Supplementary Table 1. Mutational frequency through Bethesda categories.
	
	Bethesda categories


	
	
Mutations
	ND
n=15
	B
n=47
	AUS/FLUS
 n= 43
	FT/SFN 
n=58
	SM 
n=42
	M 
n=54
	
Total

	TERTp
	0
	0
	1
	1
	0
	0
	2

	BRAF
	0
	0
	1
	4
	8
	30
	43

	TERTp+BRAF
	0
	1
	1
	0
	0
	4
	6

	RAS (NRAS,HRAS, KRAS)
	0
	2
	5
	8
	7
	4
	26

	TERTp+RAS
	0
	0
	0
	1
	0
	0
	1

	 Total
	 0
	3
	8
	14
	15
	38
	78



Legend: ND: Non-diagnostic, B: Benign, AUS: Atypia of Undetermined Significance, FN: Follicular Neoplasm, SM: Suspicious for malignancy and M: Malignant. TERTp- telomerase reverse transcriptase promoter; BRAF- V-raf murine sarcoma viral oncogenes homolog B1; RAS- Rat sarcoma viral oncogenes homologue.




Supplementary Table 2. Mutation types in cytology and histology of indeterminate nodules.
	Genetic mutations
	Cytology (mutated)                                       
 n=25 (24.8%)
	
	Histology (mutated)                                                  
n=48 (47.5%) 

	Histology of Indeterminate nodules
	  n=
	Benign n=1
	Malignant n=24
	Mutation type
	
	   n=
	Benign n=2
	Malignant n=46
	Mutation  type

	TERTp
AUS
                      FN            
	94
	0 (0%)
0
                0     
	4 (5.6%)
2      
                       2
	 
1 (-124 G>A)      1 (-146 G>A)              
2 (-124 G>A)         
	
	99
	0 (0%)
0
                 0
	11 (14.5%)
5
                       6
	
4 (-124 G>A)                    1 ( -146G>A)                         
4 (-124 G>A)                    2 ( -146 G>A)

	BRAF
AUS
FN
	97
	0 (0%)
0
0
	7 (9.3%)
1
6
	
1 (p.V600E) 
6 (p.V600E)
	
	100
	0 (0%)
0
0
	13 (16.9%)
5
8
	
5 (p.V600E)          
8 (p.V600E)

	RAS
AUS
FN

	97
	1 (1%)
1
                0
	13(17.3%)
4
                       9
	
1 B (p.Q61K)          4  M (p.Q61R)  
7 M (p.Q61R)           2 M (p.Q61K)       
	
	98
	2 (8.7%)
2
                 0
	22 (29.3%)
10
                     12
	
2 B (p.Q61K/p.G12A)          8 M (p.Q61R)                   
2 M(p.Q61K/p.G12R)      9 M (p.Q61R)               3 M (p.Q61K)



Legend: AUS: Atypia of Undetermined Significance, FN: Follicular Neoplasm. TERTp - telomerase reverse transcriptase promoter; BRAF - V-raf murine sarcoma viral oncogenes homolog B1; RAS - Rat sarcoma viral oncogenes homologue.



Supplementary Table 3.  Clinicopathologic features present in the PTC variants.
	Clinicopathologic features
	PTC variants
n=180

	
	c-PTC 
n=73 (40.5%)
	FV-PTC
n=73 (40.5%)
	EV-PTC
n=5 
(2.8%)
	OV-PTC
n=15
(8.3%)
	SV-PTC
n= 10 (5.6%)
	TC-PTC n=3
(1.7%)
	CV-PTC n=1
(0.6%)
	TOTAL
n= 180 (100%)

	Extrathyroidal invasion      
	
36 (49.3%)
	
10 (13.7%)
	
0 (0%)
	
5 (33.3%)
	
2 (20%)
	
2 (66.7%)
	
1 (100%)
	
56 (31.1%)

	Capsule invasion
          
	
37 (50.7%)
	
41 (56.2%)
	
1 (20%)
	
12 (80%)
	
2 (20%)
	
3 (100%)
	
1 (100%)
	
97 (53.9%)

	Vascular invasion
          
	
18 (24.7%)
	
12 (16.4%)
	
3 (60%)
	
  5 (33.3%)
	
  0 (0%)
	
2 (66.7%)
	
1 (100%)
	
  41 (22.8%)

	Lymphatic invasion
	
19 (26%)
	
10 (13.7%)
	
1 (20%)
	
5 (33.3%)
	
  0 (0%)
	
1 (33.3%)
	
0 (0%)
	
 36 (20%)

	Fibrosis
         
	
51 (69.9%)
	
35 (48%)
	
2 (40%)
	
13 (86.7%)
	
5 (50%)
	
2 (66.7%)
	
1 (100%)
	
109 (60.6%)

	Inflammatory infiltrate     
	
43 (58.9%)
	
18 (24.7%)
	
0 (0%)
	
 7 (46.7%)
	
1 (10%)
	
3 (100%)
	
0 (0%)
	
72 (40%)

	Tall cell    
          <30%
          ≥30%
	
17 (23.3%)
   0 (0%)
	
  1 (1.4%)
  0 (0%)
	
0 (0%)
0 (0%)
	
  4 (26.7%)
  0 (0%)
	
   0 (0%)
   0 (0%)
	
0 (0%)
3 (100%)
	
0 (0%)
0 (0%)
	
  22 (12.2%)
    3 (1.7%)

	Oncocytic component
          <50%
          ≥50%
	

21(28.8%)
 5 (6.8%)
	

  7 (9.6%)
  3 (4.1%)
	

0 (0%)
0 (0%)
	

0 (0%)
15 (100%)
	

0 (0%)
1 (10%)
	

2 (66.7%)
1 (33.3%)
	

0 (0%)
0 (0%)
	

  30 (16.7%)
  25 (13.9%)

	Psammoma bodies
	
17 (23.3%)
	
3 (4.1%)
	
1 (20%)
	
2 (13.3%)
	
0 (0%)
	
2 (66.7%)
	
0 (0%)
	
 25 (13.9%)

	Calcification
          
	
18 (24.7%)
	
10 (13.7%)
	
1 (20%)
	
  3 (20%)
	
   0 (0%)
	
2 (66.7%)
	
0 (0%)
	
  34 (18.9%)

	Necrosis           
          
	
  2 (2.7%)
	
  1 (1.4%)
	
0 (0%)
	
  2 (13.3%)
	
   0 (0%)
	
0 (0%)
	
0 (0%)
	
    5 (2.8%)

	Focality
     unifocal
     multifocal
	
43(58.9%)
30 (41.1%)
	
44 (60.3%)
29 (39.7%)
	
5(100%)
0 (0%)
	
9 (60%)
 6 (40%)
	
6 (60%)
4 (40%)
	
3 (100%)
0 (0%)
	
1 (100%)
0 (0%)
	
111 (61.7%)
  69 (38.3%)

	Laterality
   unilateral
  bilateral
	
50 (68.5%)
23 (31.5%)
	
51 (69.9%)
22 (30.1%)
	
5(100%)
0 (0%)
	
7(46.7%)
8 (53.3%)
	
6 (60%)
4 (40%)
	
3 (100%)
0 (0%)
	
0 (0%)
1 (100%)
	
122 (67.8%)
  58 (32.2%)

	Lymph node metastasis
	
25 (34.2%)
	
  7 (9.6%)
	
0 (0%)
	
 5(33.3%)
	
  0 (0%)
	
1 (33.3%)
	
0 (0%)
	
  38 (21.1%)

	Distant metastasis  
	
  4 (9.9%)
	
  4 (2.8%)
	
0 (0%)
	
  0 (0%)
	
0 (0%)
	
0 (0%)
	
1 (100%)
	
    9 (5%)



Legend : PTC– papillary thyroid carcinoma;  PTC variants: c-PTC- classical; FV-PTC -follicular; EV-PTC – encapsulate;  SV- solid;  TC-PTC-   tall cells; OV-PTC- oncocytic  ; CV-PTC-  columnar.



	Mutations
	PTC variants

	

	c-PTC 
n =74 
(40.6%)
	FV-PTC
 n= 74   (40.6%)
	EV-PTC
n=5 
(2.7%)
	OV-PTC
n=15
(8.2%)
	SV-PTC
 n= 10
 (5.5%)
	TC-PTC
 n=3
 (1.7%)
	CC-PTC n=1 
(0.6%)
	TOTAL
 n= 182 (100%)

	TERTp            

Histology n=176

Cytology n= 171    
	

5

2
	

8

3
	

0

0
	

4

2
	

1

1
	

1

1
	

0

0
	

19 (10.8%)

  9 (5.3%)

	BRAF 

Histology n=177

Cytology n= 175    
	

36

28
	

14

11
	

2

2
	

 8

5
	

0

0
	

3

2
	

0

0
	

63 (35.6%)

48 (27.4%)

	RAS          

Histology n=176

Cytology n= 171   
	

7

7
	

22

13
	

1

1
	

5

3
	

3

1
	

0

0
	

0

0
	

38 (22.1%)

25 (14.3%)

	Total
Histology 
Cytology
	
49
38
	
45
27
	
3
3
	
17
10
	
4
2
	
4
3
	
0
0
	
122
 83


Supplementary Table 4. Mutational status of cytology and histology samples within PTC variants.


Legend : PTC– papillary thyroid carcinoma;  PTC variants: c-PTC- classical; FV-PTC -follicular; EV-PTC – encapsulate;  SV- solid;  TC-PTC-   tall cells; OV-PTC- oncocytic  ; CV-PTC-  columnar.



Supplementary Table 5A. Associations between TERTp mutation and clinicopathological 
features in Papillary Thyroid Carcinomas.
	Clinicopathological characteristics  n (%)
	Wild-Type
n (%)
	Mutated
n (%)
	p-value

	Vascular invasion n=226    

               Absent  186 (82.3)
               Present  40 (17.7)
	

175 (84.5)
  32 (15.5)
	

11 (57.9)
  8 (42.0)
	

0.004

	Oncocytic component n=224

               Absent 172 (76.8)
               Present  52 (23.2)
	

162 (79.0)
  43 (21.1)
	

10 (52.6)
  9 (47.4)
	

0.017













Supplementary Table 5B.  Associations between BRAF mutation and clinicopathological 
features in Papillary Thyroid Carcinomas.

	Clinicopathological characteristics n (%)
	Wild-Type
n (%)
	Mutated
n (%)
	p-value

	Mean tumor size (SD) (mm) (n=227)

	
30.76 (14.31)
	
21.65 (14.30)
	
<0.001

	Extra thyroidal invasion n=227

                 Absent  172 (82.3)
                 Present   55 (17.7)
	

140 (85.4)
  24 (14.6)
	

32 (50.8)
31 (49.2)
	

<0.001

	Capsule invasion n=227

                Absent  132 (58.1)
                Present   95 (41.9)
	

112 (68.3)
  52 (31.7)
	

20 (31.7)
43 (68.3)
	

<0.001

	Vascular invasion n=227

                Absent  187 (82.4)
                Present  40 (17.6)
	

149 (90.9)
15 (9.1)
	

38 (60.3)
25 (39.7)
	

<0.001

	Lymphatic invasion n=227

                Absent  192 (84.6)
                Present   35 (15.4)
	

151 (92.1)
13 (7.9)
	

41 (65.1)
22 (34.9)
	

<0.001

	Fibrosis n=227

                Absent  120 (52.9)
                Present 107 (47.1)
	

102 (62.2)
  62 (37.8)
	

18 (2.6)
  45 (71.4)
	

<0.001

	Inflammatory infiltrate n=227

                Absent  154 (67.8)
                Present   73 (32.2)
	

129 (78.7)
  35 (21.3)
	

25 (39.7)
38 (60.3)
	

<0.001

	Tall cells n=227

                 Absent  203 (89.4)
                 Present   24 (10.6)
	

157 (95.7)
 7 (4.3)
	

46 (73)
17 (27)
	

<0.001

	Oncocytic component n=225

                Absent  173 (76.9)
                Present   52 (23.1)
	

134 (82.2)
29 (17.8)
	

39 (62.9)
23 (27.1)
	

0.002

	Psammoma bodies n=227

                Absent  203 (89.4)
                Present   24 (10.6)
	

157 (95.7)
 7 (4.3)
	

46 (73)
17 (27)
	

<0.001

	Calcifications n=227

                Absent    194 (85.5 )
                Present     33 (14.5 )
	

150 (91.5)
14 (8.5)
	

44 (69.8)
19 (30.2 )
	

<0.001

	Focality n=226

                Unifocal     118 (52.2 )
                < 5 focos     65 (28.8 )
                >5 focos      43 (19 )
	

85 (52.1)
40 (24.5)
38 (23.3)
	

33 (52.4)
25 (39.7)
5 (7.9)
	

<0.001

	Lymph node metastases n=189

                Absent   152 (80.4 )
                Present    37 (19.6 )
	

115 (91.3)
11 (8.7)
	

37 (58.7)
26 (41.3)
	

<0.001




Supplementary Table 5C. Associations between NRAS mutation and clinicopathological 
features in Papillary Thyroid Carcinomas.
	Clinicopathological characteristics n (%)
	Wild-Type
n (%)
	Mutated
n (%)
	p-value

	Presence of capsule  n=205

                Absent     98 (47.8)
                Present 107 (52.2)
	

85 (51.5)
80 (48.5)
	

13 (32.5)
27 (67.5)
	

0.030

	Focality n=221

                Unifocal    113 (51.1)
                <5 focos      65 (29.4)
                >5 focos      43 (19.5)
	

89 (49.4)
50 (27.8)
41 (22.8)
	

24 (58.5)
15 (36.6)
2 (4.9)
	

0.030







Supplementary Table 6A. The discriminative ability of mutations for malignant diagnosis in Differentiated Thyroid Carcinomas (DTCs). 

	Mutations
	DTCs (n=209) + Benign (n=50)
n=259

	(n)
	Se % (95%CI)
	Sp % (95%CI)
	PPV % (95%CI)
	NPV % (95%CI)

	TERTp         
    Histology (254)
    Cytology  (246)
	
 9.8 (6.1, 14.7)
 4.6 (2.1, 8.5)
	
100 (92.9, 100)
100 (92.7, 100)
	
100 (83.2, 100)
100 (66.4, 100) 
	
21.4 (16.3, 27.2)
20.7 (15.7, 26.4)

	BRAF
    Histology (255)
    Cytology  (251)
	
31.2 (24.9, 38)
24.3 (18.5, 30.8)
	
100 (92.9, 100)
100 (92.7, 100)
	
100 (94.4, 100)
100 (92.7, 100)
	
26.2 (20.1, 33)
24.3 (18.5, 30.8)

	RAS
    Histology (250)
    Cytology  (250)
	
21 (15.6, 27.3)
12.9 (8.6, 18.4)
	
 94 (83.5, 98.7)
 98 (89.1, 99.9)
	
 93.3 (81.7, 98.6)
 96.3 (81, 99.9)
	
22.9 (17.4, 29.3)
21.5 (16.3, 27.5)




Supplementary Table 6B. The discriminative ability of mutations for malignant diagnosis in Papillary Thyroid Carcinomas (PTCs).

	Mutations
	PTCs (n=180) + Benign (n=50)
n=230

	(n)
	Se % (95%CI)
	Sp % (95%CI)
	PPV % (95%CI)
	NPV % (95%CI)

	TERTp         
   Histology (226)
   Cytology  (220)
	
10.8 (6.6, 16.3)
  5.26 (2.4, 9.8)
	
100 (92.9, 100)
100 (92.7, 100)
	
100 (82.4, 100)
100 (66.4, 100)
	
24.2 (18.5, 30.6)
23.2 (17.7, 29.5)

	BRAF
   Histology (227)
   Cytology  (224)
	
35.6 (28.6, 43.1)
27.4 (21, 34.7)
	
100 (92.9, 100)
100 (92.7, 100)
	
100 (94.3, 100)
100 (92.6, 100)
	
30.5 (23.5, 38.1)
27.8 (21.4, 35.1)

	RAS
   Histology (222)
   Cytology  (224)
	
22.1 (16.1, 29)
14.3 (9.5, 20.4)
	
 94 (83.5, 98.7)
 98 (89.1, 99.9)
	
 92.7 (80.1, 98.5)
 96.2 (80.4, 99.9)
	
26.0 (19.7, 33)
24.2 (18.4, 30.8)




Supplementary Table 6C. The discriminative ability of mutations for malignant diagnosis in Indeterminate nodules. 

	Mutations
	Indeterminate nodules (n=101)
DTCs (n=78) + Benign (n=23) 

	(n)
	Se % (95%CI)
	Sp % (95%CI)
	PPV % (95%CI)
	NPV % (95%CI)

	TERTp         
   Histology (99)
   Cytology  (94)
	
14.5 (7.45, 24.4)
  5.6 (1.53, 13.6)
	
100 (85.2, 100)
100 (84.6, 100)
	
100 (71.5, 100)
100 (39.8, 100)
	
26.1 (17.3, 36.6)
24.4 (16, 34.6)

	BRAF
   Histology (100)
   Cytology  (97)
	
16.9 (9.3, 27.1)
  9.3 (3.8, 18.3)
	
100 (85.2, 100)
100 (84.6, 100)
	
100 (75.3, 100) 100 (59, 100)
	
26.4 (17.7, 37)
27.8 (21.4, 35.1)

	RAS
   Histology (98)
   Cytology  (97)
	
29.3 (19.4, 41)
17.3 (9.6, 27.8)
	
91.3 (72, 98.9)
95.5 (77.2, 99.9)
	
  91.7 (73, 99)
  92.9 (66, 99.8)
	
28.4 (18.5, 40.1)
25.3 (16.4, 36)


Legend: TERTp - telomerase reverse transcriptase promoter; BRAF - V-raf murine sarcoma viral oncogenes homolog B1; RAS - Rat sarcoma viral oncogenes homologue. Se- Sensitivity;   Sp- Specificity; PPV- Positive Predictive Value; NPV- Negative Predictive Value; CI- Confidence Interval.

