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Parathyroid cancer is a rare but life-threatening malignancy. Surgery is the primary treat-
ment, and complete surgical excision at the first operation offers the best chance for cure.
Despite generally slow tumor growth, locally recurrent ormetastatic disease is incurable as the
cumulative metabolic complications of sustained hyperparathyroidism often prove fatal. Al-
though medical therapy with calcimimetics or other agents can aid in managing sequelae of
hyperparathyroidism, no chemotherapeutic interventions aimed at reducing tumor burden
have proven effective in parathyroid carcinoma. Genetic testing for predisposing CDC73
(HRPT2) mutations has been an important clinical advance, aimed at early detection/
treatment to prevent advanced disease [1]. There remains a substantial need to identify
genetic/molecular aberrations that could serve as “actionable targets” for chemotherapeutic
intervention in patientswhose disease is no longer surgically curable. The study byClarke et al.
[2] in this issue of the Journal of the Endocrine Society seeks to further clarify the molecular
drivers of parathyroid cancer via whole-exome next-generation sequencing (NGS) analysis.

Investigation into the molecular pathogenesis of parathyroid carcinoma has been limited
by tumor rarity, but a few recent NGS studies have yielded important new data: most notably
recurrent, activating mutations in PIK3CA and MTOR, as well as amplifications of CCND1
(encoding cyclin D1), which have the potential to be targeted therapeutically by currently
available drugs. They have also corroborated the high mutation frequency of CDC73 [3–5],
which, despite its diagnostic utility, is not (yet) an “actionable target.” Lower frequency, but
recurrent, mutations in candidate tumor genes such as PRUNE2, AKAP9, ZEB1, and
ADCK1, interestingmutational signatures previously noted in other cancer types, and single-
tumor mutations in a number of potential cancer genes have also been reported.

The series of carcinomas reported by Clarke et al. [2] used well-defined histopathologic
inclusion criteria, specifically addressing the often problematic criterion of vascular invasion,
which, according to World Health Organization guidelines, must be intra- or extracapsular,
rather than intratumoral, to be evidence for malignancy. However, to gather a substantial
number of cases, the authorsmade use of archival, formalin-fixed, paraffin-embedded (FFPE)
tumor tissue. The use of FFPE material in sequencing studies is inherently problematic: the
number of sequence variants identified in FFPE samples is higher than in matched frozen
tissue, owing to sequence artifacts that can be difficult to distinguish from true calls [6].

Abbreviations: FFPE, formalin fixed, paraffin embedded; NGS, next-generation sequencing.
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Acknowledging that themost frequent type of artifactual sequence variant produced in FFPE
samples is cytosine to thymine transition, the authors report a median ratio of transitions to
transversions comparable to those from frozen tissue. However, as quality control metrics (in-
cluding transition-to-transversion ratio and mean coverage depth) for individual tumors are not
included, it is impossible for readers to interpret the potential validity of reported sequence
variants. These problems are exacerbated by (i) the lack of patient-matched germline DNA, which
is crucial in filtering out false-positive calls and in determining germline vs somatic status of
sequence variants; (ii) the absence of independent validation of sequence variants; (iii) the
reporting of sequence variants only by their predicted protein-level change; and (iv) the
specific exclusion of insertion/deletion (indel) variants, thereby potentially excluding im-
portant pathogenic mutations. Thus, data from this study must be viewed cautiously, and
novel findings require further validation.

Germline and/or somatic mutations of CDC73 are widely reported in parathyroid cancer.
Strikingly, Clarke et al. [2] observed CDC73 mutations in only 3 of 29 carcinomas (10.3%), the
lowest mutation rate reported to date. The wide range in CDC73 mutational frequency in the
literature (13% to 100%; mean, 46%) generally has been attributed to inconsistent histopath-
ologic criteria and the possible inclusion of nonmalignant tumors. The low frequency of CDC73
mutations in Clarke et al. [2] likely has a very different cause. To minimize potential false-
positive variants common in FFPE samples, the authors used variant filtering that specifically
excluded indel variants. Fully 68% of the 47 unique intragenic CDC73 variants reported to date
in sporadic parathyroid carcinoma and 49% of variants reported across studies (0% to 78%) are
indels [7]. It is highly likely, therefore, that a substantial number of CDC73 mutations were
missed by Clarke et al. [2] and that the true frequency ofCDC73mutations in their tumor series,
if indels were included, is well within the range established by other studies.

Interestingly, Clarke et al. [2] noted MEN1 variants in two carcinomas; it is unclear from
their selection criteria if patients withMEN1 syndromemay have been included and germline
DNA was not analyzed, complicating interpretation of this finding. MEN1 variants in para-
thyroid cancer are rare: only four MEN1 mutation-positive sporadic parathyroid carcinomas
have been reported, none of which (as described) unambiguously meet current World Health
Organization criteria for parathyroid cancer [8, 9]. Including the current study, the estimated
MEN1 intragenic mutation frequency in carcinomas is 6.7%, significantly lower (P , 0.0001)
than the 26.6% seen in benign parathyroid adenomas across studies (reviewed in Brewer et al.
[10]). Similarly, although parathyroid carcinoma arising inMEN1 syndrome has been reported
(reviewed in Di Meo et al. [11]), fewer than 1% of patients with MEN1 appear to develop
parathyroid carcinoma in the course of their lifetime (in contrast to up to 37.5% of patients with
hyperparathyroidism–jaw tumor syndrome). Although inactivation of MEN1 has been un-
equivocally demonstrated to drive benign parathyroid tumorigenesis, its role as a potential
driver of malignant parathyroid carcinoma is less clear and merits further study.

To aid in prioritizing candidate genes, the authors used the evolutionary action equation to
assess effects of an individual sequence variant on fitness, assigning higher scores to loss-of-
function variants. In the context of cancer-associated variants, this skews toward prioritization
of tumor suppressor genes and would largely miss gain-of-function mutations in oncogenes that
are more likely to be “actionable targets” of currently available therapeutic agents. Indeed, a
number of genes previously established as tumor suppressors in other tumor typeswere noted by
Clarke et al. [2] to harbor sequence variants, including TP53 and BRCA2, which previously had
been ruled out asmajor contributors to parathyroid cancer. Interestingly, amutation inNF1, the
neurofibromatosis type 1 tumor suppressor gene, was also noted, albeit in a single tumor. Owing
to its large size, sequence variants are frequently detected in NF1 by NGS, and false positives
and passengermutations are common. Parathyroid carcinoma (and atypical adenoma) arising in
patients with neurofibromatosis type 1 has been previously reported (reviewed in Triggiani et al.
[12]), and the co-occurrence of these two rare pathologies suggests a possible causative link.
Furthermore, NF1 is a known regulator of mTOR, and alterations of PI3K-MTOR signaling
pathway genes recently have been reported in a substantial subset of parathyroid carcinomas.
As this signaling pathway can be targeted by currently available chemotherapeutic agents, the
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potential role of NF1 (and other identified PI3K-MTOR pathway) mutations as drivers of
parathyroid carcinoma should be a high priority for further investigation.

Notwithstanding the caveats of methodologic and analytic limitations, Clarke et al. [2] provide
some new potential clues in the search for molecular drivers of parathyroid carcinoma. Novel
candidate parathyroid cancer genes reported in this hypothesis-generating study will need to be
confirmedwithin thepresent series of tumors and interrogated for involvement in otherparathyroid
carcinomas. Furthermore, these candidates must be validated experimentally for their ability to
drive parathyroid neoplasia and biochemical hyperparathyroidism in relevant in vivo model sys-
tems, such as genetically engineeredmice. The presence of potentially actionable targets in this and
all previous parathyroid cancer NGS studies is promising; patients with surgically incurable
parathyroid cancer should be strongly considered for DNA sequencing, which may uncover tumor-
specific sequence variants with the potential for treatment with specific therapeutic agents.

Acknowledgments

Correspondence: Jessica Costa-Guda, DMD, PhD, Center for Molecular Oncology University of
Connecticut School of Medicine, 263 Farmington Avenue, Farmington, Connecticut 06030. E-mail:
costa@nso2.uchc.edu.

Disclosure Summary: The author has nothing to disclose.

References and Notes
1. El-Hajj Fuleihan G, Arnold A. Parathyroid carcinoma. Available at: www.uptodate.com/contents/

parathyroid-carcinoma. Accessed 10 October 2018.
2. Clarke CN, Katsonis P, Hsu TK, Koire AM, Silva-Figueroa A, Christakis I, Williams MD,

Kutahyalioglu M, Kwatampora L, Xi Y, Lee JE, Koptez ES, Busaidy NL, Perrier ND, Lichtarge O.
Comprehensive genomic characterization of parathyroid cancer identifies novel candidate driver
mutations & core pathways. J Endocr Soc. 2019;3(3):544–559.

3. PandyaC,UzilovAV,Bellizzi J, LauCY,MoeAS, StrahlM,HamouW,NewmanLC,FinkMY,AntipinY, Yu
W, StevensonM, Cavaco BM, Teh BT, Thakker RV,MorreauH, Schadt EE, Sebra R, Li SD, Arnold A, Chen
R.Genomic profiling revealsmutational landscape in parathyroid carcinomas.JCI Insight. 2017;2(6):e92061.

4. Yu W, McPherson JR, Stevenson M, van Eijk R, Heng HL, Newey P, Gan A, Ruano D, Huang D, Poon
SL, Ong CK, vanWezel T, Cavaco B, Rozen SG, Tan P, Teh BT, Thakker RV, Morreau H. Whole-exome
sequencing studies of parathyroid carcinomas reveal novel PRUNE2mutations, distinctive mutational
spectra related to APOBEC-catalyzed DNA mutagenesis and mutational enrichment in kinases as-
sociated with cell migration and invasion. J Clin Endocrinol Metab. 2015;100(2):E360–E364.

5. Kasaian K,Wiseman SM, Thiessen N, Mungall KL, Corbett RD, Qian JQ, Nip KM, He A, Tse K, Chuah
E, Varhol RJ, Pandoh P, McDonald H, Zeng T, TamA, Schein J, Birol I, Mungall AJ, Moore RA, Zhao Y,
Hirst M, Marra MA, Walker BA, Jones SJ. Complete genomic landscape of a recurring sporadic
parathyroid carcinoma. J Pathol. 2013;230(3):249–260.

6. Do H, Dobrovic A. Sequence artifacts in DNA from formalin-fixed tissues: causes and strategies for
minimization. Clin Chem. 2015;61(1):64–71.

7. Cardoso L, Stevenson M, Thakker RV. Molecular genetics of syndromic and non-syndromic forms of
parathyroid carcinoma. Hum Mutat. 2017;38(12):1621–1648.

8. Haven CJ, van PuijenbroekM, TanMH, Teh BT, FleurenGJ, vanWezel T,MorreauH. Identification of
MEN1 and HRPT2 somatic mutations in paraffin-embedded (sporadic) parathyroid carcinomas. Clin
Endocrinol (Oxf). 2007;67(3):370–376.

9. Enomoto K, Uchino S, Ito A, Watanabe S, ShibuyaH, Enomoto Y, Noguchi S. The surgical strategy and
the molecular analysis of patients with parathyroid cancer. World J Surg. 2010;34(11):2604–2610.

10. Brewer K, Costa-Guda J, Arnold A. Molecular genetic insights into sporadic primary hyperparathy-
roidism. Endocr Relat Cancer. 2019;26(2):R1–R20.

11. Di Meo G, Sgaramella LI, Ferraro V, Prete FP, Gurrado A, Testini M. Parathyroid carcinoma in
multiple endocrine neoplasm type 1 syndrome: case report and systematic literature review. Clin Exp
Med. 2018;18(4):585–593.

12. Triggiani V, Castellana M, Basile P, Renzulli G, Giagulli VA. Parathyroid carcinoma causing mild
hyperparathyroidism in neurofibromatosis type 1: a case report and systematic review [published
online ahead of print 10 September 2018]. Endocr Metab Immune Disord Drug Targets.

562 | Journal of the Endocrine Society | doi: 10.1210/js.2018-00315

mailto:costa@nso2.uchc.edu
www.uptodate.com/contents/parathyroid-carcinoma
www.uptodate.com/contents/parathyroid-carcinoma
http://dx.doi.org/10.1210/js.2018-00315

