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[ Abstract |
(PGL) based on findings for the adrenal tumours in the fourth edition of the World Health Organization (WHO) classifica-

Objective: To discuss clinicopathological differences between pheochromocytoma (PHEO) and paraganglioma

tion of endocrine tumours, provide relevant references for the improvement in the clinical understanding of PHEO or PGL,
and evaluate the clinical application value of the grading system for adrenal phaeochromocytoma and paraganglioma ( GAPP)
based on new classification criteria. Methods: Data of 306 patients with PHEO or PGL admitted to the Department of Urolo-
gy at the Affiliated Hospital of Qingdao University from July 2008 to December 2018 were collected retrospectively. Patients
with PHEO or PGL were reclassified according to update on adrenal tumours in 2017 World Health Organization (WHO) of
Endocrine Tumours. Differences between PHEO and PGL were compared in terms of clinical manifestations, pathological fea-
tures, laboratory examination. Spearman rank correlation was used to analyze the correlation between qualitative scores of im-
munohistochemical staining of phenylethanolamine N-methyltransferase (PNMT) and GAPP scores. Results: Among 306 pa-
tients with PHEO or PGL, 244 (79.74% ) had hypertension symptoms, 76 (24.84% ) had three typical signs and symp-
toms of Whipple’ s disease (‘headache, palpitation, hyperhidrosis). Proportion of persistent hypertension symptoms and inci-
dence of weight loss in patients with PGL were higher than those in patients with PHEO (P <0.05). Norepinephrine (NE)
levels in patients with PGL were higher than those in patients with PHEO (P <0.05). The average GAPP score of 306 pa-
tients with PHEO or PGL was (3.3 £1.8). Among them, 74 (24.18% ) were highly differentiated, 189 (61.76% ) were
moderately differentiated and 43 (14.05% ) were poorly differentiated. The average GAPP score of patients with PGL was
significantly higher than that of patients with PHEO [ (3.5 +1.7) vs (3.0+1.9), P<0.05]. Pathological results of adre-
nal gland showed that incidence of vascular/capsular invasion rate (18.9% wvs 3.9% ) and that of NE secretion (44.6% uvs
30.2% ) in patients with PGL were significantly higher than those in patients with PHEO, and incidence of adrenaline secre-
tion in the former was significantly lower than that in the latter (18.9% vs 37.9% , P <0.05). There was a negative corre-
lation between GAPP scores and qualitative scores of immunohistochemical staining of PNMT in patients with PHEO or PGL
(P <0.05). Conclusion: Most of PHEO or PGL patients had hypertension symptoms. NE levels and the average GAPP
score in patients with PGL was higher than those in patients with PHEO. There was a negative correlation between GAPP
scores and qualitative scores of immunohistochemical staining of PNMT in patients with PHEO or PGL.

[ Key words] Pheochromocytoma; Paraganglioma; Adrenal tumor; Classification; Clinicopathology
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Table 1. Adrenal Gland Pathology ( GAPP scores)

&) g E SR [ ML H (hemoglobin, Hb) (%%
1fiL 4% ( fasting blood-glucose, FBG ) | JR fig (uric acid,
UA) . ML JLEF ( serum creatinine, SCR) . H il = BE ( tri-
glyceride, TG) | &L HH[E fiE ( total cholesterol, TC) & I
it & (epinephrine, E) | 2 B 5 | it & ( norepineph-
rine, NE) | £ 1 Jfit %5 ( dopamine, DA) | i 12 K 5
R RPEAE R GAPP 1457 .

1.2.2 #H9mE o K& GAPP i 5  K AN
PHEO/PGL 2 # B8 2017 g WHO & _F Jif fipoed 57
J3JEbRiE, 306 5] PHEO/PGL (84 5T i U565
RN &% 2 JifT J8d AN &I pl 22 75 8 ( metastastic PHEO/
PGL) ; th 2 A4 250 5 1O L G BRI % i GAPP
W RGEHATIE (1), 8310 70,0 ~2 730 1
5346.,3 ~6 43 sk, 7 ~ 10 43 kA3 Ak.

Histological characteristic

Ki-67
Score Acne Vascular or . 116 Type of catecholamines
Cell morphology Cell density . capsular Index
necrosis . .
invasion
0 Organ-like structure Low ( <150/HPF) No No <1% Adrenaline/nonfunctional
1 Irregular nest of cancer Medium (150 —250/HPF) / / 1% ~3% Norepinephrine
2 Pseudo chrysanthemum High ( >250/HPF) Yes Yes >3%

HPF: High power field.
1.3 ZItZESH

K SPSS 18. 0 GEit o b B A4 %) B it 47 0 M
SEPE, A BOR AT A TE A2 A i T i BERR T
(x £5) PTG , 22 8] LSR5 2253 B,
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E{g}*"l’%ﬁﬁ *{jﬁ& [Eléj\{j“ﬂEE(Mast ~ P75 ) iﬂ:
gt , 4iim] Uk FAE S 40 Mann-Whitney
UK. THECRORER IR EUA 70 L (%) #E AT 4t
A A AR X K e Fisher B VI 3
K Spearman FRAHIC 73 A 28 L e N-H L 55 7% iy
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REAAL YL (0 E PESS R 5 GAPP PE43 22 8] 1 AH &1
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PHEO &5, 2R A 41T # 5 L (P <0.05) ;i HAth
WK I S 35 = A 45 L /R PHEO 5 PGL i
HZIB TG =R (B P>0.05,3%3)
2.4 GAPPiEH LR

306 4] PPGLs [ 1 GAPP 343K (3.3 +1.8)
gy, Hoh @ a4k 74 B (24.18% ) | 434k 189 4]
(61.76% ) K534k 43 5] (14. 05% ) , PGL 34 1Y
%2 PPGLs 2EIGKRRIRESIHEIN%)]

GAPP 3435 F PHEO [ (3.5+1.7) 43 vs (3.0 %
L)y, 2R A ST L (P <0.05) ;B L Bhs
HRPEAL 5 1T, PGL R (1 I/ AL AR AL R (18. 9%
vs 3.9% ) AYILNE [ L (44. 6% vs 30.2% ) W g 5
F PHEO 3, 43 i E A9 L 6 35 A% (18. 9% vs
37.9%) , 22 RA G EE L () P <0.05,34)

Table 2. Clinical Manifestations and Complications of PPGLs Patients [ n( % ) ]

Variable PPGLs (n =306) PHEO (n =232) PGL (n=74) }% P
Hypertensive symptom 244(79.7)
Persistent hypertension 133(43.5) 86(37.1) 47(63.5) 15.967 <0.001
Paroxysmal hypertension 59(19.3) 44(19.0) 15(20.3) 0.061 0.804
E:’;I:;z:;;‘l’jpély;ftintl‘f; or accompanied 5, 15 ) 39(16.1) 13(17.6) 0.023  0.880
Headache, palpitation, hyperhidrosis 208(68.0)
Three symptoms 76(24.8) 58(25.0) 18(24.3) 0.014 0.097
Two symptoms 57(18.6) 42(18.0) 15(20.3) 0.174 0.677
One symptom 75(24.5) 58(25.0) 17(23.0) 0.125 0.724
Other symptom 217(70.9)
Lumbar/Back pain 54(17.7) 37(16.0) 17(23.0) 1.905 0.168
Nausea and vomiting 39(12.8) 28(12.1) 11(14.9) 0.394 0.530
Malaise 47(15.4) 37(16.0) 10(13.5) 0.256 0.613
Weight loss 51(16.7) 32(13.8) 19(25.7) 5.704 0.017
Blurred vision 26(8.5) 19(8.2) 7(9.5) 0.116 0.733
Complication 233(76.1)
Abnormal glucose tolerance 84(27.5) 65(28.0) 19(25.7) 0.154 0.694
Myocardial damage 69(22.6) 53(22.8) 16(21.6) 0.048 0.826
Cerebral infarction 53(17.3) 39(16.8) 14(18.9) 0.174 0.676
Renal insufficiency 27(8.8) 21(9.1) 6(8.1) 0.062 0.803
PPGLs; Phacochromocytomas and paragangliomas; PHEO : Pheochromocytoma; PGL; Paraganglioma.
P Comparisons between PHEO patients and PGL patients.
%*3 PPGLs EEXWENELER
Table 3. Laboratory Results of PPGLs Patients
Variable PPGLs (n =306) PHEO (n =232) PGL (n=74) t/Z P
Hb (xts, g/L) 135.3 £18.4 135.5£19.4 135.1£17.3 0.158 0.874
FBG (x s, mmol/L) 6.05+1.8 6.2 5.9 5.9+1.6 1.226 0.221
UA(x =5, mmol/L) 273.9+89.9 271.9 +275.9 275.9 +88.2 -0.330 0.741
SCR(x +5,mmol/L.) 62.3+17.8 62.2 +62.4 62.4£19.1 -0.088  0.930
TG (x + 5, mmol/L) 1.65+0.7 1.6+0.4 1.7+0.9 -1.332  0.184
TC(x + s, mmol/L.) 4.5+1.3 4.6+1.3 4.4+1.2 1.173 0.242
E* [ (M,Py5 ~Py5) ,ug/24h] 22.5(5.5~99.7) 23.5 (8.6 ~89.2) 19.5 (4.0 ~160.8) 1.127 0.814
NE* [ (M,P,5 ~Pys) ,ug/24h] 193.5 (75.1 ~634.2) 173.0 (54.3 ~624.1) 274.7 (188.2 ~687.5) 3.518 0.001
DA™ [ (M,Py5 ~Ps5) ,ug/24h] 156.8 (124.9 ~478.1) 129.1 (113.7 ~491.6) 196.8 (156.7 ~465.2) 2.012 0.097

PPGLs: Phaeochromocytomas and paragangliomas; PHEO: Pheochromocytoma; PGL; Paraganglioma; Hb: Hemoglobin; FBG: Fasting blood-glucose;

UA: Uric acid; SCR: Serum creatinine; TG: Triglyceride; TC: Total cholesterol; E: Epinephrine; NE: Norepinephrine; DA : Dopamine.

* . Mann-Whitney U test, t test was used for the rest.
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%4 PPGLs 2&F B LIRRETMERKE GAPP £ [n(%) ]

Table 4. Pathological Evaluation of Adrenal Gland and the Average GAPP Score in Patients with PPGLs [ n(% ) ]

Variable PPGLs (n =306) PHEO (n =232) PGL (n=74) X P
Cell morphology
Organ-like structure 207(67.6) 160(69.0) 47(63.5) 0.762 0.383
Irregular nest of cancer 89(29.1) 65(28.0) 24(32.4) 0.530 0.466
Pseudo chrysanthemum 10(3.3) 7(3.0) 3(4.1) 1.191 0.662
Cell density
Low ( <150/HPF) 38(12.4) 26(11.2) 12(16.2) 1.294 0.255
Medium (150 —250/HPF) 173(56.5) 132(56.9) 41(55.4) 0.051 0.822
High ( >250/HPF) 95(31.0) 74(31.9) 21(28.4) 0.324 0.569
Acne necrosis 52(17.0) 42(18.1) 10(13.5) 0.838 0.360
Vascular or capsular invasion 23(7.5) 9(3.9) 14(18.9) 18.256  <0.001
Ki-67 index
<1% 86(28.1) 67(28.9) 19(25.7) 0.285 0.593
1% ~3% 193(63.1) 146(62.9) 47(63.5) 0.008 0.928
>3% 27(8.8) 19(8.2) 8(10.8) 0.479  0.489
Type of catecholamines
Adrenaline 102(33.3) 88(37.9) 14(18.9) 9.126 0.003
Norepinephrine 103(33.7) 70(30.2) 33(44.6) 5.226 0.022
Nonfunctional 101(33.0) 74(31.9) 27(36.5) 0.535 0.465
GAPP ( +35, score) 3.3:1.8 3.0=1.9 3.5:1.7 Z2.020  0.044

GAPP: Grading system for adrenal phaeochromocytoma and paraganglioma; PPGLs: Phaeochromocytomas and paragangliomas; PHEO : Pheochromocyto-

ma; PGL: Paraganglioma; HPF; High power field.
2.5 GAPP iS5 PNMT S AU E T 5 HI18
Pk

43 3% PPGLs \PHEO FI PGL % 1Y) GAPP
7355 PNMT 6 2 20 Ak i M IF 73 45 R A7 A0 M o
Br, 458 Won , PPGLs f83% LA )z PHEO \PGL & 1Y
GAPP 14315 PNMT sz 41 4k 1 YLV 73 22 (8] B 471
TRRKR , AR E L (¥ P<0.05,%5),
%5 PPGLs ##& GAPP ¥4 5 PNMT &AL E EITH
(EES k3 iy
Table 5. Correlation between GAPP Scores and Qualita-
tive Scores of Immunohistochemical Staining of PNMT in
Patients with PPGLs

Qualitative scores of immunohistochemical
staining of PNMT

GAPP  PPGLs PHEO PGL

Scores
r P r P rg 4

-0.394 0.009 -0.189 0.018 -0.476  0.001

GAPP; Grading system for adrenal phaeochromocytoma and paraganglio-
ma; PNMT: Phenylethanolamine N-methyltransferase; PPGLs: Phaeo-
chromocytomas and paragangliomas; PHEO: Pheochromocytoma; PGL:

Paraganglioma.

33 it

PHEO FI PGL & —Ff = UL 1 i 8 14 43 1 B e
H A B i 1 J L2 B e , PRI I A v i
PR LR & A LR AR T E O A S, E
SHEFET, SR, AR A EME” PPGLs 2[R (1) X
Bl—BEAAES W BT, BT RA AL F RGN
XA IR 1R 22 I R W 2E AT o, B, T PPGLs
B A RS0 g, 2017 42 5 7 WHO 1 & [ Pr
SEREWF R IE S IR T 56 4 RN 43 I 25 i g
4325) % 2004 RPN 23 W2 B R A B A R gt AL
2 VR L RR R AR A HEAT THBAT, 4 i BB
JR IR B R ORE RSN PGL, o X I
JiRHE 5 B RS PGL ¥y PHEO 1 PGL #EAT
FEEIT, FEE LK H A 1) PHEO | Sk 39035/ 58 J&
2 PGL JR & 1% PHEO IR & M PGL 23w L R %
Ve, FFHE— 2 PR RSP R B A T B

PHEO F1 PGL i MUY A5 L A PR 28 WAy v 11
FEAEAR [FIB AR S O 2 = BRIE B, A
41 PPGLs F835 1 79. 74% 1) (B & A v IS AR, (]
BT 24. 84% f8 5 f: & BL R = IRAE (kL0 2
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B2 = F PHEO &, 1 70 i E (1) L #IIKF PHEO
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Z LR e 43 IR ) R

#£ PPGLs JMrad 4t il 4 , B NE AR AR il B 42
B _E B2 ( metanephrine , MN ) 71 F A 5L 25 FHE | it
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NMN 7K1 b THE78 PPGLs 40 7= A 1y L 4% ) ik
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LA I8 HP ) LS T e LA o v 1 2 B
Sl KW R, PGL B Y NE /K F & T
PHEO 3 , H NE FRE2 B ML AT 5 | RREE 1 &
I AR R A& AE, PGL F8 35 i 1l s i R %5 T PHEO &
HALUFSE T 3X— 5,

FE 2017 it WHO ‘B 1= iR i 988 38 4o 2 b o 12
GAPP P43 R GuARifE N, XF PPGLs (¥ ) HE Jen
PR HEAT T EBTAG . GAPP T4 2 85 2% 4] 41 40
TS AU B AR 4L SR L | I 4 sl IR AR
M0 Ki-67 e L850 LA e 2 7 55 9 Ty 2%,
B3 10 43,0 ~2 43 R oAk, 3 ~ 6 S hrharak 7 ~
10 43 R AIK 43 Ak, A5 43 0, S0 1R R R A XL b
w7, A4 PPGLs 1, PGL (E 1) GAPP 143 & F
PHEO (%[ (3.5+1.7) 4 vs (3.0 +1.9)43], 2
SAGIHE X (P <0.05) ; HARE T B IEAl
FeRRTJT 1D, PGL (835 (ML 4/ A AR AL 2R 43 1 NE
(4 LB B 2 5 F PHEO 835, 733 E 1 Ho 491 S A1
HSEME ST R, PPGLs (8% A )k PHEO \PGL 8 3%
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