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	Histology result*
n/N (%)

	Cytology**
	Normal
	CN
	CIN1
	CIN2
	CIN3
	HSIL NOS
	SCC
	Adeno-Ca
	Ca
	Total

	Normal
	103/2419 (4.3%)
	2314/2419 (95.7%)
	2/2419 (0.1%)
	0/2419 (0%)
	0/2419 (0%)
	0/2419 (0%)
	0/2419 (0%)
	0/2419 (0%)
	0/2419 (0%)
	2419/3565 (67.9%)

	ASCUS
	3/192 (1.6%)
	0/192 (0%)
	185/192 (96.3%)
	4/192 (2.1%)
	0/192 (0%)
	0/192 (0%)
	0/192 (0%)
	0/192 (0%)
	0/192 (0%)
	192/3565 (5.4%)

	LSIL
	5/582 (0.9%)
	0/582 (0%)
	536/582 (92.1%)
	27/582 (4.6%)
	11/582 (1.9%)
	3/582 (0.5%)
	0/582 (0%)
	0/582 (0%)
	0/582 (0%)
	582/3565 (16.3%)

	ASC-H
	6/16 (37.5%)
	0/16 (0%)
	2/16 (12.4%)
	3/16 (18.8%)
	2/16 (12.4%)
	1/16 (6.3%)
	1/16 (6.3%)
	0/16 (0%)
	1/16 (6.3%)
	16/3565 (0.4%)

	HSIL
	0/276 (0%)
	0/276 (0%)
	11/276 (4.0%)
	95/276 (34.4%)
	120/276 (43.5%)
	37/276 (13.4%)
	8/276 (2.9%)
	2/276 (0.7%)
	3/276 (1.1%)
	276/3565 (7.7%)

	SCC
	0/25 (0%)
	0/25 (0%)
	0/25 (0%)
	0/25 (0%)
	1/25 (4.0%)
	0/25 (0%)
	16/25 (64.0%)
	2/25 (8.0%)
	6/25 (24.0%)
	25/3565 (0.7%)

	Adeno-Ca
	0/13(0%)
	0/13(0%)
	0/13(0%)
	0/13(0%)
	0/13(0%)
	0/13(0%)
	1/13(7.7%)
	12/13(92.3%)
	0/13(0%)
	13/3565 (0.3%)

	Ca NOS
	0/4 (0%)
	0/4 (0%)
	0/4 (0%)
	0/4 (0%)
	0/4 (0%)
	0/4 (0%)
	2/4 (50.0%)
	0/4 (0%)
	2/4 (50.0%)
	4/3565 (0.1%)

	Inadequate
	1/38 (2.6%)
	0/38 (0%)
	24/38 (63.2%)
	5/38 (13.2%)
	6/38 (15.8%)
	0/38 (0%)
	1/38 (2.6%)
	0/38 (0%)
	1/38 (2.6%)
	38/3565 (1.1%)

	Total
	118/3565 (3.3%)
	2314/3565 (64.9%)
	760/3565 (21.3%)
	134/3565 (3.8%)
	140/3565 (3.9%)
	41/3565 (1.2%)
	29/3565 (0.8%)
	16/3565 (0.4%)
	13/3565 (0.4%)
	3565/3565
(100%)


*this includes clinically normal cases **There were no cases with AGUS cytology
Adeno-Ca; adenocarcinoma; ASCUS: Atypical Squamous Cells of Undetermined Significance; ASC-H: Atypical Squamous Cells –probably High grade; Ca NOS: Carcinoma Non Otherwise Specified; CIN1: Squamous Intraepithelial Neoplasia grade 1; CIN2: Squamous Intraepithelial Neoplasia grade 2; CIN3: Squamous Intraepithelial Neoplasiagrade 3; CN: Clinically Normal; HSIL NOS: High grade Squamous Intraepithelial Neoplasia Not Otherwise Specified; LSIL: Low grade Squamous Intraepithelial Neoplasia;SCC: Squamous Cell Cancer
Table 2: Cross tabulation of the MLP ANN classification results as compared to the histological diagnosis for each woman in the training set, test set and in total.

	Actual histological status
	Predicted histological status
n/N (%)
	

	
	Normal

	CIN1

	CIN2+

	Correct allocation (%)*

	Training set
N=1751
	Normal
	1186/1188 (99.8)
	1/1188 (0.1)
	1/1188 (0.1)
	99.8

	
	CIN1
	1/367 (0.3)
	360/367 (98.1)
	6/367 (1.6)
	98.1

	
	CIN2+
	2/196 (1.0)
	11/196 (5.6)
	183/196 (93.4)
	93.4

	
	Total
	1189/1751 (67.9)
	372/1751 (21.2)
	190/1751 (10.9)
	98.7

	Testing set
N=1810
	Normal
	1232/1242 (99.2)
	8/1242 (0.6)
	2/1242 (0.2)
	99.2

	
	CIN1
	2/392 (0.5)
	374/392 (95.4)
	16/392 (4.1)
	95.4

	
	CIN2+
	1/176 (0.6)
	12/176 (6.8)
	163/176 (92.6)
	92.6

	
	Total
	1235/1810 (68.2)
	394/1810 (21.8)
	181/1810 (10.0)
	97.7

	Total
N=3561
	Normal
	2418/2430 (99.5)
	9/2430 (0.4)
	3/2430 (0.1)
	99.5

	
	CIN1
	3/759 (0.4)
	734/759 (96.7)
	22/759 (2.9)
	96.7

	
	CIN2+
	3/372 (0.8)
	23/372 (6.2)
	346/372 (93.0)
	93.0

	
	Total
	2424/3561 (68.1)
	766/3561 (21.5)
	371/3561 (10.4)
	98.2


*The percentage of the cases that were correctly classified by the MLP ANN
ANN: Artificial Neural Network; CIN1: Cervical Intraepithelial Neoplasiagrade 1; CIN2+: Cervical Intraepithelial Neoplasia grade 2 or higher (including all types of carcinomas); MLP: Multi Layer Perceptron



Table 3: Accuracy parameters and statistical measures for the MLP ANN performance in predicting CIN2 or worse as compared to: cytology at a cut-off of ASCUS, LSIL or HSIL with or without high-risk HPV DNA test. 

	
	MLP ANN
	Cytology (ASCUS+)
	Cytology (LSIL+)
	Cytology (HSIL+)
	HPV DNA Positive
	ASCUS+ OR HPV test+
	LSIL+ 
OR HPV test+
	ASCUS+ AND HR+
	LSIL+ 
AND HR +

	Sensitivity (%)
	93.0
	100.0
	98.8
	87.5
	91.8
	100.0
	100.0
	91.8
	90.6

	Specificity (%)
	99.2
	76.4
	92.7
	99.4
	55.6
	46.8
	49.9
	84.7
	87.7

	PPV (%)
	93.3
	32.5
	82.6
	94.3
	20.3
	18.3
	19.3
	41.7
	46.8

	NPV (%)
	99.2
	100.0
	99.5
	98.6
	98.2
	100.0
	100.0
	98.9
	98.7

	FPR (%)
	0.8
	23.6
	7.3
	0.6
	0.4
	53.2
	50.1
	15.3
	12.3

	 FNR (%)
	7.0
	0.0
	1.2
	12.5
	8.2
	0.0
	0.0
	8.2
	9.4

	OA (%)
	98.6
	78.8
	94.3
	98.2
	59.6
	52.5
	55.3
	85.4
	88.0

	PLR
	118.6
	4.2
	13.5
	145.8
	2.1
	1.9
	2.0
	6.0
	7.4

	NLR 
	0.1
	0.0
	0.0
	0.1
	0.1
	0.0
	0.0
	0.1
	0.1





ANN: Artificial Neural Network; ASCUS+: Atypical Squamous Cells or higher; FNR: False Negative Rate; FPR: False Positive Rate; HSIL+: High grade Squamous Intraepithelial Neoplasia or higher; LSIL+: Low grade Squamous Intraepithelial Neoplasia or higher; MLP: Multi Layer Perceptron; NLR: Negative Likelihood Ratio; NPV: Negative Predictive Value; OA: Overall Accuracy; PLR: Positive Likelihood Ratio; PPV: Positive Predictive Value







Table 4:Detailed analysis of the MLP results for each cytological category in relation to the true histological status


	MLP ANN result
	Histological Result* n/N (%)
	 

	
	Normal
	CIN1
	CIN2+
	Total

	Normal Cytology
	2415
	2
	0
	2417

	Normal
	2413/2415 (99.9)
	1/2 (50)
	0 (0)
	2414(99.9)

	CIN1
	0/2415 (0)
	1/2 (50)
	0 (0)
	1(0)

	CIN2+
	2/2415 (0.1)
	0/2 (0)
	0 (0)
	2(0.1)

	ASCUS  Cytology
	3
	185
	4
	192

	Normal
	0/3 (0)
	0/185 (0)
	0/4 (0)
	0(0)

	CIN1
	3/3 (100)
	182/185 (98.4)
	0/4 (0)
	185(96.4)

	CIN2+
	0/3 (0)
	3/185 (1.6)
	4/4 (100)
	7(3.6)

	LSIL  Cytology
	5
	535
	40
	580

	Normal
	2/5 (40)
	1/535 (0.2)
	1/40 (2.5)
	4(0.7)

	CIN1
	3/5 (60)
	525/535 (98.1)
	11/40 (27.5)
	539(92.9)

	CIN2+
	0/5 (0)
	9/535 (1.7)
	28/40 (70)
	37(6.4)

	ASC-H  Cytology
	6
	2
	8
	16

	Normal
	2/6 (33.3)
	0/2 (0)
	0/8 (0)
	2(12.5)

	CIN1
	3/6 (50)
	2/2 (100)
	0/8 (0)
	5(31.3)

	CIN2+
	1/6 (16.7)
	0/2 (0)
	8/8 (100)
	9(56.3)

	HSIL  Cytology
	0
	11
	265
	276

	Normal
	0 (0)
	0/11 (0)
	1/265 (0.4)
	1(0.4)

	CIN1
	0 (0)
	5/11 (45.5)
	5/265 (1.9)
	10(3.6)

	CIN2+
	0 (0)
	6/11 (54.5)
	259/265 (97.7)
	265(96)

	Ca  Cytology
	0
	0
	42
	42

	Normal
	0 (0)
	0 (0)
	0/42 (0)
	0(0)

	CIN1
	0 (0)
	0 (0)
	6/42 (14.3)
	6(14.3)

	CIN2+
	0 (0)
	0 (0)
	36/42 (85.7)
	36(85.7)

	Inadequate  Cytology
	1
	24
	13
	38

	Normal
	1/1 (100)
	1/24 (4.2)
	1/13 (7.7)
	3(7.9)

	CIN1
	0/1 (0)
	19/24 (79.2)
	1/13 (7.7)
	20(52.6)

	CIN2+
	0/1 (0)
	4/24 (16.7)
	11/13 (84.6)
	15(39.5)

	 Total
	2430
	759
	372
	3561



*this includes clinically normalcases
ANN: Artificial Neural Network; ASCUS: Atypical Squamous Cells of Undetermined Significance; ASC-H: Atypical Squamous Cells –probably High grade; Ca: Carcinoma; CIN: Cervical Intraepithelial Neoplasia;HSIL: High grade Squamous Intraepithelial Neoplasia; LSIL: Low grade Squamous Intraepithelial Neoplasia; MLP: Multi Layer Perceptron


