A s B354 PCR 473G, X3 U
JPIRUER BN . A S hE s AN B2 G
P88

2 %R

2.1 ik4:M PCC/PGL B 342 A4 16 fR A AT
38 3 5 DR I K s R 2 W, SR A a5 A5 P PCC/
PGL SEiE# 15 7] (34.09% , 3% 1) . & LINFE R
(31.7+14.6) % W B2 0 (5. 1£1.7) em, Hidr 9 4
SR/ 2 k& PCC/PGL, 2 {5 Bl L Jig PCC, 4 ]
RS PGL,
2.2 VHL %2445 & 4 09 le R 5 AR 45 4
AWFFILMA T 44 VHL SeiiE %, EZG R AR



http : //aammt. tmmu. edu. cn

Bl 25 % R R 2241, 2024,46(4)

379

SO Lo Uk Kl o (27. 4£15.6) %, PCC/
PGL i ELA2 4 (5. 5+1.9) em , Horfr 6 Bl XU/ 2 %
PCC/PGL, 7 KA ILHE 27 Bl I 1 I JCAE AR
Wi KR 1N c. 293A>6 A48, FZ RN A PCC
R EL, 02 VHL2C, K3 2.4.6 104 ¢. 5006
>A GAR X BEGEZ T Rt A I R 20 B SR 9 o
AT IR 25 Wk PR B, B HE U, P D VHL2A

FE3 W e 239G>T RAS, KR 5 W c. 444_457del %
A IX 2 ANF R NG B2 B AN R PCC LI
VHL2B, ZKZ& 7 (5CiE# 1 B A 9 s (R R s B
AMIRE \PCC/PGL i i Fe B 48 i R o 5 £ 40 98 5%
WS ) W2k VHL ZR-GAE , H 5 266 5L PR W, AR 9 A
B MR ZKRIFFHEE A VHL2A (K 1) .

®1 15 ZigfeE PCC/PGL BIEEHEFE B R IGKRE <

w2 PCC/PGL

MR ORM REERGE nkew OO0 i P e DL TR PR
% /%
1 B VHL  ¢.293A>G;p. Y98C Sk9F PCC/PGL 10 XN PCC 10 5.9 T 2% H
2 % VHL ¢ 500G>A;p. R167Q N9 PCC/PGL 24 X PCe 24 9.3 T %% H
3 4 VHL ¢.239G>T;p. S80I VN E ) PCC/PGL 29 XU PCC 29 6.1 - H
4 B VHL ¢ 500G>A;p. R167Q PR TR B HB 21 XN PCC 22 4.0 - H
5 B VHL  c.444_457del;p. F148fs &K RI PCC/PGL 60 Hifi PCC 60 3.1 - H
6 4 VHL  ¢.500G>A;p. R167Q k¥ 0% . £7F PCC/PGL 12 XU PCC 12 6.2 %% H
7 4 VHL N/A MYER ML B HB 29 PCC+PGL 35 3.9 - H
8 B RET . 1901G>C;p. C634S et O PCC/PGL 19 Hifi PCC 19 4.3 %% H
9 4 RET ¢ 1832G>A;p. C611Y SR Sk PCC/PGL 42 XN PCC 42 8.0 %% H
10 %  RET ¢ 1901G>A;p. C634Y i35 PCC/PGL 36 X PCC 36 4.9 - H
11 B SDHB  ¢.343C>T;p. R115 3Ly KR PCC/PGL 14 JE[E)S PGL 14 5.0 % 7
12 % SDHB c. 541-2A>G a1 PCC/PGL 32 MRS PGL 32 4.0 1 % ¥
13 4% SDHB  ¢.575G>A;p. C192Y 200 PCC/PGL 55 MRS PGL 55 5.3 I % ¥
14 B SDHB  c.268C>T;p. R9O * TAAS & B PCC/PGL 45  JEMJS PGL 45 3.9 1% o
15 4 SDHD c.337_340del;p. D113fs o PCC/PGL 40 Eﬁ?ﬁgfgﬁ 40 3.0 I % ¥

PCC/PGL; % 4 0 feo 5 Fo 8 A 223 9% s HB : fo % 4 4w i ; PCC . 28 44 tm I 9 ; PCL. Bl AY 2 ¥ 95— BB Bk &

|

LI+ @

2

DEIF.Z 1
. o0 sEO €006 O

1 2
7 1
VHL: ¢.293A>G; p.Try98Cys

RS GUATA'A Y

= 0o.e,

(1]

VHL: ¢.500G>A; p.Arg167GIn
l — girx [ rEEsee s ek s, AR [ s
D @ it O uttmmmisun, kirsmpm O Ehitktt

7

VHL: ¢.500G>A; p.Arg167Gln

4 5
VHL: ¢.239G>T; p.Ser80Ile
|
B — C
- N0,
00O, [
1 2N 3 4
|

G

A~G: 50 ARZI~THRZA HFRZI~40REZBTH A EH4 PCR =4 Sanger M| 545 R A

E1

74 VHL SZEMENRRZBERENFLER



380

Bl 25 % R R 2241, 2024, 46 (4)

http : //aammt. tmmu. edu. cn

I A el s ARG, AR 7 75 sU A 2.
Jelb# 3 AEXUN PCC ARG 13 4K BUAM PCC A4l
B, AR AR (KR 3-10-2) ZZ VB e iGA YIBR , A
ZRNEE R YRR T AT R e RL AT, R S A
AW A/, ARG O B . AR 2.3.5 1
FEUEE IS Ja 3 G R A7 2 DR ik K i PR A A, e
BT 20 R MR & PCC S5 B T BRI
J7 o 1A T T e O B OUIN i B S5 g XL
g B 20 MR I BR A, BT 9 AR R UL
2.3 MEN2 22648 % 3 69 16 R 5 A% 442

3 2 JEiE R 4 DL I A AR R B PCC/PGL A B
97, EEGRAFAE WL 1, Jelba Ao 4% o (32. 3+
9.7)% I EAE D (5. T£1.6) em, Horr 2 i) S XU
PCC/PGL, 3 NEZRILAEH 7 4 MEN2 BE LI 3 4T

xr2

iFE PCC/PGL R EMELES1E

SERIENTE . Sl 8 A1 10 2 RET FEH ¢. 1901G>C
Mlc. 1901G>A A, JGUEE 9 H c. 1832G>A RAR,
3R ZETIAE MTC F1 PCC I R, Pk B 28
RS MEN2A ZEGAEA G (K 2) 6

A WU RO BRI R o 1 w4 4 e 1)
BFAR(FE2), B RET 3 H 5848 7 5 5 BRI 56
98 (medullary thyroid carcinoma, MTC ) B & & 4 5¢
R, ICUEE 8 Hesz B 1 HAR BRI R AR S HUR IR R B
RIBIT o PR 8 MEFEF (KR 8- 11-1) R A
F, FE L RO H R R VIR BT v ok & B
I SR O IRIR (KR 9- 11 -4) FEA T4l
BRI AR VIR AR S 10 4R & BLHUR BRI |, k12
BEBEA T HUR B R 4 DIBR AR o 1 24T RET 5848 W
B, 2 A0 IR BB i ST AR AR L 2554 7%

BITER

PCC/PGL {47

S RAFFEN R AEHAAE G R IAIR T
o o T W RE GBI i 3 i
1 VHL FFI = TG
2 VHL i s i B B R AL B
. o HB 5 i IR s« AR VIBR ; B Igd . PCC B & -
3 VHL FFI = SRR
4 VHL i s 2 HB: FAYIER
5 VHL i s = HB: FARDIBR 5 e B2 5 8 - B R Ab B
6 VHL FERC+ I 7 TR R O A R YT
7 VHL i s = LRI HB : JOGIR YT 5 B B e i - B R b 31
8 RET i 2 TGP FF DR AR BB
9 RET i = MTC : XU AR AR VTR
10 RET i s = MTC : B PR R B
11 SDHB Ik - Jo
12 SDHB R B R B Tk - pV
13 SDHB FFiL - T
14 SDHB i s - ¥
G SDHD L ER PGL+E TER+ I e 5% -
15 BUS PGL 5%
- & A HB: o FF m e g s MTC . WK MR RE AL R
o (1@
1 2 1 9
1 2 3 -
m 1 2 3 4 5] 1 2\ 3
7
1 2 m o
1 2 1

RET: ¢.1901G>C; p.Cys634Ser

ANAANA

RET: ¢.1832G>A; p.Cys611Tyr

YAVAYA

— i W storwoemminn ] rwsk
B @ LitaREESmER O wHLtt  C

A~C: R ARZB~109FKAZE A FPRA8IINEABET A EA44 PCR =4 Sanger | /- 25 R B

B2 3N MEN2 GEMENRABERENFER



http : //aammt. tmmu. edu. cn

Bl 25 % R R 2241, 2024,46(4) 381

2.4 FiEM PGL 24648 % 00l R 5 A5 4 e

5 BN PGL Z8G4E, 1 4] 2h SDHD HE £ 58 7%
(c.337_340del ) , 8 B F 5 PGL1 #1 4 5]/ SDHB
A RN RN PCLA U Hirh 2 ]k TC S 58 A8
(c.343C>T,c. 268C>T) , 1 {5 g B $ 407 5 2848 (c. 541-
2A>G) 1 Bl R, SLHREAE (. 5T5G>A) X S i LA
WG RS IS / Sk S8R PGL Ry iy AR, RIRAEIE A (37. 2+
13.8) % M EHAZ N (4.240.8)em (£ 1) , L4 IX L
SBE AR RAE  (H LG R B 34 AR M5 2 A G
ZEAIEFRIL

5 BB UEE B2 T FARE VIR G/ 3k 5
HRIhIRE (3 2) ,4 454 SDHB 28 48 1 £ 3 43 51| B 1
T 1155 1 4 48, R R MR K851 4] SDHD
GRAR B R K PGL,S ARG [ 3k #i &k PGL 7E 4k
BETFARIGIT o

3 itig

AT A B [ B (A 5T, A AR DA
Kl Ri2 W th =2 PCC/PGL FH XL AR 4E 15 i, £
#% VHL MEN2 D) J2 F bk PGL 458 4FE, 77 4 VHL
CEAMER R i g 27 B8 S 1 4 ToRE IR#E
34 MEN2 ZE Gk R 300 A th 7 1 283 & 3 44l
TCRE RGN &S BB #547 SDHx 2847 . FRATLE 4SS
FBE B E R RL-RA A OC M SR =K, Hod 2 iR
KAk PCC G I 2 VR VHL SR G B3 1257
IR e IATT TR
3.1 PCC/PGL #9434 % & 2k & 3L

3 290K PCC/PGL 1 10% HAG Ik Z 58748, {H
o PRGN A 1) A e, ke e 2 1 80 i DRI A A B
H AT A1) 30% i 35 52 R R 5748, 5 A58 45
AL, IF H 30% ~ 40% 7 ik i g g s i,
fiifi PCC/PGL (8 3 I 2% J& i 47 Jk R A i, AR5 )
PCC/PGL FAPEZR 52 £5 G AR BUFNBUN | 22 kA 5%
FERPE PCC/PGLY . K HE4y PCC/PGL 4% & B3
i 3 PR 380, (AN ] 1) 58 A8 L s PR 3 284 1% 1o s A B
255 XFP IS AL S M G R T IR ARG R AT %50
Bifi A 5 PR AR -3R RUAH G MR Y 58 3%, A B Tk s
B R ERSERIR T AR T T
3.2 VHL ® £ Ag%49 PCC AR L4z 44E

VHL JE R 548 J& PCC/PGL £ Ay 8 UL A B PR 5
AR ORRI VHL 284807 & 51 iy VHL 254 1E A
], A4k £ B A8 Fir R L2 B AR 4 1 RN
27,2 BT E— A4 2A 2B R 2CH MRAEE A
N7 PR R - A SR VHLL B e il A %58
A7, VHL2 RUDLEE LSy 2, (HAL SR AR 30 3

I AT 413, 0 c. 500G > A 7E [E 4 i 38 ¥ & VHLL
RN BEAR BT ILA K R K BN VHL2A Y,
HT VHL Ze 5B 2 BAA 2 k1 B R B K24
BRVRHE , Fa 7 7 i ORI A AR R il A Bt
s, ik 3 M ARG IR 2 L s &k PCC
Ja o B AT R e 3 AE A 1 AR AR PCCFN'E 9
W R A4 /N IE BRI T o e sh, HIF-2a 10161 51
DI % ML ( Belzutifan ) & AR B3R 4EH T VHL 255
TEYRIT 259, i VHL ZE45AE B9 38 ) ya 97 $2 44 1 3
et
3.3 RET ® & AR% ) PCC R HE 4z 44E

RET JF 3 A F 10 S e fafhk, AR R 584 1%
FECUAH R RS OB A S Y MEN2 Z5 5
AEN00 AR I R 2 BL AT # MEN2 43 g MEN2A
MEN2B , H: o % % WL J& MEN2A (95% ) ', KA
P GEARN 35, KA MTC () B[] S0 A B AN [R], AR 9
2 E R IR P2 ( American Thyroid Association, ATA )
FF RET S8R S0 4RR  AWF 5T Th i 611 i i RS K
A MTC J& T B 578,634 i si W g T C g, KU 55
PR N RIS HHEAE S W HIAT I
FURBRDIRR " o T [ L I 72 0 T 5 & 44
Bl 177 100 375 A 55 2R S AR R A, JF R R TR M T
AR SEIER 8 7 [ S ER 2 31 18] AT 5 A D) R XA
FORMR, HRTEERERE D o SeubEs 9 MMAE , A AR
FNFEBEAEAM] PCC g s 55 HUR AR Mg vl BB 1) 56 3, X
A7 HUAR BRI S A VIBR A, SR LR
3.4 SDHx £ T A% PCC & K 4244

Y B % B PR B A B 4 > AL Y SDHx
(SDHA .SDHB ,SDHC .SDHD) L) % SDHAF2 {4 it % %€
5 E PGL A )¢, SDHx J [N () I R 8 A8 24
PCC/PGL 511 20% , H:H 1) SDHB F1 SDHD fz k&
W AHFFEH S A SDHx %78 v 3 ] Ry G 278,
Lk 8y P17 SR A8, 1 Bl iR A%, 5 VHL i
MEN2 Z5-AE R B 5 58 2 1 &9 AN ], SDHx ik
MZEAAE AU M PCC/PGL 2 3 X Al fE 5 SDHx 14
AN R A . SDHB A3 PCC/PGL # LA st
J& PGL &, Her 24— () J 35 1 J R e B Jig , H: 5
SRR R BAR . AWESE T 4 1) SDHB % & K
11 AEREVT AR A K8l #% . SDHD iy isif% Jy e h
FRiK, HA BE RECRE,, ot B W e RGE A S
PR CRER S R, 5 X 5 M 4 4 2 T 2 e ok
B
3.5 PCC/PGL 416 K557

PCC/PGL WyiA 97 7 N EE R F ARBI7, M
PCC/PGL #EF2"5 B DIRR , WU B 1 i v 465 240 b Jeg 41



382 Bl 25 % R R 2241, 2024, 46 (4)

http : //aammt. tmmu. edu. cn

17 PR B B IR L BT kS B R A A
PRI URBUR R I B v i 0 R R B IR
R B TR —E FAMESE B I XU AR S
R 2 PROUIN % A R % 1 - B30 i B S AR
W R LA AT U B DIERAR AR5 2
B TR A FLR el AT B DA, U 1A
HARSAE AN R 1R B B R R JSO0UN P B 44 i
TAUIRA BT 9 SRR WA K

25 b AR S i S 45 T VHL RET DL & SDHx
JITESCE AL I PR £ Ak 1 i TR B - AR S iy 48
Koo AHFTIMGE T HATXF PCC/PCL ARSI I R E5 45
U AR 1 PR T TR, o i RS TR T L BBV S g
R MAETT A A1 TR (AABT TS dAF e —
BEAN I, H RIS PRI B AR B T2 0 O 2 F 2L
o ik PRI A I, (LA T 50 52 BI A A R ) B i, 7873
R A B A AR PR AR IR A UM G SE R 2875

Sk

[1] NOLTING S, BECHMANN N, TAIEB D, et al. Personalized
management of pheochromocytoma and paraganglioma [ J ].
Endocr Rev, 2022, 43(2). 199-239. DOI. 10. 1210/
endrev/bnab019.

[2] LEUNG AA, PASIEKA | L, HYRCZA M D, e dl.
Epidemiology of pheochromocytoma and paraganglioma:
population-based cohort study[ J]. Eur J Endocrinol, 2021,
184(1): 19-28. DOI. 10. 1530/EJE-20-0628.

[3] MUTH A, CRONA J, GIMM O, et al. Genetic testing and
surveillance guidelines in hereditary pheochromocytoma and
paraganglioma[ J]. J Intern Med, 2019, 285(2) : 187-204.
DOI: 10. 1111/joim. 12869.

[4] HAMIDI O, YOUNG W F, GRUBER L, et al. Outcomes of
patients with

metastatic ~ phaeochromocytoma  and

paraganglioma; a systematic review and meta-analysis [ J].
Clin Endocrinol ( Oxf), 2017, 87(5) : 440-450. DOI. 10.
1111/cen. 13434.

[5] JIANG J J, ZHANG J, Pang Y X, et al. Sino-European
differences in the genetic landscape and clinical presentation
of pheochromocytoma and paraganglioma [ J ]. J Clin

Endocrinol Metab, 2020,105(10) : 3295-3307. DOI. 10.

1210/ clinem/ dgaa502.
[6] FISHBEIN L, LESHCHINER I, WALTER V, et al.
Comprehensive molecular characterization of

pheochromocytoma and paraganglioma [ J ]. Cancer Cell,
2017, 31(2) . 181-193. DOI. 10. 1016/]. ccell. 2017. 01.
001.

[7] WANG Z, YAN X Z, TANG P,et al. Genetic profiling of

hormone-sensitive and castration-resistant prostate cancers and

identification of genetic mutations prone to castration-resistant
prostate cancer[ J]. Prostate Cancer Prostatic Dis, 2023, 26
(1): 180-187. DOI: 10. 1038/s41391-022-00618-2.

[8] HUANG Y H, ZHANG C Z, HUANG Q S, et al.
Clinicopathologic features, tumor immune microenvironment
and genomic landscape of Epstein-Barr virus-associated
intrahepatic cholangiocarcinoma [ J ]. J Hepatol, 2021, 74
(4): 838-849. DOI: 10. 1016/j. jhep. 2020. 10. 037.

[9] LIU Q L, YUAN G, TONG D L, et al. Novel genotype-
phenotype correlations in five Chinese families with von
Hippel-Lindau disease[ J]. Endocr Connect, 2018, 7(7):
870-878. DOI. 10. 1530/EC-18-0167.

[10] WACHTEL H, FISHBEIN L. Genetics of pheochromocytoma
and paraganglioma [ J]. Curr Opin Endocrinol Diabetes
Obes, 2021, 28 (3). 283-290. DOI. 10. 1097/MED.
0000000000000634.

[11] JAIN A, BARACCO R, KAPUR G. Pheochromocytoma and
paraganglioma—an update on diagnosis, evaluation, and
management[ J |. Pediatr Nephrol, 2020, 35(4); 581 -
594. DOI: 10. 1007/500467-018-4181-2.

[12] EID M, FOUKAL J, SOCHOROVA D, et al. Management
of pheochromocytomas and paragangliomas: review of current
diagnosis and treatment options[ J]. Cancer Med, 2023, 12
(13): 13942-13957. DOI: 10. 1002/ cam4. 6010.

[13] WANG K, CRONA J, BEUSCHLEIN F, et al. Targeted
therapies in pheochromocytoma and paraganglioma [ J]. J
Clin Endocrinol Metab, 2022, 107 (11). 2963 - 2972.
DOI. 10. 1210/ clinem/dgac471.

[14] CHOU A,TOON C, PICKETT J, et al. von Hippel-Lindau
syndrome[ J]. Front Horm Res, 2013, 41, 30-49. DOI;
10. 1159/000345668.

[15] GIMENEZ-ROQUEPLO A P, ROBLEDO M, DAHIA P L. M.
Update on the genetics of paragangliomas[ J]. Endocr Relat
Cancer, 2023, 30(4): €220373. DOI. 10. 1530/erc-22-
0373.

[16] CIOTTI P, GARUTI A, GULLI R, et al. Germline
mutations in the von Hippel-Lindau gene in Italian patients
[J]. Eur J Med Genet, 2009, 52(5): 311-314. DOI:
10. 1016/]. ejmg. 2009. 05. 007.

[17] YUAN G, LIU Q L, TONG D L, et al. A retrospective case
study of sunitinib treatment in three patients with Von
Hippel-Lindau disease [ J]. Cancer Biol Ther, 2018, 19
(9): 766-772. DOIL. 10. 1080/15384047. 2018. 1470732.

[ 18] DEEKS E D. Belzutifan; first approval[ J]. Drugs, 2021,
81(16) : 1921-1927. DOI. 10. 1007/s40265-021-01606-x.

[19] TAKAYA K, YOSHIMASA T, ARAI H, et al. Expression
of the RET proto-oncogene in normal human tissues,
pheochromocytomas, and other tumors of neural crest origin

[J]. ] Mol Med (Berl), 1996, 74(10) . 617-621. DOI.



http : //aammt. tmmu. edu. cn

Bl 25 % R R 2241, 2024,46(4)

383

[20]

[21]

[22]

[24]

10. 1007/5001090050065.
MATHIESEN J S, EFFRAIMIDIS G, ROSSING M, et al.
Multiple endocrine neoplasia type 2: A review[]J].
Cancer Biol, 2022, 79. 163 - 179. DOI. 10. 1016/].
semcancer. 2021. 03. 035.
AMODRU V, TAIEB D, GUERIN C, et al. MEN2-related

pheochromocytoma; current state of knowledge,

Semin

specific
characteristics in MEN2B, and perspectives[ J]. Endocrine,
2020, 69 (3): 496 - 503. DOI. 10. 1007/s12020-020-
02332-2.

WELLS S A Jr, PACINI F, ROBINSON B G, et al.
Multiple endocrine neoplasia type 2 and familial medullary
thyroid carcinoma: an update[ J]. J Clin Endocrinol Metab,
2013, 98(8) : 3149-3164. DOI; 10. 1210/jc. 2013-1204.

HEDAYATI M, ZARIF YEGANEH M, SHEIKHOLESLAMI
S, et al. Diversity of mutations in the RET proto-oncogene
and its oncogenic mechanism in medullary thyroid cancer
[J]. Crit Rev Clin Lab Sci, 2016, 53(4). 217 -227.
DOI: 10.3109/10408363. 2015. 1129529.

FF, SRR, 45, HURIRBEAE S 12 8 5167 b [
LR ILR(2020 h) [T]. HESE SN K, 2020, 40
(9): 1012-1020. DOI: 10. 19538/]. cjps. issn1005-2208.
2020. 09. 03.

WANG Y, TIAN W, JI Q H,et al. Expert consensus on the
diagnosis and treatment of medullary thyroid carcinoma
(2020 edition) [ J]. Chin J Pract Surg, 2020, 40(9):
1012-1020. DOI. 10. 19538/]. ¢jps. issn1005-2208. 2020.
09. 03.

[25]

[26]

[27]

[28]

[29]

[30]

BEN AIM L, PIGNY P, CASTRO-VEGA L J, et al.
Targeted next-generation sequencing detects rare genetic

events in pheochromocytoma and paraganglioma[ J]. J Med

Genet, 2019, 56 (8): 513 — 520. DOI. 10. 1136/
jmedgenet-2018-105714.
BUFFET A, BURNICHON N, FAVIER J, et al. An

overview of 20 years of genetic studies in pheochromocytoma
and paraganglioma [ J]. Best Pract Res Clin Endocrinol
Metab, 2020, 34 (2). 101416. DOI. 10. 1016/j. beem.
2020. 101416.

BURNICHON N, ROHMER V, AMAR L, e al.

succinate

The

dehydrogenase genetic testing in a large
prospective series of patients with paragangliomas[ J]. J Clin
Endocrinol Metab, 2009, 94 (8) . 2817-2827. DOI. 10.
1210/jc. 2008-2504.

BAYSAL B E, RUBINSTEIN W S, TASCHNER P E.
Phenotypic dichotomy in mitochondrial complex Il genetic
disorders[ J]. J Mol Med, 2001, 79(9) : 495-503. DOI.
10. 1007/s001090100267.

BITEMAN B R, RANDALL J A, BRODY F. Laparoscopic
bilateral cortical-sparing adrenalectomy for pheochromocytoma
[J]. Surg Endosc, 2016, 30(12): 5622-5623. DOI; 10.
1007/s00464-016-4919-5.

ROSSITTI H M, SODERKVIST P, GIMM O. Extent of
surgery for phaeochromocytomas in the genomic era[ J|. BrJ
Surg, 2018, 105(2) : e84-€98.

(U#5:2023-02-23 ;& [8] . 2023-09-11)

(i XAkk)





