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Abstract: [Objective] To explore the value of plasma free metanephrines, including metanephrine (MN) and
normetanephrine (NMN) , collectively referred to as MNs in the diagnosis of pheochromocytoma and paraganglioma (PP-
GL).[Methods] The study included 1 631 patients suspected of PPGL from December 2014 to December 2020 in SunYat—
sen Memorial Hospital. In these subjects, Plasma free MNs were measured by liquid chromatography—tandem mass spec-

trometry (LC—MS/MS) before surgery. Receiver operating characteristic (ROC) curves were used to determine the sensitivi-
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ty and specificity of plasma NMN and MN in the diagnosis of PPGL.[ Results] Of the screened patients, 108 patients had
pathologically confirmed PPGL and 1 523 patients had definitive diagnoses other than PPGL as a control group. The medi-
an value of plasma MN [0.54(0.17~4.48) nmol/L vs. 0.15(0.11~0.21) nmol/L, P<0.001 | and NMN [7.48(2.12~15.01)
nmol/L vs. 0.32(0.22~0.46) nmol/L, P<0.001 ] were significant higher in the PPGL group than in the control group. Using
an upper cut—off of 0.395 nmol/L for MN, the sensitivity was 60.2% and the specificity was 97.8% ; when using a cut—off of
1.105 nmol/L for NMN, the diagnostic sensitivity was 87.0%, and the specificity was 98.7%. The area under the ROC
curve and 95% confidence interval of plasma MN and NMN combined were 0.800(0.743, 0.858), 0.959(0.932, 0.98)
and 0.970(0.944, 0.996), respectively. Analyzing the false—positive results, it was found that in the control group, 3% of
the false—positive cases appeared. The estimated glomerular filtration rate (eGFR) were significantly lower in the false—pos-
itive group than in the true—negative group [74.42(51.04~96.96) mL/min vs. 88.51(72.80~101.83) mI/min, P=0.001].
In 212 patients with eGFR lower than 60 mL/min, the false positive rate was increased to 8%. If the upper limit of the refer-
ence interval was increased by 25%, the specificity was increased to 96.7%; when the upper limit of the reference interval
was increased by 50%, the specificity was 98.6 %.[ Conclusions] Plasma free MNs has a great reliability in the diagnosis of
PPGL. The negative predictive value is extremely high and close to 100%. Combination analysis of plasma MN and NMN
can further improve diagnostic performance. However, a few false positive cases may appear and might be influenced by

impaired renal function. In patients with eGFR lower than 60 mL/min, the false positive rate is significantly increasing,

which need a 25%-50% increase in the expected upper limit of a reference range to guarantee high specificity.
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patients diagnosed
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functioning adrenal adenoma
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17 Metastatic adrenal carcinoma

PPGL: pheochromocytoma and paraganglioma
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Fig.1 Inclusion and exclusion of subjects
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Table 1 Patient characteristics

[n/n or M(P,;~P.,) |

Groups
Characteristics ZIx P
PPGL(n=108) Control(n=1523)

Gender(men/women ) 55/53 769/754 0.008 0.931
Agelyears 51.00(39.25~59.00) 49.00(37.00~58.00) -0.986 0.324
BMI/(kg/m*) 22.60(20.13~24.99) 24.81(22.42~27.30) -5.869 <0.001
Diabetes(present/absent) 31/77 297/1226 5.316 0.021
Paroxysmal symptoms (present/absent ) 28/80 53/1470 107.656 <0.001
Systolic blood pressure/mmHg 131.50(120.00~147.75) 142.00(128.00~159.00) -4.206 <0.001
Diastolic blood pressure/mmHg 80.50(74.50~92.25) 85.00(77.00~97.00) -2.416 0.016
Heart Rate/bpm 81.00(74.25~92.75) 81.00(73.00~91.00) -1.129 0.259
Antihypertensive drugs(present/absent)  62/46 1 097/426 10.484 0.001
Fasting plasma glucose/(mmol/L) 6.00(5.00~7.18) 5.10(4.70~5.80) -5.557  <0.001
Glycosylated hemoglobin/% 5.95(5.40~7.20) 5.60(5.20~6.10) -3.478 0.001
Triglycerides/(mmol/L) 1.32(0.98~1.91) 1.39(1.03~1.96) -0.863 0.388
Cholesterol/(mmol/L) 5.07(4.37~6.22) 4.81(4.16~5.61) -2.505 0.012
Creatinine/( mol/L) 78.00(67.25~90.25) 80.00(67.00~95.00) -1.085 0.278
eGFR/(ml/min) 88.15(72.34~101.70) 89.73(72.86~103.31) -0.830 0.407
C0,~-CP/(mmol/L) 25.00(22.00~26.00) 25.00(23.00~27.00) -0.653 0.513

PPGL: pheochromocytoma and paraganglioma; BMI: Body Mass Index; eGFR: Estimated glomerular filtration rate; CO,—CP: Carbon dioxide

combining power.
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PPGL: pheochromocytoma and paraganglioma; MN: metanephrine;
NMN: normetanephrine.
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Fig. 2 Catecholamine secretion types in PPGL
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Table 2 Sensitivity and Specificity of MN and NMN

for diagnosis of PPGL (%)
MNs/(nmol/L) Ry Seeli
MN(>0.5, 1XULN) 56.48 99.73
NMN(>0.9, 1XULN) 87.04 96.91
MN(>1.0, 2XULN) 45.37 100.00
NMN(=>1.8, 2xULN) 80.55 99.93
MN(>1.5, 3xULN) 44.44 100.00
NMN(>2.7, 3xULN) 73.15 100.00
MN(>2.0, 4xULN) 38.89 100.00
NMN(>3.6, 4xULN) 70.37 100.00

ULN: upper limit of normal value; MN: metanephrine;

NMN': normetanephrine.

1.24) nmol/L, JH:HAF I 7 {5 BH PR F0 L M G 2
5, R HGITE L (P=0.784) . & TIRIIEL,
s B P 2 A8 B il L 555 [ 93.00(77.45~119.50)
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eGFR T ik [74.42 (51.04~96.96) mL/min vs. 88.51
(72.80~101.83) mL/min, P=0.001],

TEAR BHPE 4L, 34% (17/50) BY 5 % e GFR<60
mL/min, 117 1% 13% (195/1473) ({4 FA 1 41 5 2 eG-
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=0.505 ] (supplement table) .
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W % 241 JEL R 1 ROC T T FH A2 959% A7 X (1] 4
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0.983(0.960,1.000) . R4 ROC £k, MN 4] 55 {8
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Table 3 Patient characteristics of false—positive group and true—negative group in the non—-PPGL patients

[n/n or M(P,~P,;) ]

Characteristics Groups ZIx P
UFalse—positive(n=50) “True—negative (n=1473)

Gender(men/women ) 31/19 738/735 2.739 0.098
Agelyears 47.50(35.75~59.25) 49.00(37.00~58.00) -0.275 0.784
BMI/(kg/m®) 24.79(23.16~27.42) 24.81(22.41~27.30) -0.050 0.960
Diabetes (present/absent ) 11/39 286/1 187 0.206 0.650
Paroxysmal symptoms (present/absent ) 9/41 44/1 429 32450  <0.001
Systolic blood pressure/mmHg 158.50(137.00~183.00) 141.00(128.00~158.00) -4279  <0.001
Diastolic blood pressure/mmHg 99.50(83.75.00~111.00) 85.00(77.00~96.00) -4.669  <0.001
Heart Rate/bpm 87.00(77.50~102.00) 80.00(73.00~91.00) -2.825 0.005
Antihypertensive drugs(present/absent) — 42/8 1055/418 3.677 0.055
Fasting plasma glucose/(mmol/L) 5.35(4.75~6.45) 5.10(4.70~5.70) -1.392 0.164
Glycosylated hemoglobin/% 5.70(5.20~6.90) 5.60(5.20~6.10) -0.804 0.421
Triglycerides/(mmol/L) 1.70(1.12-2.29) 1.38(1.02-1.94) -1.922 0.055
Cholesterol/(mmol/L.) 4.88(4.14~5.65) 4.80(4.16~5.59) -0.142 0.887
Creatinine/( wmol/L) 93.00(77.45~119.50) 80.00(67.00~95.00) -3.616  <0.001
eGFR/(mL/min) 74.42(51.04~96.96) 88.51(72.80~101.83) -3.299 0.001
€0,-CP/(mmol/L) 25.00(21.50~26.50) 25.00(23.00~27.00) -0.982 0.326
MN/(nmol/L.) 0.20(0.14~0.33) 0.15(0.11~0.21) -4.157  <0.001
NMN/(nmol/L) 1.05(0.96~1.24) 0.31(0.22~0.44) -11.729  <0.001

PPGL: pheochromocytoma and paraganglioma; BMI: body mass index; eGFR: estimated glomerular filtration rate; CO,-CP: carbon dioxide

combining power; "false positive group: Composition of patients with plasma MN and/or NMN values exceed the upper limit of normal value ; ”true

negative group: Composition of patients with plasma MN and NMN values within the reference range.

%4 In# MNs7£3E PPGL & mh H DR B4 45 R 19 % (B & Logistic 1 )3 2 #7

Table 4 Multivariate Logistic regression analysis of risk factors related with false—positive results of plasma MNs in
non—-PPGL patients

Variables b S, Wald y* P OR OR 95%CI
Constant -6.382 1.261 25.619 <0.001 — —
Creatinine/(mol/L.) 0.001 0.002 0.315 0.575 1.001 (0.998,1.004)
eGFR/(mL/min) -0.016 0.008 4.335 0.037 0.984 (0.970,0.999)
Systolic blood pressure/mmHg 0.016 0.006 7.994 0.005 1.106 (1.005,1.027)
Paroxysmal symptoms (present/absent) 2.175 0.430 25.536 <0.001 8.804 (3.787,20.469)
Cholesterol /(mmol/I.) 0.211 0.085 6.122 0.013 1.234 (1.045,1.459)

PPGL: pheochromocytoma and paraganglioma; eGFR :estimated glomerular filtration rate.

PR AR VRS B K 97.7% . 98.8% . % H i 3K
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(N 3D), HROC B £k T 1 1 K 95% ‘& 5 X [a] 43

47 0.405 nmol/L, T 12 W R 67.4% , 5571
98.0%., NMN Y] &5 {8 M 1.245 nmol/L, 2 Wr & &1k
88.4% , K MR 99.2% ., WH IS LW, R
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A showed ROC curves of plasma free NMN, MN and the combination of both for diagnosing PPGL. B showed ROC curves of plasma free MNs com-

bining eGFR for diagnosing PPGL. C showed ROC curves of plasma free NMN, MN and the combination of both for diagnosing pheochromocytoma. D

showed ROC curves of plasma free NMN, MN and the combination of both for diagnosing paraganglioma.
E3 i3 MNsiZE PPGL K ROC B £
Fig.3 ROC curves of plasma free MNs for diagnosing PPGL
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