
	Table 1: Reported cases of nonfunctional parathyroid carcinoma and diagnostical milestones.

	Milestone
	Report: author, year
	Patient
	Immunohistochemistry
	Molecular findings

	
	
	Sex
	Age
	Serum calcium, mmol/L (2.12-2.55*)
	Serum PTH, pmol/L
(0.7-8 pmol/L)
	Tumor
size, cm
	PTH
	Parafibromin
	Another 
positive
	Another weak/patchy
	Another
negative
	Ki67/
MIB1
	

	Description of the parathyroid glands by Sandstrom (1880)

	First reported PC
	De Quervain, 1909 [5]
	m
	68
	
	6,5
	Histology/metastasis-based diagnosis, no symptoms compatible with HPT

	
	 Roffo, 1914 [39]
	m
	60
	
	ostrich egg
	Histology/metastasis-based diagnosis, no symptoms compatible with HPT

	Normal reference for human serum Calcium by Howland and Marriott (1918)

	Protocol and introduction of blood Calcium assay by Kramer and Tisdall (1921)

	Relation of parathyroid with Calcium by Salvesen (1923)

	Discovery of parathyroid hormone by Collip (1925)

	Formal description of hyperparathyroidism by Mandl (1925)

	
	Toland,1931 [44]
	f
	60
	
	na
	Histology/metastasis-based diagnosis, negative physical examination

	
	Price and Movat, 1932 [62]
	m
	49
	
	hen's egg
	Histology based diagnosis, no abnormalities in physical examination, recurrent

	
	Hall and Chaffin, 1935 [21]
	m
	46
	2.69
	
	11
	Histology based diagnosis, no changes on x-ray of the bone, recurrent

	
	McQuillan, 1938 [29]
	f
	53
	2.67
	
	golf ball
	Normal x-ray, malignancy based on metastasis rather than on histological characteristics

	Labeling antibodies with fluorescent dyes - basis of IHC by Coons (1941)

	
	Sieracki and Horn, 1960 [41]
	f
	43
	2.27
	
	3,5
	Histology based diagnosis, no symptoms or changes on x-ray suggestive for HPT

	
	Pachter and Lattes, 1963 [35]
	f
	50
	N
	
	na
	Histology based diagnosis, no symptoms or changes on x-ray suggestive for HPT

	PTH RAI (radioimmunoassay) by Yalow and Bernson (1963)

	
	Altenähr and Saeger, 1973 [9]
	m
	50
	N
	na

	na
	Histology, electron microscopy (EM) description, no symptoms compatible with HPT, 
yet iliac crest biopsy showed stimulated osteoclastic bone resorption

	
	Farr et al., 1973 [18]
	na
	na
	retrospective study of 100 parathyroid tumors of a single center, one normocalcemic (“non-functional”) carcinoma

	Introduction of monoclonal antibodies with following widely adaptation by Köhler and Milstein (1957)

	Sanger Sequencing by Sanger (1977)

	Amino acid sequencing of human PTH by Keutmann (1978)

	
	Dhom and Hohbach, 1980 [16]
	m
	38
	na
	na
	2,5
	Histology, EM description, no symptoms compatible with HPT
	na

	
	Chahinian et al., 1981 [13]
	f
	69
	2.29
	N
	14
	Histology, EM description
	na

	
	Aldinger et al., 1982 [8]
	m
	27
	2.45
	na
	na
	Histology based diagnosis; no symptoms compatible with HPT
	na

	
	Aldinger et al., 1982  [8]
	m
	49
	N
	na
	na
	Histology based diagnosis; no symptoms compatible with HPT
	na

	
	Ordoñez et al. 1983 [34]
	m
	27
	2.3
	na
	5,5
	+
	
	na
	na
	na
	na
	na

	
	Ordoñez et al. 1983  [34]
	m
	59
	2.4
	na
	2,5
	+
	
	na
	na
	na
	na
	na

	Invention of PCR by Mullis (1983)

	Sequencing of PTH by Vasicek (1983)

	
	Yamashita et al., 1984 [48]
	f
	69
	2.29
	na
	5
	na
	
	na
	na
	TG
	na
	na

	
	Merlano et al., 1985 [30]
	m
	59
	N
	N
	8
	na
	
	na
	na
	na
	na
	na

	
	Collins et al., 1986 [15]
	m
	65
	2.34
	na
	11
	na
	
	na
	na
	na
	na
	na

	
	Murphy et al., 1986  [32]
	m
	51
	N
	N
	n/a
	+-
	
	na
	CgA, NSE
	na
	na
	na

	
	Yamashita et al., 1992 [47]

	f
	56
	2.32
	na
	3
	-+
	
	CgA
	na
	TG, JT1, 
calcitonin
	na
	na

	
	Eurelings et al., 2002 [17]
	f
	45
	N
	na
	na
	-
	
	CgA,
Vimentin
	na
	CK NOS
	na
	na

	
	Jung et al., 2002 [24]
	m
	40
	N
	N
	na
	na
	
	na
	na
	Calcitonin
	na
	na

	
	Im et al., 2003 [22]
	m
	60
	N
	N
	na
	na
	
	na
	na
	na
	na
	na

	Parafibromin staining as marker of CDC73 status in parathyroid carcinoma by Tan (2004)

	
	Kirkby-Bott et al., 2005 [26]
	m
	66
	N
	na
	na
	"IHC showed a poorly differentiated endocrine tumor of parathyroid origin"
	na

	Invention of the next generation sequencing (NGS) by McCooke (2006)

	
	Ashkenazi et al., 2006 [10]
	f
	58
	N
	6.53
	na
	na
	na
	na
	na
	na
	na
	na

	
	Grodski et al., 2008 [20]
	m
	46
	2.35
	na
	12
	1%
	na
	na
	na
	Calcitonin, 
TG, TTF1
	na
	"Despite the lack of a positive family history the patient has been offered genetic screening for HPT-JT and MEN1, both of which are still pending."

	
	Mazeh et al., 2008 [28]
	f
	44
	2.48
	na
	1,5
	No IHC reported: "The slides were reviewed by an eminent endocrine pathologist in the United States"
	na

	
	Wilkins and Lewis, 2009 [46]
	m
	59
	2.52
	2.1
	6
	+
	na
	CK AE1/AE3
	CD56, CgA, Syp
	Calcitonin, CD45, 
CD5, CEA, TG, TTF1
	na
	na

	
	Choi, 2010 [14]
	m
	44
	1.23
	1.0
	2,2
	+
	na
	CgA, 
Syp
	na
	Calcitonin, CD34, 
CD45, TG, TTF1
	"weak" (no mitoses)
	na

	
	Gao et al., 2010 [19]
	m
	47
	2.63
	4.5
	4
	50% (+)
	na
	na
	na
	Calcitonin, 
'Neuropeptides', 
TG
	15%
	na

	
	Nakamura et al., 2010 [33]
	f
	65
	2.19
	3.9
	5
	-
	na
	CgA, 
Cyclin D1, NSE
	na
	Calcitonin, 
CA19-9, CEA,
EMA, TG, S100,
	na
	na

	
	Kotromanović et al., 2012 [27]
	m
	65
	2.28
	5.0
	8
	na
	na
	NSE
	na
	Calcitonin, Chromogranin, 
NF, TG
	na
	n/a

	
	Piciu et al., 2013 [36]
	f
	51
	2.27
	5.7
	2,5
	+-
	na
	CK AE1/AE3, 
NSE
	CK7, CgA, 
GCDFP15, PR
	Calcitonin, CD56, CK20, ER, 
MG, Syp, TG
	70%
	na

	
	[bookmark: _Hlk183396885]Posada-González et al., 2014   [37]
	m
	54
	2.3
	6.1
	1,4
	na
	na
	Cyclin D1
	na
	na
	na
	[bookmark: _Hlk183397003]MEN2a patient, heterozygous mutation (Cys618Arg) in exon 10 of RET.

	
	Cetani et al., 2015 [12]
	m
	50
	2.42
	7.16
	1,3
	+
	na
	CgA
	na
	TG
	na
	na

	
	Wang et al., 2015 [45]

	f
	49
	2.33
	4.2
	1
	na
	na
	PanCK, 
 CgA, Syp
	na
	TG, TTF1, S100,
HMB45, CEA, BCL2, calcitonin
	58%
	na

	
	Suganuma et al., 2017 [43]
	m
	67
	N
	5.2
	4,2
	+-
	na
	na
	CgA
	Calcitonin, CD5, 
S100, TG, TTF1
	5%
	RT-PCR for PTH mRNA

	
	Bartoňová et al., 2018 [11]
	m
	39
	2.25
	3.1
	na
	-
	na
	Galectin 3
	CgA, 
Cyclin D1
	CEA, Syp, 
TG, TTF1
	10%
	na

	
	Khalil et al., 2021 [25]
	m
	46
	na
	na

	7,5
	-+
	partial loss
	CgA, 
GATA3, Vimentin
	Cam5.2, PanCK, 
Syp
	Calcitonin, CD56, 
p63, PAX8, SMA, S100, TTF1, SST
	na
	[bookmark: _Hlk183397413]an activating mutation in PIK3CA and a frameshift mutation in MEN1 gene.

	
	Sen et al., 2021 [40]
	m
	42
	2.42
	6.6
	4
	+
	+
	na
	na
	CgA, 
TG, TTF1
	10%
	a

	
	Šplíchalová et al., 2021 [42]
	f
	26
	N
	N
	na
	na
	na
	na
	na
	na
	na
	na

	
	Abdullah et al., 2023 [7]
	m
	59
	N
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	Ivaniš et al., 2023  [23]
	f
	47
	2.4
	4.4
	1
	+
	na
	na
	na
	CgA, TTF1
	na
	na

	
	Mremi et al., 2023 [31]
	m
	42
	N
	N
	12
	+
	na
	na
	na
	na
	na
	na

	
	Yin et al., 2023 [49]
	f
	54
	2.2
	6.0
	1
	+-
	na
	CD117, CK AE1/AE3,
GATA3
	CgA, 
Syp
	Calcitonin, TG, PAX8
	<5%
	na

	
	Jentus et al., 2025 – this study
	f
	64
	2.33
	6.1
	14
	-
	+
	GATA3,
SDHA, SDHB
	CK AE1/AE3
	Calcitonin, 
S100, TTF1, PAX8
	2-3%
	TERT promotor mutation, NM_198253.3:c.-124C>T (VAF 0.64)
MEN1 (exon 8): NM_000244.3:c.1116delA, p. (Ala373Profs*9) (VAF 0.80) 
Amplification of CCND3 (17 copies), low TMB (1.9 mutations/Mb), MSS 
LOH of chromosomes 1, 2, 3, 6, 8, 9, 10, 11, 12, 13, 15, 17, 18 and 22. Fusion analysis negative.

	
	Jentus et al., 2025 – this study
	f
	65
	2.31
	5.2
	2.4
	+
	+
	CgA
	na
	TTF1
	30%
	PTEN (exon 8): c.1003C>T, p.(Arg335*)
ARID1B (exon 1): c.954_956delAGG, p.(Gly319del)
SETD2 (exon 9): c.5122C>T, p.(Arg1708*)
KDM5C (exon 15):c.2080C>T, p.(Arg694*)
Low TMB (11.46 mutations/Mb)
MSS. 
cnLOH of chromosomes 1, 2, 3, 4, 8, 10, 11, 12, 13, 15, 17, 18, 21 and 22; heterozygous chromosomes 5, 6, 7, 9, 14,16, 19 and 20 with ‘balanced gain’

	* critical upper value for Calcium >3,25 mmol/L
CK cytokeratin, cnLOH copy neutral loss of heterozygosity, EM electron microscopy, HPT hyperparathyroidism, IHC immunohistochemistry, MG mammaglobin, MSS microsatellite stable, na not available, N normal, NF neurofilament, NGS next generation sequencing, RT-PCR reverse transcription polymerase chain reaction, SST somatostatin, Syp synaptophysin,



