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Fig. S1. The crystal phase, morphology, and elemental composition of synthetic hydroxyapatite standards that underwent the same isolation protocols  as those used for FNA MCs. a. FTIR spectra of hydroxyapatite before (blue) and after (green) the this isolation protocol. b. SEM images of the hydroxyapatite after the this isolation protocol. c. EDS measurements of the elemental composition of the treated hydroxyapatite, taken from the area marked in with a blue rectangle in (b).


	
	Benign TN
N=17
	TN with a diagnosis of thyroid cancer
N=10
(PTC-7, NIFTP-1, PDTC-1, Minimally invasive follicular carcinoma-1)

	Bethesda system classification in the first FNAC procedure (N)
	Bethesda I
	3
	0

	
	Bethesda II
	10
	1

	
	Bethesda III/IV
	4
	5

	
	Bethesda V
	0
	1

	
	Bethesda VI
	0
	3



Table S1. Cytological evaluation of study participants according to their final diagnosis*. Abbreviations: Thyroid Nodule (TN), Papillary thyroid cancer (PTC), Non-invasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP), Poorly differentiated thyroid cancer (PDTC).
	
	Benign TN
N=17
	TN with a diagnosis of TC
N=10
(PTC-n, NIFTP-1, PDTC-1, Minimally invasive follicular carcinoma-1)

	Average elemental concentration in MCs isolated from each malignancy category group (, 
w/w%).
	Ca
	4.6±1.1
	7.4±2.3

	
	P
	4.9±0.86
	5.2±1.1

	
	Mg
	0.53±0.20
	1.6±0.31

	
	Zn
	0.13±0.08
	1.1±0.15

	
	Fe
	26±3.9
	16 ±2.8

	
	Na
	3.2±1.1
	2.9±0.97

	
	Al
	3.0±1.6
	2.0±0.71

	
	K
	2.4±0.71
	1.3±0.29

	
	Cl
	5.1±1.1
	3.5±1.3


Table S2. Clinical characteristics of patients evaluated for a thyroid nodule and elemental profiles of MCs according to the final diagnosis*. Abbreviations: Thyroid Nodule (TN), Papillary thyroid cancer (PTC), Non-invasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP), Poorly differentiated thyroid cancer (PDTC), Microscopic calcifications (MCs).
Statistical analysis of elemental concentrations. At least 5 individual MCs were measured in each TN, and the elemental concentration of each element in each TN was calculated asis reported as the mean ± standard deviation. The average elemental composition ( w/w%)  in each malignancy subcategory in Table S2 is presented as the mean ± standard error.
* Final clinical diagnosis of malignant TN was made by based on a Bethesda category 6 cytology report and/or a histological report of cytology reporting of Bethesda 6 category and/or histology reporting of Thyroid Cancer. A TN was labeled identified as benign if demonstrating it demonstrated (i). bBenign US features and a Bethesda category 2 cytology report, (ii)  cytology report of Bethesda 2 category, ii. wWorrisome US features but cytology a Bethesda category 2 cytological report of Bethesda 2 category inon two2 separate occasions, (iii) iii. wWorrisome US features but a single Bethesda category 2 cytology report cytology report of Bethesda 2 category once, together withtogether with a 6-12 months month interval of US follow-upinterval of follow-up US demonstrating no change in TN size and or characteristics, (iv)iv. Benign US features and an initial Bethesda category 3 cytology report of Bethesda 3but a Bethesda category 2 cytology report on follow-up FNAC, (v) category in the first FNAC but Bethesda 2 category in the second FNAC, v. Molecular testing performed for TNs with Bethesda category 3/4 cytology reports that confirmed a ROM < 5% , performed for TN with cytology report of Bethesda 3,4 categories, which confirmed ROM<5% irrespective of US characteristics, and or (vi)vi. Final a final histological report of histology reporting benign TN.





Cover letter text:
Dear Editor,

Attached please find our manuscript Please find attached our manuscript entitled “Microscopic calcifications isolated from via thyroid fine needle aspiration can serve as a biomarkers of thyroid nodule malignancy” by L Gotnayer, D Aranovich, M Fraenkel, U Yoel, and N Vidavsky. We are submitting this manuscript for consideration as an original research article in for publication in Acta Biomaterialia. This manuscript , and its contents have , has not been published previously, and it is are not under consideration for publication in any other journal.	Comment by Editor: No need to list the author names here.

Thyroid nodules are found in ∼60% of the population, and 5-10% of these nodules harbor thyroid cancer. When ultrasonographic thyroid nodule characteristics on ultrasonography indicate a high risk of -risk for malignancy, fine-needle aspiration biopsy (FNA) biopsy is performed is performed and sent forto facilitate cytological evaluation. However, upwards of 30% of these cytology results are indeterminate, resulting in a need for improved diagnostic algorithms that can more accurately classify accuracy for thyroid nodules. Thyroid calcifications detected by ultrasonography are considered a significant risk factor for nodule malignancy, and the presence of microscopic calcifications (MCs) in observed during histological preparation analyses of thyroid cancer is samples are associated with more aggressive tumor behavior. The However, the composition and crystal phases of calcifications found detected in surgically removed thyroid tissue showed samples have not been found to be correlated withno correlation with nodule diagnosis.

In this article, Herin we report our observations following the development of a protocol for MC isolation fromusing the materials left following cytological evaluation from patients with suspicious thyroid nodules that who had undergone underwent thyroid FNA, using material left after cytological evaluation. Using vibrational spectroscopy, SEM-EDS, and ICP-OES, we show that FNA MCs are carbonated apatite crystals whose morphology and composition change as a function of thyroid nodule malignancy. Our results suggest that the presence of zinc in FNA MCs can be useds erve as a biomarker for thyroid nodule malignancy alongside ultrasonography and cytology , without adding the need for any additional invasive diagnostic procedures, thereby decreasing patient anxiety and reducing instances of any invasive procedure. Our suggested scheme can aid in reducing the high rate of indeterminate thyroid nodule diagnosis, decrease patients’ anxiety, and prevent unnecessary diagnostic surgerysurgery. For these reasonsGiven these promising results, we believe this work manuscript will beis of interest to the broad readership of Acta Biomaterialia, including researchers in the fields of biomineralization, pathological mineralization, biomaterials, and cancer biology. 

We look forward you’re your feedback, and please do not hesitate to reach out with any questions regarding our submission.

Sincerely,
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