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Abstract: Objective To study the relationship between serum neuron-specific enolase (NSE) and clinical features
of pheochromocytoma/paraganglioma ( PPGL). Methods  Totally 501 PPGL patients diagnosed from January
2019 to December 2022 were divided into normal NSE group( NSE<16. 3 ng/mL) and elevated NSE group ( NSE>
16. 3 ng/mL). The clinical characteristics were compared between the two groups. Results Compared with normal
NSE group, patients in the elevated NSE group had larger diameter in primary tumor(5. 00 cm vs. 4.60 cm) ,
higher 24-hour urinary norepinephrine (NE) and 24-hour urinary dopamine(DA) levels, and a higher rate of metasta-
sis(31.6% vs. 13.7% ) (P<0.05). NSE level was positively correlated with the primary tumor size (r=0. 131,
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P<0.05) ,24-hour urinary NE level (r=0. 195, P<0.05) and 24-hour urinary DA level (r=0. 119, P<0.05).

Conclusions The level of NSE is related to tumor size, secretion function and metastasis in PPGL patients.

Key words: neuron specific enolase; pheochromocytoma and paraganglioma; catecholamine ; metastasis
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Table 1 The comparison of clinical characteristics between normal NSE group and elevated NSE group

clinical characteristics

normal NSE group(n=387)

elevated NSE group(n=114)

male/female(n/n)
age of onset/year
age of diagnosis/year
24 h UNE/ULN
24 h UE/ULN
24 h UDA/ULN
secretion phenotype[ n( %) ]
NE-secreting
E-secreting
non-secreting
serum NMN/ (nmol/L)
serum MN/(nmol/L)
diameter of the primary tumor/ ( cm)
recurrence n( %) ]

metastasis[ n( %) ]

41.0(30.0,52.0)
46.0(32.0,56.0)
2.20(0.73,8.12)
0.53(0.32,1.85)
0.69(0.50,1.06)

155/381(40.7)
131/381(34.4)
95/381(24.9)
4.54(1.17,12.57)
0.17(0.10,1.58)
4.60(3.30,6.13)
23/387(5.9)
53/387(13.7)

176/211 60/54

39.0(25.0,52.0)
43.0(25.5,58.0)
6.09(1.85,22.68) **
0.58(0.37,2.81)
0.84(0.54,1.69) **

58/113(51.3) *
38/113(33.6)
17/113(15.0)
12.32(2.78,34.53)
0.19(0.09,2. 60)
5.00(3.60,7.10) *
9/114(7.9)
36/114(31.6) **

NSE. neuron specific enolase; UNE. urinary norepinephrine;

NMN. normetanephrine; MN. metanephrine; “P<0.05, **

UE. urinary epinephrine;

UDA. urinary dopamine; ULN. upper limit of normal;

P<0.001 compared with normal NSE group.
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Table 2 The comparison of clinical characteristics between upper quarter and lower quarter groups divided
according to the level of NSE

clinical characteristics lower quarter group(n=127) upper quarter group(n=129)

male/female(n/n)
age of onset/year
age of diagnosis/year
24 h UNE/ULN

24 h UE/ULN

24 h UDA/ULN

49/78
42.0(32.0,52.0)
46.0(34.0,58.0)
1.91(0.70,8.17)
0.57(0.31,2.03)
0.69(0.44,1.12)

70/59 "
39(25.0,52.0)
45.0(27.5,57.5)
5.94(1.82,22.37) **
0.61(0.39,3.12)
0.84(0.55,1.63) *

secretion phenotype[ n( %) ]

NE-secreting 49/125(39.2) 64/128(50.0)

E-secreting 46/125(36.8) 47/128(36.7)

non-secreting 30/125(24.0) 17/128(13.3)
diameter of the primary tumor/cm 4.15(3.03,6.20) 5.05(3.73,7.18) **
recurrence[ n(%) ] 7/127(5.5) 10/129(7.8)
metastasis[ n.( %) ] 17/127(13. 4) 39/129(30.2) **

NSE. neuron specific enolase; UNE. urinary norepinephrine; UE. urinary epinephrine; UDA. urinary dopamine; ULN. upper limit of normal;

NMN. normetanephrine; MN. metanephrine; “P<0.05, **P<0. 001 compared with lower quarter group.

R3I REXRFHRBEEAD NSE EEHS NSE ABHEBEMNIGRIFELLE
Table 3 The comparison of clinical characteristics between normal NSE group and elevated NSE group

in patients without recurrence or metastasis

clinical characteristics normal NSE group(n=311) elevated NSE group(n=69)

male/female(n/n)
age of onset/year
age of diagnosis/year
24 h UNE/ULN

24 h UE/ULN

24 h UDA/ULN

secretion phenotype[ n( %) ]

NE-secreting
E-secreting

non-secreting

diameter of the primary tumor/cm

140/171
43.0(32.3,52.0)
48.0(35.3,57.0)
1.78(0.65,7.08)
0.54(0.32,2.03)
0.67(0.48,1.02)

109/305(35.7)

114/305(37.4)

82/305(26.9)
4.70(3.30,6.30)

33/36
41.0(27.5,53.3)
45.0(29.5,58.3)
5.45(1.51,16.02) **
0.58(0.39,3.35)
0.77(0.50,1.26)

34/68(50.0) *
25/68(36.8)
9/68(13.2)
5.00(3.95,7.20) *

NSE. neuron specific enolase;

NMN. normetanephrine; MN. metanephrine; "P<0.05, **P<0. 001 compared with normal NSE group.

UNE. urinary norepinephrine ;

UE. urinary epinephrine;

UDA. urinary dopamine;

ULN. upper limit of normal;
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Table 4 The comparison of clinical characteristics between normal NSE group and elevated NSE group in patients

with metastasis

clinical characteristics

normal NSE group(n=53)

elevated NSE group(n=36)

male/female(n/n) 24/29

age of onset/year

age of diagnosis/year

24 h UNE/ULN

24 h UE/ULN

24 h UDA/ULN

secretion phenotype[ n( %) ]
NE-secreting
E-secreting
non-secreting

diameter of the primary tumor/cm

32.0(28.0,43.0)
37.0(29.0,47.0)
3.83(1.10,12.69)
0.53(0.32,1.18)
0.79(0.61,1. 18)

29/53(54.7)

14/53(26. 4)

10/53(18.9)
4.15(2.70,5. 85)

21/15
38.0(20.0,50.5)
39.0(20.8,56.5)

15.21(4.08,40.25) **
0.61(0.30,1.47)
1.09(0.70,2.53) *

21/36(58.3)

10/36(27. 8)

5/36(13.9)
5.00(3.15,7.50)

NSE. neuron specific enolase; UNE. urinary norepinephrine; UE. urinary epinephrine; UDA. urinary dopamine; ULN. upper limit of normal;

NMN. normetanephrine; MN. metanephrine; “P<0.05, **P<0. 001 compared with normal group.

RS A S AT B B RS 4l NSE /K S
24 h J® NE 7K3F(r=0.321,P<0.05) .24 h JK DA /K
Y- (r=0.269,P<0.05) BIEAHX

3 it

NSE &t 28 70 FH 28 P4 43 W0 20 i T R 1 —
s P At , 22 FH 2 Al 1 T ¥l A8 Bl R A
B AL DI IR 2 , 2 55 WE T ik . i Jes 4 B A | 15 4 T
B, B T A A 35, A NSE 3% i, NSE B A
I 5 55— T Jie g 3 5 gk b o B NS R SRR
FET A 24 A I 20 i P9 Y NSE B Il 7] B
#j NSE ThE, I3 NSE /K - 78 g % A i 14
1, IR — i g b A et T IR . e /N4l
Jifiti g vf, NSE H T2 W i) R U 56% , ¢ -
76% , Bk A CYFRA21. 1 W) A] i — 25 38 7+ 12 Wi &%
RED IRITHIAEAE NSE FHi B, BT R XL
PR AT RER TR 7 R A 22 P 2 0 B R o
AU 53 9 = AEAE S RS 1Y HUE NSE K
SR R VAT IS R 1) R R NSE KR
W, T 156 1 R 1) HR 2 NSE KSE e — 25 T

PPGL J&—JS R I8 T 5 b I o 5l 52 B b 42
(), FT LA B b L2 B R A A e 9 o Wb e . B
AN T 1ML NSE /K5 PPGL Iifs PR 45 AE 14 BF 5% %

HAMR, —Wg8 A 26 #i] PPGL 83 19 AF 58 A& B
13 B JCH 7% PPGL & 19 NSE ZK-F-1EH , 1M 13 )
RS PPGL M P 54% 175 NSE THe!o % —
WRFSE % B 23 B JCHE RS PPGL H& 1) NSE /K -1
AT IEH T, H 51E% A#fE NSE /K V-2 551t
SRR ST 3 GRS YE PPGL HR& 0 NSE 7K F U )
A BFET (H R AR R AN, BN
Al RAFHE AT ST 4347 .

ARHIFEE 53 5 A AC 5B AN ES B NSE 1E & b BRAE
(16.3 ng/mL) , A R AZH S5 NSE 7KV 25 .75 A
AAE RIS 3 NSE mAik4 5 NSE i = 2 I PR
FRIEM 225, &3 NSE B i i fR 3 v s D & kb
B ,24 h JR NE 24 h JR DA 7KF-LA K 1. NMN 7KF
R AR R MR R R AL ) e B i
P27 NSE 5 55 155 19 Jib 96 S5 £ 600 5528 149 Jieb 968 4 4 )
REAHOC, Y Med £ 167 5 | 4 W ) e ok Bsf 28 448 i
SAPETEEG 0, bR 40 B P9 NSE ARS8 &5, B A
1M NSE L 22 5 b A, 22 i AR 1 | 394 78 5 e
5 55 RIS AS A2 B0 P P IR B, 5 B0 il Y
NSE BERCA ML, 1 XT 5% 7% 20 /9 7. 40 43 B 1. 7k NSE
K5 24 h JR NE 24 h bR DA /K, (B 5 7%
JER/NHTCGE T4 O HK , 3X v] 68 5 iR Hh A B )5
JE 2 e AN LA S 7 A AR i £ faf AH DG R e



538 FER PR~ Sl R

Basic and Clinical Medicine

2024. 44(4)

BB F B M s 18. 2% JoiERS B 3 M RE AR AE
NSE FH7 , 3% &6 £ 35 I Jeg Jirl & kb AR B f K ik e 3
WK, ABFSE R NSE T W 55 7 19 R 85
JEN 40. 4% K 5N 81. 1%,

25 1 NSE J& — Fhopfr 28 o9 43 3 b R A 5 9 , 78

SE L

[1] rhaEBEZ N IR i~ o) 2. WE % 4N Y I8 Rl 1 25719 97
LWHAST & LR 2020 J]. A g ar AR AR
2020, 36 737-750.

[2] Isgro MA, Bottoni P, Scatena R. Neuron-specific enolase
as a biomarker; biochemical and clinical aspects[ J]. Adv
Exp Med Biol ,2015, 867 125-143.

[3] Giovanella L, Ceriani L, Bandera M, et al. Evaluation of
the serum markers CEA, NSE, TPS and CYFRA 21.1 in
lung cancer[ J]. Int J Biol Markers, 1995, 10; 156-160.

[4] Tian Z, Liang C, Zhang Z, et al. Prognostic value of neu-
ron-specific enolase for small cell lung cancer; a systematic

review and meta-analysis[ J]. World J Surg Oncol, 2020,

PPGL w1, HIK -5 g KN o Wb g L SO A5 &
R A e, NSE Tt 19 55 PPGL s E A2 5
K, RE 5, HZ R BN NE IR, T H &
A 55FR, RIE, NSE I %E#E PPGL & (I R IEAL |
e G Ay O AT DRI L T AR 3 4 Bh A

18; 116. doi: 10.1186/512957-020-01894-9.

[5] Fuksiewicz M, Kowalska M, Kolasinska-Cwikla A, et al.
Serum levels of neuron-specific enolase as a prognostic
factor for disease progression in patients with GET/NEN
in the pancreas and the small intestine[ J]. Endocr Con-
nect, 2022, 11:e210647. doi: 10.1530/EC-21-0647.

[6] Grouzmann E, Gicquel C, Plouin PF, et al. Neuropeptide Y
and neuron-specific enolase levels in benign and malignant
pheochromocytomas[ J]. Cancer, 1990, 66 1833-1835.

[7] Oishi S, Sato T. Elevated serum neuron-specific enolase in

patients with malignant pheochromocytoma [ J ]. Cancer,

1988, 61: 1167-1170.



