
	[bookmark: _Hlk188705193]Supplemental Table 1. All available studies of chromosomal alterations in parathyroid lesions. Tables in the text included only genome-wide approach utilizing CGH, WES, WGS or SNP-arrays. 

	Hyperplasia

	Study
	Method
	Patients
	Findings

	Farnebo et al. [1] 

	Several loci of chr. 11, Southern blot hybridization, PCR
	39 glands from 13 patients with SHPT 
	Monosomy for chromosome 11 in one tumor.

	Chudek et al. [2] 
	24 highly PMSM. XCI analysis. 
	71 lesions from 24 patients. SHPT or THPT. Nodular hyperplasia (n=67), diffuse hyperplasia (n=4).
	LOH across chr. 1, 3, 6, 11, 12, 13 and X in 10 of 67 nodules (15%). No LOH in diffuse hyperplasia. Monoclonal pattern in 58% of hyperplastic nodules in females. 


	Koshiishi et al. [3] 
	MSM on chr. 1, 2, 3, 5, 6, 11, 13, and 17
	6 lesions from patients with primary hyperplasia and 47 lesions from 16 SHPT patients
	LOH in 3 of 6 PHPT and 7 of 47 SHPT lesions, mostly on a single locus of chromosome 11. MSI: in 5 PHPT and in 9 SHPT lesions. MSI on TP53 was observed in 3 of 6 PHPT lesions and in 2 of 47 SHPT lesions. 

	Nagy et al. [4]  
	Microsatellite allelotyping. XCI analysis. 
	69 hyperplastic lesions from 23 patients with refractory uremic hyperparathyroidism (12 female, 11 males)

Nodular (n=67)
Diffuse (n=2) – two different female patients 
	Diffuse hyperplasia: chr. 2q, 7p, 16q, 17q and 19q; no other lesions for the patient. Another patient with diffuse hyperplasia: polyclonal, other lesions from the patient: nodular and monoclonal, no chromosomal alterations. Glands of 4/12 females negative for chromosomal alterations, while in male 1/11 negative. In females with nodular hyperplasia, alterations were not observed on chr. 2, 3, 4, 5, 8, 9,10, 13, 15, 17, and 21.The most frequently altered were chr.20 and 7. In males alterations were not observed only on chr.6, 9, 10 and 15, while chr.18, 7, 2 and 21 were the most frequently altered. In total, allelic changes at least at one chromosomal arm in 31 of the 69 lesions (43%). 18/29 nodules in females were monoclonal. Loss of the chr. Y was seen in 8 of the 39 nodules in males. 

	Imanishi et al. [5]
	CGH and genome-wide allelotyping
	46 tumors from 28 uremic patients with refractory SHPT or THPT.
	Eleven tumors (24%) demonstrated clonal chromosomal imbalances. Chromosomal gains were more commonly observed than chromosomal losses. 
Repeatedly observed gain on chr. 7 (4/46), 12 (5/46), and a loss on chr. 21 (2/46). 
Gains on chr. 1q, 2, 6q, 9p, 9q, 18, 22, and X and losses on chr.11, 13q, and 22 in 1/46 (each).  

	Afonso et al. [6] Full text not available. 
	CGH
	Primary and secondary hyperplasia 
	Large number of chromosomal alterations in SHPT. Some of these alterations had been previously reported for PHPT, but the majority were located in different regions or in different proportions. 

	Hunt et al. [7]
	22 markers on tumor suppressor genes 
	5 SHPT
	LOH was found in all specimens. 1x LOH FHIT and MET. 1x LOH KAI1, HRAS and P53. 1x LOH p21 and PTEN. 1x LOH APC. 1x LOH p21 and p53. 

	Yi et al. [8] 
	CGH, FISH, and TMA
	8 of nonfamilial hyperplasia
	Genomic changes in PHPT were for the most part restricted to 11q13 deletion or loss of chromosome 11. In SHPT 11q23 deletion was common along with relatively strong CCND1 expression. 

	Dwight et al. [9]  .

	CGH, LOH and MEN1 mutation analysis
	12 lithium-associated parathyroid tumors (LAPT) from 9 patients 
	Loss at 1p, 11, 15q, 22q and gain of the X chromosome (4/12). LOH at 11q13 and a somatic MEN1 mutation (c.1193insTAC) in 1. Fewer genetic alterations than in the sporadic tumors, but the detected changes were similar with both familial and sporadic tumorigenesis. Higher prevalence of multiglandular disease in comparison with idiopathic sporadic patients.

	Szabo et al. [10]

	139 MSM genome wide.
	9 glands from 8 family members with mutation in CaR. Chief cell hyperplasia. Nodular (n=2). 2 glands from 1 patient – 1 diffuse and 1 with dominant nodule. 
	All glands displayed allelic loss on at least one chromosomal arm (range 1–7). 
Most loci corresponded to findings in sporadic parathyroid tumors, but the unique variant of familial hypercalcemia also exhibited frequent LOH on 12q (67%) and 7q (44%). LOH could not be detected at 3q, where the CaR gene is located.

	Carling et al. [11] 

	9 PMSM at chr. 1p (RIZ1)
	8 patients with nonfamiliar hyperplasia, chief cell (n = 7), water-clear (n = 1) types.
	LOH at the RIZ1 locus in 2 lesions

	Falchetti et al. [12]
	RFLP analysis and microsatellite analysis for LOH in the MEN1
	13 parathyroid glands from the five MEN1 patients
	Similar allelic losses in homozygous and heterozygous patients. Allelic losses at 11q13 in multinodular glands, in moderately enlarged glands with a diffuse pattern of hyperplasia, and in a slightly enlarged gland with subtle histological changes suggestive of hyperplasia. All three glands from a heterozygous patient showed allelic losses at three 11q12–13 region loci, whereas the DNA between these two regions retained both alleles. 

	PA

	Study
	Method
	n
	Findings

	Arnold et al. [13] 
	RFLP
	1
	Clonal loss of chromosome 11. No LOH were found on chr. 1, 5, 6, 7, and 12. No DNA loss on X chromosome. 

	Thompson et al. [14] 

	16 highly PMSM on chr. 3 CaR locus
	35
	LOH for markers tightly linked with and flanking the CaR locus (2/35). Deletion of 41,7 centimorgans (1/35). LOH spanning most of chr. 3 (1/35).  

	Pearce et al. [15] 
	PMSM at RB1 and BRCA2
	16
	No alterations. 

	Tahara et al. [16] – full text not available.
	71 PMSM on all chromosomes 
	25
	LOH on 6q (30%), 11p (27%), and 15q (35%), in addition to previously reported 1p (30%) and 11q (38%) allelic losses. All tumors with 11p loss had patterns consistent with monosomy for chromosome 11. 

	Agarwal et al. [17]
	CGH
	10
	Deletions on chr. 11, 17 (n=5), and 22 (n=7). Complex pattern, predominance of losses. Every chr. was involved except chr. 8.

	Palanisamy et al. [18]
	CGH 
	53
	Recurrent gains: chr. 16p (6/53) and 19p (5/53). Frequent losses chr. 11p (14/53), 11q (18/53), chr. 1p, 1q, 6q, 9p, 9q, 13q, and 15q (8–19%).

	Koshiishi et al. [3] – full text not available.
	17 MSM on chr. 1, 2, 3, 5, 6, 11, 13, and 17
	14
	LOH in 4 of 14 PA in most cases on a single locus of chromosome 11. 
MSI was observed in six PA and seemed to cluster in the region of chromosome 11.

	Farnebo et al. [19]

	CGH and subsequent MEN1 analysis
	26 sporadic, 10 cases previously given irradiation to the neck, and 8 familial cases
	Sporadic: minimal regions of loss on chr. 11 (38%), 15q (27%), and 1p (19%); gains of chr.19p (15%) and 7 (12%). Irradiation-associated: frequent losses of chr.11q (50%), MEN1 mutations in 4 of 8 cases (50%). Losses of chr. 1p (50%), 11q (50%), 11p (40%), 6q (30%), 18q (30%), and 22q (30%); gain of chr. 19p (30%). Familial: few alterations, gain of chr. 19p as single aberration in 3 tumors. 10/14 PA with involvement of the MEN1 gene locus displayed loss of the entire chr. 11. Loss of chr. 15q in 5 PA.

	Dwight et al. [20] 

	22 MSM on 11q13, 1q21-q32 and 1p.
	33
	LOH -  in 13 of 33 (39%) cases at 11q13, 6 of 33 (18%) at 1p, and in 3 of 33 (9%) cases at 1q (in conjunction with 1p loss). LOH at both chr. 1 and chr.11 in 1 tumor. 


	Haven et al. [21]

	CGH
	4 adenomas from obligate CDC73 mut carriers
	No LOH at chr. 1q21–32 in any of the parathyroid adenomas studied. 
One adenoma with gain of chr. 16 and loss of chr. 13. Another with gain of chr. 1q and 17p. 

	Shan et al. [22]
	5 MSM at 1p36.
	32 
	Frequency of LOH (7.1-41.2%) among the different markers. 

	Välimäki et al. [23] – full text not available.

	Deletions of 1p and 11q13
	Total 42 tumors, adenomas and carcinomas. 
	Overall 1p LOH was detected in 18 of the 42 tumors analyzed (43%).
25/42 tumors (60%) showed alteration of either 1p, of the MEN1 locus, or both. Tumors with LOH at 11q13 had a significantly higher weight than tumors with 1p LOH. 

	Villablanca et al. [24]


	17 PMSM at chr. 1q, and additional markers from 1p and 11q13
	30 patients with sporadic cystic PA
	LOH: 6/30 1q, 6/30 1p and 5/30 on 11q13. 
Association between LOH at 1q and higher tumor weight (P= 0·0432). Association between 1q LOH and high pre operative serum PTH levels (P= 0·0357). No significant correlation between LOH and the sex, age and total serum Ca.

	Dwight et al. [25]

	CGH, LOH
	10 PA from 5 patients with sporadic multiglandular PHPT 
	Tumors of one patient had no alterations (3/10). 10 PA with chromosomal alteration. Different changes among PA of the same patient, seen in 2 patients. Another two patients with alterations only in one PA of two. Imbalances observed once: gains of chr. 5, 6, 7, 12, 16, 19p; losses of chr. losses 1p,15q, 18, 21q, 22q. Imbalances with losses observed twice: chr. 11, 12q, 13q. LOH observed at chr.11q13 (3/10) and 1p (1/10).

	Garcia et al. [26]
	CGH
	14 sporadic conventional PAs
	Chromosomal gains (14/14), losses (3/14). No genomic amplification was observed. One patient with whole chromosome gains of chr. 1, 6p, 7, 8, 9, 10, 12, 16, and whole chr. losses on 11, 12, 13q, 19p. 13/14 PA exhibited >2 abnormalities. Imbalances with gain were observed once (chr. 2p, 3p, 7p, 7q, 8p, 10p, 15q, 16q, 19p, 21q, 22q), twice (1p, 2q, 5q, 6p, 10q, 12q, 17q, 19q), three times (1q, 3q, 6q, 9p, 9q, 13q, 14q, 18q, 20q) or five times (chr. 4q and Xq). Whole chr. gain was observed once (chr. 1, 4, 7, 10, 12, 16 and X) and three times (chr.8 and 9). Imbalances with losses observed once (chr. 6, 9pq, 13q, 15q, 18q, 19p, 20p) and three times (chr. 11q). Whole chr. loss was observed once on chr.20 and twice on. chr 11. No alterations detected on chr. 5p, 12p, 14p, 15p, 17p, 18p, 21p, 22p and Y.

	Shattuck et al. [27]

	15 PMSM in the region of SMAD3 
	67 
	24% showed loss. No acquired clonal mutations, insertions, or microdeletions in SMAD3.


	Carling et al. [11]
	9 PMSM 1p (RIZ1)
	38 
	LOH at the RIZ1 locus (7/38)

	Cetani et al. [28]
	PMSM at the Rb1 and BRCA2 loci from each patient's paired tumor and leucocyte DNA samples.
	53 sporadic
	15 PA (28.8%) showed LOH at Rb1. For BRCA2, 46 tumor-leucocyte pairs were informative and LOH was present in eight (17.4%). 

	Hunt et al. [7]
	22 markers on tumor suppressor genes 
	10
	LOH was found in all specimens: p21 (7/10), HPRT (1/10), VHL (1/10), MET (2/10), PTEN (1/10), P53 (2/10). 

	[bookmark: _Hlk169003421]Yi  et al. [8]


	aCGH, FISH and TMAs to investigate chr.11
	[bookmark: _Hlk169003397]7 Type I
9 Type II 

	Common finding was deletion of the MEN1 locus or loss of a large portion or an entire chr. 11. Loss of 11q23 was present in slightly less than 50%. The least common finding: translocation of the CCND1 gene. 

	Yip et al. [29]
	20 MSM on 12 tumor suppressor gene loci 
	9

	LOH on 1p35.2-36.2 and PTEN (n=2 each); P16, HRAS, KAI1, MEN1, P53 and NF2 (n=1 each). No LOH detected on HPRT2, RB, VHL and APC. 

	Newey et al. [30]



	WES
	16
	LOH 11 (8/16), LOH 1, 15 and 18 (3/16), LOH 22 (4/16), LOH 13 and 21 (2/16), LOH 2, 3, 4, 5, 7, 8, 9, 10, 17, 19 and X (1/16). Not affected by LOH: 5, 12, 14, 16 and 20. 

	Cromer et al. [31]
	WES
	8 
	4/8 tumors displayed a frame shift deletion or nonsense mutation in MEN1, accompanied by LOH of the other allele. LOH also seen once on chr. 1p, 9, 13, 21, 22. No LOH in 3/8. 

	Sulaiman et al. [32]

 
	a-CGH and SNP microarrays
	5, established CDC73 inactivating mutation
	No significant alterations in 1/5. Deletion of whole chr. 9 (1/5). Gain of entire chr 16 (n=2), with gain of entire chr. 17 or 22. No significant aberrations on chr. 1, 11 or 13. Different loss pattern than unselected tumors. The least extent of CNAs compared to APT and Ca. 

	Pardi et al. [33]
	Sanger sequencing and MLPA assay of AIP and MEN1; LOH analysis by MS analysis.
	132 single adenomas of consecutive patients
	Missense AIP mutations were found in 2/132 samples. MLPA (n=113) showed 35%-50% peak height reduction in AIP and MEN1 in 29 tumors, including 1 with an AIP mutation. LOH at the AIP locus was detected in 29 tumors, overlapping with LOH at the MEN1 locus in 29/37 cases. MEN1 sequencing in these 37 tumors revealed mutations in 22 samples.

	Borsari et al. [34]
	Sanger sequencing and MLPA assay of CDKN1B and MEN1.
	147 
	Three CDKN1B variants were found in 3/147 tumors, with 2/3 also harboring MEN1 mutations. MLPA revealed no CDKN1B large deletions. Among 50 CDKN1B mutation-negative tumors, somatic MEN1 mutations were identified in 15, and allelic loss at 11q13 occurred in all but one mutated adenoma. No MEN1 large deletions were detected.

	Brewer et al. [35]

	Sanger sequencing and LOH analysis by MS analysis. 
	82
	LOH at the PRKN locus (6q) in 8/82. No LOH at FBXO4 (5p). 

	APT

	Study
	Method
	n
	Findings

	Pearce et al. [15] 
	PMSM at RB1 and BRCA2
	3
	2/3 LOH BRCA2 (1/3 not available), 3/3 LOH RB1.

	Cetani et al. [36]
	PMSM at HPRT2
	4 HPRT2-wildtype tumors
	No LOH at HPRT2 was observed. 

	Sulaiman et al. [32]
	a-CGH and SNP microarrays
	1, established CDC73 inactivating mutation
	Extensive aberrations affecting almost all chromosomes, large scale gains on 1p, 16, 17, 19, 20 and 22 and loss at 1p. No loss of CDC73.  

	McCoy et al. [37]
	20 MSM on 12 tumor suppressor genes. 
	38
	LOH ≥1 locus was observed in 25/38. LOH was found at the P21 locus in 9 cases, at CDC73 in 6 cases, at PTEN in 6 (24%), at RB1 in 4, and in lesser frequency at other loci. Six APA cases demonstrated LOH at multiple loci.

	Jha et al. [38]
	WES and FLCN germline sequencing 
	3
	1/3 with FLCN c.1285insC variant, no clear LOH was observed in the tumor, possibly due to normal DNA contamination. 

	Carcinoma

	Study
	Method
	Patients
	Findings

	Pearce et al. [15] 
	PMSM at RB1 and BRCA2
	1
	LOH BRCA2 and RB1

	Agarwal et al. [17]

	CGH
	10
	Frequent losses on chr. 1p (4/10) and chr. 17 (3/10), and gains were on chr.5 (3/10). Chr. 2, 9, 10, and 21 were not altered. 

	Haven et al. [21]
	CGH
	1, CDC73 mut carrier
	LOH on chr.1q 

	Kytola et al. [39]
	CGH
	29
	Losses of 1p and 13q (>40%), 9p (28%), 6q (24%), and 4q (21%). Gains: 19p (45%), Xq (28%), 9q (24%), 1q (21%) and 16p (21%). A sex-dependent distribution for two common alterations with gain of 1q in females and of Xq in males. 

	Välimäki et al. [23] – full text not available.

	Deletions of 1p and 11q13
	Total 42 tumors, adenomas and carcinomas. 
	LOH in primary sporadic parathyroid adenomas occur frequently on the distal part of chromosome 1p and are thus clearly different from parathyroid carcinomas where the deletions are more proximally located. 

	Haven et al. [40]
	7 MSM in the CDC73
3 MSM in the MEN1
	22 and metastases 

	LOH 1q (12/22), 11q (11/22). The LOH pattern was identical in different regions of primary tumours or in comparison with metastases. LOH of both chr.1q and 11q (8/22). No LOH at 1q or 11q (7/22).

	Howell et al. [41]

	LOH analysis of 1q24-32 (HPT-JT)
	60, mixed – adenoma, hyperplasia and carcinoma
	LOH was detected in six samples: one sporadic carcinoma, one HPT-JT tumor, two FIHP tumors and two sporadic adenomas. 

	Carling et al. [11]. 
	9 PMSM at chr.1p (RIZ1)
	1, nonfamilial 
	LOH of RIZ1

	Cetani et al. [28]
	PMSM at the Rb1 and BRCA2 loci from each patient's paired tumor and leucocyte DNA samples.
	10 samples
	6 carcinomas had LOH for at least one marker at the Rb1 locus. LOH for the BRCA2 microsatellite in 3/5 informative primary tumor samples. 

	Hunt et al. [7]
	22 markers on tumor suppressor genes 
	5
	LOH was found in all specimens: p21 (4/5), HPRT (4/5), VHL (2/5), APC (3/5), MET (1/5), P16 (4/5), PTEN (5/5), RB (2/5), KAI1 (1/5), HRAS (4/5), P53 (3/5), NM-23 (2/5) and NF2 (3/5).

	Cetani et al. [36]
	PMSM at HPRT2
	11
	Of 2 HPRT2-wildtype tumors, one had LOH at HPRT2. 
Of 3 germline HPRT2-mutant tumors, one showed LOH at HPRT2.
Of 6 somatic HPRT2-mutant tumors, five had LOH at HPRT2.

	Yip et al. [29]
	20 MSM on 12 tumor suppressor gene loci 
	16

	LOH on 1p35.2-36.2 (n=8), HPRT2 and PTEN (n=7 each), HRAS and MEN1 (n=6 each), RB and P53 (n=4 each), VHL, APC, P16, KAI1 and NF2 (n=3 each). 

	Sulaiman et al. [32]

	a-CGH and SNP microarrays
	3, with CDC73 inactivating mutations
	Gross losses of chr. 1p and 13 were associated (p = 0.012) with parathyroid carcinomas as opposed to adenomas. Losses of chromosome 1p, 13, 14, 18 and gains of 1q, 5, 5q, 9, 10, 20, 22. 
None of the carcinomas exhibited loss on chr. 11. No losses spanning the CDC73. 

	Costa-Guda et al. [42]


	SNP arrays and CGH
	16 from 10 patients, 3 with germline HPRT2 mutation. 
	SNP analysis (9 patients) - gains detected once (chr. 3, 11, 11p, 11q, 12, 12p), twice (chr. 5 and 21), three (chr. 1q, 20) and five times (chr.16). Losses detected once (chr. 2, 2q, 4, 8, 8p, 9, 9p, 10, 11, 13q, 14q, 17, 21, 21q, 16p, 16q, 18q), twice (chr. 6, 12, 14 and 15) three (chr. 1p and 18), four (chr.3 and five times (chr.13). cnLOH detected on chr. 3, 1p, 22, 4, and 14. 
CGH: gains detected once (chr. 5, 5q, 8, 12, 12p, 22), twice (chr. 16, 16p, 20, X) and three times (chr.1). Losses detected once (2q, 6, 12, 12p, 13, 14, 15q, 18, 21), twice (chr. 1p) three (chr. 13q) and four times (chr. 3). Recurrent tumors had partly different pattern than primaries. One of the tumors has shown no alterations in CGH while SNP array was positive. Results of SNP array and CGH were variable. 

	Pandya et al. [43] 
	WES
	17
	Recurrent loss of chr.1p (n=8), 3 (n=3), and 13 (n=10) and recurrent gain of chr. 1q (n=6), 16 (n=9), and 20 (n=9). Focal recurrent gains 6p11.2, 7q22.1, 10q26.2 and 11q23.2 and losses 1p36.32, 3q29, 6q25.3 and 7p21.3. Detected gain of CCND1 (n=5), 4 of the 5 cases with no CDC73 mutation.

	Cuiffi et al. [44]


	Sanger sequencing of CDC73 
	1
	No CDC73 LOH was found in PC tissue, nor any differences in expression levels for CDC73 gene, miR-155 and miR-664 between PC and parathyroid adenoma control tissues. 

	Jha et al. [38]
	WES and Sanger sequencing, LOH on FLCN and TP53
	17, no germline CDC73 or MEN1 mutations
	LOH on FLCN in 2 of the 3 patients with germline heterozygous FLCN variants. LOH TP53 in metastases of one patient. 

	Jentus et al. [45]
	Genome-wide SNP array and broad somatic mutation analysis (NGS)
	2, CDC73 wildtype
	Near-haploid genome due to massive chromosomal losses in both tumors with LOH of chr. 1, 2, 3, 8, 10, 11, 12, 13, 15, 17, 18, and 22. Detected differences in the two cases were additional loss of chr. 6 and 9, and somatic MEN1 mutation in one tumor. Another tumor showed loss of chr. 4 and 21, and no MEN1 mutations were detected.  

	APT atypical parathyroid tumor, chr. chromosome(s), CGH comparative genome hybridization, FISH fluorescence in situ hybridization, LOH loss of heterozygosity, MLPA multiplex ligation-dependent probe amplification, PA parathyroid adenoma, PC parathyroid carcinoma, PMSM polymorphic microsatellite marker, SNP single nucleotide polymorphism, TMA tissue microarray, WES whole exome sequencing
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