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Purpose: To evaluate computed tomography (CT) detection of solitary thyroid calcification for
identifying thyroid papillary carcinoma and to determine whether the predictive ability changes
when the size increases after enhancement.

Materials and methods: CT scans on all 96 patients with thyroid nodules who underwent both
enhanced CT examination of neck and thyroidectomy from 2014 to 2016 in the Shandong Cancer
Hospital affiliated to Shandong University were reviewed. The cases without calcification and the
cases with peripheral calcification, multiple coarse calcifications, or punctate calcification were
excluded. Imaging features, including location and size of the lesions, were reviewed on plain
and contrast-enhanced CT. The patients were grouped by histological results. The comparisons
were evaluated by using Fisher’s exact test and binary logistic regression.

Results: The study population consisted of 96 patients (74 females, 22 males; mean age
49.8+11.3 years). Papillary thyroid carcinoma was observed in both solitary calcified thyroid
nodules (85.4%) and solely coarse calcifications surrounded by low-density focus (58.2%).
The difference was significant (P=0.006). Of 64 patients with an amplification of lesions after
contrast enhancement, 58 (90.6%) were diagnosed with a malignant lesion. At the same time,
of the 32 patients with no increase in size, 10 (31.2%) were diagnosed with carcinoma and
22 (68.8%) with nodular goiter. This difference was significant (P<<0.001), and after binary
logistic regression, increasing size was an independent risk factor for cancer.

Conclusion: Solitary calcified thyroid nodules detected on CT represent a high risk for
papillary thyroid carcinoma, especially when the size of the lesions increases after contrast-
enhanced CT.

Keywords: computed tomography, solitary calcified thyroid nodule, papillary thyroid

carcinoma, size

Introduction

Thyroid nodules are common. Approximately 4%—7% of the population have
palpable thyroid nodules,' and the prevalence of nonpalpable nodules is even higher.?
Ultrasonography (US), Doppler US, fine-needle aspiration, and computed tomography
(CT) are all used for inspection of the thyroid, of which US is the most frequently
used.'*> However, US is easily affected by the subjectivity of the various operators.?
Furthermore, the use of Doppler US to define blood supply present in thyroid nodules
for diagnostics is disputed. Some investigators think that rich vasculature in nodules
plays arole in elucidating the characteristics,>® whereas others consider that it does not
provide supplementary information.”® Fine-needle aspiration is probably unnecessary
in diffusely enlarged glands with multiple nodules, noninvading lesions to normal
parenchyma,’ and nodules with coarse calcifications, which are difficult to penetrate by
needle.!” Reports about thyroid nodules detected on CT are rare. It is generally accepted
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that CT may underestimate the number of nodules compared
with ultrasound. A study also showed that no CT features can
reliably differentiate benign thyroid nodules from malignant
ones.'' However, CT provides unique advantages for evalua-
tion of thyroid gland tumors, particularly for advanced lesions
with suspicion of extracapsular extension,® or metastatic
cervical lymph nodules compared to the limited number
of images available from sonographic examinations,'>!> or
incidentally detected lesions of the thyroid gland in neck or
chest CT examinations.' In clinical practice, CT examination
is feasible for the diagnosis of thyroid nodules.
Calcification is a common phenomenon in both benign
and malignant thyroid nodules,'*'¢ and the incidence of cal-
cification in malignant nodules is higher.!! Many studies
have assessed various calcifications for their diagnostic value
in benign and malignant nodules.>!*!5"'8 Solitary calcified
thyroid nodules are examples of single coarse calcifications
without visualization of the surrounding low-density focus
whose density is lower than the normal thyroid gland tissue.!”
Kwak et al” reported that cases that show solitary calcified
nodules without soft tissue involvement can be diagnosed as
thyroid papillary carcinoma on ultrasound, and Ma and Li*
also showed that malignant pathology was present in 40% of
five cases on ultrasound. Therefore, solitary calcified thyroid
nodules should not be ignored. CT imaging studies of these
nodules have not been reported. The sensitivity of ultrasound
for the diagnosis of calcification is 82%—96%, which is a little
larger than the 75% sensitivity of CT scans. However, in
preoperative ultrasonographic diagnosis of calcified nodules,

more than half the nodules were observed to be without
calcification, whereas the preoperative CT diagnosis of cal-
cified nodules is usually consistent with the pathology. On
the other hand, the specificity of ultrasound is lower. Han et
al?! reported that the reason for this low specificity is that the
fiber composition of these colloid nodules was characterized
by clusters of high-echo-like calcification. Furthermore,
posterior attenuation disturbs identification of the lesion’s
constitution behind annular or coarse calcification, so the
application in ultrasound has limits. On the other hand, CT
has unique advantages in identifying solitary calcified thyroid
nodules. In the present report, we assess the association
between solitary calcified thyroid nodules detected on CT and
papillary carcinoma as well as the changes of lesions size, to
study prediction function of CT in thyroid disease.

Materials and methods
Study population

A retrospective review was performed on all 820 patients who
underwent both CT examination of neck and thyroidectomy
in Shandong Cancer Hospital affiliated to Shandong Univer-
sity from July 2014 to July 2016. We excluded 344 cases
without calcification, 194 with punctate calcification,
118 with peripheral calcification, and 68 with multiple coarse
calcifications (Figure 1). Finally, we identified 41 cases with
solitary calcified nodules and 55 cases with solely coarse
calcification surrounded by a low-density focus for inclusion
in the study group. The final study population consisted of
96 cases (74 women and 22 men; range 23—75 years; mean

[ 820 cases underwent both CT examination and thyroidectomy ]

< [ 344 cases without calcification ]

[ 476 cases with different kinds of calcification ]

S

@ 194 cases with punctate calcification
(2) 118 cases with peripheral calcification

(3) 68 cases with multiple coarse calcifications

(1) 41 cases with solitary calcified nodules

(2) 55 cases with coarse calcification surrounded

by a low-density focus

Figure | The flowchart of patients’ selection.
Abbreviation: CT, computed tomography.

submit your manuscript

6274

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

CT-detected solitary thyroid calcification

age 49.8+11.3 years). The study was approved by the ethics
committee of the Shandong Cancer Prevention and Treatment
Research which deemed patient consent was not required due
to the retrospective nature of the study.

Methods

All the 820 patients underwent contrast-enhanced CT scans
of the neck. All CT scans were obtained using a high-
speed 128 slice spiral CT scanner (GE Medical Systems,
Waukesha, WI, USA). The scanning parameters were: 120
kV, 250 mAs, 32x0.625 collimation, 0.75 seconds rotation
time, 1.7 seconds cycle time, 2.5 mm cross-sectional thick-
ness, and 2.5 mm cross-sectional distance. Before scanning,
patients were told to breathe calmly and not to swallow. The
patients were placed in supine position with the neck fully
exposed, and the scanning range was at least from pharynx
oralis to the upper edge of the aortic arch. The contrast
medium used was Omnipaque (300 mg/L; Amersham
Health, Cork, Ireland) with 80-100 mL injected via the
median cubital vein at a rate of 2.7-3.0 mL/s. Dual-phase
enhanced scanning was performed at 30 and 70 seconds
after contrast injection.

Image analysis

The images were converted to 1 mm cross-sectional thick-
ness and 1 mm of cross-sectional distance through imaging
postprocessing techniques and then independently assessed
by two radiologists (WWL and YH) with 3040 years of
experience who were blinded to the results of pathology
recorded on the Picture Archiving and Communication Sys-
tems Workstation. If the radiologists disagreed, they made
the final decision through further consultations and dialogue.
The following CT parameters were evaluated: location and
the size of lesions before and after contrast enhancement.
Also, the standard of size is region of interest (ROI). We
chose the layer of maximal size of calcification, before and
after enhancement. When ROI, = ROI, >10% ROI,, the size
increased after contrast enhancement.

Pathology

All 820 patients had a conclusive pathological diagnosis
confirmed by senior pathologists. All thyroid specimens
were fixed in 10% neutral formalin. Tissue sections of 2 mm
thickness were stained with hematoxylin and eosin to ensure
that the calcifications were embedded in the specimen.

Statistical analysis
Statistical analysis of the results was performed with SPSS
17.0 (SPSS Inc., Chicago, IL, USA). Fisher’s exact test was

used to compare the difference in age, sex, the incidence
of a surrounding low-density focus, and the incidence of
increasing size. Binary logistic regression was used to assess
the association between the histopathologic diagnosis and
low-density focus or increasing size. A P-value <0.05 was
considered to be statistically significant.

Results

During the study period, 820 patients underwent both
thyroidectomy and preoperative contrast-enhanced CT.
In all, there were 280 papillary carcinomas, 16 follicular
carcinomas, five medullary carcinomas, 14 undifferentiated
carcinomas, 301 nodular goiters, 78 thyroid adenomas,
35 cystic degeneration of thyroid adenomas, and 91 inflam-
matory nodules. The rate of malignancy in cases without
calcification, with peripheral calcification, with punctate
calcification, with solitary calcified nodules, and with coarse
calcification surrounded by a low-density focus were 11.8%,
20.2%, 39.8%, 85.4%, and 43.3%, respectively. A total
of 96 patients were finally included in the study, with an
age range between 23 and 75 (mean age 49.8+11.3) years.
Among 66 patients older than 45 years, 46 (69.7%) were
diagnosed with papillary thyroid carcinoma, whereas in
30 patients younger than 45 years, 28 (93.3%) had malignant
pathology. Among 96 patients, the male-to-female ratio was
1:3.4. Of the 22 males, 21 (95.5%) were found to have papil-
lary thyroid carcinoma. Of the 74 females, 53 (71.6%) were
diagnosed with papillary thyroid carcinoma. In the group
of 41 patients with a solitary calcified nodule, 35 (85.4%)
had malignant pathology, whereas 32 (58.2%) of cases
were diagnosed with papillary carcinoma in the group of
55 patients with solely coarse calcification surrounded
by a low-density focus. In all the 96 cases, 58 (89.2%)
had a diagnosis of papillary carcinoma in the 64 patients
with increasing size, whereas the malignancy rate in the
32 cases without increasing size was 31.3%. The P-values
were 0.01 for age, and 0.02 for sex, 0.006 for low-density
focus, and 0.001 for increasing size. The differences were
significant (Table 1).

As indicated by the binary logistic regression analysis,
there were significant differences in the incidence of size
increase (P=0.001, odds ratio =0.056; Table 1). The inci-
dence of size increase had area under the receiver operating
characteristic curve of 0.805 (Figure 2).

Discussion

The malignancy rate of solitary calcified thyroid nodules
detected on CT was 85.4%, and the pathologies were all
papillary thyroid carcinomas. Especially when the size of
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Table | Patient characteristics

Subgroup Malignant Benign P-value OR
Age, years 0.01 -
=45 46 20
<45 28 2
Sex 0.02 -
Female 53 21
Male 21 |
Incidence of low-density focus 0.006 -
Yes 32 23
No 35 6
Incidence of increasing size 0.001 0.056
Yes 58 6
No 10 22

Abbreviation: OR, odds ratio.

the lesions increased after contrast-enhancement CT, the
pathologies were almost malignant.

Thyroid carcinoma is a malignant tumor with rapidly
increasing incidence, and it is also one of the most common
malignant tumors of the endocrine system. Most thyroid
nodules are benign, but small proportions of such nodules
are malignant. According to the survey conducted by World
Health Organization, the cure rate of thyroid carcinoma is
approximately 85%. So, early diagnosis and treatment is
very important, and the main treatment modality is surgery.
Accordingly, the unnecessary operation rate of thyroid nod-
ules has also increased rapidly. Lifelong thyroid replacement
therapy adds to the burden of the patients and their families.
Additionally, lack of consensus, specification, surgical
procedure, and recurrence monitoring augment the crisis.

1.0

0.8

0.6

Sensitivity

0.4

0.2

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - specificity

Figure 2 ROC curve of diameters.
Abbreviation: ROC, receiver operating characteristic.

In our study, the relative risk for malignancy was higher in
the younger patients than in the older patients (P<<0.05).
This is in accordance with the previous report of Kakkos
et al.’® In addition, our study showed significant differences
between males and females (P=0.02), similar to the results
of previous study.!

Calcification is common in thyroid tissue. Wu et al'
reported that calcification is present in 35% of thyroid nodules
in CT. The patterns of calcification in CT include peripheral
calcification, coarse calcifications (>2 mm), and punctate
calcification. The punctate calcification consists of single
punctate calcification and multiple punctuate calcification.
Previous studies have reported various patterns of calcifica-
tion. Frates et al’ reported that the presence of any calcification
within the nodule increases the likelihood of malignancy.

Peripheral calcification patterns include “egg-shell”-
like, rim-like, or curvilinear calcification located around the
nodule.* Tt is one type of dystrophic calcifications. How-
ever, when compared with nodules without calcification,
the presence of peripheral calcification did not show obvi-
ous increase in the relative risk of malignancy,!’?! but was
associated with a multinodular goiter. Kim et al**> deduced
that peripheral calcification is sometimes associated with
malignancy when a peripheral halo is noted and disruption
disappears in sonography.

Punctate calcification is defined as a single or multiple
intranodular microcalcification that measures =2 mm in
diameter. Shetty et al** found that the presence of punctate
calcification on CT correlated to the presence of microcal-
cifications on sonography, and this statement is in accord
with the report by Ishigaki et al.> Meanwhile, some previous
reports showed that microcalcification was an independent
risk factor for malignancy.*!>!7*! Shetty et al** reported
that the incidence of punctate calcification may increase
suspicion, but no significant correlation existed between
punctate calculation on CT and malignant or potentially
malignant histology. Wu et al'* reported that nodules with
multiple punctate calcifications (79%) were more likely to
be malignant than nodules with a single punctate calcification
(58%). Wu et al'* also indicated that when solitary calcified
nodule occurs with multiple punctate patterns, resection is
strongly recommended.

Coarse calcification presented as large, nodular, or
amorphous opaque structures that measured >2 mm in
diameter.'* It is also a kind of dystrophic calcification. Coarse
calcification has been reported to be helpful in the diagnosis
of malignancy, and its presence increases the likelihood of
cancer almost twofold when compared with the malignant
nodules without calcification.'>*2
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Studies about solitary calcified nodules are rare. In
our study, of the 41 cases with solitary calcified nodules,
35 (85.4%) were diagnosed as carcinoma. The ratio was
larger compared with the result by Ma and Li*° (40%), but a
little smaller compared with Kwak’s results (100%). We car-
ried on our study to further elaborate the difference between
the benign and malignant lesions. Although our case series
was smaller, it is meaningful when compared to other’s
results. Wu et al' showed that thyroid calcification found on
preoperative CT may represent an increased risk for thyroid
malignancy, and the malignancy rate of peripheral calci-
fication, coarse calcification, single punctate calcification,
multiple punctate calcification, and solitary calcified nodules

A

was 22%, 21%, 58%, 79%, and 83%, respectively. This result
is similar to our findings. Kwak et al' showed that eleven
cases with solitary calcified nodules all had microcalcifica-
tions. Microcalcification is closely associated with papillary
carcinoma, so our results have clinical significance.

In our study, we found that the increase in lesion size
was closely related to malignant pathologies results. Previ-
ously, there were no reports explaining the change in the size
before and after the contrast-enhanced CT. We also found
that window width and window level would affect the size of
lesions. As shown in Figure 3, the sizes of lesions before and
after enhancement in bone window craniotomy were fixed.
This phenomenon explained the reason that calcification

Figure 3 A 48-year-old female presented to our hospital because of a thyroid nodule found incidentally on physical examination, and the pathology was papillary

carcinoma.

Notes: The size of lesion before and after enhancement in bone window craniotomy was fixed. This phenomenon explained that the size of calcification has not actually
changed. But the amplification is larger in abdomen window than in mediastinum window. (A) Bone window, (B) mediastinum window, and (C) abdomen window.
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remains virtually unchanged. But the amplification is
larger in abdomen windows than in mediastinum windows.
Although we have not yet determined the mechanism for the
increase in the size of lesions after enhancement, we infer
that mesenchyme is rich in vessels surrounding calcifica-
tion, which constitutes the enlarged part after enhancement.
But the mesenchyme is too thin to be distinguished on plain
CT scan. Han et al® indicated that malignant nodules were
rich in blood supply compared with benign nodules, espe-
cially microcarcinomas, and also malignant nodules usually
have less fibrous tissue and show invasive growth tendency.
Certainly, a study'® suggested that contrast-enhanced CT was
not appropriate if the radioactive iodine was administered,
because the iodide ions may influence the final therapeutic
effects. Mishra et al?® studied the relationship between
iodinated contrast media used in contrast-enhanced CT and
radioiodine therapy. The majority of contrast agents are
water-soluble, which helps avoid the phenomenon observed
with lipophilic contrast agents, ie, storage in adipose tissue for
a long time. Previous studies*’?® showed that iodine may be
retained for many years after contrast-enhanced CT. A recent
study® have reported that the interval from contrast-enhanced
CT to surgery is becoming shorter. The half-life of iodine is
10 hours, and the excess administered iodine is excreted in
the urine quickly. Nonlipophilic contrast cannot be retained
in extracellular fluids; therefore, iodine levels should revert
to previous equilibrium levels soon after any contrast study.
Other higher levels will occur only if there is further iodine
contamination.?* Therefore, performing contrast-enhanced
CT is reasonable. Zhu et al'? indicated that enhanced CT does
not provide more available information than a CT scan for
solitary calcified nodules, but it increases the cost and radia-
tion exposure. However, Han et al** showed clearly that the
information on the boundary of tumor is clear in unenhanced
or contrast-enhanced scans, but has limited value in differenti-
ating benign and malignant nodules. It is generally understood
that irregular boundaries are important features of thyroid
malignancies. This discovery illustrated the importance of
contrast-enhanced CT. On the basis of the results of our study,
it can be concluded that contrast-enhanced CT is important
for differentiating benign and malignant nodules.

Limitations

There are several limitations to our study. First, the evalu-
ation of cases was retrospective, and so selection bias was
unavoidable. The importance of solitary calcified thyroid
nodules has not been realized, and the risk of nodules with
tumor around a single punctate calcification was considered

not high. We could not rule out the possibility that there were
some cases undergoing thyroidectomy without preoperative
CT or cases undergoing preoperative CT without thyroi-
dectomy. Second, we may not have observed some solitary
calcified thyroid nodules even in 1 mm section thickness of
the CT images. Because the change in the neck structure is
usually large, the quality of images may also influence the
final observations. Third, we did not evaluate the CT features,
because the lesions were generally small, and it is difficult
to describe their shapes, margins, and so on.

Conclusion

To summarize, although US is the most commonly used
technique in thyroid examination, CT is increasingly utilized
because of its unique advantages in large or retrosternal
goiter and malignant thyroid lesions with suspicion of
extracapsular extension or cervical metastasis.'* When the
CT showed solitary calcified thyroid nodules, especially with
the increasing of lesion size after enhancement, we found a
very high risk of malignancy.

Disclosure
The authors report no conflicts of interest in this work.
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