
Metabolites

N−jasmonoyltyrosine
Tetrahydroaldosterone−3−glucuronide
Androstenedione
Dopamine 4−sulfate
3−methylazelaic acid
Cortolone−3−glucuronide
7alpha−hydroxy−3−oxochol−4−en−24−oic acid
Cortolone−3−glucuronide
Lithocholyltaurine
11−dodecenoic acid
3,5−Dihydroxyphenylvaleric acid
N−Acetylglutamine
Heptanol
Trihydroxyoctadecenoic acid
2−Methyl−3−hydroxy−5−formylpyridine−4−carboxylate
ValLeu
3−Methylene−indolenine
LeuHis
Stearidonyl carnitine
Squalene
Hydroxyhexanoylglycine
4−Methoxyphenylacetic acid
Oleamide
Phosphodimethylethanolamine
Serine
d−sedoheptulose 7−phosphate
Lactate
Myoinositol
l−kynurenine
Picolinic acid
Succinic acid
2−hydroxyglutarate
Nicotinic acid
GSH
l−tryptophan
Phosphorylcholine
Î±−d−glucose 1−phosphate
d−fructose 6−phosphate
l−glutamine
p−cresol glucuronide

Study

Liu*, 2019

Arendowski, 2020 

Sato*, 2020  

Oto, 2025

Size (RCC/ctrl)

100 / 129

50 / 50

87 / 60

69 / 52

Stage

T1−4

T1−4

T1−4

T1−3

Se (%)

74.7
77

66.7
64.4
85.1
52.9

46
88.5
85.1
51.7
75.9
57.5
64.4
40.2

57

Sp (%)

81.7
75

81.7
80

53.3
83.3

95
45

51.6
80
50

44.4
61.7
93.3

72

AUC (95% CI)

0.85 (0.80 − 0.90)
0.81 (0.76 − 0.86)
0.80 (0.75 − 0.85)
0.79 (0.74 − 0.84)
0.79 (0.74 − 0.84)
0.79 (0.74 − 0.84)
0.78 (0.73 − 0.83)
0.78 (0.73 − 0.83)
0.77 (0.71 − 0.82)
0.76 (0.70 − 0.81)
0.84 (0.76 − 0.92)
0.81 (0.72 − 0.90)
0.76 (0.64 − 0.84)
0.74 (0.63 − 0.83)
0.72 (0.61 − 0.81)
0.71 (0.60 − 0.80)
0.68 (0.56 − 0.80)
0.66 (0.55 − 0.76)
0.66 (0.54 − 0.76)
0.63 (0.52 − 0.73)
0.63 (0.51 − 0.73)
0.60 (0.49 − 0.71)
0.60 (0.48 − 0.70)
0.58 (0.46 − 0.70)
0.56 (0.45 − 0.67)
0.85 (0.79 − 0.91)
0.78 (0.71 − 0.85)
0.78 (0.71 − 0.85)
0.74 (0.67 − 0.81)
0.72 (0.65 − 0.79)
0.71 (0.64 − 0.79)
0.69 (0.61 − 0.76)
0.68 (0.60 − 0.76)
0.68 (0.60 − 0.76)
0.66 (0.58 − 0.74)
0.65 (0.57 − 0.73)
0.64 (0.56 − 0.72)
0.64 (0.56 − 0.72)
0.45 (0.37 − 0.53)
0.66 (0.56 − 0.76)

0 0.2 0.4 0.6 0.8 1
AUC (95% CI)
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Biomarker Type

Metabolites

Proteins

Biomarker

Metabolic signature

32−metabolite/resonance signature

32−metabolite/resonance signature

9−metabolite panel

9−metabolite panel

15−metabolite panel

3−metabolite panel

3−metabolite panel

3−metabolite panel

5−metabolite panel

2−molecular weights panel

2−molecular weights panel

2−molecular weights panel

4−protein panel

3−marker panel

3−marker panel

2−protein panel

4−molecular weights panel

4−molecular weights panel

3−protein panel

3−protein panel

2−cancer−retina antigen panel

Study

Ragone**, 2016 

Monteiro**, 2016

Monteiro**, 2016 

Liu, 2019

Liu*, 2019

Arendowski, 2020 

Zhang, 2020  

Sato*, 2020 

Papale*, 2017  

Yang, 2023 

Bosso**, 2008  

Morrissey, 2015 

Wu**, 2008 

Liu*, 2023

Shlyapnikov, 2022

Size (RCC/ctrl)

40 / 29

15 / 15

39 / 49

100 / 129

33 / 33

50 / 50

24 / 44

15 / 24

87 / 60

22 / 36

14 / 22

8 / 14

46 / 45

20 / 20

19 / 9

22 / 717

30 / 58

28 / 43

27 / 27

89 / 50

Stage

sI−IV

sI−IV

T1−4

T1−4

T1−4

T1−3

T1−3

T1−4

T1−4

T1−4

T1−4

T1−4

T1−4

T1−3

T1−4

T1−4

T1+2

T1−4

Se (%)

93.9

95

92

87.1

85.1

77.8

75

93

93.1

90.9

92.9

87.5

95

85

92

80

67.8

92.6

92.6

96

Sp (%)

89.3

93

90

90.2

87.5

87.1

88.6

75

95

94.4

90.9

100

100

100

88

89.6

81.4

92.6

85.2

92

AUC (95% CI)

0.90 (0.85 − 0.96) 

0.88 (0.81 − 0.96) 

0.92 (0.85 − 0.99) 

0.88 (0.86 − 0.91) 

0.84 (0.74 − 0.94) 

0.89 (0.71 − 0.94) 

0.97 (0.94 − 0.99) 

0.93 (0.87 − 1.00) 

0.92 (0.83 − 1.00) 

0.95 (0.85 − 1.00) 

0.83 (0.73 − 0.94) 

0.94 (0.87 − 1.00) 

0.97 (0.92 − 1.00) 

0.94 (0.87 − 1.00) 

0.96 (0.93 − 0.99)

0 0.2 0.4 0.6 0.8 1
AUC (95% CI)

†

1

2

3

4

4

5

3

3

6

7

6

7

6

8

9
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Protein

14−3−3 protein β/α 
ADFP/PLIN2 
ADFP/PLIN2 
ADFP/PLIN2 
ADFP/PLIN2 

ANGPTL6 

AQP1 
AQP1 
AQP1 
AQP1 
AQP1 
AQP1 

Arrestin 
C3
CAIX 
CD10 
CETP 
COX5B 
CP 
DKK4 
DPEP1 
EMMPRIN 
FABP4

KIM−1 
KIM−1 

Marker A
Marker B
Marker C
MMP9
NGAL
NMP−22
PKHD1L1
PODXL
Recoverin
Rhodopsin kinase
SEZ6L2
Syntenin1
Transducin

Study

Minamida, 2011
Morrissey*, 2010 
Morrissey, 2013 
Morrissey, 2015
Morrissey, 2015 

Yang, 2023

Raimondo*, 2013 
Morrissey*, 2010 
Morrissey, 2013 

Morrissey*, 2015 
Morrissey, 2015 
Cheriyan, 2021  

Shlyapnikov, 2022 
Yang, 2023 

Raimondo*, 2013 

 Liu*, 2023

 Raimondo*, 2013 

 Yang, 2023

Han**, 2005 
Morrissey, 2011 

Bosso*, 2008 

 Raimondo*, 2013 
Morrissey, 2011 

Ozer**, 2002 
Yang, 2023 

Raimondo*, 2013 
Shlyapnikov, 2022

 Liu*, 2023 
Raimondo*, 2013 

Shlyapnikov, 2022

Size (RCC/ctrl)

89 / 76
22 / 15
23 / 43
22 / 80

22 / 717

46 / 45

29 / 23
22 / 15
23 / 43
22 / 80

22 / 717
36 / 36

89 / 50
46 / 45
29 / 23

27 / 27

29 / 23

46 / 45

42 / 30
67 / 55

20 / 20

29 / 23
67 / 55
23 / 20
46 / 45
29 / 23
89 / 50
59 / 50
27 / 27
29 / 23
59 / 50

Stage

T1−4
T1−3

T1
T1−3
T1−3

T1+2
T1−3

T1
T1−3

T1−4

T1−4

T1+2

T1+2

T1+2

T1−4
T1−4

T1−4

T1+2
T1−4
T1−4

T1+2
T1−4
T1−4
T1+2
T1+2
T1−4

Se (%)

100

100
85

100

100
92

47.2

82

85
90
70

87

Sp (%)

100

91
97

100

100
87

66.7

90

90
90

100

80

AUC (95% CI)

0.88 (0.83 − 0.93) 
1.00 (1.00 − 1.00)
0.94 (0.88 − 0.99) 
0.99 (0.98 − 1.00) 
0.91 (0.88 − 0.95) 

0.64 (0.51 − 0.76)  

0.89 (0.81 − 0.98) 
1.00 (1.00 − 1.00) 
0.99 (0.97 − 1.00) 
1.00 (1.00 − 1.00) 
0.96 (0.91 − 0.99) 
0.52 (0.42 − 0.62) 

0.93 (0.89 − 0.97) 
0.63 (0.50 − 0.76) 
0.86 (0.77 − 0.96) 
0.79 (0.68 − 0.90) 
0.82 (0.71 − 0.92) 
0.85 (0.75 − 0.94) 
1.00 (1.00 − 1.00) 
0.98 (0.94 − 1.00) 
0.76 (0.64 − 0.88) 
0.88 (0.79 − 0.97) 
0.64 (0.52 − 0.75) 

0.75 (0.66 − 0.83) 

0.90 (0.81 − 0.99) 
0.95 (0.88 − 1.00) 
0.84 (0.73 − 0.95) 
0.94 (0.87 − 1.00) 
0.64 (0.54 − 0.74) 

0.66 (0.55 − 0.77) 
1.00 (1.00 − 1.00) 
0.82 (0.75 − 0.89) 
0.65 (0.55 − 0.76) 
0.81 (0.71 − 0.92) 
0.73 (0.61 − 0.85) 
0.64 (0.54 − 0.75)

0 0.2 0.8 10.4 0.6
AUC (95% CI)
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miRNA

2−miR−panel #1 

2−miR−panel #1 

2−miR−panel #2 

2−miR−panel #2 

3−miR−panel

3−miR−panel

3−miR−panel

3−miR−panel

7−p urinary score 

7−p urinary score 

Let−7 miRNA panel

Let−7a

Let−7b

Let−7c

Let−7d

Let−7e

Let−7g

miR−122−5p

miR−122−5p

miR−1271−5p

miR−1271−5p

miR−15a

miR−15b−5p

miR−15b−5p

miR−210

miR−30c−5p

Study

Butz, 2016  

Zhang, 2024 

Oto, 2021 

Cochetti, 2020 

Cochetti, 2022 

Fedorko*, 2017 

Fedorko*, 2017  

Cochetti, 2020 

Cochetti, 2022 

Cochetti, 2020 

Cochetti, 2022 

Mytsyk, 2018 

Cochetti, 2020 

Cochetti, 2022 

Li, 2017 

Song, 2019

Size (RCC/ctrl)

28 / 18

81 / 33

28 / 33

81 / 33

125 / 128

16 / 16

51 / 32

13 / 14

28 / 28

69 / 36

69 / 36

13 / 14

28 / 28

13 / 14

28/ 28

67 / 15

13 / 14

28 / 28

75 / 45

70 / 30

Stage

T1−3

T1−3

T1−3

T1−3

T1−3

T1−3

T1−4

T1+3

T1−3

T1−3

T1−3

T1+3

T1−3

T1+3

T1−3

T1−3

T1+3

T1−3

T1−3

T1+2

Se (%)

82.8

77.5

82.8

83.8

100

96

71

73

65

66

62

70

83

83

98.1

75

57.8

68.6

Sp (%)

65

72.4

70

62.5

86

65

81

67

62

61

61

60

48

35

100

43

80

100

AUC (95% CI)

0.75 (0.61 − 0.89) 

0.79 (0.70 − 0.88)

0.75 (0.61 − 0.90) 

0.84 (0.76 − 0.92)

0.76 (0.70 − 0.82) 

0.78 (0.73 − 0.84) 

0.80 (0.64 − 0.97)

0.65 (0.51 − 0.79) 

0.96 (0.88 − 1.00)

0.81 (0.68 − 0.93) 

0.83 (0.76 − 0.90)  

0.83 (0.76 − 0.90) 

0.75 (0.67 − 0.83) 

0.67 (0.58 − 0.76) 

0.66 (0.57 − 0.75) 

0.65 (0.56 − 0.74) 

0.69 (0.60 − 0.78) 

0.82 (0.66 − 0.99) 

0.70 (0.55 − 0.85) 

0.79 (0.61 − 0.97) 

0.66 (0.50 − 0.82) 

0.95 (0.90 − 1.00) 

0.59 (0.37 − 0.81) 

0.65 (0.49 − 0.81) 

0.76 (0.67 − 0.85) 

0.82 (0.74 − 0.90)

0 0.2 0.4 0.6 0.8 1
AUC (95% CI)

1

2

1

2

3

2
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DNA Methylation Marker

300 DMRs

miR−30a−5p methylation

miR−30a−5p methylation

2−DNA methylation marker panel

6−DNA methylation marker panel

APC

APC

ARF

CDH1

GSTP1

MGMT

p14

p16

p16

RAR−beta2

RASSF1A

RASSF1A

TCF21

TIMP3

TIMP3

VHL

Study

Nuzzo, 2020

Outeiro−Pinho, 2020 

Outeiro−Pinho, 2020

Costa, 2011 

Battagli, 2003 

Hoque, 2004

Battagli, 2003 

Hoque, 2004  

Battagli, 2003 

Hoque, 2004 

Battagli, 2003 

Hoque, 2004 

Battagli, 2003

Xin, 2015

Hoque, 2004 

Battagli, 2003 

Size (RCC/ctrl)

30 / 15

53 / 57

171 / 85

50/48

50/24

26/91

50/24

26/91

50/24

26/91

50/24

26/91

50/24

33/15

26/91

50/24

Stage

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

sI−IV

Se (%)

83

63

32

88

38

16

31

38

15

8

18

35

8

31

65

50

79

46

52

12

Sp (%)

53

67

100

100

96

100

100

95

100

100

100

100

100

91

89

100

100

91

100

100

AUC (95% CI)

0.86 (0.83 − 0.88)

0.68 (0.58 − 0.78) 

0.67 (0.59 − 0.75)

0.66 (0.55 − 0.76) 

0 0.2 0.4 0.6 0.8 1
AUC (95% CI)

1

2
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Phosphoprotein−based marker 

VOCs 

GSL 

mRNA

snoRNA  

circRNA

5−phosphosite signature

5−phosphosite signature

7−phosphosite signature

7−phosphosite signature

8−VOCs Panel

8−VOCs Panel

8−VOCs Panel

8−VOCs Panel

6−volatile metabolite panel

6−volatile metabolite panel

6−volatile metabolite panel

21−VOCs Panel

21−VOCs Panel

DSGb5

CAIX mRNA

CAIX mRNA

CAIX mRNA

SNORD99

SNORD22

SNORD26

SNORA50c

SNORD15a

SNORD35b

SNORD60

2−snoRNA panel

3−snoRNA panel

3−snoRNA panel

circEGLN3

circSOD2

Study

Hadisurya, 2023  

Murdocca*, 2021  

Pinto, 2021 

Monteiro**, 2017  

Maekawa*, 2024 

Malentacchi, 2016  

Grutzmann*, 2024  

Zhang*, 2023  

Grutzmann*, 2024 

Zhang*, 2023  

Peter*, 2022 

Size (RCC/ctrl)

14 / 15

75 / 75

31 / 75

41 / 75

30 / 37

18 / 18

25 / 9

20 / 89

47 / 16

100 / 131

54 / 24

100 / 131

57 / 131

79 / 19

Stage

T1−3

sI−IV

sI

sIII+IV

sI−IV

sI−IV

T1−3

T1−4

T1−4

T1−4

T1−4

T1−4

T1−4

Se (%)

85.7

83.3

100

100

83

84

83

90.8

95.6

85.7

67

50

76

78

61.8

61.8

64.9

90

81

89.5

Sp (%)

79

73

84

92.6

93.3

88.9

62

88

67

67

79

74

68

62.5

61.1

57.3

AUC (95% CI)

0.96 (0.89 − 1.00) 

0.92 (0.80 − 1.00) 

0.93 (0.82 − 1.00) 

0.98 (0.93 − 1.00) 

0.98 (0.94 − 1.00) 

0.88 (0.77 − 0.98) 

0.98 (0.94 − 1.00) 

0.91 (0.82 − 1.00) 

0.87 (0.81 − 0.92) 

0.80 (0.72 − 0.88) 

0.91 (0.86 − 0.96)  

0.88 (0.75 − 1.00) 

0.85 (0.73 − 0.96) 

0.10 (0.04 − 0.16) 

0.53 (0.42 − 0.65) 

0.68 (0.58 − 0.78) 

0.70 (0.60 − 0.80) 

0.68 (0.57 − 0.78) 

0.73 (0.64 − 0.83) 

0.74 (0.69 − 0.80) 

0.72 (0.66 − 0.78) 

0.68 (0.62 − 0.74) 

0.77 (0.68 − 0.87) 

0.74 (0.69 − 0.80) 

0.75 (0.68 − 0.81) 

0.71 (0.62 − 0.80) 

0.68 (0.59 − 0.77)

0 0.2 0.4 0.6 0.8 1
AUC (95% CI)

1

2

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

7

16

Supplemental 14


	New Combined plots
	forest_plot_Proteins.pdf
	forest_plot_Panels_Meta_Prot.pdf
	forest_plot_Others.pdf
	forest_plot_miRNA.pdf
	forest_plot_Metabolites.pdf
	forest_plot_DNA_Methylation.pdf
	Naamloos

	forest_plot_Metabolites



