Japanese Journal of Radiology (2019) 37:380-389
https://doi.org/10.1007/511604-019-00825-3

ORIGINAL ARTICLE q

Check for
updates

CT features of parathyroid carcinomas: comparison with benign
parathyroid lesions

Koji Takumi'© . Yoshihiko Fukukura' - Hiroto Hakamada’ - Hiroaki Nagano' - Yuichi Kumagae' - Hideo Arima? -
Akihiro Nakajo? - Takashi Yoshiura’

Received: 8 December 2018 / Accepted: 28 February 2019 / Published online: 12 March 2019
© Japan Radiological Society 2019

Abstract

Purpose To describe CT features of parathyroid carcinomas (PCs) by comparison with benign parathyroid lesions (BPs).
Methods This retrospective study comprised 82 patients with 76 BPs (62 adenomas and 14 hyperplastic lesions) and 6 PCs.
CT features (size, short-to-long axis ratio, shape, peritumoral infiltration, homogeneity, calcification, attenuation values on
unenhanced CT, and contrast enhancement during arterial and venous phases) were compared between PCs and BPs. The
diagnostic performance of CT features for diagnosing PCs was calculated for these individual parameters.

Results Short-to-long axis ratio was significantly larger in PCs (0.7 +0.1) than in BPs (0.5+0.1, p=0.004). Irregular shape
(33%), the presence of peritumoral infiltration (50%), and calcification (33%) were significantly more common in PCs than
BPs. The contrast enhancement value was significantly lower in PCs than BPs during arterial (p =0.004) and venous phases
(p=0.044). The 100% sensitivity criterion for the short-to-long axis ratio (=0.53), enhancement during arterial phase
(£56.6HU), and venous phase (<59.5HU) yielded accuracies (62.1%, 71.9%, and 75.4%, respectively). Irregular shape, peri-
tumoral infiltration, and calcification showed high specificity (98.7%) and accuracy (93.9%, 95.1%, and 93.9%, respectively).
Conclusions CT features of high short-to-long axis ratio, irregular shape, the presence of peritumoral infiltration and calci-
fication, and low contrast enhancement may aid in distinguishing PCs from BPs.
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Abbreviations Introduction

CT Computed tomography

99mTc_MIBI Technetium-99m sestamibi Parathyroid carcinoma is a rare endocrine malignancy that

BE_.FDG-PET/CT  Fluorine-18-fluorodeoxyglucose posi- accounts for about 1-5% of cases of primary hyperpar-
tron emission tomography/computed athyroidism [1, 2], with some geographic variation of 1%
tomography in Europe and the USA and about 5% in Japan. Patients

ROI Region of interest with parathyroid carcinoma usually have symptomatic

ICC Intraclass correlation coefficient hyperparathyroidism with serum calcium levels of 14 mg/

dL or greater and significantly elevated serum parathyroid
hormone levels [1-3]. However, it is difficult to diagnose
parathyroid carcinomas preoperatively due to clinical fea-
tures similar to those of benign parathyroid lesions [1]. For
parathyroid carcinomas, the initial complete surgical resec-
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[5-8]. On ultrasonography, parathyroid carcinomas showed
a tendency to be larger, more inhomogeneous, and hypo-
echoic masses with lobulated margins in comparison with
parathyroid adenomas [5, 6]. Technetium-99m sestamibi
(®’™Tc-MIBI) dual-phase scintigraphy has been reported to
be useful to differentiate benign from malignant parathyroid
lesions, as well as to detect parathyroid lesions [7]. Fluo-
rine-18-fluorodeoxyglucose positron emission tomography/
computed tomography (‘*F-FDG-PET/CT) was reported to
provide additional information related to the location and
extent of parathyroid carcinoma [8]. Krudy et al. [9] reported
the usefulness of CT examination for detecting local recur-
rence and distant metastases.

CT imaging has been increasingly used for preoperative
detection of parathyroid lesions. Three or more phases are
performed to determine the pattern of enhancement, which
is one of the primary features used to identify a parathyroid
adenoma and to distinguish it from thyroid nodules or lymph
nodes [10-13]. Parathyroid adenomas typically demonstrate
low attenuation on non-contrast CT, intense enhancement in
the arterial phase, and washout of contrast on delayed phase-
enhanced CT imaging [12, 13]. Only one recent report [14]
showed the contrast enhancement pattern of the parathyroid
carcinomas which was a relatively low washout rate. To
the best of our knowledge, however, there are no published
studies with systematically evaluating the CT imaging fea-
tures of parathyroid carcinomas in comparison with benign
lesions. Therefore, the purpose of this study was to describe
the CT imaging features of parathyroid carcinomas in com-
parison with benign parathyroid lesions.

Materials and methods
Patients

Institutional ethics review board approval was obtained, and
informed consent was waived for this retrospective study.
Our institution’s endocrine surgery database was queried,
and 100 consecutive patients with histologically proven
parathyroid lesions during the period from November 2003
to October 2015 were identified.

A total of 18 patients who did not undergo preopera-
tive CT examinations to evaluate parathyroid lesions were
excluded. The remaining 82 patients (31 men and 51 women;
mean age, 63 years; range, 18—87 years) were included in
the present study. For all tumors, the final diagnoses were
confirmed on histopathological evaluation of surgically
resected specimens. The median interval between the pre-
operative CT examination and surgical resection was 31 days
(range for benign lesions, 2-303 days; range for carcinomas,
3-112 days).

CT imaging technique

CT was performed on either a single- or multi-detector
(16 or 64) row CT scanner (Xvigor or Aquilion; Toshiba
Medical Systems, Tokyo, Japan). All scans began at
the hard palate and went through to the carina. Imaging
parameters for the single-detector row helical CT (n=38,
one carcinoma and 7 benign lesions) were as follows:
tube voltage, 120 kVp; gantry rotation speed, 1 s; tube
current, 160 mA; detector row configuration, 3 mm; and
table increment, 3 mm/rotation. Imaging parameters of
multi-detector row CT were: tube voltage, 120 kVp; gan-
try rotation speed, 0.5 s; maximum allowable tube cur-
rent, 400 mA; detector row configuration, 16 X 1 mm for
16-detector row CT (n=22, 2 carcinomas and 20 benign
lesions) or 64 X 0.5 mm for 64-detector row CT (n=52, 3
carcinomas and 49 benign lesions); and table increment,
15 mm/rotation for 16-detector row CT and 26.5 mm/rota-
tion for 64-detector row CT. A 3-phase CT examination
(unenhanced, arterial, and venous phases) was performed
in 55 patients (3 carcinomas and 52 benign lesions), a
2-phase CT examination (unenhanced and arterial (1 car-
cinoma and 8 benign lesions) or venous phase (6 benign
lesions)) was performed in 15 patients, and a one-phase
CT examination was performed in 12 patients (unenhanced
in 9 patients with 1 carcinoma and 8 benign lesions, and
venous phase in 3 patients with 1 carcinoma and 2 benign
lesions). Arterial and portal venous phase scans were
obtained at 30 and 70 s after starting the infusion of con-
trast medium with single-detector row CT, while they were
obtained using a 5-s and 35-s delay after the bolus-track-
ing program detected the threshold aortic enhancement of
150 HU with multi-detector row CT. All patients received
nonionic contrast material with an iodine concentration of
300 mgl/mL (Iopamiron, Bayer Schering Pharma, Osaka,
Japan; or Omnipaque, Daiichi Sankyo, Tokyo, Japan). The
injection dose of contrast material was 1.6 mL/kg body
weight, and injection duration was fixed at 30 s.

Qualitative imaging analysis

Two radiologists (HH and HN, with 10 and 5 years of
experience in head and neck radiology, respectively) inde-
pendently evaluated CT features of tumor shape (regular or
irregular), the presence of peritumoral infiltration, tumor
homogeneity (homogeneous or heterogeneous), and the
presence of calcification within the tumor. We defined the
peritumoral infiltration as the absence of peritumoral fat
border and the presence of irregular shape of peritumoral
organ. Tumor homogeneity was rated as negative when
low-density area compared with parathyroid parenchyma
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which seems cystic or necrotic changes within the lesion
was found. Qualitative parameters were assessed on trans-
verse images that had effective section widths of 3 mm.
Any discrepancies between the two radiologists were
resolved during a third analysis session, in which a deci-
sion was reached by consulting with the third radiologist
(YK, with 14 years of experience in head and neck radi-
ology). The three radiologists had the information of the
presence of parathyroid lesions and their locations, but
were blinded to the pathological diagnoses. In addition, we
reviewed the medical records to identify the information of
ultrasonography features (tumor margin (clear or unclear),
tumor homogeneity (homogeneous or heterogeneous), and
the presence of calcification within the tumor).

Quantitative imaging analysis

The tumor sizes (long and short diameters) and Hounsfield
unit values of all parathyroid lesions were also measured by
the two radiologists. The long diameter was defined as the
maximum diameter of the lesion which was measured by
using multiplanar reconstruction image. And the short diam-
eter was defined as the longest horizontal line which was
90° orthogonal to the long axis on the same image. Short-
to-long axis ratio was defined as short diameter divided by
long diameter. A single as-large-as-possible circular or oval
region of interest (ROI) was placed within each tumor (ROI
mean size, 30.3 mm?2; range, 5-225 mmz) on the slice with
the largest lesion cross-sectional area. Care was taken not
to include vessel calcification, cystic or necrotic changes,
or artifacts within the ROIs. Contrast enhancement was cal-
culated as the difference of Hounsfield unit values between
the unenhanced image and each enhanced image. The tumor
size and Hounsfield unit values were averages of the results
of two observers.

Statistical analysis

A kappa analysis was used to determine the interobserver
agreement for all qualitative analyses. The intraclass cor-
relation coefficient (ICC) was calculated to evaluate inter-
observer agreement of quantitative analyses. We compared
attenuation values during every phase between 3 scanners
using one-way analysis of variance. The tumor size (long
diameter), short-to-long axis ratio (short diameter/long
diameter), attenuation values on unenhanced CT, and con-
trast enhancement during the arterial and venous phases
were compared between the parathyroid carcinomas and
benign lesions using the Mann—Whitney U test. Fisher’s
exact test was used to compare CT features (tumor shape,
tumor homogeneity, and the presence of peritumoral infil-
tration and calcification) and ultrasonography features
(tumor margin, tumor homogeneity, and the presence of
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calcification). Three CT features with the most significant
difference between carcinomas and benign lesions were
selected and analyzed by univariate and bivariate logistic
regression analysis to determine an optimal logistic regres-
sion model for distinguishing parathyroid carcinomas from
benign lesions. The receiver-operating characteristic (ROC)
analysis was generate using the MedCalc statistical software
(MedCalc Software, Mariakerke, Belgium) in order to assess
the ability of short-to-long axis ratio and enhancement on
arterial and venous phases to differentiate parathyroid car-
cinomas from benign lesions. For continuous variables that
were significant, the optimal threshold criterion of 100%
sensitivity for diagnosing parathyroid carcinomas was
used. The sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of CT features for
diagnosing carcinomas were calculated for these individual
parameters. Additionally, we examined whether the diagnos-
tic accuracy for parathyroid carcinomas could be improved
by combining these imaging findings. McNemar test used
to compare the diagnostic accuracy between CT and ultra-
sonography features. All data for continuous variables are
presented as mean + SD. A p value <0.05 was considered to
indicate significance in all analyses. All statistical analyses
were performed using SPSS, version 23.0 (SPSS Inc., Chi-
cago, IL, USA).

Results
Patient characteristics

Patient characteristics are presented in Table 1. Of the 82
parathyroid lesions, 76 were benign (62 adenomas and 14
hyperplastic lesions; 26 men and 50 women; mean age,
62 years; range, 18—87 years) and 6 were carcinomas (4 men
and 2 women; mean age, 64 years; range, 54—74 years). Five
patients had multifocal benign lesions. In these 5 patients,
only the largest lesion was included in this study. All para-
thyroid carcinomas were in left side. Of them, three carci-
nomas were in superior region and three were in inferior
region. For benign lesions, 13 lesions were in right supe-
rior, 35 in right inferior, 15 in left superior, and 13 in left
inferior region. Two patients had multiple endocrine neo-
plasia type-1 (MEN-1). The mean serum calcium levels in
patients with benign lesions and parathyroid carcinomas
were 11.5 mg/dL (range 6.2—-15.9 mg/dL) and 13.0 mg/dL
(range 10.3-16.8 mg/dL), respectively (p =0.094). Three
cases (50%) of parathyroid carcinomas were clinically and
preoperatively flagged as potential parathyroid carcinoma,
and the other 3 cases were suspected as adenoma. One
patient with carcinoma had a neck palpable mass, and no
patients showed the recurrent nerve palsy. Eleven patients
(1 carcinoma and 10 benign lesions) showed bone pain with
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or without osteoporosis, and 26 patients (2 carcinomas and
24 benign lesions) had symptoms related to hypercalcemia
(general fatigue, appetite loss, and kidney or urinary tract
stone). All patients with parathyroid carcinomas in this study
did not have any lymph node metastases.

Ultrasonography features of parathyroid lesions

Sixty-one patients (3 carcinomas and 58 benign lesions)
were identified with ultrasonography features in the medi-
cal records. Unclear margin was significantly more frequent
in carcinomas (2/3, 66%) than in benign lesions (1/58, 2%;
p=0.005). Three cases (100%) of parathyroid carcinomas
were rated as heterogeneous, which were significantly dif-
ferent from benign lesions (12/58, 21%; p=0.013). Cal-
cification was significantly more frequent in carcinomas
(1/3, 33%) than in benign lesions (0/58, 0%; p =0.049). The

performances of the ultrasonography features for diagnos-
ing parathyroid carcinoma are shown in Table 2. Unclear
margin, intralesional heterogeneity, and calcification showed
high accuracy (96.7%, 80.3%, 96.7%, respectively).

CT features of parathyroid lesions

Table 3 shows the differences in attenuation value between
3 different CT scanners.

CT features of parathyroid carcinomas and benign
lesions are presented in Table 4. The interobserver agree-
ments ranged from substantial to almost perfect (xk=0.79
for tumor shape, x=0.82 for peritumoral infiltration,
x=0.87 for tumor homogeneity, and « = 1.00 for calcifica-
tion). All interobserver agreements of quantitative analy-
ses were excellent (ICC =0.97 for tumor size, ICC=0.82
for short-to-long axis ratio, ICC =0.89 for unenhanced CT

Table 1 Patients’ characteristics
of parathyroid lesions

Carcinomas (n=06) Benign lesions (n="76) P

Age (years) 63.8+7.1 62.4+14.0 0.964%
Gender (man/women) 4:2 25:51 0.178°
Serum calcium level (mg/dL) 13.0+2.3 11.5+1.5 0.094*
Location of the parathyroid lesion
Right/left 0:6 48:28 0.004°
Upper/lower 3:3 28:48 0.668°
Symptom
Neck palpable mass 17% (1/6) 0% (0/76) 0.073°
Bone pain with or without osteoporosis 17% (1/6) 13% (10/76) 1.000°
General fatigue or appetite loss 17% (1/6) 18% (14/76) 1.000°
Kidney or urinary tract stone 33% (2/6) 13% (10/76) 0.211°
“Mann—Whitney U test
PFisher’s exact test

Table 2 Performance of Sensitivity (%) Specificity (%) PPV (%) NPV (%)  Accuracy (%)

ultrasonography features

in di.agnosing parathyroid Unclear margin 66.7 (2/3) 98.3 (57/58) 66.7 (2/3)  98.3(57/58) 96.7 (59/61)

carcioma Intratumoral heterogeneity 100 (3/3) 79.3 (46/58)  20.0 (3/15) 100 (46/46) 80.3 (49/61)
Calcification 33.3(1/3) 100 (58/58) 100 (1/1)  96.7 (58/60) 96.7 (59/61)
PPV positive predictive value, NPV negative predictive value

Table 3 CQmparison . Attenuation values (HU) p

of attenuation values in

parathyroid lesions between Single-detector row 16-detector row 64-detector row

different CT scanners n=3_8 n=22 n=52
Phases
Unenhanced 59.5+5.8 45.3+9.0 50.8+15.7 0.055
Arterial 132.2+33.5 133.3+38.6 121.2+38.2 0.509
Venous 127.7+13.8 127.7+13.8 125.3+27.6 0.777
HU Hounsfield unit
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Table 4 CT features of parathyroid carcinomas and benign lesions

Table 5 Logistic regression analysis of CT features for distinguishing
parathyroid carcinomas from benign lesions

Carcinomas  Benign lesions p

(n=6) (n=176) Odds ratio (95% CI) p
Tumor size (mm) 222+10.7 19.2+8.1 0.423% Univariate analysis
Short-to-long axis ratio 0.7+0.1 0.5+0.1 0.004% Short-to-long axis ratio 78,778.5 (18.92— 0.008

(short/long diameter) 327,997,146.70)

Irregular shape 33% (2/6) 1% (1/76) 0.013° Peritumoral infiltration 37.0 (4.40-311.11) 0.001
Peritumoral infiltration 50% (3/6) 3% (2/76) 0.002° Arterial phase enhancement 0.93 (0.88-0.99) 0.019
Homogeneity 50% (3/6) 64% (49/76) 0.664° Bivariate analysis

Calcification 33% (2/6) 1% (1/76) 0.013° Short-to-long axis ratio 45,995.24 (7.05- 0.021
Unenhanced CT value 552487 4971142 0.339° 29,744,767,394.44)

(HU) Peritumoral infiltration 37.0 (4.40-311.11) 0.006
Contrast enhancement (HU) Short-to-long axis ratio 6136.77 (0.071- 0.133
Arterial phase 2744227 78.0+339 0.004* 529,640,068.91)

Venous phase 4744105 762+254 0.0442 Arterial phase enhancement 0.94 (0.88-0.99) 0.037
Peritumoral infiltration 14.91 (0.51-436.42) 0.117
“Mann-Whitney U test Arterial phase enhancement 0.92 (0.86-0.99) 0.030

PFisher’s exact test

values, ICC =0.96 for the contrast enhancement value in
the arterial phase, and ICC=0.92 for the contrast enhance-
ment value in the venous phase).

The tumor size of parathyroid carcinomas
(22.2+10.7 mm) was not significantly different from that
of benign lesions (19.2 +8.1 mm, p =0.423). The short-
to-long axis ratio was significantly larger in carcinomas
(0.7+0.1) than in benign lesions (0.5 +0.1, p =0.004).
Irregular shape was significantly more frequent in car-
cinomas (2/6, 33%) than in benign lesions (1/76, 1%;
p =0.013). Peritumoral infiltration was significantly more
frequent in carcinomas (3/6, 50%) than in benign lesions
(2/76, 3%; p=0.002). Overall, 3 cases (50%) of parathy-
roid carcinomas were rated as homogeneous, which were
not significantly different from benign lesions (49/76, 64%;
p=0.664). Calcification was significantly more frequent in
carcinomas (2/6, 33%) than in benign lesions (1/76, 1%;
p=0.013). There was no significant difference in unen-
hanced CT values between carcinomas and benign lesions
(55.2+8.7 vs. 49.7 £ 14.2 HU, p=0.339). The contrast
enhancement value was significantly lower for carcinomas
than for benign lesions in the arterial phase (27.4 +22.7
vs. 78.0+33.9 HU, p=0.004) and in the venous phase
(47.4+10.5 vs. 76.2 +£25.4 HU, p=0.044).

In univariate and bivariate logistic regression analyses,
the contrast enhancement during arterial phase was signifi-
cantly different between parathyroid carcinoma and benign
lesions (Table 5) and was better predictor of parathyroid
carcinoma compared to short-to-long axis ratio (p =0.037
vs. 0.133) and peritumoral infiltration (p =0.030 vs. 0.117).
The area under the ROC curve of contrast enhancement on
arterial phase (0.872; 95% CI 0.754-0.947) was slightly
higher than that of short-to-long axis ratio (0.840; 95% CI
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0.716-0.925) and contrast enhancement on venous phase
(0.833; 95% CI 0.708-0.920), but did not reach statistical
significance (p =0.868 and 0.555, respectively).

The performances of the CT features for diagnosing
parathyroid carcinoma are shown in Table 6. The 100%
sensitivity criterion for the short-to-long axis ratio (>0.53)
yielded a specificity and accuracy of 59.2% and 62.1%,
respectively. Irregular shape, peritumoral infiltration, and
calcification showed high specificity (98.7%) and accuracy
(93.9%, 95.1%, 93.9%, respectively). The 100% sensitivity
criterion for the enhancement during arterial phase (<56.6
HU) and venous phase (<59.5 HU) yielded the specificities
(70.7% and 74.1%, respectively) and accuracies (71.9% and
75.4%, respectively). When CT showed short-to-long axis
ratio (>0.53) and the enhancement during venous phase
(<£59.5 HU), the sensitivity, specificity, and accuracy for
diagnosing parathyroid carcinomas were improved (100%,
91.4% and 91.8%, respectively). No significant differences
were seen in accuracy to diagnose parathyroid carcinomas
between tumor margin on ultrasonography and tumor shape
or peritumoral infiltration on CT (p =0.625), calcification
on ultrasonography and CT (p=1.000).

Representative cases of parathyroid gland tumors are
shown in Figs. 1, 2, and 3.

Discussion

CT findings of parathyroid carcinomas were compared with
those of benign parathyroid lesions. High short-to-long axis
ratio, irregular shape, the presence of peritumoral infiltra-
tion and calcification, and low contrast enhancement were
significantly associated with parathyroid carcinomas. To the
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Table 6 Performance of CT imaging features in diagnosing parathyroid carcinoma

Threshold Criterion ~ Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Short-to-long axis ratio >0.53 100 (6/6) 59.2 (53/76) 16.2 (6/29) 100 (53/53) 62.1 (59/82)
Irregular shape +) 33.3(2/6) 98.7 (75/76) 66.7 (2/3) 949 (75/79) 93.9(77/82)
Peritumoral infiltration +) 50.0 (3/6) 98.7(75/76) 75.0 (3/4)  96.2(75/78) 95.1 (78/82)
Calcification +) 33.3 (2/6) 98.7 (75/76) 66.7 (2/3) 949 (75/79) 93.9 (77/82)
Enhancement

Arterial phase <56.6 HU 100 (4/4) 70.0 (42/60) 18.1 (4/22) 100 (42/42) 71.9 (46/64)
Venous phase <59.5 HU 100 (3/3) 74.1 (43/58) 16.7 (3/18) 100 (43/43) 75.4 (46/61)
Short-to-long axis ratio (>0.53) and venous phase enhance- 100 (3/3) 91.4 (53/58) 37.5 (3/8) 100 (53/53) 91.8 (56/61)

ment (<59.5 HU)

PPV positive predictive value, NPV negative predictive value

best of our knowledge, this is the first study to report the
CT features of parathyroid carcinomas in comparison with
those of benign lesions. These CT features may be useful for
differentiating parathyroid carcinoma from benign lesions,
and they might affect the management and therapeutic plan-
ning of patients with parathyroid lesions. Patients who were
diagnosed before or during surgery and underwent en bloc
resection with the adjacent structures had a local recurrence
rate of 8%, and a long-term overall survival rate of 89% [4].
On the other hand, simple parathyroidectomy resulted in a
local recurrence rate of 51% and a long-term survival rate
of 53% [4]. Thus, accurate preoperative diagnosis of para-
thyroid carcinoma is important.

On physical examination, up to 70% of patients with para-
thyroid carcinomas present with a palpable neck mass; this
is quite rare in benign disease [1]. In our study, only 17%
(1/6) patients with carcinoma had a palpable neck mass and
no patient had the symptom of recurrent nerve palsy. No
patients with benign lesions showed those symptoms. Pal-
pable mass or recurrent laryngeal nerve palsy in a patient
with primary hyperparathyroidism may be suggestive of
parathyroid carcinoma [1].

In the present results, the tumor size of parathyroid car-
cinomas tended to be higher than that of benign lesions, but
the difference was not significant. Previous reports showed
that parathyroid carcinomas were significantly larger than
parathyroid adenomas [6, 15, 16]. Cheon et al. [6] reported
no significant difference in tumor size between parathyroid
carcinomas and benign lesions, consistent with the present
result.

Previous researchers reported that morphological find-
ings other than tumor size could indicate the presence of
malignancy [5, 6]. Hara et al. [5] reported that the depth/
width ratio of the lesions on ultrasonography distinguished
benign from malignant parathyroid lesions. They mentioned
that their result was related to the fact that parathyroid car-
cinomas usually have a round shape, while adenomas have
an elliptical shape [5]. In the present study, the short-to-long

axis ratio of parathyroid carcinomas was significantly higher
than that of benign lesions, which was consistent with their
results [5].

The tumor shape of parathyroid carcinomas is typically
more lobulated or irregular compared with that of parathy-
roid adenomas [17]. The present study showed that irregular
shape on CT and unclear margin on ultrasonography were
significantly more associated with carcinomas than with
benign lesions. Peritumoral infiltration was significantly
more associated with carcinomas than with benign lesions,
which was consistent with a previous ultrasonography study
[6]. Thus, peritumoral infiltration may be one of the pre-
dictive features of parathyroid carcinomas. However, the
present two benign lesions with peritumoral infiltration on
CT were proven pathologically to be intrathyroidal parathy-
roid adenomas, which are parathyroid adenomas occurring
ectopically within or closely adjacent to the thyroid gland.
Goodman et al. [18] reported that the incidence of intrathy-
roidal adenomas is 1.9% in primary parathyroid lesions. It is
important to be aware that it might be difficult to differenti-
ate intrathyroidal parathyroid adenomas from carcinomas
with peritumoral infiltration on CT.

The present results showed no significant difference in
tumor homogeneity on CT between parathyroid benign
lesions and carcinomas. Heterogeneity on ultrasonogra-
phy was more commonly seen in parathyroid carcinomas,
which was consistent with the previous report [5]. The rea-
son for this discrepancy might be attributable to the dif-
ference between ultrasonography and CT. Therefore, fur-
ther investigation will be needed to clarify the association
between tumor homogeneity and the pathological diagnosis
of parathyroid lesions. Focal calcification can be seen patho-
logically within parathyroid carcinomas [3, 19]. In a previ-
ous report with ultrasonography features, calcification was
identified in 50% (4/8) of parathyroid carcinomas, while no
benign lesion had calcification [6]. In accordance with the
previous ultrasonography study, the present results showed
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Fig.1 A 64-year-old woman with parathyroid carcinoma. a Unen-
hanced phase CT images show a parathyroid carcinoma posterior
to the inferior left thyroid lobe (arrow). b Para-coronal reformatted
image showed 43.5 mm in long diameter and 30.9 mm in short diam-
eter, with a short-to-long axis ratio of 0.71. The tumor has irregular
shape features with intratumoral calcification

that calcification was significantly more frequent in parathy-
roid carcinoma than in benign lesions.

Parathyroid carcinomas showed a weak and gradual
enhancement pattern. One recent study [14] showed the
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contrast enhancement pattern of the parathyroid carcino-
mas which was a relatively low washout rate (the arterial
to early delayed phase, 9.29%). The reason for this discrep-
ancy between their results and ours might be the difference
of contrast enhancement protocols, the dose of contrast
enhancement media, and the scan timing. Mean contrast
enhancement of parathyroid carcinomas was significantly
lower than that of benign lesions during the arterial phase
and the venous phase, which was consistent with their results
[14]. The histological characteristics of parathyroid carci-
nomas include angioinvasion, tumor necrosis, and fibrosis
[20, 21]. Necrosis and fibrosis may be related to the weak
and gradual enhancement pattern of parathyroid carcino-
mas. Several previous reports [22, 23] showed that lymph
nodes had lower contrast enhancement in comparison with
that of parathyroid adenomas, which is similar to contrast
enhancement pattern of parathyroid carcinomas in this study.
Therefore, it might be difficult to differentiate parathyroid
carcinomas from lymph nodes only by evaluating the con-
trast enhancement pattern. The contrast enhancement pattern
of parathyroid adenomas has been controversial. Bahl et al.
[24] reported variable enhancement patterns of parathyroid
adenomas by comparing with attenuation value of thyroid
gland. They reported that the enhancement pattern, which
was not higher in attenuation than the thyroid in the arterial
phase but was lower in attenuation than the thyroid in the
delayed, was most common with a prevalence of 57% of
parathyroid benign lesions. Recently, Lee et al. [25] reported
that large parathyroid adenomas (> 1 cm?®) showed early
arterial enhancement and a rapid venous phase washout pat-
tern, whereas small parathyroid adenomas (< 1 cm?) showed
a gradual enhancement pattern in the venous phase. In the
present result, benign parathyroid lesions showed slight
washout between the arterial and venous phases.

In the present results, a high accuracy in diagnosing
carcinoma was found for the presence of irregular shape
(93.9%), peritumoral infiltration (95.1%), and calcification
(93.9%), which was consistent with a previous report regard-
ing ultrasonographic features [6]. These imaging features
may be useful diagnostic tools for parathyroid carcinomas.
In addition, the present study showed that a 100% sensitivity
criterion for the short-to-long axis ratio (>0.53) and con-
trast enhancement during the arterial phase (<56.6 HU) and
the venous phase (<59.5 HU) yielded accuracies of 62.1%,
71.9%, and 75.4%, respectively. Thus, a low short-to-long
axis ratio (<0.53) and high contrast enhancement (arterial
phase, > 56.6 HU; venous phase, > 59.5 HU) would suggest
benignity.

Clinically, scintigraphy examination, in particular *™Tc-
MIBI, is widely used to detect parathyroid lesions. For dif-
ferentiating malignant from benign parathyroid lesions, one
previous report showed that *™Tc-MIBI dual-phase scintig-
raphy could differentiate parathyroid carcinomas from benign
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Fig.2 A 68-year-old man with
a left carotid space parathyroid
carcinoma. a Unenhanced
phase axial image shows an
oval lesion measuring 19.8 mm
inferior to the left thyroid lobe
(arrow). b Arterial phase axial
image shows mild enhancement
in the lesion (56.6 HU) (arrow).
¢ Venous phase axial image
shows persistent enhancement
(59.5 HU) (arrow). d Coronal
reformatted image in the venous
phase demonstrates a semi-oval
lesion (arrow) with a short-to-
long axis ratio of 0.77

lesions with high-intense radioactivity on delayed images
(similar to or greater than submandibular gland activity)
and little radioactivity difference between early and delayed
images [8]. In addition, BE_FDG-PET/CT can be considered
a very sensitive tool for pre- or post-surgery staging or follow-
up evaluation of parathyroid carcinoma with additional infor-
mation of the extension of disease, identification of recur-
rence, and residual disease after treatment [9]. In this study,
we did not evaluate the scintigraphy features of parathyroid
lesions, and however, one patient with parathyroid carcinoma
underwent *™Tc-MIBI scintigraphy and showed high-intense
radioactivity (similar to submandibular gland activity) on
delayed phase. Two patients with carcinoma showed increased
BE_FDG activity with a maximum standardized uptake value
(SUV max) of 4.0 and 6.7. In this study, we evaluated the
usefulness of CT features for differentiating malignant from
benign lesions. CT images for parathyroid lesions are widely
used and can be useful for not only detection of parathyroid
lesions but evaluation of the tumor features, lesion extension,
and adjacent anatomical structure in detail. We believe that it
is important to diagnose and evaluate parathyroid lesions with
combination of those modalities.

There are several limitations in the present study. First,
because of its rarity, the number of carcinomas was small
which limits the statistical power. We believe our pilot study
would encourage future research, and it would be desirable to
conduct a large multicenter study. Second, it was a retrospec-
tive study that may have been subject to selection bias due to
an unbalanced number of patients for each type of lesion. A
well-designed prospective study on CT features may be needed
in the future. Third, the histopathological examination was not
performed for evaluation of the characteristics which influ-
enced the morphological features and contrast enhancement
pattern. However, this is the first report to evaluate directly the
difference of CT imaging features between parathyroid carci-
nomas and benign lesions. Further examination was needed
to evaluate the radiological—pathological correlation. Finally,
three different types of CT scanners were used, and this could
also have affected the study results. Different imaging proto-
cols were used in this study because of the long time frame.
However, all patients underwent helical CT examinations,
which allowed us to analyze all imaging criteria observed in
parathyroid lesions (morphological features and attenuation).
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Fig.3 A 69-year-old woman
with a right parathyroid ade-
noma. Dynamic CT study shows
a parathyroid lesion with typical
enhancement characteristics

and morphology. a Unenhanced
phase axial image shows an
oval lesion posterior to the right
thyroid lobe (arrow). b Arte-
rial phase axial image shows
strong contrast enhancement
(169.1 HU) (arrow). ¢ Venous
phase axial image shows a
washout enhancement pattern
(104.0 HU) (arrow). d Sagittal
reformatted image in the venous
phase shows an elliptical lesion
(arrow) measuring 15.9 mm,
with a short-to-long axis ratio
of 0.34

In conclusion, the CT imaging characteristics of para-
thyroid carcinomas were described. High short-to-long axis
ratio, irregular shape, the presence of peritumoral infiltration
and calcification, and low contrast enhancement appear to be
key CT findings to distinguish parathyroid carcinomas from
benign parathyroid lesions.
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