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BACKGROUND. Parathyroid carcinoma, atypical parathyroid adenoma, and para-
thyromatosis can be differentiated relatively easily from typical parathyroid ade-
nomas, but distinguishing them from each other is more difficult.

METHODS. A retrospective study of 28 consecutive patients with parathyroid car-
cinoma, 7 patients with atypical parathyroid adenoma, and 13 patients with
parathyromatosis who were treated at the University of California at San Fran-
cisco Medical Center between 1966 and 2005 was performed. Patient demo-
graphics and clinical characteristics, indication for surgery, intraoperative
findings, histopathologic characteristics, disease recurrence or persistence, site of
invasion/metastases, and survival were compared in the 3 groups.

RESULTS. Parathyroid carcinoma (19 of 28 patients) and atypical adenoma (4 of 7
patients) were significantly more common in men, whereas parathyromatosis
was more common in women (10 of 13 patients) (P =.02). A palpable neck mass
and hoarseness were almost exclusively present in patients with parathyroid car-
cinoma. Prior to the first parathyroid surgery, patients with parathyroid carci-
noma were found to have higher blood calcium levels (>14 mg/dL in 16 of 26
patients [62%]), whereas only 1 of 6 patients with atypical adenoma (17%) and
no patients with parathyromatosis were found to have profound hypercalcemia
(P <.01). Intraoperatively, patients with parathyroid carcinoma and atypical ade-
noma presented with single lesions, whereas patients with parathyromatosis had
multiple small lesions. Histopathologic findings were well defined in parathyroid
carcinoma, but some findings overlapped in the 3 tumors studied.

CONCLUSIONS. Patients with parathyroid carcinoma often differ from those with
atypical parathyroid adenoma or parathyromatosis at the time of presentation
because patients with parathyroid carcinoma have more profound hypercalcemia
as well as invasive tumors. However, at times it is difficult to distinguish between
these conditions both clinically and by final histologic examination. Cancer
2007;110:255-64. © 2007 American Cancer Society.
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yperparathyroidism is a common endocrine disease that occurs

in approximately 0.1 to 0.3% of the general population. Primary
hyperparathyroidism (PHPT) is more common in women (1 in 500)
than in men (1 in 2000)." Approximately 99% of patients with PHPT
have benign tumors (85% with adenomas or atypical adenomas and
15% with hyperplasia or multiple abnormal parathyroid glands).?
Less common causes of PHPT include double adenomas (4%), para-
thyroid carcinoma (<1%), and, rarely, parathyromatosis. Secondary
hyperparathyroidism (SHPT) is a common problem in patients with
chronic renal failure, nearly all of whom develop some degree of
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parathyroid hyperplasia. Parathyroid carcinoma is
rare in these patients, with only a few cases reported
to date.®>* Patients with familial hyperparathyroidism
and jaw tumor syndrome also have an increased risk
of developing parathyroid carcinomas.” Some patients
with PHPT have parathyroid tumors with some histo-
logic characteristics of parathyroid cancer, but not
enough to be diagnosed as cancer. These tumors
are usually classified as “atypical adenomas.” Para-
thyromatosis, a rare cause of recurrent or persistent
hyperparathyroidism,® occurs most frequently after
previous parathyroid surgery in patients with familial
primary hyperparathyroidism, and in patients with
secondary hyperparathyroidism due to chronic renal
failure.”® It also may occur de novo in patients who
have not undergone previous parathyroid surgery.'"'®
Patients with parathyromatosis usually develop sev-
eral nodules of hyperfunctioning parathyroid tissue in
the neck and mediastinum. There are 3 theories
regarding the origin of parathyromatosis: 1) it is a
low-grade parathyroid malignancy,'” 2) it results from
seeding after the fracture of the parathyroid gland
capsule during surgical removal of a parathyroid neo-
plasm,® or 3) it is an overgrowth of embryologic rests
of parathyroid tissue.'®

The purpose of the current retrospective investi-
gation was to determine the clinical and histologic
differences found in patients with parathyroid carci-
noma, atypical adenoma, and parathyromatosis to
properly diagnose patients with these tumors.

MATERIALS AND METHODS

We retrospectively analyzed the medical records and
histologic findings of 28 patients with parathyroid
carcinoma who were treated between 1966 and 2005,
7 of whom had atypical adenoma, and 13 patients
with parathyromatosis who were treated between
1990 and 2005 at the University of California at San
Francisco (UCSF) Medical Center. Nine of the 28
patients with parathyroid carcinoma received their
initial treatment at UCSE whereas the other patients
were treated at another center. Seven patients under-
went surgery for “atypical parathyroid adenomas,” 5
of whom were treated initially at UCSF and 2 of
whom were referred to UCSF with persistent PHPT.
All 7 patients had parathyroid tumors with some
atypical features found in parathyroid carcinoma,
but not enough histologic criteria to make the diag-
nosis of parathyroid carcinoma. Thirteen patients
were diagnosed and treated for parathyromatosis.
Two underwent their initial surgery at UCSF and 11
were referred for recurrent or persistent hyperpara-
thyroidism.

The histologic slides and reports of 26 patients
with parathyroid carcinoma and for all patients with
atypical parathyroid adenoma and parathyromatosis
were rereviewed by 2 pathologists (E.K. and K.J.) who
participated in the study. The diagnosis of parathy-
roid carcinoma was based on the macroscopic find-
ing of a parathyroid tumor with a fibrotic capsule
and surrounding adhesions, locally invasive tumor or
distant metastasis, or histopathologic criteria (trabec-
ular pattern, thick fibrous trabeculae, mitotic figures,
capsular or vascular invasion, and lymph node inva-
sion).'® The diagnosis of “atypical adenoma” was
made in patients with evidence of hyperparathyroid-
ism who presented with large parathyroid tumors
and surrounding fibrous tissue, and in those whose
tumors had some histologic features suggesting para-
thyroid cancer but in whom a definitive diagnosis
could not be made because not enough histologic
features of parathyroid carcinoma were present. The
diagnosis of parathyromatosis was made in patients
with evidence of recurrent (10 patients) or persistent
(2 patients) hyperparathyroidism and intraoperative
findings of multiple small nodules of parathyroid tis-
sue scattered in the neck and upper mediastinum.
One patient had de novo parathyromatosis without
having undergone a previous parathyroid surgery.

We compared the 3 diagnostic groupings with
respect to patient age and gender at diagnosis, clini-
cal manifestations, serum calcium and parathyroid
hormone levels at initial diagnosis and at disease re-
currence, indication for surgery and number of
operations, intraoperative findings, histopathologic
characteristics, time between first surgery and dis-
ease recurrence or persistence, site of invasion/me-
tastases, and outcomes. First surgery was considered
to occur at the time of the initial diagnosis of para-
thyroid carcinoma, atypical adenoma, or parathyro-
matosis. Recurrence was defined as evidence of
disease recurrence (recurrent hypercalcemia with
high serum parathormone levels), or evidence of
locoregional or distant disease after a disease-free
period of at least 6 months of normocalcemia. Per-
sistent disease was defined as evidence of disease re-
currence occurring within 6 months of the first
parathyroid surgery. The disease-free interval was
defined as the period of time from diagnosis or first
parathyroid surgery to documentation of disease
recurrence (patients with initial metastatic disease
were excluded) and, in patients without disease
recurrence, from the date of surgery until the last
day of follow-up. Clinical information was obtained
from UCSF Medical Center patient database, medi-
cal records, institutional Cancer Center Registry,
and personal telephone contact when necessary.
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TABLE 1
Gender and Age Distribution of Patients With Parathyroid Carcinoma, Atypical Adenoma, and Parathyromatosis
Parathyroid
carcinoma Atypical adenoma Parathyromatosis
n=28 % n=7 % n=13 % P*
Gender Male 19 67.9 4 57.1 3 23.1
Female 9 32.1 3 429 10 76.9
M:F ratio 2.1:1 1.3:1 1:3.3 02
Age at initial surgery, mean + SD (range) 51.3 + 13.9 (23-70) 55.8 £ 8.1 (46-66) 51.4 £ 10.8 (34-69) NS

M indicates male; E female; SD, standard deviation; NS, not significant.
* P values were determined using the chi-square test.

Informed consent from patients and institutional ap-
proval from the Committee of Human Research was
obtained before the initiation of the study.

Results are expressed as the mean + the stand-
ard deviation, proportions, and percentages (%).
Analysis of variance (ANOVA) was used for compari-
son of continuous data between groups and chi-
square tests were used for analysis of categoric vari-
ables. Survival was determined using Kaplan-Meier
survival analysis.

RESULTS

Clinical Presentation

In the current series, more men than women had
parathyroid carcinoma and atypical adenoma (Ta-
ble 1). Although age at initial diagnosis was not
found to be significantly different between the 3
groups, patients with atypical adenoma were slightly
older than those with parathyroid carcinoma and
parathyromatosis (Table 1).

A palpable neck mass and hoarseness were
almost exclusively present in patients with parathy-
roid carcinoma, whereas psychiatric manifestations
were surprisingly more common in patients with
parathyromatosis. Other symptoms such as bone
pain, fatigue, anorexia, and abdominal pain were
comparable in the 3 groups (Table 2).

Blood calcium levels were >14 mg/dL prior to
the first parathyroid surgery in 16 of 26 patients with
parathyroid carcinoma, 1 of 6 patients with an atypi-
cal adenoma, and none of the patients with parathyr-
omatosis (P < .01). Similar results were observed at
the time of reoperation. Parathyroid hormone levels
were similar in the 3 groups before the initial surgery
and at the time of reoperation (Table 3).

The indication for surgery in the patients with
parathyroid carcinoma was based on the diagnosis of
PHPT together with severe hypercalcemia in the ma-
jority of patients (range, 11.1-24 mg/dL in 27 of 28

patients [96.4 %]). Only 1 of these patients was
asymptomatic. One patient with parathyroid carci-
noma had symptomatic SHPT with chronic renal fail-
ure. All but 1 patient with atypical parathyroid
adenoma had symptomatic PHPT. One of these
patients had a family history of hyperparathyroidism.
Seven of 13 patients with parathyromatosis had
symptomatic PHPT with hypercalcemia ranging from
10.9 to 13 mg/dL at the time of diagnosis. The other
6 patients had symptomatic SHPT due to chronic re-
nal failure and their blood calcium levels ranged
from 8.5 to 11 mg/dL.

Intraoperative Findings

We found that patients with parathyroid carcinoma
(measuring 31.3 + 17.8 mm) and atypical adenoma
(measuring 29.4 + 8.6 mm) had significantly larger
lesions than those found in patients with parathyro-
matosis (measuring 11.7 + 7.8 mm), (P <.01). A fi-
brous capsule with adhesions or invasion into the
surrounding fibrofatty tissue or thyroid gland was
identified in 23of the 28 patients with parathyroid
carcinoma (82%). Fibrosis and scarring were also
found in 12 of 13 patients with parathyromatosis
because of previous parathyroid surgeries (92%). Sur-
prisingly, a fibrous capsule was also found in 6 of 7
patients with atypical adenoma (86%). In contrast to
parathyromatosis, in which there are usually several
small tumors, parathyroid carcinomas usually pre-
sented as a single lesion. In 3 of our patients who
presented with several nodules in the neck, a diagno-
sis of parathyromatosis was considered, but the final
diagnosis was parathyroid carcinoma because of vas-
cular invasion and multiple cervical lymph node me-
tastases. In patients with parathyromatosis, we found
up to 80 very small nodules or nests of parathyroid
tissue that occasionally were microscopic; none of
these patients presented with a solitary tumor.
Patients with atypical adenomas always presented



258 CANCER  July 15, 2007 / Volume 110 / Number 2

TABLE 2
Clinical Manifestations of Patients With Parathyroid Carcinoma, Atypical Adenoma, and Parathyromatosis at the Time of Initial Diagnosis

Parathyroid

carcinoma Atypical adenoma Parathyromatosis
Sign/symptom n=28 % n=7 % n=13 % P
Bone pain 20 71.4 3 42.9 11 84.6 NS
Fatigue 22 78.6 3 429 10 76.9 NS
Kidney stones 11 39.3 0 0 3 23.1 NS
Anorexia 7 25 2 28.6 2 154 NS
Weight loss 6 214 0 0 2 154 NS
Hoarseness 3 10.7 0 0 0 0 NS
Abdominal symptoms (pain, dyspepsia, reflux) 7 25 1 14.3 3 23.1 NS
Psychiatric symptoms (depression, memory loss, decreased concentration) 9 32.1 2 28.6 6 46.2 01
Palpable neck mass 9 32.1 0 0 1 7.7 <01

NS indicates not significant.

TABLE 3

Laboratory Findings in Patients With Parathyroid Carcinoma, Atypical Adenoma, and Parathyromatosis Prior to the First Surgery and at the

Time of Recurrent/Persistent Disease

1st surgery Parathyroid carcinoma n = 26 Atypical adenoma n = 6 Parathyromatosis n = 11 P
Calcium (mg/dL), mean + SD (range) 14.6 £ 2.7 (11.1-24) 13.5 £ 1.1 (13.5-20) 10.8 £ 1.1 (8.5-13) <01
PTH level (ng/L)* mean + SD (range) 714.4 £ 1018 (97-4013) 374.5 + 297 (140-941) 558 + 462 (85-1231) NS
Times elevated' (mean) 8.2 54 79

2nd surgery (Recurrent/Persistent) n=16 n=2 n=38 14
Calcium (mg/dL) mean + SD (range) 14.2 + 2.5 (10.4-20.6) 12.25 10.9 + 1.85 (8-14.7) 01
PTH level (ng/‘L)i, mean + SD (range) 850.6 + 540.8 (172-1800) 140 599.2 + 525.2 (92-1321) NS
times elevated (mean) 138 87

SD indicates standard deviation; PTH, parathyroid hormone; NS, not significant.

* PTH levels were present in 18 patients with parathyroid carcinoma, 6 with atypical adenoma, and 11 with parathyromatosis.

T PTH times upper limits were used to avoid differences in values between PTH assays.

¥ PTH levels were present in 12 patients with parathyroid carcinoma, 2 with atypical adenoma, and 7 with parathyromatosis.

with single lesions and in all of our patients, the sur-
geon suspected possible malignancy.

Among our 28 patients with parathyroid carci-
noma, 5 were not suspected to have a malignant tu-
mor and therefore underwent a more conservative
initial surgery. Among the 23 patients in whom the
intraoperative findings suggested possible parathy-
roid carcinoma, 21 underwent either unilateral or
bilateral neck explorations with or without en bloc
thyroid resection, cervical lymph node dissection,
and thymectomy (Table 4). Four patients with atypi-
cal adenoma that was suspicious for malignancy
because of adherence to adjacent tissues or a thick
capsule were treated with a more aggressive ap-
proach, in which the surrounding tissues and thyroid
lobes were removed (Table 4). Six of the 13 patients
with parathyromatosis had multiple hyperplastic
parathyroid nodules within the soft tissue of the

neck, adherent to the thyroid gland or strap muscles
or in the tracheoesophageal groove as well as intra-
muscularly. An en bloc resection was performed to
remove the multiple implants. Different surgical
approaches were used in the 7 other patients with
parathyromatosis (Table 4). All but 1 patient under-
went reoperation after previous parathyroidectomy.
This patient had an adenoma, but on final histologic
examination was found to have multiple microscopic
nodules or implants of parathyroid tissue in the
fibrofatty tissue surrounding this lesion (de novo
parathyromatosis).

The average number of surgeries for hyperpara-
thyroidism from the time of initial diagnosis was
highest for the 28 patients with parathyroid carci-
noma (2.11 + 2.2), followed by the 13 patients with
parathyromatosis (1.92 + 0.9) and the 7 patients with
atypical adenomas (1.28 + 0.5).
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Type of Surgery and Postoperative Outcome in Patients With Parathyroid Carcinoma, Parathyromatosis, and Atypical Adenoma

Parathyroid carcinoma n = 28

Atypical adenoman =7 Parathyromatosis n = 13

Cured or Cured or Cured or
NER at NER at NER at
Surgery Persistent ~ Recurrent  follow-up  Persistent ~ Recurrent  follow-up  Persistent ~ Recurrent  follow-up
FOC 2 2 ‘ 2
UNIL 1 1 3 1* 1 1 3
UNIL or BIL + ITL (en bloc) 3 4 2 1 3 2 2
BIL 2 2 3
BIL + CND, SMD or thymectomy 1 2 1
BIL + TT + LCND or SMD 2
Total no. of patients by subgroups (%) 7 (25) 11 (39.3) 10 (35.7) 1(14.3) 1(14.3) 5(71.4) 4(30.7) 5(38.5) 4(30.7)

NER indicates no evidence of disease recurrence; FOC, focused; UNIL, unilateral approach; BIL, bilateral approach; ITL, ipsilateral thyroid lobectomy; CND, central neck dissection; SMD, superior mediastinum

dissection; TT, total thyroidectomy; LCND, left central neck dissection.
* Concurrent partial thyroidectomy.
' Concurrent thymectomy.

TABLE 5
Histopathologic Findings at the Time of First Surgery

Parathyroid carcinoma Atypical adenoma Parathyromatosis
Histologic characteristic n =26 % n=7 % n=13 %
Capsular invasion 19 73.1 0 0 0 0
Fibrous trabeculae 18 69.2 5 714 2 154
Trabecular pattern 16 61.5 2 28.6 2 154
Mitotic figures (>1 mitoses/10 HPF) 17 65.4 2 28.6 2 15.4
Nuclear pleomorphism 14 53.8 1 143 2 154
Vascular invasion 8 30.8 0 0 0 0
Lymph node invasion 5 19.2 0 0 0 0

HPF indicates high-power fields.

Concomitant parathyroid adenomas occurred in
4 of 28 patients with parathyroid carcinoma (14%), in 1
of 7 patients with atypical parathyroid adenoma (14%),
and in 1 of 13 patients with parathyromatosis (8%).

Histopathologic Description

Histopathologic slides and reports were available and
were rereviewed in 26 patients with parathyroid car-
cinoma and all the patients with atypical adenomas
and parathyromatosis (Table 5). One patient previously
considered to have parathyromatosis with multiple
parathyroid nodules in the neck was reclassified as
having parathyroid carcinoma because of the presence
of a focus of vascular invasion. Not surprisingly, inva-
sive behavior was a feature of malignancy. Capsular,
vascular, and lymph node invasion, as well as distant
metastasis, were found to be present only in the
patients with parathyroid carcinomas (Fig. 1A). In our
patients, atypical parathyroid adenomas had some his-

tologic findings suggestive of cancer but not enough to
make the diagnosis. Thus, a thick capsule, fibrous tra-
beculae, a trabecular growth pattern, and, occasionally,
nuclear pleomorphism were present, but there was no
local or vascular invasion, or lymph node or distant
metastasis (Fig. 1B). In the recurrent hyperfunctioning
nodules found in patients with parathyromatosis, there
was invasion in the soft tissue of the neck and mitosis
in 15.4% of the patients (Fig. 1C and D). None of these
patients had vascular invasion, lymph node involve-
ment, or distant metastasis.

Recurrent/Persistent Disease

Approximately one-third of the patients with para-
thyroid carcinoma and parathyromatosis and 5 of
the 7 patients with atypical adenomas were cured or
had no evidence of persistent or recurrent disease at
the time of last follow-up (Table 4). In patients with
parathyroid carcinoma, disease recurrence was more
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FIGURE 1. (A) Parathyroid carcinoma. Focus of vascular invasion (arrows). (H & E, original magnification x100). (B) Atypical adenoma with a thick fibrous
capsule and prominent fibrous trabeculae (arrows). (H & E, original magnification <40). (C) Parathyromatosis. Multiple foci of parathyroid tissue infiltrating adi-
pose and fibrous tissue (arrows). (H & E, original magnification x40). (D) Parathyromatosis. Multiple foci of parathyroid tissue infiltrating skeletal muscle in the

neck (arrows). (H & E, original magnification x20).

common in men than in women (15 of 19 men vs 3
of 9 women; P =.01) and the men were younger
(mean age, 50.2 + 14 years vs 62.6 £+ 5.5 years;
P =.03). These differences were not present in
patients with parathyromatosis or atypical adeno-
mas. Recurrent and persistent disease were more
common among patients with parathyroid carcinoma
and parathyromatosis than those with atypical para-
thyroid adenoma (Table 4). Recurrence in both para-
thyroid cancer and parathyromatosis patients was
documented because of an elevation of the parathy-
roid hormone and blood calcium levels and localiza-
tion studies (ultrasound, technetium 99m sestamibi
scan, magnetic resonance imaging, and computed
tomography scan, and highly selective venous cathe-
terization for parathyroid hormone when noninvasive
localizing studies were equivocal or negative).
Among the patients with parathyroid carcinoma,
disease recurred in all 5 patients who had lymph node
metastasis at the time of initial surgery. Four of these
5 patients had a calcium level >14 mg/dL at the time
of presentation. Seven of the 8 patients who had vas-
cular invasion at the time of first surgery developed
recurrent cancer, 6 of whom had a calcium level >14
mg/dL. Disease recurrence also occurred in 13 of the

17 patients who had >1 mitotic figure/10 high-power
fields (HPFs), all of whom had a calcium level >14
mg/dL. Vascular and lymph node invasion were found
exclusively in specimens of parathyroid carcinoma.
Although capsular invasion was common and an
inclusion criteria for the diagnosis of parathyroid car-
cinoma, only 11 of 19 patients with capsular invasion
developed disease recurrence. Mitotic figures were
observed in specimens from 2 patients with parathyro-
matosis and in 2 patients with atypical adenoma, with
evidence of disease recurrence in 1 patient from each
of the 2 groups.

The disease-free interval for patients with parathy-
roid carcinoma was 48%, 40%, and 32.1% at 24
months, 60 months, and 120 months, respectively. The
disease-free interval was 83% at both 24 months and
60 months for patients with atypical adenomas, and
was 46% at both 24 months and 60 months for patients
with parathyromatosis (P value not significant) (Fig. 2).

Metastatic/Invasive Disease

The majority of patients (20 of 28 patients, 71.4%)
with parathyroid carcinoma developed either locore-
gional or distant metastases during the course of
their disease. At the time of diagnosis, 3 patients had



Disease-free interval in the three group of patients studied

L L " L i L L

1 L
T NS
NG IR — .
£ "
=
“ 06 ] ¢ L
b
*é 04 ol *
= &

02 . L

0 . L

0 50 100 120 200 260 300
Time {(mo.)

—  Cumulative Survival (Atypical parathyroid adenoma)
®  Event Times (Atypical parathyroid adenoma)
Cumulative Survival (parathyroid cancer)
®  Event Times (parathyroid cancer)
Cumulative Survival (parathyromatosis)
Event Times {parathyromatosis)

FIGURE 2. Kaplan-Meier disease-free interval curves for patients with
parathyroid carcinoma, atypical adenoma, and parathyromatosis. NS indi-
cates not significant.

metastatic disease located in the cervical lymph
nodes, soft tissue of the neck, and strap muscles,
and 1 patient also had metastases in the superior
mediastinum. The other 17 patients developed clini-
cal metastatic disease 3 to 96 months after their ini-
tial surgeries. Common sites of locoregional invasion
were the fibrofatty tissue of the neck (80%); the strap
muscles, thyroid, esophagus, and trachea (60%); and
regional lymph nodes (40%). Distal metastasis was
evident in the mediastinum (30%), lung (15%), bone
(10%), and liver (5%).

The early development of metastasis was asso-
ciated with a poor prognosis and death secondary to
metabolic consequences of uncontrollable hypercalce-
mia, as was observed in 2 patients. All patients with
parathyromatosis had foci of invasion near and in the
original site of the parathyroid glands. The most com-
mon location for invasion was the fibrofatty tissue of
the neck (92.3%); the strap muscles and the thyroid,
esophagus, and trachea (61.5%); and the superior me-
diastinum (30.7%). None of the patients with atypical
adenoma had evidence of tumor spread.

Follow-up and Survival

The average follow-up time was 98 months for
patients with parathyroid carcinoma, 46 months for
those with atypical adenomas, and 58 months for pa-
tients with parathyromatosis. One patient with para-
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Survival in the three group of patients studied
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FIGURE 3. Kaplan-Meier survival curves for patients with parathyroid car-
cinoma, atypical adenoma, and parathyromatosis. NS indicates not signifi-
cant.

thyroid carcinoma and 1 patient with atypical parathyroid
adenoma were lost to follow-up after their first sur-
geries. Eleven of the 27 patients with parathyroid car-
cinoma (41%) who had follow-up information died,
10 patients secondary to metastatic disease and
uncontrollable hypercalcemia and 1 patient from re-
spiratory distress and a cardiac arrest 1 day after
undergoing surgery for his fifth recurrence of para-
thyroid cancer. Only 1 patient with parathyromatosis
died during the follow-up period, secondary to com-
plications of the uncontrollable hypercalcemia. All
patients with atypical parathyroid adenomas were
alive at the time of last follow-up.

The 24-month, 60-month, and 120-month cumula-
tive survival rates were 92%, 76%, and 57%, respectively,
for patients with parathyroid carcinoma. The cumula-
tive survival rate was 100% at both 24 months and 60
months for patients with atypical parathyroid adeno-
mas and was 100% at 24 months. and 92% at both 60
months and 120 months for patients with parathyroma-
tosis. Although the overall survival rates were lowest for
patients with parathyroid carcinoma, the differences
between the groups were not significant (Fig. 3).

DISCUSSION
Parathyroid carcinoma, atypical parathyroid ade-
noma, and parathyromatosis are rare conditions that
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account for approximately 2% of all patients with
PHPT. The majority of patients with parathyroid car-
cinoma, atypical adenoma, and parathyromatosis
can be easily differentiated from patients with
“garden variety” primary hyperparathyroidism, but
distinguishing these conditions from each other is
more difficult because they lack precise clinical and
histologic criteria.

In this retrospective series of 48 patients, we
report that clinical and histopathologic presentation
differs in patients with parathyroid carcinoma, atypi-
cal parathyroid adenoma, and parathyromatosis.
Clinically, parathyroid carcinomas and atypical ade-
nomas were significantly more common in men,
whereas parathyromatosis was more common in
women, a finding supported by others.'>!92°

Patients with parathyroid carcinoma usually have
more profound hypercalcemia and metastases, and
are more likely to die prematurely from metabolic
complications.?! In our patients with parathyroid car-
cinoma, blood calcium levels were found to be signifi-
cantly higher (>14 mg/dL in 62% of patients) than the
levels found in patients with atypical adenoma (>14
mg/dL in 17% of patients) and parathyromatosis (no
patient had a blood calcium level >14 mg/dL). Blood
calcium levels were lower in patients who had para-
thyromatosis and chronic renal failure than in patients
with parathyromatosis and PHPT. Although blood
parathyroid hormone levels were higher in patients
with parathyroid carcinoma, there were no significant
differences noted among the 3 groups. Another clini-
cal difference was the presence of a palpable neck
mass, which was found in approximately one-third of
patients with parathyroid carcinoma, 1 patient with
parathyromatosis, and none of the patients with atypi-
cal adenoma. We also found that patients with para-
thyromatosis had more depression, memory loss, and
decreased concentration, which is surprising because
their calcium and parathyroid hormone levels were
generally lower than those of patients with parathy-
roid carcinoma. The presence of renal failure may
have contributed to some of these symptoms.

Although parathyromatosis is most often asso-
ciated with SHPT,'® we found an even distribution of
patients with primary and secondary hyperparathy-
roidism (53.8% vs 46.2%, respectively). Because the
majority of our patients were referred to us from
other medical centers because of recurrent or persis-
tent hyperparathyroidism, this finding is likely the
result of referral bias. Unlike parathyromatosis, para-
thyroid carcinoma is rarely found in patients with
SHPT.** Only 1 of the patients with parathyroid car-
cinoma in the current study had evidence of SHPT
and chronic renal failure at the time of presentation.

The main differential diagnosis of parathyroma-
tosis is parathyroid carcinoma.”'®*! According to our
experience, the distinction should be made between
a locoregional metastatic parathyroid carcinoma with
multiple implants and parathyromatosis. Parathyro-
matosis occurs primarily in patients who have had
previous parathyroid surgeries during which >1
parathyroid glands are resected subtotally or frac-
tured.”®%121%13 [t has also been described after auto-
transplantation of the parathyroid gland in the
forearm.'®'® Parathyromatosis can also develop de
novo in patients with no previous history of neck
surgery or neck trauma.'"'® Among the 28 patients
in the current study with parathyroid carcinoma, 4
had previously had benign parathyroid tumors
removed, but none of the others had undergone sur-
gery previously.

The intraoperative findings are important for
making the appropriate diagnosis. On macroscopic
examination, as we and others have observed, para-
thyroid carcinomas are large, hard, whitish tumors
surrounded by fibrous tissue. Intraoperative differen-
tiation between a parathyroid carcinoma and an
atypical adenoma can be difficult, especially at reo-
peration, because of the overlapping histologic char-
acteristics found in each type of tumor. Parathyroid
carcinomas and atypical adenomas are usually pres-
ent as solitary tumors in patients with severe hyper-
calcemia. In contrast, lesions in patients with
parathyromatosis are small and numerous, have a
gray-tan color, and are often surrounded by adherent
fibrous tissue, which gives some of these lesions the
appearance of parathyroid carcinoma. In some cases,
when the nests of parathyroid tissue are microscopic
and located within the fat, muscle, thyroid, or thy-
mus, the surgeon is often unaware of the presence of
parathyromatosis until after microscopic histologic
examination. There are exceptions to these observa-
tions, as evidenced by 3 patients in the current study
with parathyroid carcinoma who had multiple
nodules of locoregional metastatic disease without
evidence of distal metastasis. Thus, intraoperative
findings can be confusing for the surgeon trying to
distinguish parathyromatosis from parathyroid carci-
noma, but we recommend treating all such patients
as if their lesion is cancerous because occult tumor
can be present in both conditions.®'®'® Parathyroid
carcinoma may be present in patients with para-
thyroid adenomas or hyperplasia.*** Among our
patients with parathyroid carcinoma, 4 had a coexis-
tent benign parathyroid tumor. One of the current
study patients with atypical adenoma and 1 patient
with parathyromatosis also had a benign parathyroid
tumor.



We and others recommend avoiding violation of
the parathyroid tumor capsule, which results in the
shedding of cells.>'® We recommend en bloc resec-
tion for both parathyroid carcinoma and parathyro-
matosis, including the ipsilateral lobe of the thyroid
gland.'*!1 192123726 Among our patients with atypical
parathyroid adenomas, the majority underwent en
bloc resection with preservation of the recurrent la-
ryngeal nerve because malignancy was suspected.
Frozen section diagnosis unfortunately failed to con-
firm the diagnosis of cancer.

Histopathologic criteria to diagnose parathyroid
carcinoma should unequivocally include a trabecular
growth pattern; thick fibrous trabeculae; mitotic fig-
ures (>1/10 HPFs); capsular, vascular, and lymph
node invasion; or distant metastasis.'® Although
some authors have reported the absence of these
histologic criteria in patients with parathyro-
matosis,””'%1%!? some of our patients with parathyro-
matosis had several histologic features found in
parathyroid carcinomas, such as trabecular growth
pattern, fibrous trabeculae, mitotic figures, and nu-
clear pleomorphism, which made the diagnosis more
difficult. Another histologic finding in parathyroma-
tosis, in contrast to adenomas and primary parathy-
roid carcinomas, was evidence of poorly outlined cell
borders and the absence of a real capsule in the nest
of parathyroid tissue. Therefore, in patients with
parathyromatosis, neither the absence nor the pre-
sence of some histologic features found in parathy-
roid carcinoma can be used as a reliable histologic
criteria to distinguish these 2 entities.

Patients with parathyroid carcinoma and para-
thyromatosis have a greater chance of persistent or
recurrent hyperparathyroidism than patients with
solitary adenomas, double adenomas, or hyperpla-
sia.'®212427 Unfortunately, in the current study, 65%
of patients with parathyroid carcinoma and 69% of
those patients with parathyromatosis, the majority of
whom underwent surgery for recurrent or persistent
disease, again developed recurrent and/or persistent
hyperparathyroidism, whereas only 2 patients with
an atypical adenoma did so. Parathyroid carcinoma
most often recurs locally in the neck and mediasti-
num, but also in the lung, bone, and liver. As we and
others have observed, parathyromatosis is usually
localized in the fibrofatty and muscular tissues, the
thyroid, and the superior mediastinum, generally on
the side of the initial tumor resection.®®!*'¢ Patients
with parathyroid carcinoma usually die as a result of
the metabolic complications of the hypercalcemia or
from hypercalcemic crisis. Patients with parathyro-
matosis usually develop the neuropsychiatric and
metabolic complications associated with hyperpara-
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thyroidism, but also occasionally profound hyper-
calcemia, as occurred in 1 of the current study
patients.”'°

In conclusion, our investigation and review of
the literature documents that patients with parathy-
roid carcinoma most often present with profound
hypercalcemia (blood calcium levels >14 mg/dL),
and it occurs either more frequently in men or
equally in men and women. Parathyromatosis occurs
more often in women. There is frequently a history
of previous parathyroidectomy, and the majority of
patients present with mildly increased blood calcium
levels (1-2 mg/dL above the normal range) or normal
calcium levels if the patient has chronic renal failure.
Most patients with atypical adenoma have tumors
that are found intraoperatively to be suspicious for
malignancy. Our investigation also suggests that sub-
total parathyroid gland resection should be per-
formed with minimal shedding of parathyroid cells
and that fracturing of parathyroid tumors should be
avoided. The main genetic alteration (HRPT2 muta-
tions) responsible for parathyroid carcinoma are
known, whereas to our knowledge, the genetic
changes responsible for atypical parathyroid ade-
noma and parathyromatosis are not. A future study
of their molecular pathogenesis may contribute to-
ward a better understanding of these diseases and
the development of a better way to distinguish and
diagnosis them.
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