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Abstract Parathyroid neoplasms encompass a spectrum of
proliferative lesions that include adenomas, atypical adeno-
mas, and carcinomas. While the diagnosis of adenomas is
usually straightforward, parathyroid carcinomas (PTCAs)
often present considerable diagnostic challenges. Fibrosis
and mitotic activity are common in PTCAs, but these
features are not specific for malignancy. An unequivocal
diagnosis of PTCA should be restricted to those tumors that
invade adjacent soft tissues, thyroid gland, blood vessels, or
perineural spaces or to those cases with documented
metastases. Atypical adenomas include those tumors that
share some of the features of PTCA but lack evidence of
invasive growth. A variety of genetic abnormalities,
including HRPT2 mutations, occur in PTCAs. Mutations
of the HRPT2 gene, which encodes parafibromin, are
responsible for the development of the hyperparathyroid-
ism–jaw tumor syndrome and have also been implicated in
the development of a high proportion of sporadic PTCAs.
Correlative immunohistochemical studies have revealed
nuclear parafibromin immunoreactivity in adenomas but
absence or partial loss of staining in PTCAs. While
parafibromin immunohistochemistry represents an impor-
tant step in the ability to diagnose PTCA, additional studies
will be required to test the validity of this approach and to

determine the roles of other genes in the development of
these tumors.
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General Considerations

Primary hyperparathyroidism (P-HPT) is now recognized
as one of the most common of all endocrine disorders [1].
When defined by clinical and pathological parameters,
solitary adenomas account for 80–85% of cases of P-HPT,
hyperplasias for 10–15%, and carcinomas for less than 1%
in the USA and most Western European countries [2, 3].
However, the prevalence of parathyroid carcinoma has been
reported to be as high as 5% in Italy and Japan. Whether
the relatively high prevalence of parathyroid carcinoma in
these countries is the result of true geographic differences
or is related to differing pathological criteria is unknown.

The literature in surgical pathology is replete with examples
of difficult diagnostic issues involving the distinction of
benign and malignant endocrine tumors and the parathyroid
glands are no exception to these diagnostic dilemmas. In
particular, the distinction of parathyroid carcinomas from other
proliferative lesions of these glands including some forms of
hyperplasia and adenomas, is challenging. As noted by Edgar
Norris (1948), “In 1926, Herxheimer and in 1933 Jaffe
debated the existence of primary carcinoma of the para-
thyroids, and even today, in the minds of many, the question as
to whether malignant epithelial tumors arise in the
parathyroids is debatable” [4]. In that same paper, Norris
reviewed 44 cases of parathyroid carcinoma reported
between 1907 and 1945 and concluded that only 15 of the
cases satisfied his criteria for malignancy.
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Norris stressed the presence of a thick fibrous capsules
with intratumoral fibrous septa, invasion of adjacent tissues,
and vascular invasion as criteria for malignancy [4]. He
further noted that “there is no definitely dependable single
characteristic by which a parathyroid carcinoma may be
diagnosed clinically or pathologically. The diagnosis can be
made only by utilizing all of the information and by taking
account of the known variations in the biologic behavior
and structural constitution of this lesion”.

In the first edition of the AFIP Fascicle of Tumors of the
Parathyroid Glands, Castleman noted that “if enough
sections are taken through the capsule, in most cases
evidence of capsular invasion will be evident. This in itself,
however, is inadequate evidence for a diagnosis of cancer…
there is a great tendency in these tumors to trabecular
arrangement, which is often exaggerated by the cylindrical
shape of the cells. Mitoses, which are absent in the
adenoma, are always present in the carcinomas” [5].

Schantz and Castleman in a classic paper on the pathology
of parathyroid carcinoma established the major criteria for the
diagnosis of this tumor type [6]. They reported mitotic activity
in 80% of carcinomas; however, later publications demon-
strated that mitotic activity was also present in at least 60% to
70% of parathyroid adenomas [7]. Bondeson and coworkers
noted that “the presence of scattered foci of coagulative
necrosis plus macronucleoli and mitotic activity in excess of
5 mitoses per 50 high power fields constitutes a triad
indicating a high risk of malignant behavior” [2]. It should
be emphasized, however, that a significant proportion of
parathyroid tumors without this extent of mitotic activity may
pursue a malignant course. Atypical mitoses, on the other
hand, appear to be a specific feature of carcinomas. Capsular
invasion was present in at least 60% of Schantz and
Castleman’s series of carcinomas and was characterized by
extension of tumor through the tumor capsule into the
surrounding adipose tissue, skeletal muscle, or thyroid gland
[6]. True capsular invasion should be distinguished from
entrapment of tumor cells within the capsule, which may be
particularly prominent in adenomas that have undergone
cystic degenerative changes.

Vascular invasion was present in only 10–15% of
carcinomas in Schantz and Castleman’s series. The diagnosis
of vascular invasion should be restricted to those cases in
which the affected vessels are present within the tumor
capsule or within vessels in surrounding soft tissues. The
tumor clusters should be surrounded by endothelium or
associated with fibrin thrombi. Artifactual dislodgement of
tumor cells is characterized by the presence of irregularly
shaped cell clusters that are not endothelialized or associated
with thrombus. Although vascular invasion is an uncommon
feature of parathyroid carcinomas, it is virtually diagnostic of
malignancy. Perineural space invasion is also uncommon but,
similar to vascular invasion, is diagnostic of malignancy.

Parathyroid carcinomas are usually larger than adenomas
and are often adherent to the adjacent thyroid gland or soft
tissues of the neck [2]. The latter feature should alert the
surgeon to the possibility of malignancy and should lead to
consideration of an en bloc resection. However, it is
important to recognize that very large adenomas are
frequently cystic with prominent areas of peritumoral
fibrosis and varying degrees of adherence to the surround-
ing tissues. The value of frozen section in these situations is
questionable since the distinction of a carcinoma from a
degenerated adenoma may be impossible.

Most carcinomas have a solid growth pattern with tumor
cells arranged in diffuse masses, small nests, or trabeculae.
A few tumors may exhibit spindle cell, follicular, and even
papillary patterns. Many carcinomas exhibit mild variation
in nuclear size and shape and may be indistinguishable
from adenomas; however, some tumors may exhibit
profound pleomorphism with coarse chromatin and macro-
nucleoli, as noted by Bondeson et al. [2]. This feature
should be distinguished from the nuclear atypia encoun-
tered so frequently in parathyroid adenomas and other
benign endocrine tumors (so-called endocrine atypia) [8].

Implantation of parathyroid tissue may occur following
incomplete excision of hyperplastic parathyroid tissue, a
condition that has been termed “parathyromatosis” [9]. A
similar phenomenon may occur as a result of intraoperative
capsular rupture or incomplete excision of a parathyroid
adenoma. Differentiation of parathyromatosis from recur-
rence of a previously resected and possibly underdiagnosed
carcinoma is exceedingly difficult since both may be
associated with extensive infiltration of soft tissues and fibrosis.
The presence of vascular and perineural space invasion are
helpful features to distinguish recurrent parathyroid carcinoma
from parathyromatosis.

Atypical Adenomas

The term “atypical adenoma” has been used to describe a
subset of parathyroid tumors that share some of the features
of carcinomas (fibrosis, mitoses, questionable capsular
invasion) but which lack definitive evidence of invasive
growth [10]. In this regard, the tumors are similar to those
described by Bondeson et al. as “equivocal” [11]. In a study
of 24 tumors classified as atypical adenomas by Guiter and
DeLellis, the mean tumor size was 2.2 cm and mean tumor
weight was 6.5 g [12]. The most common findings in this
group were entrapment of tumor within the surrounding
capsules (87%), intratumoral fibrosis (75%), prominent
hemosiderin deposits (58%), cyst formation (50%), mitoses
(30%), and peritumoral fibrosis (25%). Capsular invasion
without extension of tumor beyond the capsule and intra-
tumoral vascular invasion were each present in single cases
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but none of the cases had evidence of necrosis. The average
clinical follow-up is now 8 years and none of the patients
has developed tumor recurrence or metastatic disease. The
findings in this study suggest that the behavior of atypical
adenomas, as defined in this study, does not differ from that
of adenomas of usual type [12]. However, close clinical
follow-up is recommended because of the prolonged
natural history of many parathyroid carcinomas.

Studies of the proliferative fractions of parathyroid tumors
have revealed higher values in carcinomas than in adenomas,
but the overlap of values in equivocal cases has limited the
value of this approach [13]. An additional approach has
involved the use of antibodies to p27, which encodes a
cyclin-dependent kinase inhibitor [14]. As compared with
adenomas, carcinomas had a 3-fold decrease in p27 expres-
sion. These findings have suggested that p27 and Ki-67
labeling indicesmay be helpful in the distinction of parathyroid
adenomas (↓ Ki-67, ↑ p27) and carcinomas (↑ Ki-67, ↓ p27).
Stojadinovic and coworkers have reported that the phenotype
p27 (+), bcl-2 (+), Ki-67 (−), and mdm2 (+) was present in
76% and 29% of typical adenomas and atypical adenomas,
respectively, and in no cases of parathyroid carcinoma [15].

Molecular Approaches

Comparative genomic hybridization (CGH) analyses have
demonstrated losses of 1p and 13q in more than 40% of
cases of parathyroid carcinoma [16]. Common regions of
loss include 1p21–22 (41%), 13q14–q31 (41%), 9p21-pter
(28%), 6q22–q24 (24%), and 4q24 (21%) while regions of
gain include 19p (45%), Xcq13 (28%), 9q33qter (24%),
1q31–q32 (21%), and 16p (21%). Kytola et al. suggested a
model based on these observations characterized by early
gains of Xq and 1q followed by loss of 13q, 9p, and 1p and
gain of 19p [16]. Losses of 1p, 4q, and 13q and gains of 1q,
9q, 16p, 19p, and Xq were significantly more common in
carcinomas than adenomas. Interestingly, loss of 11q13, the
most common abnormality of adenomas, was undetectable
in this study. This finding has suggested that adenomas
developing along the MEN1 pathway have minimal
potential for progression into carcinomas.

With fluorescence in situ by hybridization, Erickson et
al. confirmed the lack of chromosome loss in carcinomas
but noted chromosome gains in three of four patients who
died of metastatic parathyroid carcinomas [17]. Haven et
al., on the other hand, demonstrated 1q and 11q LOH in
55% and 50% of parathyroid carcinomas with combined
losses in 36% [18]. Valimaki and colleagues demonstrated
1p LOH in 43% of adenomas; 60% of these cases harbored
alterations of either 1p, 11q13, or both [19]. Loss of
heterozygosity in sporadic adenomas occurred frequently
on the distal part of 1q whereas deletions in 1p in

carcinomas occurred more proximally. These observations
suggest that 1p may harbor at least two different suppressor
genes that may be involved in parathyroid tumorigeneses.

Several groups have demonstrated LOH of 13q, a region
that includes RB and BRCA2, in parathyroid carcinomas. In
the series reported by Cryns et al., 11of 11 specimens from
patients with parathyroid carcinoma and one of 19 adenomas
lacked an RB allele [20]. Correlative immunohistochemical
studies demonstrated a complete or predominant absence of
RB expression in carcinomas whereas none of the adenomas
had abnormal RB staining patterns. BRCA2 has also been
suggested as a potential suppressor gene in these tumors
[21]. However, the contribution of both RB and BRCA2 to
the development of carcinomas has been controversial. In a
recent study by Cetani et al., LOH for at least one marker of
the RBI locus was found in six of six carcinomas whereas
LOH for BRCA2 was found in three of five cases [22]. In the
same series, LOH for RB and BRCA2 was demonstrated in
28.8% and 17.4%, respectively, of adenomas.

Shattuck et al. recently performed direct sequencing of RB
and BRCA2 in parathyroid carcinomas that showed LOH at
the RB locus and/or 13q loss by CGH and were unable to
find microdeletions, insertions, or point mutations of either
gene [23]. They concluded that neither RB nor BRCA2 were
likely to act as tumor suppressor genes in carcinomas.
However, these results do not exclude the possibility that
the decreased RB function in carcinomas, whether secondary
or because of epigenetic effects, may play a role in tumor
development. It is also possible that other genes on
chromosome 13 may be implicated in the development of
parathyroid carcinomas.

Studies of heritable tumor syndromes have provided
considerable insight into the molecular basis of the
corresponding sporadic tumors. Mutations of the HRPT2
gene are responsible for the development of the hyperpara-
thyroidism–jaw tumor (HPT–JT) syndrome, which is
inherited as an autosomal dominant trait [24]. The
commonest manifestations of this syndrome include prima-
ry hyperparathyroidism, fibro-osseous lesions of the man-
dible and maxilla, and a variety of renal lesions [25].
Hyperparathyroidism occurs as a result of neoplasms of one
or more parathyroid glands, which frequently show cystic
change. Interestingly, parathyroid carcinomas occur in 10–
15% of patients with this syndrome.

The role of the HRPT2 gene in the pathogenesis of
sporadic parathyroid carcinomas was first demonstrated by
Howell et al. in 2003 [26]. Subsequent studies by Shattuck
and coworkers demonstrated that parathyroid carcinomas
from ten of 15 patients had HRPT2 mutations which were
predicted to inactivate the encoded parafibromin protein
[27]. Importantly, the HRPT2 mutations in three of the
parathyroid carcinomas of these patients were identified as
germline mutations. The latter finding suggests that a subset
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of patients with apparent sporadic parathyroid carcinomas
carry germline mutations in the HRPT2 gene and may, in
fact, have the HPT–JT syndrome or a variant of that
syndrome. On the basis of these findings, it has been
suggested that all patients with parathyroid carcinoma
should have jaw and renal imaging studies and also should
be tested for germline HRPT2 mutations.

Loss of parafibromin was first reported as a molecular
marker for parathyroid carcinoma by Tan and colleagues [28].
These workers noted that loss of parafibromin nuclear staining
had a 96% sensitivity and 99% specificity for the definitive
diagnosis of parathyroid carcinoma. In addition to parafibro-
min loss in carcinomas, this protein was also absent from
HPT–JT associated adenomas. Similar results have been
reported by other groups, although the different studies
employed different scoring systems [29–31].

Juhlin et al. have demonstrated that 68% of unequivocal
carcinomas exhibited reduced expression of parafibromin
while 100% of adenomas were positive [32]. Moreover,
three of six carcinomas with known HRPT2 mutations had
reduced expression of parafibromin. They conclude that
parafibromin immunohistochemistry could be used as an
additional marker for parathyroid tumor classification with
parafibromin-positive cases having a low risk of malignan-
cy and cases with reduced protein expression representing
either carcinomas or adenomas with HRPT2 mutations
[32]. Of particular interest is the observation that four of
five metastatic parathyroid carcinomas observed in patients
with chronic renal failure were positive for parafibromin.
This finding suggests that genetic events other than HRPT2
mutations may be of significance in the genesis of different
subsets of PTCA [33].

In our own experience [34, 35], loss of parafibromin
staining has been noted in a subset of adenomas unassociated
with the HPT–JT syndrome while some carcinomas have had
positive staining. These observations emphasize the need for
the use of well-characterized parafibromin antibodies as well
as standardized fixation and retrieval conditions, staining
protocols, and scoring systems before this approach becomes
the standard of practice. While parafibromin immunohisto-
chemistry represents an important step in the ability to
diagnose PTCA, additional studies will be required to test the
validity of this approach and to determine the roles of other
genes in the development of these tumors.
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