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Appendix Figure S1. Discovery proteomics design and quality control.  

Study flowchart. Samples (n=620) were retrospectively collected from 12 clinical centers. The samples 
were randomly allocated into 43 batches and prepared by pressure cycling technology (PCT) assisted 
sample preparation. Peptides were further labeled by 16-plex tandem mass tag (TMT) and data were 
acquired through the mass spectrometer with data-dependent acquisition (DDA) mode. There were 10,336 
proteins quantified, and a 24-protein classifier was built based on them. (B-D) Uniform manifold 
approximation and projection (UMAP) plot showing the distribution of batches of samples using 7876 
proteins (B) before and (C) after batch correction. Dots are colored according to the TMT batches. (D) 
UMAP analysis of clinical centers using 7876 proteins. (E) Violin plots show the CV of protein 
abundance across pooled samples in the discovery and testing sets. Medians are labeled upon the plot. 
The boxes represent the first and third quartiles, with the center line indicating the median. The whiskers 
extend to ±1.5 times the interquartile range, while the violin shapes depict the density of the data points. 
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Appendix Figure S2. Comparison of machine learning models and feature counts performances.  

(A)The compared six models (x-axis) are k-nearest neighbors (KNN), naive bayes (NB), linear regression 
(LR), support vector machine (SVM), random forest (RF), extreme gradient boosting (XGBoost). Each 
panel indicates the different protein feature counts applied. Each boxplot was derived from 100 times 
cross-validation on the training set. Y-axis showing the values of area under the curve (AUC) from the 
100 iterations. The boxes represent the first and third quartiles, the center line indicates the median, the 
whiskers extend to ±1.5 times the interquartile range, and the dots represent individual data points.  
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Appendix Figure S3. Protein feature characteristics.  

(A) The protein identified by Uniprot ID_protein name_gene name with corresponding sequences which 
detected by targeted proteomics. (B) A chromatographic profile of a representative peptide precursor peak 
group. (C) Boxplots showing the protein abundance of each sample measured by parallel-reaction 
monitoring. FTA (n=415) and FTC (n=314). The boxes represent the first and third quartiles, the center 
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line indicates the median, the whiskers extend to ±1.5 times the interquartile range, and the dots represent 
individual data points. P values are calculated by two-sided Welch’s t-test. 
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Appendix Table S1. Gene mutation frequency in FTA and FTC. 

Gene name FTA FTC 
NRAS 12.4% 21.6% 
HRAS 7.3% 14.1% 
TERT 2.3% 18.8% 

DICER1 4.0% 10.3% 
EIF1AX 5.8% 6.6% 
KRAS 2.8% 3.8% 
TSHR 3.0% 2.8% 
TP53 0.8% 5.6% 
BRAF 2.5% 2.8% 
SPOP 2.5% 1.9% 
EZH1 2.0% 0.0% 

CTNNB1 0.5% 1.9% 
GLIS3 1.0% 1.9% 
RET 0.5% 1.9% 

MEN1 0.5% 1.9% 
GNAS 0.5% 0.5% 

KMT2C 0.3% 1.4% 
NOTCH1 0.3% 1.4% 
PIK3CA 0.8% 0.9% 

POR 1.0% 0.5% 
KMT2D 0.8% 0.5% 
PTEN 0.3% 0.9% 
ALK 0.8% 0.0% 

NTRK1 0.8% 0.0% 
RB1 0.3% 0.9% 

STK11 0.3% 0.9% 
APC 0.3% 0.5% 

CDKN2A 0.3% 0.0% 
LRP1B 0.3% 0.5% 
VHL 0.0% 0.9% 
AKT1 0.0% 0.5% 

CDK12 0.0% 0.5% 
EGFR 0.3% 0.0% 

FAM193A 0.3% 0.0% 
FGFR4 0.0% 0.5% 
IDH1 0.3% 0.0% 
KIT 0.3% 0.0% 
MET 0.3% 0.0% 

NCOR2 0.0% 0.5% 
ROS1 0.3% 0.0% 
TSC2 0.3% 0.0% 
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Appendix Table S2. Twenty-four proteins established associations with thyroid physiology or 
pathology. 

Rank Uniprot 
ID Protein name Gene 

name 

Follicular 
tumour 
related 

Thyroid 
cancer 
related 

Thyroid 
function 
related 

1 P22748 Carbonic anhydrase 4 CA4 Yes - - 
2 O00339 Matrilin-2 MATN2 - Yes - 

3 P36551 
Oxygen-dependent 

coproporphyrinogen-III 
oxidase 

CPOX - - - 

4 P02765 Alpha-2-HS-glycoprotein AHSG - Yes - 
5 P16671 Platelet glycoprotein 4 CD36 - Yes - 

6 Q9P2K5 Myelin expression factor 
2 MYEF2 - - - 

7 P16949 Stathmin STMN1 - Yes - 

8 Q86UX2 Inter-alpha-trypsin 
inhibitor heavy chain H5 ITIH5 Yes Yes - 

9 P15090 Fatty acid-binding 
protein FABP4 Yes Yes Yes 

10 P27487 Dipeptidyl peptidase 4 DPP4 Yes Yes - 

11 P61916 NPC intracellular 
cholesterol transporter 2 NPC2 - Yes - 

12 Q9Y6M1 
Insulin-like growth factor 
2 mRNA-binding protein 

2 
IGF2BP2 - Yes - 

13 Q687X5 Metalloreductase 
STEAP4 STEAP4 - - - 

14 O15460 Prolyl 4-hydroxylase 
subunit alpha-2 P4HA2 - Yes - 

15 P16401 Histone H1.5 H1-5 - - - 

16 Q86XX4 
Extracellular matrix 
organizing protein 

FRAS1 
FRAS1 - - - 

17 P98164 Low-density lipoprotein 
receptor-related protein 2 LRP2 - Yes Yes 

18 Q8N6C5 Immunoglobulin 
superfamily member 1 IGSF1 - Yes Yes 

19 P29762 Cellular retinoic acid-
binding protein 1 CRABP1 Yes Yes - 

20 P52926 High mobility group 
protein HMGI-C HMGA2 Yes Yes - 

21 P01033 Metalloproteinase 
inhibitor 1 TIMP1 Yes Yes - 

22 Q9HCD6 Protein TANC2 TANC2 - - - 

23 Q16610 Extracellular matrix 
protein 1 ECM1 Yes Yes - 

24 P47736 Rap1 GTPase-activating 
protein 1 RAP1GAP - Yes - 
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Appendix Table S3. List of 66-gene panel of the thyroid cancer. 

Gene List 
AKT1 EGFR FLT3 KRAS NTRK3 SMAD4 
ALK EIF1AX GLIS3 LRP1B PIK3CA SPOP 
APC EP300 GNAQ MEN1 PLEKHS1 STK11 
ATM ERBB4 GNAS MET POR SUGCT 
BANP EZH1 HRAS MTOR PPARG TERT 
BRAF FAM193A IDH1 NCOR2 PTEN TP53 

CDK12 FARSB IDH2 NF1 PTH TRIM61 
CDKN2A FGFR1 KIT NF2 RB1 TSC2 
CHEK2 FGFR2 KLK1 NOTCH1 RBM10 TSHR 
CTNNB1 FGFR3 KMT2C NRAS RET VHL 
DICER1 FGFR4 KMT2D NTRK1 ROS1 ZNF148 
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