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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Discuss the association of parathyroid cancers with severe hypercalcemia and markedly elevated parathyroid
hormone levels.

2. Describe the effect of the risk factors, clinical presentation, and gene expression on diagnosis of parathyroid
cancers.

3. Analyze the probability of cure for parathyroid cancers with treatment by aggressive surgery with en bloc
resection and lymph node dissection.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Parathyroid carcinoma is an indolent but ultimately
life-threatening malignancy. Due to the lack of defini-
tive diagnostic markers and overlapping clinical fea-
tures of benign primary hyperparathyroidism (PHPT),
this disease is often misdiagnosed as parathyroid ade-
noma. Therefore, a high index of suspicion preopera-
tively and early intraoperative recognition with en bloc
surgical resection are crucial for favorable outcome.
Owing to the rarity of the disease, little is known about
the molecular pathogenesis of parathyroid carcinoma.
Here, we review the literature to present current under-

standing of the disease and provide new information on
gene expression and use of intraoperative parathyroid
hormone (PTH) monitoring in the surgical management
of this rare malignancy. Specifically, using microarray
transcriptome analysis of an unequivocal case of para-
thyroid carcinoma and a biopsy from the same patient’s
normal parathyroid gland, we identify APP, CDH1,
KCNJ16, and UCHL1 as differentially expressed genes in
parathyroid carcinoma. Further, using case records from
four cases of unequivocal parathyroid carcinoma, we com-
pared intraoperative PTH kinetics of these patients to 475
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patients with benign PHPT, and show that intraoperative
PTH monitoring is accurate in predicting postoperative

normocalcemia in initial en bloc operations for parathy-
roid carcinoma. The Oncologist 2010;15:61–72

INTRODUCTION
Parathyroid carcinoma (PCA) is a rare malignant neoplasm
derived from the parenchymal cells of the parathyroid
glands. Patients with PCA typically have severe primary
hyperparathyroidism (PHPT) with marked hypercalcemia
(�14 mg/dl) and profoundly elevated (three to ten times
normal) parathyroid hormone (PTH) levels [1]. These pa-
tients are more likely to have metabolic bone and renal se-
quelae than are those with benign parathyroid adenomas.
They also may have local symptoms resulting from tumor
growth. The mainstay of treatment for PCA is complete en
bloc resection. Although gross appearance and/or histo-
logic features of the parathyroid tumor may suggest the di-
agnosis of PCA, presently there is no histopathologic
marker diagnostic for PCA. A definitive diagnosis of PCA
currently relies upon demonstration of local invasion,
lymph node metastasis, or distant metastasis. The rarity of
the disease has contributed, at least in part, to the paucity of
clinical and basic science knowledge of PCA [2]. This re-
view summarizes the current knowledge of PCA and de-
scribes new information on PCA gene expression and
operative management using intraoperative PTH monitoring.

EPIDEMIOLOGY AND RISK FACTORS

The estimated incidence of PCA is 5.73 per 10 million per-
sons [3]. The incidence of carcinoma does not appear to dif-
fer among races. However, among patients with PHPT in
the U.S., PCA occurs in 1% of cases. In two series from Ja-

pan and Italy, the published incidence was as high as 5% of
all cases of PHPT [4–6]. It is unclear whether the variation
in the reported incidence rate among countries/regions re-
flects true ethnic differences in disease susceptibility or
varying diagnostic criteria. In multiple retrospective studies
of PCA, the female-to-male ratio has been consistently ob-
served as 1:1 (Table 1). This finding is in contrast to benign
parathyroid tumors, in which a female-to-male ratio of
3–4:1 is reported [1]. The average age at presentation for
patients with PCA is 48 years [4, 7–12], approximately 10
years earlier than for patients with parathyroid adenomas.
PCA may rarely occur in children, in either a sporadic or
familial fashion [13, 14].

Risk factors for PCA are largely unknown. However,
membership in a kindred with either familial PCA or hyper-
parathyroidism-jaw tumor syndrome (HPT-JT) is a clear
risk factor. HPT-JT is an autosomal dominant syndrome
primarily characterized by hyperparathyroidism resulting
from multigland parathyroid neoplasia with a high pre-
disposition for parathyroid cancer development. Ap-
proximately 15% of patients with HPT-JT develop PCA.
Limited data from case reports have also described a his-
tory of head and neck irradiation as a possible risk factor
[15, 16]. PCA has been reported in several patients with
secondary hyperparathyroidism (SHPT), suggesting that
chronic stimulation of the parathyroid glands can result
in malignant transformation of hyperplastic parathyroid

Table 1. Selected series of parathyroid carcinoma

Feature
Obara and
Fujimoto [7]

Schantz and
Castleman [8]

Shane and
Bilezikian [4]

Holmes
et al. [9]

Wynne
et al. [10]

Busaidy
et al. [11]

Kleinpeter
et al. [12]

Period 1981–1989 1930–1972 1968–1981 1933–1968 1920–1991 1980–2002 1975–2004

n 163 70 62 46 43 27 23

Average age (yrs) 47 44 48 44 54 47 54

Females:males 1.2:1 0.9:1 1.2:1 0.8:1 1:1 0.7:1 1.5:1

Average total Ca (mg/dl) 15 15.2 15.5 15.9 14.6 13.4 12.9

Ca �14 mg/dl 65% 62% 70% 75% 48%

Asymptomatic 2% 2% 7% 30% 9%

Neck mass 34% 31% 48% 52% 45% 15% 22%

Bone disease 39% 62% 70% 73% 91% 22%

Nephrolithiasis 30% 32% 10% 26% 48%

Pancreatitis 6% 10% 10% 15% 0% 4%

Abbreviation: Ca, serum calcium.
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cells [17, 18]. Asymmetric nodular parathyroid growth
in SHPT supports the notion of clonal expansion of cells
within regions of polyclonal parathyroid hyperplasia
[19].

NATURAL HISTORY

Usually, PCA arises in the normal parathyroid gland loca-
tions within the central neck. Rarely, PCA develops in ec-
topic glands in mediastinal locations [20]. In the majority of
cases, PCA arises in a single gland, but multiple carcinomas
have been reported [21]. The clinical course of PCA is not
readily predictable [22, 23]. PCA is often quite indolent,
with recurrence occurring up to 15–20 years after the initial
diagnosis [4]. PCA may infiltrate locally and/or metastasize
distantly, with a specific predilection toward the thyroid
and the lungs, respectively. Other organs can be involved
with metastases, including the liver, bone, adrenals, and
pancreas [22, 24]. The median survival time following first
recurrence is 28 months [5]. The lethality of the disease is
usually a result of the high level of serum calcium rather
than local tumor growth.

PATHOGENESIS

As with benign parathyroid tumors, the pathogenesis of
PCA is incompletely understood. Initial data by Cryns et al.
[25–29] showed somatic loss of DNA at the Rb locus in
PCA with decreased immunohistochemical staining of Rb
protein in a subset of cases. Shattuck and colleagues de-
tected no Rb mutations in six carcinoma specimens (from
four patients) with documented 13q loss [30]. Allelic loss of
p53 and abnormal p53 protein expression were also de-
scribed by Cryns et al. [31] in a small number of PCA cases.
Although PCA is not a feature of multiple endocrine neo-
plasia type 1, Haven et al. [32] identified a missense and
two frameshift menin mutations in three of 23 sporadic
PCA cases, suggesting that menin may be involved in the
development or progression of PCA. Cyclin D1 is highly
expressed in PCA. In a study by Vasef et al. [33], 91% (10
of 11) of the carcinoma specimens were positive for cyclin
D1 overexpression, compared with 39% (11 of 28) of the
adenoma specimens and 61% (11 of 18) of the hyperplasia
cases.

It is possible that cyclin D1 overexpression in PCA is a
reflection of increased proliferation as opposed to a direct
pathogenetic contributor, as has been described in the
PRAD1 translocation observed in some parathyroid adeno-
mas. Alternatively, cyclin D1 overexpression may be a
result of loss of parafibromin expression, because parafi-
bromin has been shown to negatively regulate cyclin D1 ex-
pression [34].

Parafibromin (CDC73), a tumor suppressor encoded by

the HRPT2 gene on chromosome 1q25, has been identified
to play a central role in the development of familial PCA,
sporadic nonfamilial PCA, and HPT-JT [30, 35, 36]. Inac-
tivating germline mutations in HRPT2 have been proposed
to contribute to the development of HPT-JT and sporadic
PCA [36, 37]. Shattuck et al. [37] identified HRPT2 mu-
tations (somatic and/or germline) in 10 of 15 patients
with sporadic PCA. The mechanism by which loss of
parafibromin leads to PCA is not fully elucidated. Over-
expression of wild-type parafibromin in human HEK-
293 cells inhibits proliferation via a reduction in cyclin
D1 expression [34]. Parafibromin also can inhibit the c-
myc proto-oncogene via the PAF1 transcriptional regu-
latory complex [38].

Microarray analysis of tumor transcriptomes is a pow-
erful technology that is capable of assessing the expression
levels of thousands of genes simultaneously in one sample.
It has been used to explore the molecular mechanisms and
the genetic etiologies of PHPT and SHPT [39, 40]. Forsberg
et al. [41] used microarray analysis to compare gene expres-
sion in parathyroid adenomas and normal parathyroid
glands. However, very limited studies have used microar-
ray technology to analyze gene expression in PCA. Haven
and colleagues investigated the expression profiles of 53
parathyroid tumors, including two PCA specimens. They
identified three genes as potential markers for PCA, includ-
ing histone 1 family 2, amyloid � precursor protein (APP),
and E-cadherin [42]. Recently, we arrayed a PCA and a nor-
mal parathyroid gland (both from patient 1, Table 2) to ex-
amine gene expression in PCA.

Fold change analyses were used to identify differen-
tially expressed genes. In total, 1,561 probes were found to
be differentially expressed (� twofold) between the pa-
tient’s carcinoma sample and the normal parathyroid gland.
Upon raising the fold change cutoff to four, 129 probes
were identified to be differentially expressed in the carci-
noma versus the normal sample. Of the 129 differentially
expressed probes, 87 showed greater expression and 42
genes showed lower expression in the carcinoma sample
(Fig. 1). Parathyroid-specific genes were compared be-
tween the carcinoma and the normal parathyroid (Table 3).

Interestingly, the PTH gene was highly expressed in the
carcinoma sample (18th highest expressed), but the expres-
sion level was lower than in the normal gland. The calcium-
sensing receptor (CASR) gene was upregulated (1.2-fold)
and the vitamin D receptor gene was downregulated (1.6-
fold) in the carcinoma sample. Cyclin D1 expression was
low in both specimens. Notably, cyclin A1 (CCNA1), po-
tassium inwardly rectifying channel, subfamily J, member
16 (KCNJ16), and ubiquitin carboxyl-terminal esterase L1
(UCHL1) were upregulated in the carcinoma sample com-
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pared with the normal parathyroid sample. UCHL1 encodes
the protein gene product (PGP)9.5 protein, which has been
found to be associated with loss of nuclear expression of
parafibromin, a characteristic of PCA [43]. APP and E-
cadherin (CDH1) were overexpressed in the carcinoma
sample, consistent with findings reported by Haven et al.
[42]. Genes underexpressed in the carcinoma sample com-
pared with the normal gland included chromogranin A
(CHG A), glial cells missing homolog 2 (GCM2), osteogly-
cin (OGN), and estrogen-receptor related gamma (ESRRG).
Each of these downregulated genes (CHG A, GCM2, OGN,
and ESRRG) is highly expressed in sporadic parathyroid ade-
noma (unpublished data). This unique gene expression data
give an initial insight into potential diagnostic markers and de-
regulated gene expression in PCA; however, larger studies are
needed to fully characterize PCA gene expression.

CLINICAL PRESENTATION

Most patients with PCA present with severe hyperparathy-
roidism. The most common symptoms of PCA include
thirst, polydipsia, anorexia, severe weakness and fatigabil-
ity, constipation, renal colic, bone pain, and vague abdom-
inal pain. The overlap in symptoms between PCA and

benign HPT makes it very challenging to differentiate be-
tween parathyroid adenoma and carcinoma on clinical
grounds. Unfortunately, PCA most often is misdiagnosed
as benign PHPT [44].

In a series of 163 patients with PCA, a palpable neck
mass was found in 34% of the patients [7]. This finding is
very uncommon in primary HPT resulting from parathyroid
adenoma and its presence along with a very high PTH level
can be use as a differentiating feature of PCA [4, 10, 22]. In
addition, unilateral vocal cord paralysis with hypercalce-
mia in a patient without a previous neck operation is very
suspicious for PCA. Rarely, cases of nonfunctioning PCA
have been reported to present with locally advanced neck
masses [45, 46]. Table 1 summarizes the demographic and
clinical characteristics of selected published series of PCA
patients.

DIAGNOSTIC EVALUATION

Laboratory Testing
PCA is characterized by very high levels of PTH, which ul-
timately result in severe hypercalcemia. The hypercalcemia
is usually very profound, with serum calcium concentration

Table 2. Clinical and histopathologic characteristics, intraoperative PTH kinetics, and postoperative outcomes of the
studied patients

Feature Patient 1 Patient 2 Patient 3 Patient 4

Age (yrs) 35 63 70 66

Gender M F M M

Race AA W W W

Preoperative total Ca 13.7 15.2 11.6 11.5

Preoperative PTH 712 505 388 260

Preoperative ALP 85 80 155 NA

Palpable neck mass No NA No No

Bone disease NA NA Yes Yes

Renal lithiasis Yes NA Yes No

Tumor weight (g) 20 6.7 7.32 9.6

Capsular invasion NA No Yes No

Vascular invasion Yes No Yes No

Procedure En bloc En bloc En bloc En bloc

Highest baseline PTH 566 1,230 472 367

5-minute postresection PTH NA 43 NA 70

10-minute postresection PTH 38 32 10 50

% PTH drop at 10 minutes 93% 97% 99% 86%

6-mo postoperative total Ca 9.2 9.7 8.8 10.2

Follow-up total Ca 8.6 (at 33 mos) 9.1 (at 33 mos) 8.9 (at 21 mos) 9.7 (at 20 mos)

Follow-up PTH 5 (at 33 mos) 53 (at 36 mos) 37 (at 21 mos) 82 (at 20 mos)

Abbreviations: AA, African American; ALP, alkaline phosphatase; Ca, serum calcium; F, female; M, male; NA, not
available; PTH, parathyroid hormone; W, white.
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�14 mg/dl [1, 4, 47]. Obara and Fujimoto reported that
65% of 133 patients with carcinoma had a serum calcium

level �14 mg/dl, with a range of 10- 24 mg/dl [7]. This is in
contrast to the hypercalcemia found in benign PHPT, which

Figure 1. Scatter plot depicting differentially expressed genes in parathyroid carcinoma versus paired normal parathyroid at
fourfold change cutoff.

Table 3. Levels of expression of parathyroid-specific genes in parathyroid carcinoma versus paired normal
parathyroid gland

Symbol Description
GenBank Accession
Number Regulation

Fold
change

PTH Parathyroid hormone NM_000315 Down 1.8

CASR Calcium-sensing receptor NM_000388 Up 1.2

VDR Vitamin D receptor NM_000376 Down 1.6

PVALB Parvalbumin NM_002854 Up 1.1

CCND1 Cyclin D1 NM_053056 Up 1.1

CHG A Chromogranin A NM_001275 Down 1.8

GCM2 Glial cells missing homolog 2 NM_004752 Down 1.4

CCNA1 Cyclin A1 NM_003914 Up 1.7

OGN Osteoglycin NM_033014 Down 4

ESRRG Estrogen-related receptor � NM_001438 Down 1.7

KCNJ13 Inward rectifier potassium channel 13 NM_002242 Down 2.5

KCNJ16 Potassium inwardly rectifying channel, subfamily J, member 16 NM_170742 Up 1.2

Fabp4 Fatty acid-binding protein 4 NM_001442 Up 2.1

RARRES2 Retinoic acid receptor responder protein 2 precursor NM_002889 Up 4

GCNT1 Beta-1,3-galactosyl-O-glycoprotein �-1,6-N-acetylglucosaminyl
transferase

NM_001490 Down 2.8

UCHL1 Ubiquitin carboxyl-terminal esterase L1 NM_004181 Up 10.8
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is usually within 1 mg/dl above the normal range. In addi-
tion, high alkaline phosphatase, hypophosphatemia, and
hyperchloremic metabolic acidosis have also been ob-
served in PCA patients [48, 49].

Imaging Studies
Ultrasonography is useful to localize parathyroid tumors,
and may help to differentiate PCA from parathyroid ade-
noma. In a study of 16 patients with PCA and 61 patients
with adenoma, Hara et al. [50] found that large size, inho-
mogeneous appearance, and irregular borders were ultra-
sonographic features of PCA. In contrast, benign adenomas
were found to be smaller, homogeneous, and hypoechoic
with smooth borders. Moreover, 94% of the 16 patients
with PCA had a depth width (DW) ratio �1, compared with
only 5% of the 61 patients with adenoma [50]. These imag-
ing characteristics, though nonspecific, should alert the cli-
nician to the possibility of PCA when evaluating patients
with PHPT.

Technetium-99 (99Tc)-sestamibi scanning has been
used successfully for preoperative localization of PCA
[51]. However, it is an unreliable tool for differentiating be-
tween adenoma and carcinoma [52]. 99Tc-sestamibi is also
a useful diagnostic tool to detect metastatic PCA [53].

Both parathyroid scintigraphy and computed tomogra-
phy (CT) are useful for preoperative planning in patients
with recurrent PCA. In a series of eight patients with recur-
rent PCA, Clark et al. [54] studied parathyroid scintigraphy
and CT in detecting disease recurrences. 99Tc-sestamibi
scintigraphy correctly identified 67% of the recurrences,
compared with 53% for CT. Discordant results were noted
in 78% of the cases, and the authors recommended both
studies for preoperative planning.

Biopsy
Generally, biopsy (including fine-needle aspiration cytol-
ogy [FNAC]) of PCA is unnecessary and should be avoided
in resectable cases because disruption of the tumor capsule
increases the possibility of tumor implantation [55, 56]. Bi-
opsy of metastatic sites is reasonable to confirm recurrence
and plan potential resection.

TREATMENT OF PRIMARY DISEASE

Surgery
Surgery is the only cure for PCA. Extensive surgical resec-
tion is the treatment of choice in patients with PCA limited
to the neck. The recommended initial procedure is en bloc
removal of the parathyroid cancer including ipsilateral thy-
roid lobectomy, isthmectomy, tracheal skeletonization, and
excision of any adherent muscle [9]. Simple parathyroidec-

tomy or subtotal resection is not recommended in cases of
suspected PCA to avoid cancer spillage and eventual dis-
ease recurrence (parathyromatosis) [8]. En bloc resection
has a survival advantage over simple parathyroidectomy.
In a study by Koea and Shaw [57], patients treated with en
bloc resection had an overall survival rate of 89% at a mean
follow-up of 69 months, compared with 53% at a mean fol-
low-up of 62 months for patients treated with simple para-
thyroidectomy. In addition, en bloc resection is associated
with lower recurrence rates than parathyroidectomy alone.
Obara and Fujimoto [7] reported that 70% of the patients
who were recurrence free for �1 year had undergone en
bloc resection as their initial procedure. Shortell et al. [58]
also demonstrated the superiority of initial aggressive treat-
ment over simple parathyroidectomy. Only one of the eight
patients who underwent aggressive surgical treatment in
that series developed recurrence. In contrast, all of the three
patients who had simple parathyroidectomy developed re-
currence. In a retrospective study of 13 patients, Wiseman
et al. [59] found that all five patients who underwent simple
local excision developed recurrent disease within 1– 6
years, although they achieved normocalcemia in the imme-
diate postoperative period. In contrast, only two of the five
patients who underwent extensive en bloc resection devel-
oped recurrence [59].

Despite the apparent survival advantage of en bloc re-
section, a greater number of patients undergo simple para-
thyroidectomy as their initial procedure. Data from the
Surveillance Epidemiology and End Results registry
(1988–2003) show that only 12.5% (28 of 224) of PCA pa-
tients in the database underwent en bloc resection, as
opposed to 78.6% (176 of 224) who underwent parathy-
roidectomy alone [3]. In another study of 23 patients, only
39% underwent initial en bloc resection [12]. This trend
may be a reflection of the diagnostic challenges prior to ini-
tial surgery and it emphasizes the need for intraoperative
recognition of PCA. Along with en bloc resection, bilateral
neck exploration and identification of all four parathyroid
glands is indicated, because PCA may coexist with multiple
gland disease [60–62].

In order to identify patients at risk for PCA and appro-
priately employ en bloc resection, the diagnosis should be
suspected based on the clinical presentation, with early rec-
ognition based on gross appearance during surgery. Macro-
scopically, surgeons should consider the possibility of PCA
when certain gross features are noted during neck explora-
tion. These include firm texture, thick grey or white cap-
sule, and large tumor size [8, 47]. Adherence of the diseased
gland to surrounding structures (trachea, esophagus, carotid
sheath, and/or recurrent laryngeal nerve) is suggestive of
PCA, but not definitive [47]. Adherence to adjacent struc-
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tures was reported in 23% of 163 of cases of PCA published
by Obara and Fujimoto [7], with the thyroid found to be the
most commonly involved organ. This is in contrast to be-
nign PHPT conditions, which are easily dissectible. Never-
theless, adherence to the surrounding tissues has been
found, by some, in benign PHPT [63].

During neck exploration, effort must be made not to vi-
olate or rupture the capsule, which often leads to tumor
spillage and eventual disease recurrence. Unfortunately,
there is a high incidence of iatrogenic spillage that often
leads to multiple operations and unfavorable outcomes
[64], and it usually happens during the dissection of a pre-
sumed adenoma.

There has been disagreement concerning the manage-
ment of an involved recurrent laryngeal nerve (RLN). Some
authors call for the removal of a functioning involved nerve
whereas others recommend dissection of the cancer off an
involved nerve [1, 63, 65, 66]. Given the propensity for lo-
cal recurrence with tumor violation during resection and
the absence of effective adjuvant therapy for micro-
scopic or gross residual disease, we prefer resection of
the involved RLN if the tumor cannot be dissected from
the nerve completely. This dissection is greatly facili-
tated in our experience with the recurrent laryngeal nerve
monitor (Neurovision, Inc., Ventura, CA).

The role of cervical lymphadenectomy for PCA is con-
troversial, with most reports supporting lymph node dissec-
tion in cases in which they are grossly enlarged, there is
extensive local invasion, or local recurrence is present [2, 5,
7]. Holmes et al. [9] reported an incidence of 32% for cer-
vical lymph node metastases in their study of 46 patients
and advocated complete removal of the lymph nodes in the
tracheoesophageal groove and ipsilateral radical neck dis-
section. Others have detected an extremely low rate (3%) of
lymph node metastases and argued against lymphadenec-
tomy [2, 5]. We routinely perform ipsilateral level VI
lymphadenectomy in cases of suspected or known PCA.

PCA patients are at risk to develop hungry bone syn-
drome in the postoperative period because of the deposition
of calcium and phosphate in the bones. An abnormally ele-
vated preoperative alkaline phosphatase level can identify
patients at risk for this syndrome. The symptoms may be-
come severe and protracted, necessitating large doses of
calcium [67, 68] and calcitriol.

Intraoperative PTH Monitoring
Intraoperative measurements of intact PTH have proven
utility in limiting operation time and predicting cure rate in
PHPT resulting from benign adenoma and hyperplasia [69,
70]. In cases of PHPT, appropriate decay �50% in the intra-

operative PTH (ioPTH) level after resection of the offending
gland accurately predicts postoperative normocalcemia.

Despite the multiplicity of publications supporting the
use of ioPTH monitoring in PHPT and SHPT, very little in-
formation has been published on the utility of ioPTH mon-
itoring in PCA. Solórzano et al. [71] described the ioPTH
kinetics of their eight PCA patients. All of their patients
treated with initial en bloc resections (five of five) achieved
an ioPTH drop �50% from baseline and this predicted at
least 6 months of postoperative normocalcemia. However,
ioPTH was less accurate in predicting 6 months of postop-
erative normocalcemia in reoperative cases.

From a prospective database of 480 consecutive patients
with PHPT treated surgically at Duke University Medical
Center between 2000 and 2009, we identified four patients
with unequivocal PCA. The diagnosis of PCA was made by
histopathologic demonstration of local invasion and/or
lymph node metastasis. Clinical characteristics of these pa-
tients were similar to those in reported series of PCA pa-
tients (Table 2).

Our standard operative approach to PCA is a four-gland
exploration and en bloc resection of carcinoma with confir-
mation of adequate resection of hyperfunctioning glands by
ioPTH monitoring. ioPTH is measured using a rapid two-
site chemiluminescent automated assay (Immulite Turbo
PTH Assay; Diagnostic Products Corporation, Los Ange-
les, CA), as previously published [72]. All operations were
initial en bloc resections and 100% (four of four) had nor-
mocalcemia in the 6-month postoperative period. The
ioPTH results of the four studied patients are shown in Ta-
ble 2. All patients achieved �50% reduction in ioPTH, with
an average PTH drop of 94%. The preoperative PTH and the

Figure 2. Pre- and intraoperative parathyroid hormone (PTH)
kinetics in benign and malignant primary hyperparathyroidism
(PHPT).

Abbreviation: SEM, standard error of the mean.
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ioPTH baseline 1 were significantly (p � .05) higher in the
carcinoma patients (n � 4) than in the benign PHPT patients
(n � 475) (466 and 640 versus 197 and 255 pg/ml, respec-
tively) (Fig. 2). However, the percent PTH drop (from the
highest baseline) at 10 minutes postresection was not different
between the carcinoma and the benign PHPT patients (94 � 6
versus 82 � 16; p � .2). None of the patients had recurred after
a follow-up interval of 20–36 months.

Based on these limited data, ioPTH monitoring is accu-
rate in predicting postoperative normocalcemia in initial en
bloc resected patients, and we advocate its use in the surgi-
cal treatment of PCA.

PATHOLOGIC DIAGNOSIS

Because it is difficult to establish the diagnosis of PCA by
virtue of the clinical profile, it can also be challenging to
confirm the diagnosis by histopathologic examination. The
diagnosis of PCA relies upon findings of microscopic infil-
trative growth pattern and/or the presence of metastasis. In
a large series of 92 patients with PCA, only 45% of the pa-
tients had these two criteria [5]; this necessitates the need
for more sensitive but accurate diagnostic criteria. To date,
the most commonly accepted diagnostic criteria were pro-
posed by Schantz and Castleman [8], and include the pres-
ence of fibrous trabeculae, mitotic figures, and capsular and
blood vessel invasions. Despite the widespread acceptance
of these criteria, some authors have debated their practical
applicability, because these features are not found consis-
tently [23], and each of these features can occasionally be
seen in parathyroid adenomas, with the exception of capsular
and vascular invasion [73]. As suggested by others, when
these criteria are not met or when there are equivocal findings,
we advocate close follow-up with calcium, PTH, and ultra-
sound monitoring for disease recurrence [24, 63, 74].

IMMUNOHISTOCHEMISTRY

Given the high incidence of HRPT2 mutations (70%) in
sporadic PCA cases and their rarity in benign PHPT, it has
been suggested that HRPT2 mutations can be used to diag-
nose PCA [43, 75]. Mutations in HRPT2 result in lack of
nuclear staining for the HRPT2 protein, parafibromin,
which may be used as a surrogate for HRPT2 mutations. In-
deed, emerging data suggest that, in the appropriate clinical
and pathological context, complete absence of parafibro-
min staining in a parathyroid tumor is diagnostic of PCA or
HPT-JT tumor [43, 75]. Expression of PGP9.5 correlates
well with loss of nuclear expression of parafibromin in
PCA, and PGP9.5 immunohistochemistry was recently in-
troduced to assist in diagnosing PCA. PGP9.5 is a protein
encoded by the UCHL1 gene family, which was found to be
highly expressed in PCA/HPT-JT–related tumors as well as

several other cancers [42, 43]. Howell et al. [43] demon-
strated that PGP9.5 staining has superior sensitivity and
specificity to the lack of parafibromin staining. In addition,
positive parafibromin staining does not exclude HRPT2
mutation because some tumors with HRPT2 missense mu-
tations may show weak parafibromin expression [75],
which may explain the relatively poor sensitivity of parafi-
bromin staining. Given the slightly superior sensitivity of
PGP9.5 staining and its ability to detect the missense
HRPT2 mutation (L64P), it has been advocated to use
PGP9.5 staining in addition to parafibromin staining to
screen for HRPT2 mutation [43] and PCA.

TREATMENT OF PERSISTENT/RECURRENT DISEASE

Surgery
The neck is the most common site for local recurrence of PCA.
For isolated cervical recurrence of PCA, en bloc resection of
the tumor and involved structures as well as regional lymph-
adenectomy is recommended. The lungs are the most common
site of distant metastasis; Obara et al. [76] concluded that ag-
gressive excision of pulmonary metastases is associated with
favorable outcomes and long-term survival. Resection of PCA
metastases may also improve PTH levels and provide effec-
tive palliation of hypercalcemia.

When the diagnosis of PCA is made postoperatively,
thorough evaluation of the metabolic indices, pathologic re-
sults, and operative reports is warranted to determine the
adequacy of the initial resection. In our experience, PCA is
diagnosed intraoperatively and adequate resection is under-
taken. In cases in which PCA is recognized postoperatively,
we base reoperative surgery on postoperative PTH levels.
Incomplete resection can cause disease recurrence, and 8%
of these recurrences occur after en bloc resection, versus
51% after simple parathyroidectomy [57].

Calcimimetics
Surgical resection is the most effective method of control-
ling hypercalcemia resulting from PCA. Nonetheless, in
some patients, hypercalcemia may be refractory to surgery,
and these patients require other treatment options [77].

Recently, the U.S. Food and Drug Administration ap-
proved cinacalcet HCl (cinacalcet) to control symptomatic
hypercalcemia in PCA patients. Calcimimetics are thera-
peutic agents that suppress the secretion of PTH by increas-
ing the sensitivity of the calcium-sensing receptor.

Given that hypercalcemia is the main cause of morbidity
and mortality in PCA patients, reducing calcium levels with
calcimimetics can conceivably improve clinical outcome.
In a multicountry, open-label, single-arm, dose titration
study of 29 patients with PCA, cinacalcet effectively re-
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duced the level of calcium in 18 of the 29 patients. In the
responders, serum calcium fell at least 1 mg/dl (from 15 �
0.5 to 11 � 0.3 mg/dl) [78]. Adverse effects are mild and
include nausea and vomiting, but they can lead to the dis-
continuation of treatment in some patients. In addition to
cinacalcet, others have tried another calcimimetic, R-568,
in a patient with refractory hypercalcemia. The calcium
level dropped in a dose-dependent manner with symptom-
atic improvement [79].

Radiotherapy
PCA is not a radiosensitive neoplasm [9]. In most patients
studied, radiotherapy failed to slow tumor growth and reduce
hormonal secretion [80]. However, there are a few reports of
success using palliative radiation as adjuvant therapy. In a
large series of 27 patients with a minimum follow-up of 2
years, six patients received adjuvant radiotherapy after initial
surgery. Only one of the six patients who received radiother-
apy developed a relapse, compared with 10 of the 20 patients
who did not receive adjuvant radiotherapy [11].

Chemotherapy
Cytotoxic chemotherapy is an ineffective approach to treat-
ing PCA. A combination of doxorubicin, cyclophospha-
mide, and 5-fluorouracil did not achieve success in two
patients with unresectable metastatic carcinoma [60]. Oth-
ers have used dacarbazine, cyclophosphamide, 5-fluorou-
racil, and vincristine, but these agents failed to correct
hypercalcemia [76]. However, there have been very rare re-
ports of success. Calandra and colleagues reported a patient
with recurrent disease in whom dacarbazine produced a
marked drop in serum calcium [81].

PROGNOSIS

Recurrence of PCA occurs about 30%–50% of the time,
even after extensive surgical resection [5, 8]. The average
time between initial surgery and first recurrence is 3
years, and once it occurs cure is rare [1]. Recurrence
within 2 years carries a poor prognosis [8]. The overall
5-year survival rate is 45%– 85%. According to several
studies, the 10-year survival rate is in the range of 50%–
70% [2, 82].

There are neither reliable prognostic parameters nor a
tumor–node-metastasis staging system for PCA. However,
one group of investigators found several factors, including
age, type of initial surgery, and histopathology, as the most
predictive of mortality in their series of 95 patients [5]. Oth-
ers have used nuclear DNA content as a prognostic indica-
tor, and demonstrated its correlation with aggressive
disease [23]. Moreover, aneuploidy has been associated
with poor prognosis [83, 84]. In addition, increased mitotic

activity in unequivocal PCA is an indicator of poor progno-
sis [85]. Interestingly, Rubin and others reported and dem-
onstrated a prognostic and diagnostic value for the
malignant hyperglycosylated isoform of urinary human
chorionic gonadotropin [86].

FOLLOW-UP

Long-term follow-up is recommended, because recurrence
can happen up to 15 years after surgery [22]. More specif-
ically, close follow-up is required during the first 2 years
from initial surgery because of the higher rate of recurrence
during this period. If postoperative hypercalcemia is found,
disease recurrence should be suspected and thoroughly in-
vestigated with extensive localization studies to assess the
adequacy of the initial surgery. Recurrent disease in the
neck and isolated distant metastases can be resected with
palliative intent to alleviate symptoms of PTH excess [7].
Unresectable disease is best treated with calcimimetics.

SUMMARY AND CONCLUSIONS

PCA is a rare but life-threatening tumor that represents 1%
of PHPT cases. The clinical manifestations are usually a re-
flection of the severe PTH-associated hypercalcemia rather
than a tumor mass effect. Frequently, PCA presents as a se-
vere form of PHPT, and it can be very challenging to estab-
lish the diagnosis by virtue of clinical presentation alone.
Severe hypercalcemia (�14 mg/dl) with high PTH levels in
a male patient with palpable neck mass is concerning for
PCA. Ultrasonographic signs of PCA include heteroge-
neous parathyroid mass with irregular contours and DW
�1. FNAC should be avoided in cases suspicious for PCA,
because there have been reports of carcinoma implantation
resulting from FNAC. Intraoperative recognition of PCA is
critical to avoid tumor spillage and to allow en bloc resec-
tion of the tumor and involved structures. At surgery, a
large, white, hard mass rather than the soft consistency of
parathyroid adenoma may be indicative of carcinoma. Ag-
gressive en bloc resection along with ipsilateral thyroid lo-
bectomy and ipsilateral paratracheal lymphadenectomy is
the best initial treatment. Great care should be taken not to
violate the capsule during surgical dissection, because
seeding of the cancer has been reported. During surgery for
benign PHPT, if a suspicious cancerous gland is found, it
should not be biopsied in vivo, because this may lead to
cancer spillage and eventual disease recurrence. Intraoper-
ative PTH monitoring is useful in guiding the operation and
predicting normocalcemia 6 months postoperatively. The
histologic diagnosis of PCA can be challenging; however,
the presence of capsular and/or vascular invasions can be
definitive. Parafibromin and PGP9.5 staining are of diag-
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nostic value in PCA. Close follow-up is highly recom-
mended, especially during the first 2-year window from
operation. Metastasectomy is of palliative benefit in those
with recurrent disease. Disease recurrence within 2 years is
indicative of poor prognosis. The overall 5-year survival
rate is 45%– 85% and the 10-year survival rate is in the
range of 50%–70%.
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