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Clinical significance and management strategy
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Abstract

This study is firstly, to investigate the presence of microcalcification among the patients who underwent thyroid ultrasound Q
biopsy and to evaluate the incidence of intrathyroid lymphatic spread and cervical lymph node metastasis of thyroid cancer
with thyroid microcalcifications. Also, we compared the diagnostic performance between fine needle aspiration (FNA) and core
needle biopsy (CNB) for assessing parenchymal microcalcifications in the thyroid gland. We retrospectively assessed total 66
patients with thyroid microcalcifications on ultrasound. The histopathologic characteristics of the surgical specimens considered
as the gold standard for diagnosing malignancy. Patients with surgically proven malignancy were evaluated for multifocality,
intrathyroid lymphatic spread in the opposite lobe, or cervical lymph node metastasis. Among the 66 confirmed patients, 53
patients had malignant lesions (80.3%) and 13 patients had benign lesions (19.7%). The pathologic results of the 44 patients who
underwent total thyroidectomy. Among them, 33 patients (75%) showed multifocality, 30 patients (68.2%) showed intrathyroid
lymphatic tumor spread. CNB was performed on 41 patients, and FNA was performed on 54 patients. Both CNB and FNA were
performed on 29 patients. There were no statistical differences in terms of diagnostic performance between CNB and FNA.
Thyroid microcalcifications demonstrate a high prevalence of malignancy. Both CNB and FNA demonstrate similar diagnostic
accuracies.

Abbreviations: AUS = atypia of undetermined significance, CNB = core needle biopsy, FLUS = follicular lesion of undetermined
significance, FN = follicular neoplasm, FNA = fine-needle aspiration cytology, LN = lymph node, PTC = papillary thyroid carcinoma,
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SFN = suspicious for follicular neoplasm, US = ultrasound.

thyroid ultrasound
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1. Introduction

Parenchymal microcalcifications in the thyroid gland are
defined as multiple echogenic dots measuring <1 mm, with or
without acoustic shadow on ultrasound (US).!"-3 The microcal-
cifications in thyroid are one of the predictors of malignancy
in thyroid imaging.[*%! Especially the diffuse sclerosing variant
of papillary thyroid carcinoma (PTC), a rare subtype of PTC,
can present as diffuse scattered microcalcifications (i.e., the
so-called “snowstorm appearance”).?) The diffuse sclerosing
subtype of PTC frequently involves both lobes of the thyroid
gland and demonstrates higher incidence of cervical lymph
node (LN) and lung metastasis compare to conventional PTC,
thereby resulting in an unfavorable prognosis.”?! Pathologically,
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thyroid parenchymal microcalcifications correspond to clusters
of psammoma bodies and they indicate intrathyroid lymphatic
tumor spread.’®!% To the best of our knowledge, there are few
published studies that describe the US characteristics of thy-
roid cancer with diffuse parenchymal microcalcification.!''-?!
Although recent study reported presence of thyroid microcalci-
fications without a nodule is suspicious for PTC," it is limited
with small sample size. In addition, previous studies lack data
about the incidence of intrathyroid lymphatic spread or cervi-
cal LN metastasis of thyroid cancer that manifests as micro-
calcifications, both of which are important for determining the
optimal surgical plan.

Therefore, we evaluated the incidence of multifocal intrathy-
roid lymphatic spread and cervical LN metastasis of thyroid
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cancer with parenchymal microcalcifications. We also compared
the diagnostic performance between fine needle aspiration
(FNA) and core needle biopsy (CNB) for assessing parenchymal
microcalcifications in the thyroid gland.

2. Materials and methods

2.1. Study population and enrollment criteria

This retrospective study was approved by our institutional
review board, which waived the need for informed consent.
Since the information included in the study was retrospec-
tively collected and only imaging data were analyzed anon-
ymously, the consent was not obtained. We reviewed 3512
patients who underwent thyroid US and biopsy between
March 2005 and November 2010 in a tertiary referral cen-
ter for pathologically evaluating abnormality detected on
prior thyroid imaging. Among them, we reviewed 75 patients
who had thyroid parenchymal calcifications with or without
definite nodule on US. We excluded 9 patients without final
diagnosis. Finally, 66 patients were enrolled (M:F ratio =
7:59; mean age = 39.6 years; range = 25-83 years) (Fig. 1). A
malignant lesion was diagnosed if 1 of 3 characteristics was
noted: (1) histopathologically confirmed as malignant lesion
on surgery; (2) histopathologically confirmed as malignant
lesion on both FNA and CNB; or (3) cervical LN metastasis
confirmed using FNA. A benign lesion was diagnosed if 1 of 3
characteristics was noted: (1) histopathologically confirmed
as benign lesion on surgery; (2) histopathologically con-
firmed as benign lesion on FNA or CNB, and demonstrated
no change on follow-up examinations lasting > 1 year; or (3)
histopathologically confirmed as a benign lesion on >2 FNA
and/or CNB procedures.

All patients underwent FNA (n = 54), CNB (n = 41), or both
(n = 29). Subsequent thyroidectomy or follow-up US was per-
formed according to the biopsy results. The incidence of mul-
tifocal tumor, intrathyroid lymphatic spread, and cervical LN
metastasis were evaluated in patients with confirmed as malig-
nancy on surgery. The diagnostic accuracy, sensitivity, specificity,
positive predictive value, and negative predictive value of both
FNA and CNB were evaluated.
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2.2. Procedures and assessments

US examinations and US-guided procedures were performed
using a 10-MHz linear probe and real-time US system (Aplio
SSA-770A; Toshiba Medical Systems, Otawara-shi, Japan) by
an experienced thyroid radiologist (18 years of thyroid US
experience). In all cases, a comprehensive US evaluation of
the thyroid gland was performed.!"* The extent of any micro-
calcifications and nodule around the microcalcifications were
also evaluated. FNA was performed using 21-23-gauge nee-
dles. Direct smears were made in all cases, and fixation with
alcohol was done immediately. Cellblocks were also made for
all aspirates. The operator determined the number of needle
passes during the FNA procedure. CNB was performed using
a disposable, 18-gauge, double-action, spring-activated nee-
dle (1.1- or 1.6-cm excursion) (TSK Ace-cut; Create Medic,
Yokohama, Japan). Using the frechand technique, the tip of
the biopsy needle was advanced into the edge or within the
lesion, and the stylet and cutting cannula of the needle were
sequentially fired. A second or third CNB procedure was per-
formed if the lesion was inaccurately targeted or an adequate
tissue core could not be determined on visual inspection.
Tissue cores were immediately placed in 10% buffered forma-
lin after biopsy and conventionally processed. After biopsy,
each patient was observed while applying firm compression to
the biopsy site for 20-30 minutes to prevent possible immedi-
ate post-procedural complication such as pseudoaneurysm or
hematoma.!'>-'7]

The type of procedure (FNA or CNB) to be performed was
determined by the operator based on the location and size of
the nodule.

2.3. Cytological and histological analysis

A histopathologist with >10 years of experience evaluated
multifocality, the presence of intrathyroid lymphatic spread,
and cervical LN metastasis in all surgical thyroid cancer spec-
imens. FNA cytology and CNB histology were also reviewed.
Cytological diagnoses were categorized into 6 according to the
Bethesda System for Reporting Thyroid Cytopathology: non-
diagnostic, benign, AUS (atypia of undetermined significance)/

March 2005 ~ November 2010
Thyroid US and Biopsy ; 3512 patients

75 Patients showing parenchymal microcalcifications on US

9 Patients were excluded

On 1 session FNA or CNB;
Benign lesions (n=4)
Malignant lesions (n=5)

66 patients
I

13 Benign lesions
No change more than 1 year follow-up (n=4)
Benign result = FNA and/or CNB (n=9)

53 Malignant lesions
Surgery (n=44)
On both FNA and CNB (n=2)
Cervical LN metastasis (n=7)

Figure 1. Flowchart for assessing patients with thyroid microcalcifications. CNB = core needle biopsy; FNA = fine-needle aspiration cytology; LN = lymph node;

US = ultrasound.
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FLUS (follicular lesion of undetermined significance), FN (follic-
ular neoplasm)/ suspicious for follicular neoplasm, malignancy
suspected, or malignant.!®!

2.4. Statistical analyses

Differences in the patient characteristics were statistically eval-
uated using the Fisher exact test for categorical variables or
Mann-Whitney test for quantitative variables. We calculated
the diagnostic accuracies, sensitivities, specificities, positive
predictive values, and negative predictive values of FNA and
CNB for the diagnosis of thyroid cancer and compared both
groups using the chi-square test. The statistical analyses were
performed using SPSS software (version 19.0 for Windows;
SPSS, Chicago, IL).

3. Results

Thyroid microcalcifications were detected in 2.1% of patients
(75 of 3512 patients). Among 66 finally confirmed patients, 13
patients showed diffuse microcalcification without nodule while
46 patients showed nodule (size range 4-39 mm) with calcifica-
tions both inside and outside of the nodule and 7 patients showed
nodule (size range 4-14 mm) with microcalcification outside of
the nodule. Total 44 patients underwent thyroidectomy (total

Figure 2. A 37-year-old patient with thyroid cancer. (A) US image showing
diffuse scattered thyroid microcalcifications in the right thyroid gland and
isthmus. (B) Clusters of psammomma bodies (arrows) were present in the
lymphatics, which indicate intrathyroid lymphatic tumor spread. This was
diagnosed as the sclerosing variant of PTC.

Figure 3. US images showing a hypoechoic nodule with macro- and
microcalcifications in the right thyroid gland (A). Scattered thyroid microcal-
cifications were noted throughout right thyroid gland (arrowheads) (B). On
microscopy, 0osseous metaplasia and dysplastic calcification were noted in
the main nodule (C). Tumor emboli (arrows) with psammoma bodies (arrow-
heads) were noted in the lymphatics (D).
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thyroidectomy 39 patients, partial thyroidectomy 5 patients),
and 53 patients had malignant lesions (80.3%) and the last 13
patients had benign lesions (19.7%). All 13 patients with benign
results on biopsy were diagnosed as chronic thyroiditis (13 of
13 patients; 100%). 51 patients (96.3%) were confirmed as con-
ventional PTC and 2 patients (3.7%) were confirmed as scleros-
ing variant (Figs. 2 and 3).

Among 53 patients with thyroid cancer, 8 patients (15.1%)
were initially considered as having only microcalcifications
without definite nodule on US, but they all have actual nodule
in the surgical specimen. When we retrospectively reevaluated,
it turns out that aggregated or clustered microcalcifications with
focal or parenchymal low-echoic changes in background of the
diffuse microcalcifications on US is possible primary focus of
cancer.

The total and subgroup baseline characteristics of the FNA
and CNB groups are summarized in Table 1. FNA was per-
formed on 54 patients, and CNB was performed on 41 patients.
Both FNA and CNB were performed on 29 patients. There were
no statistically significant differences in baseline characteristics
between the FNA and CNB groups. No immediate or delayed
complication was reported after all FNA and CNB procedures.

The pathologic results of the 44 patients who underwent
total thyroidectomy are summarized in Table 2. Among 44
patients, 33 patients (75.0%) had multifocal cancer, 30 patients
(68.2%) had intrathyroid lymphatic tumor spread, and 34
patients (77.3%) had central or lateral cervical LN metastases.
Accordingly, 40 patients (90.9%) had 1 of the 3 following char-
acteristics: multifocal tumors in the contralateral lobe; intrathy-
roid lymphatic spread to the contralateral lobe; or cervical LN
metastases (Figs. 2 and 3).

A comparison of the diagnostic values for thyroid malig-
nancy is included in Table 3. Both FNA and CNB demonstrated
acceptable diagnostic accuracies (85.2% vs 97.6 %, respectively;
P =.086). In addition, there were no false-positive diagnoses of
malignancy by either FNA or CNB, and all patients who under-
went surgery received a final diagnosis of malignancy. The sen-
sitivity (81.4% vs 96.9%; P = .044) and negative predictive
value (57.9% vs 90.0%; P = .001) of CNB were significantly
higher than FNA. Eight patients among the FNA group showed
AUS or FLUS, while no patient showed AUS findings among the
CNB group. Among the 8 patients with AUS or FLUS results
on FNA, 7 patients were finally diagnosed with PTC on fol-
low-up CNB (5 of 7 patients) or cervical LN biopsy (2 of 7
patients). The remaining patient was finally diagnosed with a
benign lesion (chronic thyroiditis) on follow-up CNB, and the
thyroid lesion showed no interval changes at the 1-year fol-
low-up examination.

4. Discussion

In our study, the prevalence of thyroid microcalcifications were
in 2.1% and the malignancy rate was 80.3% (53 of 66 patients).
Both FNA and CNB demonstrated acceptable diagnostic accura-
cies for detecting malignant thyroid microcalcifications (85.2%
vs 97.6%, respectively; P = .086). However, CNB demonstrated
higher sensitivity and negative predictive values. PTC with thy-
roid microcalcifications demonstrated frequent multifocality,
intrathyroid lymphatic spread, and cervical LN metastasis on
surgical pathology. Even though US might have limitation in
documenting the exact extent of microcalcifications and intrag-
landular tumor spread when compared with final surgical speci-
men, careful evaluation of US is necessary to have glimpse of the
surgical extent decision.

Microcalcifications in the thyroid nodules are one of the
predictors of malignancy and are found in up to 50% of thy-
roid cancer.”-”1 Parenchymal microcalcifications are defined
as microcalcifications in the thyroid parenchyma, which cor-
respond to clusters of psammoma bodies on pathology and
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Characteristics of the patients in the FNA and CNB groups.

Characteristic Total (n=66) FNA (n=54) CNB (n=41) P*
Age 396119  411+123  40.0+10.6 738
(25-83) (25-83) (25-64)
Sex (M:F) 7/ 59 6/ 49 4/ 37 > .99
Extent of microcalcification .856
Regional 55 44 34
Diffuse 11 10 7
Associated thyroid nodule .351
Absent 13 10 5
Present 53 44 36
Thyroiditis .303
absent 14 14 7
present 52 40 34
CNB = core needle hiopsy, FNA = fine-needle aspiration cytology.
*P value compares FNA vs CNB.
Table 2
Pathologic analysis of all thyroidectomy patients.
Pathologic analysis n=44
Multifocality 33 (75.0%)
Ipsilateral 28 (63.6%)
Contralateral 16 (36.4%)
Lymphovascular invasion 30 (68.2%)
Ipsilateral 30 (68.2%)
Contralateral 16 (36.4%)
Surgically confirmed neck LN metastasis 34 (77.3%)
Central lymph node 34 (77.3%)
Lateral lymph node 17 (38.6%)
Contralateral spread or lymphatic invasion or lymph node metastasis 40 (90.9%)
Table 3
Comparison of the diagnostic performances of FNA vs CNB.
FNA (%) CNB (%) P
Diagnostic accuracy 85.2 97.6 .086
Sensitivity 81.4 96.9 .044
Specificity 100 100 >.99
Positive predictive value 100 100 >.99
Negative predictive value 57.9 90 .001

CNB = core needle biopsy, FNA = fine needle aspiration.

these can be either benign or malignant. Among benign lesions,
chronic thyroiditis is the most common cause.!"?! In our study,
all 13 patients with benign lesions had chronic thyroiditis. In
malignant patients, parenchymal microcalcifications indicate
intrathyroid lymphatic tumor spread via lymphovascular inva-
sion.”!% The diffuse sclerosing variant of PTC is a rare variant
of PTC characterized by diffuse scattered microcalcifications
which shows more aggressive nature in younger patients than
conventional PTC, and demonstrates a higher incidence of cer-
vical LN metastasis.!®!*!8 In our study, we identified 2 patients
with the diffuse sclerosing variant of PTC, and both demon-
strated diffuse parenchymal calcification throughout the thy-
roid gland, multiple cancer foci, intrathyroid lymphatic spread,
and cervical LN metastasis. Moreover, several previous stud-
ies have reported that PTC demonstrates a high frequency of
contralateral tumor foci, which ranges between 36-53%.1"-2!]
However, we identified 40 patients (90.9%) who had multifocal
tumor in the contralateral lobe, intrathyroid lymphatic spread
to the contralateral lobe, or cervical LN metastases. In addition,
lymphatic spread to the contralateral thyroid gland is detected
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more often on surgical specimens than on US, and surgical
specimens demonstrated calcifications more frequently in the
contralateral thyroid gland compared to the US. Considering
this discrepancy, US may have limited applications for docu-
menting the extent of microcalcifications and intraglandular
tumor spread.’??!

Yoon et all*?l reported acceptable diagnostic performance of
US-guided FNA in diagnosing parenchymal microcalcifications
which is similar to our study. However, several studies have
reported that FNA demonstrates inevitable limitations in tissue
sampling and cytological interpretation./**” In our study, CNB
demonstrated higher sensitivity and negative predictive value
than FNA. These results may be related to the advantages of
CNB, which include the larger amount of sampled tissue, less
operator dependency if the needle successfully penetrates the
nodule, and the capability to assess the histological architecture
and relationship to the adjacent thyroid tissue.?*!

A previous study from one referral center reported that
0.08% of 36,523 patients showed thyroid microcalcifications
on US,"?! but showed high malignancy rate (61.5-75.7%).1512!
In this study, we observed thyroid microcalcifications in 2.1%
among 3512 patients and the malignancy rate was 80.3%. In
our study, 8 of 52 patients (15.1%) were initially considered
not having nodules but only thyroid microcalcifications on US.
However, all 8 patients had a nodule on surgical pathology. On
surgical specimen, focal aggregated or clustered microcalcifica-
tions were primary focus of cancer.?”% Therefore, targeting this
area could increase diagnostic accuracy.

Our study has several limitations. First, this study was designed
retrospectively, which can cause selection bias. In addition, this
study contains only small sample size which can hamper the sta-
tistic result, but this condition is an inevitable due to the rare thy-
roid US presentation of thyroid microcalcification. Further, the
majority of the benign nodules were not confirmed on surgery.

In conclusion, parenchymal microcalcifications in thyroid
gland demonstrate high prevalence of malignancy. Considering
that these lesions are more likely to be multifocal, do intra-
thyroid lymphatic spread, and have cervical LN metastasis,
management should be carefully decided. Both CNB and FNA
demonstrate acceptable diagnostic accuracies, and CNB demon-
strates higher sensitivity and negative predictive value.
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