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Abstract: Objective To explore clinical and genetic manifestation of pheochromocytoma patients with RET gene
mutation. Methods Clinical data, laboratory examination results and RET gene mutations of 23 pheochromocytoma
patients with RET mutation treated in Peking Union Medical College Hospital from 2013 to 2019 were
retrospectively analyzed. Results The diagnosis age of pheochromocytoma in 23 patients was 32+10 years. In 22
patients with multiple endocrine neoplasia (MEN) 2A | mutations were clustered in exon 16 (18 cases) , especially
in codon 634 (16 cases), followed by exon 10 and 14, and one patient with MEN2B had M918T in exon 16.
Among the 23 patients, 9 had paroxysmal hypertension, 5 had sustained hypertension, 3 were normotensive, and 6

had episodic palpitations but their blood pressures were not measured during the attacks. 24 h urinary catecholamine
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excretion was as following; norepinephrine (NE) . 65.8 (36.9,235.9) pg/24 h, Epinephrine (E): 5.4 (2.8,
37.2) wg/24 h and Dopamine (DA): 277 (198, 297) wg/24 h. 15 patients had abnormally increased NE, E or

DA, while 8 patients had normal catecholamine excretion. The median diameter of the tumors was 4 (3, 6) cm.

Fifteen patients had bilateral pheochromocytoma and 17 had medullary thyroid carcinoma. Conclusions

Pheochro-

mocytoma patients with RET mutation are consistent with those reported in western countries in terms of age at diag-

nosis, tumor size and mutation profile. Most patients have paroxysmal hypertension or normal pressure, and some of

them have normal urinary catecholamine excretion, which are potential risk factors of missed diagnosis.
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Table 1 Blood featues in 23 pheochromocytoma patients

with RET gene mutation

maximum systolic blood pressure/

type of blood pressure maximum diastolic blood pressure/

mmHg
paroxysmal hypertension(n=9) 19818 * /115425
sustained hypertension(n=5) 18427 /101£20
normotension(n=9) 126+7/75+7

“P<0. 05 compared with normotension group; 1 mmHg=0. 133 kPa.
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Table 2 Symptoms associated with hypertension
in pheochromocytoma patients

symptoms and signs frequency/ %
palpitations 16/23(70)
headache 12/23(52)
sweating 11/23(48)
triad symptoms 7/23(30)
nausea/vomiting 3/23(13)
tremor 3/23(13)
dizziness 2/23(9)
weight loss 1/23(4)
hyperglycemia 1/23(4)
stomach ache 1/23(4)
fatigue 1/23(4)
chest tightness 1/23(4)
visual disturbances 1/23(4)
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Table 3 Features of catecholamine secretion in pheochromocytoma patients

catecholamine NE(pg/24 h) E(pg/24 h) DA(pg/24 h)
elevated NE(n=3) 490.3(283.2,511.2) 3.9(3.0,4.7) 203(189,243)
elevated DA(n=1) 37.7 4.2 335

elevated NE and E(n=9) 94.4(65.8,456. 8)
elevated NE and DA(n=1) 89.3
elevated NE,E and DA(n=1) 327.3
normal NE,E and DA (n=8) 32.1(25.2,36.5)

total (n=23) 65.8(36.9,235.9)

73.0(28.2,91.7) 246 (202,291)

5.4 381
24.6 551
2.4(2.2,3.3) 268( 183,290)

5.4(2.8,37.2) 277(198,297)

NE. norepinephrine ,normal range:16. 7~40.7 pwg/24 h; E. epinephrine,normal range:1. 7~6.4 pg/24 h; DA. dopamine, normal range: 120. 9 ~330. 6

pg/24 h.
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Table 4 Mutation sites of RET gene in 23 patients

patient mutation sites counts
1 exonl0,c. 1831T>G,p. C611G 1
2 exonl0,c. 1832G>A,p. C611Y 1
3 exonl0,c. 1852T>C,p. C618R 1
4 exonll,c. 1891G>T,p. D631Y 1
5 exonl1,c. 1893_1895del 1
6 exonll,c. 1900T>G,p. C634G 2
7 exonll,c. 1900T>A ,p. C634S 2
8 exonll,c. 1900T>C,p. C634R 7
9 exonll, c. 1901G>A,p. C634Y 3
10 exonll,c. 1902C>G,p. C634W 2
11 exonl4,c. 2410G>T,p. V804L 1
12 exonl6,c. 2753T>C,P. M918T 1
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Table 5 Relationship between RET gene mutation and blood pressure type and secretion of catecholamine

blood pressure

24 h urine catecholamine

exon counts sustained paroxysmal elevated elevated elevated elevated elevated
normal normal
ypertension hypertension NE DA NE and E NE and DA NE,E and DA
10 3 0 1 2 3 0 0 0 0 0
11 18 7 4 7 4 3 1 8 1 1
14 1 1 0 0 0 0 0 1 0 0
16 1 1 0 0 1 0 0 0 0 0




ChERR  RET 572 1 VE4% A IR A5 A ok PR L i D ik 1655

AHFFE W R 250 RET 2738 1 W 5% 410 it 983 £
IR W R I o L R T R R I
FE TR i £ v 0 IR LS 19 el 5 4 1 Y
Tt B 32 R0 %) o e 0 e M R TR L 2 1 e, 731 Ak i
FEBE KT, AR R ) 4, R 3 PR L 28 19 B IE
JUZS T B v TRy B A0 2 F O R RN 4
LV IR R AR N A R R RS RO 2, A
N EC 1l B PR e B T 0 % AN AR B4 2 W, R
(95% ~100% ) 1= T ILAS B i (69% ~92% ) , 4 57k
PREARIE O DRI, Xobask b 28 B0y 42 2 5 AL S £
W55 24T L 5L 3 T 12 W T A A P Y AR B L
B bR RO AL R

ST Y — A 5 4B R 80% 1 AU WE 55 21
Jit R 5 A% M 28 A E A OG, £ E N MEN2A

S E Lk

[1] Dahia PL. Pheochromocytoma and paraganglioma patho-
genesis: learning from genetic heterogeneity[ J . Nat Rev
Cancer, 2014, 14. 108-119.

[2] Lenders JW, Duh QY, Eisenhofer G, et al. Pheochromo-
cytoma and paraganglioma: an endocrine society clinical
practice guideline[ J]. J Clin Endocrinol Metab, 2014,
99. 1915-1942.

[3] 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. 217-227.

[4] Romei C, Pardi E, Cetani F, et al. Genetic and clinical
features of multiple endocrine neoplasia types 1 and 2
[J]. J Oncol, 2012, 2012 705036. doi: 10. 1155/
2012/705036.

[5] Plaza-Menacho I. Structure and function of RET in
multiple endocrine neoplasia type 2 [ J]. Endocr Relat
Cancer, 2018, 25 t79-t90.

[6] Martucciello G, Lerone M, Bricco L, et al. Multiple en-

docrine neoplasias type 2B and RET proto-oncogene[ J ].

(42.6%) ", TEARBIITH ,65% 1 RET 575 g%
2 RS A AE WU A5 . RET 28 738 1 XU 8 4% 441 fit
JEWIZWIAER N 31 % B AR 404 em, 3
IR Y 04 XU W 4% 2 R B s — 2 L EAR
WFFEH, RET 5875 1 SUIN 8 4% 41 i 8 220 2 )5 12
(53%) , 31X 5 JCHTHGE Y 85% 3 [R]IH2 i >k XL
) R e N R

25 b KBS s, RET 53758 W8 5% 41 i 98 Fe 3%
DI 11 SA R T2 i 2 WL, JE L C634R # 0L, {H
ALY 278 FAR T E bRl . RET 28 725 WE 45 40
96 £ H AR I R Az B 22 RN I R
IR SR OE I 3550 2 R LAS I e A IE Y
T B ARG LR 2 .

Ital J Pediatr, 2012, 38.9. doi: 10. 1186/1824-7288-
38-9.

[7] Gujral TS, Singh VK, Jia Z, et al. Molecular mecha-
nisms of RET receptor-mediated oncogenesis in multiple
endocrine neoplasia 2B[ J]. Cancer Res, 2006, 66;
10741-10749.

[ 8] Mathiesen JS, Habra MA, Bassett JHD, et al. Risk
profile of the RET A883F germline mutation: an interna-
tional collaborative study[J]. J Clin Endocrinol Metab,
2017, 102; 2069-2074.

[9] Kloos RT, Eng C, Evans DB, et al. Medullary thyroid
cancer: Management guidelines of the American Thyroid
Association[ J]. Thyroid, 2009, 19: 565-612.

[10] HARBE =2 NI 2 B IR 20, W8 B A0 R
RIFRZTRIZ WG I L LRI ] Ry 2 AR
Ak, 2016, 32 181-187.

[11] Kittah NE, Gruber LM, Bancos I, et al. Bilateral pheo-
chromocytoma: clinical characteristics, treatment and lon-
gitudinal follow-up [ J]. Clin Endocrinol ( Oxf), 2020.
doi;10.1111/cen.14222.



