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Abstract N
Ultrasonographic microcalcification is highly related to papillary thyroid cancer (PTC) and pathologic psammoma body is a poor |
prognostic factor. However, it is little known about whether the microcalcifications seen on ultrasonography are consistent with the
pathologic psammoma bodies. We evaluated the relationship between ultrasonographic (US) calcification types and pathologic
calcification features, and the consistency between observed pathologic and US calcifications.

US calcifications were classified into microcalcification (MC) and nonmicrocalcification (non-MC) types, and pathologic
calcifications were classified into 3 types: psammoma bodies, stromal calcifications, and ossifications.

Among the 411 nodules that were reviewed by a pathologist, 38.9% (n = 160) had any type of US calcification. The larger the size of
pathologic calcification, the more calcification was present in US (psammoma 46.1% < stromal 53.7% < ossification 73.3%).
Psammoma bodies occurred in all US MC type. Ossification nodules occurred in nearly all (92.3%) non-MC type. The stromal-only
nodules were 36.8% MC-type and 63.2% non-MC type. MC-type had a significantly higher odds ratio than non-MC type for
predicting psammoma bodies according to the logistic regression.

The presence of MC in ultrasonography was consistent with the presence of psammoma bodies. This study suggests that US

identification of MC may be a useful prognostic indicator of PTC aggressiveness.

Abbreviations:
ultrasonographic.
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1. Introduction

Ultrasonographic (US) calcification is highly related to papillary
thyroid cancer (PTC) diagnosis, and microcalcification is highly
associated with PTC.!"=3! It has been reported that 19.8%-32.1%
of thyroid nodules have some type of calcification.!**! Cancer risks
have been reported to be as high as 59.2% when a thyroid nodule
exhibits calcification.”! In a previous study at our center, we
classified the patterns of calcification into S types: microcalcifi-
cation (fine stippling psammoma body), annular-like peripheral
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MC = microcalcification, non-MC = nonmicrocalcification, PTC = papillary thyroid carcinoma, US =

calcification, crescent-like peripheral calcification, intranodular
coarse calcification, and calcified spot./! A previous study reported
that calcifications were detected in 40.2% (524/1,305) of patients
with PTC and microcalcifications were observed in 42.9% of
calcifications (225/524). We hypothesize that since microcalcifi-
cations are more often reported than other calcification patterns in
PTC, the clinical course for thyroid cancers with microcalcifica-
tions could be more aggressive than that of thyroid cancers without
microcalcifications. Previous studies have revealed that the
presence of pathologic psammoma bodies is a poor prognostic
factor.”"! Intuitively, pathologic psammoma bodies are likely to
present as microcalcifications on ultrasound images.

Several studies have suggested that psammoma bodies and US
microcalcifications are poor prognostic factors. However, no
studies have evaluated whether US calcifications synchronize
with pathologic calcifications. Therefore, we preoperatively
evaluated the presence and types of US calcifications as
prognostic factors, to determine the relationship between US
calcification and other pathologic factors. We also investigated
the consistency between pathologic and US calcifications.

2. Materials and methods

2.1. Subjects

This study is a cross-sectional chart review. We retrospectively
reviewed a total of 1297 thyroid nodules from 901 patients who
were diagnosed with PTC. All patients underwent thyroidecto-
mies between January 2008 and July 2011 at the Kosin University
Gospel Hospital. Among these patients, 411 nodules were
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reviewed for pathologic features. The flow diagram is presented
in Figure 1. We reviewed clinical information, US findings, and
final pathology reports. This study was approved by the
institutional review board (IRB) of the Kosin University Gospel
Hospital (approval number: 11-87). We obtained informed
consent from all participants.

2.2. Ultrasonographic calcification assessment

Before surgery, a thyroid US was performed for all nodules by 2
radiologists with real-time scanners (Philips Healthcare TU 22,
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Bothell, WA) equipped with a 5- to 12-MHz linear array
transducers. All the US images were reviewed by one thyroid
endocrinologist. The size and number of thyroid nodules and the
presence and pattern of calcifications were recorded for each
patient.

In this study, we classified US calcifications into only 2 types:
microcalcification (MC) and nonmicrocalcification (non-MC).
MC was defined as multiple punctate bright echoes (smaller than
2mm) with or without acoustic shadowing. Non-MC calcifica-
tion was defined as annular-type calcification, crescent-type
calcification, intranodular calcification, and calcified spots

n=1742

Patients who underwent thyroidectomy form
January 2008 to July 2011
at the Kosin University Gospel Hospital

Excluded benign nodules

n =264

n=1478

Patients with malignant nodules

Excluded follicular cancer : n =31
medullary cancer : n =6

anaplastic cancer : n =2
other variant types : n = 104

n=1335

Patients with classic PTC

Excluded patients who did not
check preoperative USG at the

A\ 4

Kosin University Gospel Hospital
n=434

Final subjects

n =901, (with 1,297 nodules)
Among them, patients who underwent surgery from 2008 to 2009

were reviewed pathologic features
n = 314, (with 411 nodules)

Figure 1. The flow diagram of this study.
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Figure 2. Transverse ultrasound image of thyroid nodules with calcifications. (A) Microcalcification, (B) nonmicrocalcification; (B-1) annular-type, (B-2) crescent-

type, (B-3) intranodular, (B-4) calcified spot.

(Fig. 2), according to a previously established classification
system.!®!

2.3. Pathologic calcification assessment

One pathologist retrospectively reviewed the pathologic calcifica-
tions of 411 nodules. Pathologic calcifications were divided into 3
types: psammoma bodies, stromal calcifications, and ossifications
(Fig. 3). Psammoma bodies were defined as spherical calcified foci
with concentric laminations. Ossification was considered positive

only when both bone matrix and osteocytes were identifiable.
Stromal calcifications were defined as calcifications that were not
psammoma bodies or ossifications. We morphologically classified
calcifications as irregular, linear, or mass type (Fig. 4).

2.4. Statistical analysis

We analyzed the data in terms of frequency. Chi-square and
Fisher’s exact tests were performed for categorical variables. To
evaluate the association between US and pathologic calcifica-

Figure 3. Classification of pathologic calcification. (A) Psammoma body, (B) stromal calcification, (C) ossification types.

Figure 4. Morphology of pathologic calcification. (A) Irregular type: scattered with any type of calcification in the nodule. (B) Linear type: linear or curvilinear shapes
larger than 0.1cm. (C) Mass type: consisted of almost-calcification and few cells.
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Clinicopathologic characteristics of patients with papillary thyroid
carcinoma with and without calcification.
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Clinicopathologic characteristics of patients according to papillary
thyroid carcinoma calcification type.

Type of calcification

Calcification
With, n (%) Without, n (%) P value
Total, n=1297 525 (40.5) 772 (59.5)
Age, years (mean + SD) 48+11.8 46.8+10.3 042
Sex
Male 99 (48.7) 104 (51.3) .009
Female 426 (32.9) 668 (67.1)
Tumor size (mm, mean + SD) 11.7+£75 7.8+57 <.001
Multiplicity
Solitary 282 (53.7) 405 (53.0) 692
Multiple 243 (46.3) 367 (47.5)
Capsular invasion
Yes 337 (64.2) 424 (55.0) .001
No 188 (35.8) 347 (45.0)
Lymphovascular invasion
Yes 140 (27.3) 124 (16.3) <.001
No 373 (72.7) 636 (83.7)
Lymph node metastasis
Yes 269 (51.5) 321 (42.7) .002
No 253 (48.5) 431 (57.3)
Thyroiditis
Yes 140 (26.7) 217 (28.1) .306
No 385 (73.3) 555 (71.9)

Microcalcification,

Nonmicrocalcification,

tions, logistic regression was used. The P values<.05 were
considered statistically significant. SPSS, version 19.0 (SPSS Inc.,
Chicago, IL) was used for statistical analyses.

3. Results

3.1. Patient characteristics according to the presence of
US calcification

Clinicopathological characteristics according to the presence and
absence of calcification are presented in Table 1. Among a total of
1297 PTC nodules, 40.5% (525 of 1297) had any type of
calcification. The group of patients with calcifications was older
than those without calcifications (48.0+11.8 vs 46.8+10.3
years, P<.001). In the male group, a larger number of PTC
nodules had calcification (48.7 vs 32.9%, P=.009). Tumor size
was significantly larger in the group with calcification than in the
group without calcification (11.7+7.5 vs 7.8+5.7, P<.001).
There were no significant differences in multiplicity or thyroiditis
between the 2 groups. Capsular invasion, lymphovascular
invasion, and lymph node metastasis were significantly higher
in the group with calcification than the group without
calcification (64.2 vs 55.0%, P=.001, 27.3 vs 16.3%, P <.001,
51.5 vs 48.5%, P=.002).

3.2. Patient characteristics according to US calcification
type

Clinicopathological characteristics according to the calcification
type are shown in Table 2. Patients with MC type were younger
than those with non-MC type (44.3+10.9 vs 50.9+11.6 years,
P <.001). Tumor size was larger in the MC type than in the non-
MC type, group, although this difference was not statistically
significant. There were no significant differences in gender,
solidarity, or thyroiditis between the 2 types. Capsular invasion
was more frequent in MC type (39.1 vs 33.3%, P=.113), but this

n (%) n (%) P value
Total, n=>525 225 (42.9) 300 (57.1)
Age, years (mean+ SD) 443+10.9 509+11.6 <.001
Sex
Male 50 (22.2) 49 (16.3) .088
Female 175 (77.8) 251 (83.7)
Tumor size (mean +SD) 122+7.2 11.3+7.6 164
Solitary
Yes 121 (53.8) 161 (63.7) .980
No 104 (46.2) 139 (46.3)
Capsular invasion
Yes 88 (39.1) 100 (33.3) 113
No 137 (60.9) 200 (66.7)
Lymphovascular invasion
Yes 70 (32.1) 70 (23.7) .035
No 148 (67.9) 224 (76.3)
Lymph node metastasis
Yes 127 (57.0) 142 (47.5) .021
No 96 (43.0) 157 (52.5)
Thyroiditis
Yes 38 (42.7) 49 (49.0 .385
No 51 (57.3) 51 (51.0)

observation was not statistically significant. PTC with MC-type
calcification showed higher incidences of lymphovascular
invasion (32.1 vs 23.7%, P=.035) and lymph node metastasis
(57.0 vs 47.5%, P=.021) than non-MC type.

3.3. Morphology of pathologic calcification

Almost all psammoma bodies (98.7%) showed an irregular
shape. On the contrary, ossification-type calcifications presented
linear (46.7%) and irregular (46.7%) morphologies. Stromal-
type calcifications showed irregular (87.5%) and linear (12.5)
morphologies. The mass shape morphology was present only in
ossification-type calcifications (Fig. 5).

3.4. Consistency of US and pathologic calcifications

Among the 411 nodules that were reviewed by a pathologist,
38.9% (n=160) had any type of US calcification. The nodules
with US calcification had significantly higher pathologic
calcification than those without US calcification (71.6% vs
38.2%, P<.001). Figure 6 shows the presence of US calcification
according to pathologic calcification type. The larger the size of
pathologic calcification, the more calcification was present in US
(psammoma 46.1% < stromal 53.7% < ossification 73.3%).

The consistency of US and pathologic calcifications among
only the nodules that had both US and pathologic calcifications
are shown in Figure 7. Psammoma bodies occurred in all US MC
type. Ossification nodules occurred in nearly all (92.3%) non-
MC type. The stromal-only nodules were 36.8% MC-type and
63.2% non-MC type.

Table 3 shows the association between US calcification and
pathologic calcification by logistic regression. MC type had a
significantly higher odds ratio than non-MC type for predicting
psammoma bodies. On the other hand, non-MC type had a
significantly higher odds ratio for predicting ossification.
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Figure 5. Morphology of calcification according to the pathologic calcification classifications.

4. Discussion

The prevalence of thyroid cancer has been increasing worldwide
since the 1990s,'°2l and among all countries, Korea has had the
most rapid increase in thyroid cancer incidence. From 1997 to
2011, the annual percent change in thyroid cancer was 25.1%
in men and 23.7% in women.">'*!" Papillary thyroid
cancer is a nonaggressive cancer with very low cancer-related

mortality.['>'®) However, locoregional recurrences and distant
metastases occur in up to 30% and 20% of patients, respectively,
during long-term follow-up after initial treatment.""”'®! Locore-
gional recurrences and distant metastases have significant
relationships with long-term mortality.'®2% Therefore, the
preoperative selection of high-risk patients is very important for
making decisions about treatment strategies.

100%

22.9
80%

46.1
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40% -

20%

0% -

absent psammoma
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uUs
733 calcification
present
M absent
stromal ossification

|
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Pathologic calcification

Figure 6. The existence of the ultrasonographic calcification according to pathologic calcification types.
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Figure 7. The consistency of US calcification and pathologic calcification among only nodules that had both ultrasonographic and pathologic calcification.

In this study, we evaluated postoperative pathologic prognos-
tic factors according to preoperative US calcification assessments.
Tumor size, capsular invasion, lymphovascular invasion, and
lymph node metastasis are known predictors of aggressive
PTC.?122 This study showed that patients with any type of
calcification were older and had larger tumors than patients
without calcification. Calcification could be part of the aging
process in patients with thyroid cancer,”! which suggests that
older patients will show increased tumor sizes and more
calcifications and could explain why tumors with calcifications
have more aggressive features.

Interestingly, our study showed that tumors with MC were
larger than those without MC, although patients with MC-type
tumors were younger. In this study, MC-type tumors had worse
pathologic features compared to non-MC-type tumors, and this
is the most important finding of our study. We anticipate that
MC-type tumors, which can be seen with ultrasonography, will
have different pathogenesis and more aggressive PTC patterns.
Previous studies have revealed that the presence of pathologic
psammoma bodies is a poor prognostic factor.” ! Therefore, US
MC may be related to pathologic psammoma bodies. However,

Association between ultrasonographic calcification and patholo-
gic calcification patterns.

0dds ratio (P-value)
Microcalcification ~ Nonmicrocalcification

No calcification

Psammoma 1 2.07 (.02) 1.05 (0.88)
Stromal 1 3.38 (<.001) 3.32 (<0.001)
Ossification 1 1.96 (.29) 7.19 (<0.001)

no study has investigated the association between US MC and
pathologic psammoma bodies. Therefore, we hypothesize that
the MC type, with a poor US prognosis, may be pathologically
related to psammoma bodies.

In this study, we showed that pathologic calcification is consistent
with US MC type. We classified pathologic calcification into 3 types:
psammoma body, stromal calcification, and ossification, and
evaluated the relationships between these pathologic types and 2
US types of calcification. Nodules with any types of pathologic
calcification had higher incidences of US calcification, although
pathologic calcifications were not exactly coincident with US
calcifications (Fig. 6). The nodules with psammoma bodies showed
US MC-type more frequently than non-MC type (Fig. 7). This does
not completely explain why the MC type had aggressive PTC
patterns, but does partially suggest some feature. Additional studies
are necessary to further address this observation.

The most important limitation of this study is that the study
population could be potentially unrepresentative, because this is
a retrospective single-center study that included only patients
who were treated with surgery. This is a simple cross-sectional
study, so we could not show mortality rates. At the time of data
collection, only 12 patients had recurrences, of whom 6 had
calcifications, and of these 6, 3 were MC-type and 3 were non-
MC type. Therefore, we could not demonstrate that MC-type
calcification and psammoma bodies were independent factors
after adjusting for other factors through statistical methods.
Although this is a potential weakness, our study still has several
strengths. To our knowledge, this is the first study that shows the
relationship between preoperative US calcification and patholog-
ic calcification. This study also included a large number of
patients with PTC and clearly showed differences between
prognostic factors.
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In conclusion, MC-type PTC had a higher incidence of capsular
invasion, lymphovascular invasion, and lymph node metastasis
compared to non-MC-type, although patients with MC were
younger than those without. And pathologic calcification types
partially coincided with US calcification types. MC-type PTC had
more psammoma bodies and less ossification than non-MC type.
Our results suggest that US MC-type calcification may be a useful
prognostic indicator of aggressive PTC features. Therefore, US
MC-type calcification could be a useful indicator for preoperative
decision-making. Different pathophysiologic mechanisms may
exist according to US calcification types, and further studies are
needed to assess calcification type-associated pathogeneses.
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