Appendix Table 1  Characteristics of all included studies.
	Study
	Numbers Ma/non Ma
	Reference standard
	Cross-sectional design  
	Consecutive or random 
	Blinded design 
	Prospective
	Reference No. 

	Li, 2007
	32/30
	Histo/Cyto  
	Unknown  
	Unknown  
	Unknown  
	Unknown  
	13

	Wagner, 2007
	35/28
	Histo/Cyto 
	Unknown  
	Yes 
	Unknown  
	Yes 
	14

	Gaspar, 2008
	64/77
	Histo/Cyto
	Unknown  
	Yes 
	Unknown  
	Yes 
	15

	Hackbarth, 2010
	84/85
	Histo/Cyto
	Unknown  
	Unknown  
	Unknown  
	Unknown  
	16

	Huang, 2010
	41/93
	Histo/Cyto
	Unknown  
	Unknown  
	Unknown  
	Unknown  
	17

	Farag, 2012
	20/20
	Histo/Cyto
	Unknown  
	Unknown  
	Unknown  
	Unknown  
	18

	Filiberti, 2013
	66/56
	Histo/Cyto
	Unknown  
	Yes 
	Yes
	Unknown  
	19

	Hsieh, 2013
	74/99
	Histo/Cyto
	Unknown  
	Unknown  
	Unknown  
	Unknown  
	20

	Son, 2015
	47/52
	Histo/Cyto  
	Unknown  
	Unknown  
	Unknown  
	Yes 
	21

	Niwa, 1986
	40/26  
	Histo/Cyto 
	Unknown  
	Unknown 
	Unknown  
	Unknown  
	22

	Ferrer, 1999
	43/79  
	Histo/Cyto
	Unknown  
	Yes  
	Unknown  
	Yes 
	23

	Sthaneshwar, 2002
	25/53
	Histo/Cyto
	No
	Yes
	Yes
	No
	24

	Romero, 1996
	42/73
	Histo/Cyto
	Unknown
	Yes
	Yes
	No
	25

	Villena, 1996
	65/142
	Histo/Cyto
	Unknown
	Yes
	Yes
	Yes
	26

	Villena, 2003
	101/151
	Histo/Cyto
	Unknown
	Yes
	Yes
	Yes
	27

	Tozkoparan, 2004
	20/20
	Histo/Cyto
	Unknown
	Unknown
	Unknown
	Unknown
	28

	Lee, 2005
	34/16
	Histo/Cyto
	No
	Unknown
	Unknown
	Yes
	29

	Kuralay, 2000
	19/42
	Histo/Cyto
	Unknown
	Unknown
	Unknown
	Unknown
	30

	Lai, 1999
	72/54
	Histo/Cyto
	Unknown
	Unknown
	Unknown
	No
	31

	Alatas, 2001
	44/30
	Histo/Cyto
	No
	Yes
	Yes
	Yes
	32


Ma = Malignant; Histo = Histology; Cyto = Cytology.
Appendix Table 2  Summary of all kinds of combinations of tumour markers.
	Kind of combination
	Name
	TP
	FP
	FN 
	TN
	n MPE
	n BPE
	QUADAS
	STARD

	CEA+CA125
	Niwa, 1986
	30
	0
	9
	35
	39
	35
	9
	11

	
	Ferrer, 1999
	22
	0
	21
	79
	43
	79
	10
	15

	
	Sthaneshwar, 2002
	18
	4
	7
	49
	25
	53
	11
	14

	CEA+CA15-3
	Gaspar，2008
	38
	0
	26
	77
	64
	77
	9
	16

	
	Romero, 1996
	30
	3
	12
	70
	42
	73
	12
	17

	
	Villena, 1996
	46
	4
	19
	138
	65
	142
	12
	16

	
	Villena, 2003
	61
	1
	40
	150
	101
	151
	12
	16

	CEA+CA19-9
	Gaspar， 2008
	31
	0
	37
	76
	68
	76
	9
	16

	
	Hackbarth， 2010
	48
	5
	36
	80
	84
	85
	11
	16

	
	Son, 2015
	43
	1
	4
	51
	47
	52
	11
	16

	
	Villena, 1996
	30
	0
	35
	142
	65
	142
	12
	16

	CEA+CYFRA21-1
	Huang, 2010
	40
	8
	1
	85
	41
	93
	11
	18

	
	Filiberti， 2013
	52
	9
	14
	47
	66
	56
	11
	17

	
	Hsieh， 2013
	62
	2
	12
	97
	74
	99
	11
	17

	
	Son, 2015
	42
	7
	5
	45
	47
	52
	11
	16

	
	Ferrer, 1999
	22
	0
	21
	79
	43
	79
	10
	15

	
	Tozkoparan, 2004
	17
	2
	3
	18
	20
	20
	10
	12

	
	Lee, 2005
	31
	4
	3
	12
	34
	16
	9
	12

	CA15-3+CA19-9
	Villena, 1996
	40
	4
	25
	138
	65
	142
	12
	16

	CA125+CA19-9
	Kuralay, 2000
	18
	1
	1
	41
	19
	42
	9
	12

	CA125+CYFRA21-1
	Ferrer, 1999
	24
	0
	19
	79
	43
	79
	10
	15

	
	Lai, 1999
	52
	6
	20
	48
	72
	54
	9
	11

	CA15-3+CYFRA21-1
	Li, 2007
	32
	3
	0
	27
	32
	30
	9
	17

	
	Farag, 2012
	19
	2
	1
	18
	20
	20
	10
	16

	
	Ferrer, 1999
	28
	0
	15
	79
	43
	79
	10
	15

	
	Alatas, 2001
	44
	5
	0
	25
	44
	30
	13
	15

	CA19-9+CYFRA21-1
	Son, 2015
	40
	8
	7
	44
	47
	52
	11
	16

	CEA+CA15-3+CYFRA21-1
	Wagner，2007
	27
	2
	8
	26
	35
	28
	11
	17

	
	Ferrer, 1999
	29
	3
	7
	27
	36
	30
	10
	15

	CEA+CA15-3+CA19-9
	Villena, 1996
	46
	4
	19
	138
	65
	142
	12
	16

	CEA+CA125+CYFRA21-1
	Ferrer, 1999
	28
	0
	15
	79
	43
	79
	10
	15

	CEA+CA19-9+CYFRA21-1
	Son, 2015
	43
	7
	4
	45
	47
	52
	11
	16


TP = true positive; FP = false positive; FN = false negative; TN = true negative; QUADAS = quality assessment for studies of diagnostic accuracy. STARD = standards for reporting diagnostic accuracy;
Appendix Table 3 Pooled results of diagnostic accuracy of each kind of combination of tumours in MPE.
	Combinations
	N1
	N2
	Sensitivity
(95%CI)
	Hetero-geneity*
(p)
	Specificity
(95%CI)
	Hetero-geneity
(p)
	PLR
(95%CI)
	Hetero-geneity
(p)
	NLR
(95%CI)
	Hetero-geneity
(p)
	DOR
(95%CI)
	Hetero-geneity
(p)
	AUC

	CEA + CA125
	3
	107/167
	0.65
(0.56-0.74)
	6.62
(0.04)
	0.98
(0.94-0.99)
	9.40
(0.01)
	25.20

(4.07-156.07)
	4.53
(0.10)
	0.35

(0.21-0.57)
	6.07
(<0.05)
	66.08

(16.17-269.40)
	2.58
(0.28)
	0.86

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CEA + CA15-3
	4
	272/443
	0.64
(0.58-0.70)
	3.51
(0.32)
	0.98
(0.97-0.99)
	6.58
(0.09)
	28.81

(13.56-61.19)
	3.48
(0.32)
	0.37

(0.32-0.43)
	2.92
(0.41)
	92.38

(43.09-198.06)
	1.94
(0.59)
	0.88

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CEA + CA19-9
	4
	264/355
	0.58
(0.51-0.64)
	34.35
(<0.001)
	0.98
(0.96-0.99)
	12.95
(0.01)
	32.29

(7.48-139.34)
	6.89
(0.08)
	0.43

(0.30-0.61)
	18.26
(<0.001)
	112.22
(17.88-704.41)
	9.22
(0.03)
	0.96

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CEA
 + CYFRA21-1
	7
	325/415
	0.82
(0.77-0.86)
	36.06
(<0.001)
	0.92
(0.89-0.95)
	29.90
(<0.001)
	8.66

(4.77-15.73)
	16.85
(0.01)
	0.18

(0.09-0.34)
	39.81
(<0.001)
	68.73

(27.76-170.17)
	13.72
(0.03)
	0.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA15-3
 + CA19-9
	1
	65/142
	0.62
	NA
	0.97
	NA
	21.85

(8.16-58.50)
	NA
	0.40

(0.29-0.54)
	NA
	55.20

(18.14-167.93)
	NA
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA125
 + CA19-9
	1
	19/42
	0.95
	NA
	0.98
	NA
	39.79

(5.72-276.72)
	NA
	0.05

(0.01-0.36)
	NA
	738.00
(43.70-12464.20)
	NA
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA125
 + CYFRA21-1
	2
	115/133
	0.66
(0.57-0.75)
	3.20
(0.07)
	0.96
(0.90-0.98)
	11.23
(0.001)
	17.93

(1.16-276.27)
	3.80
(0.05)
	0.38
(0.27-0.54)
	1.89
(0.17)
	44.98

(4.79-422.03)
	2.46
(0.12)
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA15-3
 + CYFRA21-1
	4
	139/159
	0.885
(0.820-0.933)
	35.71
(<0.001)
	0.94
(0.89-0.97)
	15.14
(0.002)
	8.83

(4.09-19.09)
	5.03
(0.17)
	0.06
(0.01-0.59)
	21.06
(<0.001)
	300.99
(74.38-1217.90)
	0.37
(0.95)
	0.98

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA19-9
 + CYFRA21-1
	1
	47/52
	0.85
	NA
	0.85
	NA
	5.53

(2.89-10.58)
	NA
	0.17

(0.09-0.35)
	NA
	31.43

(10.45-94.52)
	NA
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CEA + CA15-3
 + CYFRA21-1
	2
	71/58
	0.79
(0.68-0.88)
	0.12
(0.73)
	0.91
(0.81-0.97)
	0.15
(0.70)
	9.041
(3.88-21.05)
	0.11
(0.74)
	0.23

(0.15-0.37)
	0.08
(0.78)
	40.05

(13.51-118.71)
	0.02
(0.88)
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CEA + CA15-3
 + CA19-9
	1
	65/142
	0.71
	NA
	0.97
	NA
	25.12

(9.44-66.85)
	NA
	0.30

(0.21-0.44)
	NA
	83.523

(27.02-258.23)
	NA
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CEA + CA125
 + CYFRA21-1
	1
	43/79
	0.65
	NA
	1
	NA
	103.64
(6.48-1656.7)
	NA
	0.35

(0.24-0.53)
	NA
	292.35
(16.94-5046.60)
	NA
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CEA + CA19-9
 + CYFRA21-1
	1
	47/52
	0.96
	NA
	0.865
	NA
	6.796
(3.39-13.61)
	NA
	0.10

(0.04-0.25)
	NA
	69.11

(18.88-252.98)
	NA
	NA

	
	
	
	
	
	
	
	
	
	
	
	
	
	


N1, number of  studies; N2, number of participants (malignant pleural effusion/ benign pleural effusion) ; CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUC, area under curve; NA, not applicable.

	


Appendix Fig 1 Summary receiver operating characterstiv curves for assays of (A) CEA+CA125, (B) CEA+CA15-3, (C) CEA+CA19-9, (D) CEA+CYFRA21-1and (E) CA15-3+CYFRA21-1. solid circles represent indicidual studies in the meta-analysis. 
[image: image1.jpg]1-specificity






Appendix Fig 2 Funnel plots of combinations of (A) CEA+CA125, (B) CEA+CA15-3, (C) CEA+CA19-9, (D) CEA+CYFRA21-1, (E) CA125+CYFRA21-1, (F) CA15-3+CYFRA21-1, (G) CEA+CA15-3+CYFRA21-1.
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Appendix Fig 3 Quality assessment of the individual studies with regards to the risk of bias and applicability concerns using the QUADAS 2 criteria.
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