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Background: Core needle biopsy (CNB) improves diagnostic accuracy by providing precise tissue sampling for histopathological evaluation, 
overcoming the limitation of inconclusive fine-needle aspiration results. This study evaluated the diagnostic performance of CNB in assessing 
thyroid nodules, with additional analysis of the benefits of BRAF V600E and RAS Q61R immunohistochemical (IHC) markers. Methods: This retro-
spective study enrolled patients with thyroid nodules who underwent CNB at Dr. Cipto Mangunkusumo Hospital, Jakarta, from July 2022 to July 
2024. CNB diagnoses were classified using the Korean Thyroid Association Criteria. Diagnostic efficacy was evaluated for neoplastic and malig-
nant lesions, both independently and with BRAF V600E and RAS Q61R IHC. The correlation between nodule size and postoperative diagnosis 
was also analyzed. Results: A total of 338 thyroid nodule samples was included, and 52.7% were classified as CNB category II. In the 104 samples 
with postoperative diagnoses, category IV was the most prevalent (39.4%). CNB demonstrated a sensitivity of 74% and a specificity of 100% for 
neoplastic lesions and 23.8% sensitivity and 100% specificity for malignant lesions. Combining CNB with BRAF V600E and RAS Q1R IHC increased 
the sensitivity to 77% for neoplastic lesions and 28.8% for malignant lesions. Larger nodules (>3 cm) were significantly associated with neoplas-
tic (p = .005) and malignant lesions (p = .004). Conclusions: CNB performs well in identifying neoplastic lesions, with or without BRAF V600E and 
RAS Q61R IHC, but its low sensitivity for malignant lesions warrants caution. While CNB categories V–VI indicate malignancy, the possibility of 
malignancy in categories I–IV should not be overlooked.

Keywords: Thyroid cancer, papillary; Biopsy, large-core needle; BRAF V600E mutation; RAS Q61R mutation; Thyroid nodule
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INTRODUCTION

Ultrasound (US)-guided fine-needle aspiration (FNA) is a re-
liable and precise technique for the evaluation of thyroid nod-
ules [1]. A significant limitation of FNA is the occurrence of 

nondiagnostic and indeterminate specimens classified by The 
Bethesda System for Reporting Thyroid Cytopathology, caused 
by insufficient cells or collection of bloody material [1]. Two 
previous studies indicated that the rates of malignancy for non-
diagnostic and indeterminate FNA aspirates can reach as high 
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as 10.9% and 60.0%, respectively [2,3]. For thyroid nodules that 
previously yielded nondiagnostic outcomes, the current guide-
lines suggest either repeating the FNA procedure or consid-
ering surgery if the nondiagnostic nodule presents an unclear 
cytological diagnosis [4].

Core needle biopsy (CNB) has emerged as a substitute for 
FNA that resolves several of the previously mentioned issues. 
CNB collects tissue samples with potential information on 
architectural histological structures and is useful for diagnosis 
of thyroid nodules [5]. Prior studies have illustrated that CNB 
significantly decreased the rates of nondiagnostic outcomes 
while simultaneously enhancing the accuracy of malignancy 
diagnoses in comparison with FNA cytology [6,7]. The Ameri-
can Association of Clinical Endocrinologists/American College 
of Endocrinology/Associazione Medici Endocrinologi (Italian 
Medical Endocrinologists Association) suggest the use of CNB 
in thyroid nodules with repeatedly nondiagnostic FNA, and the 
Korean Society of Thyroid Radiology extends the recommenda-
tions to nodules with indeterminate FNA or with troublesome 
cytological diagnosis [6,8,9].

Genetic modifications have been implicated in thyroid 
carcinoma, predominantly aberrant activation of the RAS-
RAF-MEK-MAP signaling cascade [10]. Specific mutations in 
B-rapidly accelerated fibrosarcoma V600E (BRAF V600E) and 
rat sarcoma Q61R (RAS Q61R) are well-documented driver 
mutations in the pathogenesis of thyroid neoplasms [11]. A re-
cent meta-analysis demonstrated that the integration of BRAF 
V600E assessment with FNA increased sensitivity by 6% while 
concurrently reducing the false-negative rate from 8% to 5.2% 
[12]. The incorporation of immunohistochemical (IHC) analy-
sis of BRAF V600E and RAS Q61R expression status alongside 
CNB is posited to further amplify the diagnostic performance 
outcomes of the evaluation.

Despite the increase in CNB research, no studies from Indo-
nesia have been documented on the diagnostic performance 
of thyroid CNB, including the utility of BRAF V600E and RAS 
Q61R IHC protein expression in identifying various thyroid 
nodules. CNB has been performed over the past 2 years at our 
institution. This study presents our initial experience with 
CNB, with a particular focus on its diagnostic performance and 
the utility of BRAF V600E and RAS Q61R IHC protein expres-
sion in the diagnosis of thyroid nodules.

MATERIALS AND METHODS

Selection of subjects
We gathered retrospective data from patients who underwent 
CNB for thyroid nodule at the Department of Anatomical 
Pathology, Dr. Cipto Mangunkusumo Hospital, Faculty of 
Medicine, Universitas Indonesia, between July 2022 and July 
2024. In our institution, CNB is performed as a second-line 
diagnostic tool for thyroid nodule. Patients with thyroid nod-
ules that warrant CNB are those with a clinically high suspicion 
for anaplastic carcinoma, medullary carcinoma, or thyroiditis; 
those with large thyroid nodules (>3 cm); those with nodules 
with sonographic characteristics of macrocalcification and 
hypervascularity; those that exhibit non-malignant FNA diag-
nosis while US findings show malignancy; and those with prior 
scanty, nondiagnostic, or inconclusive FNA aspirates.

CNB procedures were performed under US guidance and 
conducted by an endocrinologist, otorhinolaryngologist, or 
surgical oncologist with varying levels of experience in thyroid 
ultrasonography and interventional US. The CNB diagnosis is 
stratified into six categories based on the latest practice guide-
lines for thyroid CNB [13]: category I (nondiagnostic), category 
II (benign), category III (atypia of undetermined significance), 
category IV (follicular neoplasm), category V (suspicious for 
malignancy), and category VI (malignancy).

After excluding patients with inaccessible medical records, 
incomplete and/or disrupted hematoxylin and eosin–stained 
slides, or incomplete formalin-fixed paraffin-embedded (FFPE) 
tumor specimens, a total of 338 CNB samples was included in 
the study. Clinical data, including age, sex, location of thyroid 
nodule, CNB diagnostic category, and types of surgery per-
formed, were obtained from medical records.

Of the 338 CNB samples, 104 were obtained from patients 
who underwent surgery with available postoperative diagnoses. 
The postoperative diagnosis was performed and re-reviewed by 
two board-certified endocrine pathologists (A.S.H. and M.F.H.) 
following the fifth edition of the World Health Organization 
classification of tumors [14]. The nodule size was determined 
as the largest diameter measured in the surgical specimen.

Immunohistochemistry examination of BRAF V600E 
and RAS Q61R
The expression of BRAF V600E and RAS Q61R proteins was 
assessed in 104 cases with postoperative diagnosis, irrespective 
of the CNB diagnostic category, using standard IHC proce-
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dures. We performed immunostaining on 4-µm-thick tissue 
sections from each FFPE tissue sample, which were the same 
as those used in the CNB diagnostic assessment [15,16]. The 
Optiview DAB IHC Detection Kit was used to perform immu-
nostaining on a Starr Trek Universal HRP Detection (Biocare 
Medical, Concord, CA, USA) at the IHC Laboratory, Cipto 
Mangunkusumo Hospital, Jakarta. The manufacturers’ instruc-
tions (CC1 pretreatment for 32 minutes at 100°C, pH 8.5, anti-
body dilution at 1:600 for anti-BRAF V600E [mutated V600E] 
antibody [VE1] [ab228461, Abcam, Cambridge, UK] and 1:100 
for anti-RAS [mutated Q61R] antibody [SP174] [ab227658, Ab-
cam], incubation at 37°C for 16 minutes, examination using the 
Optiview DAB IHC Detection Kit) were followed.

Statistical analysis
Data were processed using Statistical Program for Social Sci-
ence (SPSS) ver. 29 (IBM Corp., Armonk, NY, USA). Data on 
patient sex, CNB category, histological subtype, and other cate-
gorical data are provided as frequencies and percentages. Data 
on age and tumor size are presented as median values based on 
the distribution abnormality of the numerical data. We con-
ducted statistical analysis using the Pearson Chi-Square test 
to compare CNB category with postoperative diagnosis. CNB 
categories I–III were regarded as non-neoplastic, while CNB 
categories IV–VI were regarded as neoplastic. The CNB groups 
were statistically compared based on postoperative diagnosis 
of neoplasm, which include lesions such as papillary thyroid 
carcinoma (PTC), invasive encapsulated follicular variant pap-
illary thyroid carcinoma (IEFVPTC), differentiated high-grade 
thyroid carcinoma (DHGTC), poorly differentiated thyroid car-
cinoma (PDTC), oncocytic carcinoma, and follicular adenoma 
(FA). We also analyzed CNB categories in identifying malignant 
lesions; CNB categories I–IV were regarded as non-malignant 
and CNB categories V–VI were regarded as malignant. The 
diagnostic performances of CNB in identifying both neoplasm 
and malignant lesions at postoperative diagnosis were evaluated 
using sensitivity, specificity, accuracy, positive predictive value 
(PPV), negative predictive value (NPV), positive likelihood-ra-
tio (LR), and negative LR. Further analyses were conducted to 
assess the diagnostic performance of CNB based on the IHC 
expression of BRAF V600E and RAS Q61R protein. Samples 
exhibiting positive BRAF V600E and RAS Q61R proteins were 
reclassified into neoplasm and malignant categories irrespective 
of their previous CNB classifications. Secondary analysis using 
binary logistic regression was used to assess the correlation 

between nodule size and postoperative diagnosis of both neo-
plasms and malignant lesions. A p-value less than .05 indicated 
statistical significance.

RESULTS

This study included 338 patients with thyroid nodules who un-
derwent CNB. The demographic data of the patients are shown 
in Table 1. The mean age of the patients was 50.1 ± 16.1 years, 
and most were female (87.3%). CNB thyroid samples were pre-
dominantly collected from the right lobe of the thyroid gland 
(49.7%). The most common CNB category was II (52.7%), fol-
lowed by IV, III, VI, I, and V, in this order (Fig. 1). The average 
core size was 0.65 ± 0.61 cm, and the average number of cores 
was 3.1 ± 2.1.

Postoperative diagnoses were achieved for 104 of 338 CNB 
samples (30.8%). Most patients underwent total thyroidectomy 
(81.7%). This study identified thyroid lesions including PTC, 
IEFVPTC, DHGTC, PDTC, oncocytic carcinoma, FA, and mul-
tinodular goiter (MG). PTC was identified in 59.6% of the post-
operative samples, including infiltrative follicular, oncocytic, 
classic, tall cell, solid, and columnar subtypes. Three cases were 
identified as DHGTC in postoperative diagnosis, including one 
tall cell subtype of PTC, one follicular subtype of PTC, and one 
oncocytic carcinoma. The most common concurrent disease 
found in thyroid nodules samples was MG (45.2%). Thyroid 
nodule size was measured in postoperative histological exam-
ination, and the mean nodule size was 3.62 ± 2.9 cm.

In the 104 cases with postoperative diagnosis, CNB diagno-
sis of category IV was the most prevalent (39.4%), followed by 
category II (32.7%) and category VI (16.3%). Table 2 provides 
a detailed distribution of thyroid carcinoma diagnosis across 
CNB categories. Most PTC cases were classified as CNB catego-
ry IV (46.8%), followed by category VI (25.8%) and category II 
(17.7%). The infiltrative follicular subtype was the most com-
mon PTC subtype, with 48% of cases classified as CNB catego-
ry IV. The oncocytic subtype of PTC cases was predominantly 
categorized as category IV (69.2%). We found eight cases of tall 
cell subtype of PTC; most were classified as category VI (87.5%). 
The only oncocytic carcinoma case was category IV. All three 
cases of DHGTC were CNB category IV. Most PDTC and 
IEFVPTC cases were category IV (50% and 40%, respectively). 
FA cases were classified as category IV (50%), II (25%), and III 
(25%), while all MG cases were category II.
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Comparison of thyroid CNB categories with postoper-
ative neoplastic diagnosis
Table 3 shows the significant association between CNB category 
and postoperative neoplastic diagnoses (p < .001). CNB catego-
ries IV–VI (follicular neoplasm, suspicious for malignancy, and 
malignant) were significantly associated with neoplastic lesions 
in postoperative diagnosis.

Comparison of thyroid CNB categories with postoper-
ative malignancy diagnosis
Table 4 shows the relationship between the CNB category 
and postoperative malignancy diagnosis. CNB categories V–
VI (suspicious for malignancy and malignant category) were 
more frequently associated with malignancy in postoperative 
diagnosis. This result highlights the limitations of CNB to rule 
out malignancy in CNB category I–IV and indicate the need 
for caution with such lesions, particularly in indeterminate or 
follicular neoplasm cases.

Diagnostic performance of CNB
We further compared the diagnostic performance of CNB 
in detecting both neoplastic and malignant lesions. Table 5 
showed that CNB exhibited a higher sensitivity and overall ac-
curacy in detecting neoplasms than malignant lesions (74% vs. 
23.8% and 79% vs. 41.4%, respectively). When combined with 
BRAF V600E IHC, CNB showed superior sensitivity and over-
all accuracy in detecting neoplasms compared with malignant 
lesions (74% vs. 28.8% and 79% vs 44.4%, respectively). When 
combined with RAS Q61R IHC, CNB showed better sensitivity 
and overall accuracy in detecting neoplasms than malignant 
lesions (77% vs. 23.8% and 82% vs 41.4%, respectively). Other 
parameters such as specificity, PPV, and NPV showed no sig-
nificant difference for detection of neoplasms and malignant 
lesions for CNB alone, CNB and BRAF V600E IHC, CNB and 
RAS Q61R, and CNB and BRAF V600E/RAS Q61R.

Association between nodule size and postoperative 
diagnosis
We further examined the association between thyroid nodule 
size and postoperative neoplastic diagnosis (Table 6). The anal-
ysis showed that nodules >3 cm in diameter were associated 
with neoplastic lesions in postoperative diagnosis (p =.005; 
odds ratio [OR], 8.19).

Table 7 displays the relationship between thyroid nodule size 
and postoperative malignant diagnosis. We found that thyroid 

Table 1. Demographic data
Characteristic CNB (n = 338)
Age (yr) 50.1 ± 16.1
Sex
  Female 295 (87.3)
  Male 43 (12.7)
Diagnostic category
  I 24 (7.1)
  II 178 (52.7)
  III 41 (12.1)
  IV 51 (15.1)
  V 13 (3.8)
  VI 31 (9.2)
Location
  Right lobe 168 (49.7)
  Left lobe 137 (40.5)
  Isthmus 4 (1.2)
  Unknown 29 (8.6)
Postoperative diagnosis 104
 PTC 62 (59.6)
  Infiltrative follicular 25 (24)
  Oncocytic 13 (12.5)
  Classic 10 (9.6)
  Tall cell 8 (7.7)
  Solid 4 (3.8)
  Columnar 2 (1.9)
 IEFVPTC 10 (9.6)
 DHGTC 3 (2.9)
 PDTC 4 (3.8)
 Oncocytic carcinoma 1 (1.2)
 FA 4 (3.8)
 MG 20 (19.2)
Operation type
 Total thyroidectomy 85 (81.7)
 Lobectomy 8 (7.7)
 Isthmolobectomy 11 (10.6)
Concurrent
 MG 47 (45.2)
 Absent 45 (43.3)
 HT 8 (7.7)
 GD 3 (2.9)
 FA 1 (1)
Nodule size (cm)
 Mean ± SD 3.62 ± 2.9
 >3.0 46 (44.2)
 2.1–3.0 19 (18.3)
 1.1–2.0 15 (14.4)
 <1.0 22 (21.2)
 Unknown 2 (1.9)

Values are expressed as mean ± SD or number (%).
CNB, core needle biopsy; PTC, papillary thyroid carcinoma; IEFVPTC, 
invasive encapsulated follicular variant papillary thyroid carcinoma; 
DHGTC, differentiated high-grade thyroid carcinoma; PDTC, poorly dif-
ferentiated thyroid carcinoma; FA, follicular adenoma; MG, multinod-
ular goiter; HT, Hashimoto thyroiditis; GD, Graves disease; SD, standard 
deviation.
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Fig. 1. Representative cases of thyroid core needle biopsy. (A) Papillary thyroid carcinoma with a papillary architecture, containing a fibro-
vascular core and lined by densely packed elongated atypical cells, classified as category VI. (B) A case of Graves’ disease classified as cate-
gory II, demonstrating hyperplastic follicles with hyperfunctioning cells and empty lumina. (C) A follicular neoplasm (category IV) exhibiting 
a microfollicular pattern and surrounded by a fibrous capsule. (D) Core needle biopsy showing tumor cells with enlarged atypical nuclei, 
condensed chromatin, and numerous bubble artifacts that should not be mistaken for true nuclear pseudoinclusions. (E, F) A case demon-
strating a follicular pattern with fibrosis, histologically categorized as Bethesda category V. Further investigation revealed positivity for a 
RAS mutation (immunohistochemistry). (G, H) A case of follicular neoplasm with positive BRAFV 600E mutation (immunohistochemistry).
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Table 2. Postoperative diagnosis for each CNB category

Postoperative diagnosis
CNB category

Total
I II III IV V VI

PTC 3 (4.8) 11 (17.7) 1 (1.6) 29 (46.8) 2 (3.2) 16 (25.8) 62 (59.6)
 Classic 1 (10.0) 1 (10.0) 0 4 (40.0) 1 (10.0) 3 (30.0) 10 (9.6)
 Tall cell 1 (12.5) 0 0 0 0 7 (87.5) 8 (7.7)
 Solid 0 0 0 4 (100) 0 0 4 (3.8)
 Oncocytic 0 2 (15.4) 0 9 (69.2) 1 (7.7) 1 (7.7) 13 (12.5)
 Columnar 0 0 0 0 0 2 (100) 2 (1.9)
 Infiltrative follicular 1 (4.0) 8 (32.0) 1 (4.0) 12 (48.0) 0 3 (12.0) 25 (24)
Oncocytic carcinoma 0 0 0 1 (100) 0 0 1 (1)
 DHGTC 0 0 0 3 (100) 0 0 3 (2.9)
 PDTC 0 1 (25.0) 1 (25.0) 2 (50.0) 0 0 4 (3.8)
 IEFVPTC 3 (30.0) 2 (20.0) 0 4 (40.0) 0 1 (10) 10 (9.6)
 FA 0 1 (25.0) 1 (25.0) 2 (50.0) 0 0 4 (3.8)
 MG 0 20 (100) 0 0 0 0 20 (19.2)
Total 6 (5.8) 34 (32.7) 3 (2.9) 41 (39.4) 2 (1.9) 17 (16.3) 104

Values are presented as number (%).
CNB, core needle biopsy; PTC, papillary thyroid carcinoma; DHGTC, differentiated high-grade thyroid carcinomas; PDTC, poorly differentiated thyroid 
carcinoma; IEFVPTC, invasive encapsulated follicular variant papillary thyroid carcinoma; FA, follicular adenoma; MG, multinodular goiter.

Table 3. Thyroid CNB results and postoperative neoplastic diagnosis

CNB category
Postoperative diagnosis

p-value
Neoplastica (n = 84) Non-neoplasticb (n = 20)

Category I–III 22 (52.4) 20 (47.6) <.001cd

Category IV–VI 62 (100) 0

Values are presented as number (%).
CNB, core needle biopsy; PTC, papillary thyroid carcinoma; IEFVPTC, invasive encapsulated follicular variant papillary thyroid carcinoma; DHGTC, dif-
ferentiated high-grade thyroid carcinomas; PDTC, poorly differentiated thyroid carcinoma; FA, follicular adenoma; MG, multinodular goiter.
aNeoplastic diagnoses included PTC, IEFVPTC, DHGTC, PDTC, oncocytic carcinoma, and FA; bNon-neoplastic: MG; cSignificant (p < 0.05); dPearson chi-
square.

Table 4. Thyroid CNB result and postoperative malignancy diagnosis

CNB category
Postoperative diagnosis

p-value
Malignant (n = 80) Non-malignant (n = 24)

Category I–IV 61 (71.8) 24 (28.2) .004ab

Category V–VI 19 (100) 0

Values are presented as number (%).
CNB, core needle biopsy; PTC, papillary thyroid carcinoma; IEFVPTC, invasive encapsulated follicular variant papillary thyroid carcinoma; DHGTC, dif-
ferentiated high-grade thyroid carcinomas; PDTC, poorly differentiated thyroid carcinoma; MG, multinodular goiter; FA, follicular adenoma.
aSignificant (p < .05); bFisher exact test.

nodule >3 cm in diameter was significantly associated with ma-
lignant lesion (p = .004; OR, 5.83).

DISCUSSION

In the present study involving 338 thyroid nodule patients, the 

most common CNB diagnosis was category II (52.7%), followed 
by category IV (15.1%). Category II indicates a benign lesion, 
which includes non-thyroid lesion or benign thyroid lesions, 
including Hashimoto thyroiditis or benign follicular nodules. 
Category IV refers to follicular thyroid neoplasms, including 
the conventional type, which may or may not exhibit nucle-
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Table 5. Diagnostic performance of CNB, BRAF V600E IHC, and RAS 
Q61R IHC for diagnosis of neoplastic and malignant lesions

Outcomes Neoplasm 
(95% CI, %)

Malignant 
(95% CI, %)

CNB
 Sensitivity 73.8 (63.1–82.8) 23.8 (14.9–34.6)
 Specificity 100 (83.2–100) 100 (85.8–100)
 PPV 100 (94.2–100) 100 (82.4–100)
 NPV 47.6 (38.8–56.6) 28.2 (25.8–30.8)
 Accuracy 78.9 (69.7–86.2) 41.4 (31.8–51.4)
 LR + NAa NAa

 LR – 0.3 (0.2–0.4) 0.8 (0.7–0.9)
CNB + BRAF V600E IHC
 Sensitivity 73.8 (63.1–82.8) 28.8 (19.2–39.9)
 Specificity 100 (83.2–100) 95.4 (78.8–99.9)
 PPV 100 (94.2–100) 95.8 (76.6–99.4)
 NPV 47.6 (38.8–56.6) 28.8 (25.5–32.2)
 Accuracy 78.9 (69.7–86.2) 44.2 (34.5–54.3)
 LR + NAa 6.9 (1.0–48.5)
 LR – 0.3 (0.2–0.4) 0.7 (0.6–0.9)
CNB + RAS Q61R IHC
 Sensitivity 77.4 (66.9–85.8) 23.8 (14.9–34.6)
 Specificity 100 (83.2–100) 100 (85.8–100)
 PPV 100 (94.2–100) 100 (82.4–100)
 NPV 51.3 (41.5–60.9) 28.2 (25.8–30.8)
 Accuracy 81.7 (72.9–88.6) 41.4 (31.8–51.4)
 LR + NAa NAa

 LR – 0.2 (0.2–0.3) 0.8 (0.7–0.9)
CNB + BRAF V600E IHC + RAS 

Q61R IHC
 Sensitivity 77.4 (66.9–85.8) 28.8 (19.2–39.9)
 Specificity 100 (83.2–100) 95.4 (78.8–99.9)
 PPV 100 (94.2–100) 95.8 (76.6–99.4)
 NPV 51.3 (41.5–60.9) 28.8 (25.5–32.2)
 Accuracy 81.7 (72.9–88.6) 44.2 (34.5–54.3)
 LR + NAa 6.9 (1.0–48.5)
 LR – 0.2 (0.2–0.3) 0.7 (0.6–0.9)

CNB, core needle biopsy; IHC, immunohistochemistry; CI, confidence 
interval; PPV, positive predictive value; NPV, negative predictive value; 
LR, likelihood-ratio; NA, not available.
aCould not complete the computation because the denominators are 0.

ar features, and Hurthle cell neoplasm [5]. The management 
approach of thyroid nodule is multidisciplinary; however, the 
cytology findings of category II typically necessitate a watchful 
follow-up, often without the need for surgical intervention. 
This may explain why, among 338 CNB thyroid nodules, only 
30.8% received postoperative diagnoses.

Most patients with postoperative diagnosis in this study un-
derwent total thyroidectomy and were classified as CNB catego-
ry IV. While other clinical considerations may suggest the need 
for surgical intervention, CNB category IV is not indicated for 
total thyroidectomy [5]. However, most category IV cases were 
identified as PTC in postoperative diagnosis, warranting fur-
ther discussion. A previous study found that a significant pro-
portion of category IV cases in CNB samples exhibited varying 
risk of malignancy (ROM), with those presenting nuclear atypia 
showing a higher ROM (40%–62%) [17]. Jung et al. [5] noted 
that, within category IV, there is a potential for noninvasive 
follicular thyroid neoplasm with papillary-like feature or an 
invasive follicular variant of PTC (NIFTP), particularly in those 
with some nuclear features typical of PTC. A study by Haq et al. 
[18] also highlighted the need to carefully evaluate the presence 
of nuclear features that suggest a diagnosis of PTC in category 
IV. From the substantial findings from previous studies and our 
cohort, the reclassification of category IV warrants consider-
ation to improve diagnostic accuracy and clinical management.

This study identified several histological subtypes of PTC 
including classic, tall cell, solid, oncocytic, columnar, and in-
filtrative-follicular subtypes. Notably, the relative incidence of 
PTC subtypes in this study differs from a prior study conducted 
on all resection specimens diagnosed at our institution [11]. In 
contrast to findings in the study by Harahap et al. [11], the in-
filtrative follicular subtype was more prevalent than classic PTC 
in CNB samples with available postoperative diagnosis. This 
may result from a greater proportion of the classic subtype of 
PTC being detected early since the papillary architecture of the 
classic subtype is readily identifiable in FNA. While subtypes 
such as classic, infiltrative follicular, oncocytic, and solid are 
predominantly reported as category IV, the tall cell subtype of 
PTC is frequently presented as category VI (malignancy). The 
most common pitfall of diagnosing PTC in CNB material is 
false-negative identification of nuclear features, which is attrib-
utable to the smaller and darker chromatin in CNB aspirates 
compared with surgical specimens [5]. Nevertheless, previous 
research indicated that the majority of the tall cell subtype ex-
hibits tall columnar cells in CNB specimens, with 41% of sam-
ples demonstrating 30% of tall columnar cells, indicative of a 
tall cell diagnosis [19].

In addition to PTC, we identified other malignant thyroid 
lesions, including IEFVPTC, DHGTC, PDTC, and oncocytic 
carcinoma, as well as benign thyroid lesions such as FA and 
non-neoplastic thyroid lesions like MG in the postoperative di-
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agnosis. IEFVPTC is an encapsulated follicular subtype of PTC 
with invasion and was commonly reported as category IV and 
category I in the present study. We identified one IEFVPTC 
case that was reported as category VI. The obscure manifesta-
tion of nuclear atypia, along with the lack of tumor invasion, 
complicates the identification of IEFVPTC in biopsy materials. 
Despite the predominance of cases in category IV in this study, 
no NIFTP cases were identified in postoperative diagnoses. The 
phenomenon can be explained by the rare occurrence of NIFTP 
in our institutional setting, along with the limited number of 
thyroid nodule cases included in this study.

DHGTC and PDTC are both rare and underrecognized neo-
plasms, accounting for less than 3% of all thyroid malignancies 
[20,21]. Three cases were diagnosed as DHGTC in the present 
study: the PTC tall cell subtype, the PTC follicular subtype, 
and oncocytic carcinoma. All DHGTC cases in this study were 
reported as CNB category IV. In one case of the DHGTC tall 
cell subtype, the tall cell component was estimated to constitute 
roughly 30% of the area, while most of the structure was largely 
follicular. In line with our present finding, oncocytic carcinoma 
is a rare type of thyroid neoplasm originating from oncocytic 
cells of the thyroid gland and is commonly reported as category 
IV in biopsy [22]. Distinguishing oncocytic carcinoma from 
adenoma, however, requires evidence of capsular and vascular 

invasion, which is challenging to assess in biopsy aspirates.
The second most common CNB diagnosis in patients with 

postoperative diagnosis was category II. Notably, MG constitut-
ed 58.8% (20 of 34) of diagnoses in category II (benign lesion). 
A prior study indicated that category II exhibits the lowest 
ROM among CNB categories, with values between 2%–6%, as 
determined by final diagnosis through clinical and/or surgical 
follow-up [13]. This finding emphasizes the necessity for a 
careful reevaluation of surgical treatment options for category 
II, except in cases requiring urgent airway management.

In comparison with US-FNA, CNB has lower rates of incon-
clusive results [23-26]. Approximately, 20%–30% of FNA are 
nondiagnostic and require repeated FNA or are treated with 
unnecessary lobectomy [27-29]. With the use of the relative-
ly bigger gauge needle, CNB is considered more effective at 
obtaining larger tissue samples than the FNA procedure and 
allows cytological and architectural evaluation of tumor sam-
ples. The present study supports previous findings in which we 
found a low proportion of inconclusive CNB results. Category 
I (nondiagnostic) and category III (atypia of undetermined sig-
nificance) represent only 7.1% and 12.1% of all CNB specimens 
in the study, respectively. However, compared with category 
II, categories I and III typically display higher ROM, ranging 
from 18%–50% and 32%–45%, respectively [13]. A significant 

Table 6. Association between nodule size and neoplastic postoperative histopathology

Nodule size (cm)
Postsurgery histopathology, n (%)

p-value OR
Non-neoplastic (n = 20) Neoplastic (n = 84)

>3.0 3 (6.5) 43 (93.5) .005ab 8.19
2.1–3.0 4 (21.1) 15 (78.9) .287a 2.14
1.1–2.0 4 (26.7) 11 (73.3) .538a 1.57
<1.0 8 (36.4) 14 (63.6) Reference -
Unknown 1 (50) 1 (50) NA -

OR, odd ratio; NA, not available.
aBinary logistic regression; bp < 0.05.

Table 7. Association between nodule size and malignant postoperative histopathology

Nodule size (cm)
Postsurgery histopathology, n (%)

p-value OR
Non-malignant (n = 24) Malignant (n = 80)

>3.0 6 (12.5) 42 (87.5) .004ab 5.83
2.1–3.0 3 (17.6) 14 (82.4) .077a 3.89
1.1–2.0 4 (26.7) 11 (73.3) .252a 2.29
<1.0 10 (45.5) 12 (54.5) Reference -
Unknown 1 (50) 1 (50) NA -

OR, odd ratio; NA, not available.
aBinary logistic regression; bp < 0.05.
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proportion of category III cases is differentially diagnosed as 
category IV or V because of the obscure presence of nuclear 
or oncocytic atypia, a small amount of tumor cells, and the 
conflicting presence of tumor capsule [13,30]. Similarly, in the 
present study, all CNB category I cases were diagnosed post-
operatively as either PTC or IEFVPTC, whereas CNB category 
III may be diagnosed postoperatively as FA, PTC, or aggressive 
PDTC. Therefore, meticulous attention with ongoing monitor-
ing and repeat biopsy procedure is recommended.

In the present study, we found a significant association of 
CNB category with neoplastic and malignant lesions. CNB 
achieved a sensitivity of 74% and specificity of 100% in detect-
ing neoplastic lesions. In contrast, CNB yielded a sensitivity of 
23.8% and specificity of 100% for detecting malignant lesions. 
Previous studies reported that the CNB sensitivity for detecting 
malignancy in thyroid nodules was greater than 90%, with a 
specificity ranging from 90%–100% [2,3,31,32]. A recent me-
ta-analysis revealed a wider range of CNB sensitivity, ranging 
from 44.7–85%, with a specificity of 100% [29]. CNB diagnos-
tic performance varies in prior publications, with consistently 
high specificity but lower sensitivity. While a CNB diagnosis of 
category V and VI represents true thyroid malignancy in surgi-
cal diagnosis, categories I–IV could not exclude the possibility 
of thyroid malignancy. This is particularly significant as the 
exclusion of critical features such as vascular and capsular in-
vasion may limit the accuracy of malignancy diagnosis in these 
categories. The same rationale applies to CNB performance in 
identifying neoplastic lesions.

This study demonstrated a lower sensitivity and higher spec-
ificity for neoplastic lesions, indicating that CNB categories IV–
V are specific for neoplastic lesions, and the presence of neo-
plastic lesions remains possible in CNB categories I–III. This 
phenomenon may be explained by the non-representative and 
low-cellularity samples obtained from CNB procedures com-
pared with surgical specimens.

CNB allows IHC examination that aids in diagnosis and pre-
dicting tumor behavior [29]. Recent studies reported on the use 
of molecular testing to identify thyroid nodules in CNB speci-
mens, particularly when initial CNB results are indeterminate 
[33-35]. In the study by Jung [13], in CNB samples where his-
tologic morphologies indicate a differential diagnosis of catego-
ries III and IV, a positive result of RAS Q61R IHC simplifies the 
decision favoring categorization into category IV. BRAF V600E 
IHC is useful when CNB samples display nuclear atypia yet lack 
sufficient histologic features for definitive malignancy features. 

These cases may be assigned to category III or category V based 
on the extent of nuclear atypia and the quantity of atypical cells 
involved. A positive result of BRAF V600E IHC in indetermi-
nate CNB results typically points toward a definitive diagnosis 
of PTC [13]. IHC is economical, feasible, and sensitive for 
detecting BRAF V600E and RAS Q61R mutations in thyroid 
nodules [36]. A previous study revealed a sensitivity of 100% 
and specificity of 42.86% of IHC for detecting BRAF V600E 
mutation [37]. Thus, IHC would be beneficial as a preliminary 
screening method to detect BRAF V600E and RAS Q61R muta-
tions [37]. Moreover, Crescenzi et al. [38] found that IHC per-
formed on CNB samples of thyroid nodules perfectly matched 
the genetic analysis of BRAF V600E status.

To the best of our knowledge, this is the first study that in-
corporated IHC of BRAF V600E and RAS Q61R in addition to 
CNB. In evaluating the performances for detecting neoplastic 
lesion by incorporating BRAF V600E IHC, RAS Q61R IHC, 
or both with CNB, the sensitivity was 74%, 77%, and 77%, re-
spectively. The specificity was 100% for all analyses, while the 
overall accuracy was 82%. For detection of malignant lesions, 
incorporating BRAF V600E IHC increased the sensitivity to 
28.8% and overall accuracy to 44.2%, while RAS Q61R IHC did 
not enhance the diagnostic performance of CNB. In our cohort, 
categories II, IV, and VI remained unchanged with respect to 
BRAF V600E and RAS Q61R IHC results, while three samples 
previously classified as category III based on CNB examination 
alone were reclassified into category IV and one sample initially 
classified as class V was reclassified as class VI based on BRAF 
V600E IHC results. The sensitivity increase was not significant 
compared with that of CNB examination alone, indicating that 
IHC staining is not clinically meaningful in differentiating neo-
plasms in thyroid lesions.

In our cohort, the thyroid nodule size was larger than 3 cm, 
which showed a significant association with neoplastic and ma-
lignant postoperative diagnosis and higher odds ratio of being 
neoplastic and malignant at postoperative diagnosis. Hong et 
al. [20] stated that malignancy risks increased as the nodule 
size increased in low- and intermediate-suspicion nodules de-
termined by US results. The malignancy rate of large nodules 
(≥3 cm) was higher than that of small nodules (<3 cm) in in-
termediate-suspicion nodules (40.3% vs. 22.6%; p = .001) and 
low-suspicion nodules (11.3% vs. 7.0%; p = .035) [20]. In agree-
ment, Hahn et al. [21] reported that thyroid nodules larger than 
2 cm are an important factor in the superiority of CNB to FNA 
in the detection of low-to-intermediate lesions from US. Large 
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nodules are often heterogeneous and contain areas of both 
benign and malignant tissues, more complex architecture, and 
higher proportions of cystic areas; samples obtained by FNA 
were inadequate for interpretation, leading to higher false-neg-
ative results [39].

While the performance of CNB in detecting thyroid neo-
plastic lesions is satisfactory, its detection of malignant thyroid 
lesions has not yet reached optimal levels at our institution, 
particularly compared with prior studies. We attribute this 
primarily to the limited number of cases involved, limited du-
ration of CNB implementation, and operator skillsets and ex-
pertise. Ahn et al. [40] stated that the diagnostic results of CNB 
may differ by pathologist, operator, and institution.

This study has several limitations. First, it was a retrospective 
study performed in a tertiary hospital in Indonesia. Thus, there 
might be concerns of patient selection bias, and the results may 
not reflect the entire general population. This study did not 
evaluate operator variability and ultrasonographic features in 
the performance of CNB. The number of samples with post-
operative diagnosis in our study was not large compared with 
previous studies that included hundreds to thousands of partic-
ipants. This is because CNB has been applied in our institution 
only for the previous 2 years, and there have been few cases. 
However, these limitations can be overcome with prospective, 
randomized-controlled trials and multicenter studies.

The present study demonstrated a lower rate of inconclusive 
results and a higher category IV CNB diagnostic rate in the 
diagnosis of thyroid nodules for CNB compared to FNA. The 
diagnostic performance of CNB in detecting malignancy was 
relatively poor, while its performance for detection of neoplas-
tic lesions was stronger.
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Background: The relationship between coronary atherosclerosis (progression, outcome) and calcification in the thoracic aorta (TAC), particularly 
across its various segments, is complex and often shows conflicting associations in the literature. To address this debated and complex relation-
ship, we aimed to evaluate how TAC and its segments correlate with the presence and severity of coronary artery disease (CAD). Methods: We 
reviewed all articles published between January 1990 and September 2024 that examined the link between TAC and CAD and were indexed in 
PubMed, Scopus, or EMBASE. Using a random-effects model, we calculated pooled proportions, odds ratios, and corresponding 95% confidence 
intervals (CIs) to evaluate the association between TAC and CAD, with consideration of severity. Results: The study included 17 studies with 8,187 
participants, 2,775 of whom had CAD (1,059 with severe CAD), and 5,412 of whom did not. The pooled odds ratio of TAC in patients with CAD 
compared to that in those without was 3.874 (95% CI, 2.789 to 5.381). For severe CAD versus mild CAD, the odds ratio was 8.005 (95% CI, 2.611 
to 24.542). Calcification of the aortic root (pooled proportion, 51%; 95% CI, 0.282 to 0.733) or descending aorta (pooled proportion, 53.4%; 95% 
CI, 0.341 to 0.718) had the strongest association with CAD compared to calcification of the arch or ascending aorta. Conclusions: TAC is signifi-
cantly associated with both the presence and severity of CAD. Calcification in the descending aorta and aortic root is more strongly linked to 
CAD than calcification in the arch or ascending aorta.
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INTRODUCTION

The aorta, the body’s largest elastic artery, is located in close 
proximity to the coronary arteries and heart. Due to its large 
surface area, it is particularly susceptible to the harmful effects 
of cardiovascular risk factors, leading to atherosclerotic plaques 
[1,2].

Coronary artery calcification (CAC) and thoracic aortic cal-
cification (TAC) share common risk factors, such as diabetes, 
aging, hypertension, and smoking, despite differences in their 
embryology and calcification patterns [3,4].

TAC can be detected using the same imaging protocols em-
ployed for CAC, and it can be identified easily through chest 
radiography and computed tomography (CT) imaging, which 

are often used for non-cardiac screenings or cardiovascular 
risk assessments [5,6]. Several clinical studies have explored 
the associations between TAC, its individual segments, and 
coronary artery disease (CAD), demonstrating that TAC helps 
to predict CAD and cardiovascular risk by indicating increased 
arterial stiffening without requiring additional radiation or cost 
[2,3,7,8].

While CAC is widely recognized as a reliable predictor of 
CAD and coronary adverse events across several guidelines, 
neither the primary prevention guidelines of the European So-
ciety of Cardiology nor those of the American College of Car-
diology/American Heart Association incorporate aortic calci-
fication in their stepwise approach to preventing major adverse 
cardiac events in patients with atherosclerotic cardiovascular 
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disease [2].
Large population-based studies such as the Multi-Ethnic 

Study of Atherosclerosis (MESA) and the Heinz Nixdorf Recall 
(HNR) study have reported an age- and sex-related distribution 
of TAC that is like that of CAC. However, the prevalence rates 
of CAC and TAC vary between studies. For example, in MESA, 
the TAC prevalence was 28%, while CAC was present in about 
50% of patients, with TAC showing independent predictive 
value for CAD in women but not in men [9-11]. In contrast, 
the HNR study found a TAC prevalence of 63.1% and a CAC 
prevalence of 67.9% [10-12].

In the literature, the relationship between coronary athero-
sclerosis and TAC, including its various segments, remains 
complex, with contradictory findings reported in studies using 
the MESA database [2,13,14].

The present study seeks to address this gap by estimating 
a more accurate prevalence of TAC in patients with CAD 
and evaluating its severity using various imaging modalities. 
Additionally, we conducted a subgroup analysis to assess the 
relationship between calcification in different segments of the 
thoracic aorta—the aortic root, arch, ascending aorta, and de-
scending aorta—and the presence of CAD.

MATERIALS AND METHODS

Study protocol
This meta-analysis followed the guidelines of the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses state-
ment [15]. The protocol for the study was not registered in any 
database.

Search strategy
We conducted a comprehensive electronic search of the 
PubMed Central, Scopus, and EMBASE literature databases 
from January 1990 to September 2024. No language restrictions 
were applied during the search, although all included articles 
were published in English. We used a combination of the fol-
lowing search terms: “thoracic aorta calcification,” “aortic calci-
fication,” “aortic root calcification,” “arch of aorta calcification,” 
“ascending aorta calcification,” “descending aorta calcification,” 
“coronary atherosclerosis,” “coronary artery calcification,” and 
“coronary artery disease.” In addition, the reference lists of rele-
vant studies were manually searched to identify other pertinent 
publications.

CAD and TAC definitions
CAD is defined as stenosis of any severity in at least one coro-
nary arterial segment. However, the definition of CAD severity 
varies across studies. For example, one study used conventional 
angiography to categorize CAD as mild (0%–50% stenosis), se-
vere (51%–99% stenosis), or advanced (100% luminal stenosis) 
[14]. Another study defined severe CAD based on coronary 
angiography results that led to stent placement or bypass sur-
gery [16]. Some studies classified patients by Syntax score, with 
a low score defined as ≤22 points and a high score defined as 
>22 points [17]. In our study, severe CAD was considered pres-
ent when coronary stenosis was ≥50%, a high Syntax score was 
recorded, or stent placement or bypass surgery was required. 
Patients with stenosis severity <50% or a low Syntax score were 
classified as having mild CAD. TAC was defined as the sum of 
calcium scores in the ascending and descending aortas or the 
presence of calcification in any aortic segment, as detected by 
CT imaging, chest radiography, or echocardiography.

Inclusion criteria
This investigation encompassed all studies involving CAD pa-
tients as the experimental group and non-CAD patients as the 
control group, with documented sample sizes for both groups. 
Additionally, quantitative TAC measurements obtained via CT, 
echocardiography, or plain chest radiography were included, 
provided they were classified under the same category. Finally, 
studies comparing TAC prevalence between CAD and non-
CAD groups, along with those with full-text versions available 
in English, were included.

Exclusion criteria
Literature reviews, case reports, letters to the editor, editori-
als, or studies without original data were excluded. Similarly, 
animal studies and studies lacking sufficient information on 
sample sizes, CAD versus non-CAD groups, or those present-
ing TAC solely as a continuous or median variable instead of a 
binary variable were excluded. Finally, duplicate publications 
identified through reference checking or bibliographic databas-
es and non-English articles were removed from consideration.

Statistical analysis
We used a random-effects model to estimate pooled propor-
tions, odds ratios (ORs), and corresponding 95% confidence in-
tervals (CIs) for the association between TAC and CAD, as well 
as the severity of CAD. This model accounts for potential vari-
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ability across studies, considering differences in study design, 
population, and methodology. The analysis was performed 
using the Comprehensive Meta-Analysis software (Biostat, Inc; 
Englewood, NJ, USA) [18].

Heterogeneity assessment
To assess variability in effect sizes across studies, we used a 
multi-pronged approach. Formal heterogeneity testing included 
Cochran’s Q statistic, I-squared (I²) to quantify the percentage of 
variability due to heterogeneity, and Tau-squared (τ²) to estimate 
between-study variance. I² values were interpreted using estab-
lished guidelines [19,20]: 0%–25% suggested low or no heteroge-
neity, 25%–50% moderate, 50%–75% substantial, and 75%–100% 
considerable heterogeneity. Observed heterogeneity, reflected in 
I² values, was partly attributed to differences in methodological 
approaches used for assessing the thoracic aorta.

In this study, both the I2 test and τ2 test were used to explore 
heterogeneity. The τ2 test quantifies the amount of heterogene-
ity by estimating the between-study variance, which represents 
the variability in true effect sizes across studies. As a general 
rule, a larger τ2 value indicates greater heterogeneity; τ2 = 0 
indicates no significant heterogeneity, while τ2 > 0 indicates sig-
nificant heterogeneity.

Publication bias assessment
We evaluated publication bias using funnel plots and Egger’s 
regression test. Publication bias occurs when studies with sta-
tistically significant results are more likely to be published than 
those with non-significant findings. Egger’s regression test was 
employed to assess publication bias. p < .05 suggests asymmetry 
in the funnel plot, indicating a potential risk of bias. Converse-
ly, p > .05 suggests no strong evidence of bias.

Study quality assessment
The Quality Assessment Tool for Diagnostic Accuracy Stud-
ies-2 (QUADAS-2) was used to evaluate the risk of bias in the 
included studies. This tool assesses four domains related to 
study design (patient selection, index test, reference standard, 
and flow and timing) and three domains concerning applica-
bility (patient selection, index test, and reference standard). 
Signaling questions in each domain helped assess potential bias, 
with responses categorized as “yes,” “no,” or “unclear.” Based 
on the QUADAS-2 scoring system, the overall risk of bias was 
judged as “low,” “high,” or “unclear.”  If a study scored “low” in 
all domains related to bias or applicability, it was regarded as 

displaying “low risk for both.” Conversely, if the study scored 
“high” or “unclear” in one or more domains, it was judged as 
having a “risk of bias” or “applicability concern” [21].

RESULTS

Study characteristics and quality assessment
A total of 647 potentially relevant studies was identified 
through the electronic literature search. Following a rigorous 
screening process, 563 studies were excluded based on pre-
defined criteria. The remaining 84 full-text articles underwent 
eligibility assessment, and 17 studies were included in the final 
meta-analysis (Fig. 1) [5,6,8,14,16,17,22-32].

The risk of bias and applicability concerns of the included 
studies were assessed using the QUADAS-2 tool, with most 
studies demonstrating low risk (Supplementary Fig. S1). The 
study characteristics are summarized in Table 1. The included 
studies involved 8,187 individuals, 2,775 of whom were as-
signed to the CAD group and 5,412 of whom were assigned to 
the non-CAD group. Within the CAD group, 1,576 patients 
had mild CAD, while 1,059 had severe CAD. Separately, a total 
of 1,366 patients was identified as having TAC. The pooled 
proportion of TAC was 0.476 (95% CI, 0.365 to 0.590) (Table 2). 
The study publication dates spanned from 1996 to 2022, with 
all articles published in English. Methods for detecting TAC 
included CT (n = 12), chest radiography (n = 3), and echocar-
diography (n = 2).

Frequency and subgroup analysis
The overall proportion of TAC in CAD patients was 47.6% 
(pooled proportion, 0.476; 95% CI, 0.365 to 0.590). Due to 
significant heterogeneity (I2 = 96.36 %, p < .001, τ2 = 0.866), a 
random-effects model was used. Publication bias was evaluated 
using funnel plots and Egger’s regression test (Table 2, Fig. 2).

The problem of heterogeneity was solved by adopting a ran-
dom-effects model throughout the analysis. On other hand, 
subgroup analysis was performed with regard to the TAC de-
tection method and study location.

Subgroup analyses explored potential sources of hetero-
geneity, including study location (Asia, the United States, or 
Europe), as shown in Supplementary Fig. S2, and the TAC de-
tection method (CT, echocardiography, or chest radiography), 
as depicted in Supplementary Fig. S3.

Sensitivity analysis
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Fig. 1. Study flowchart. CAD, coronary artery disease; TAC, thoracic aortic calcification.

To ensure the reliability of our findings, we performed sensitiv-
ity analyses by omitting individual studies from the meta-anal-
ysis and recalculating the pooled proportion. This approach 
helped assess the impact of each study on the overall results. 
The findings, presented in Supplementary Table S1, indicate 
that our results were stable. Omitting individual studies did 
not significantly alter the pooled estimates, demonstrating that 
the findings are robust and not overly dependent on any single 
study.

Clinical and demographic data characteristics
We extracted clinical and demographic data from the eligible 
studies included in the meta-analysis, focusing on the pooled 
proportions and ORs for various variables. The pooled mean 
age of participants was 61.3 years (standard error, 1.292).

TAC
The pooled proportion of TAC in patients with CAD was 47.6% 

(95% CI, 0.365 to 0.590), whereas, in non-CAD patients, it was 
18.4% (95% CI, 0.113 to 0.287) as shown in Table 2, Fig. 2, and 
Supplementary Fig. S4. In mild CAD, the proportion of TAC 
was 25.1% (95% CI, 0.086 to 0.544), while in severe CAD was 
71.5% (95% CI, 0.287 to 0.940) as shown in Table 2 and Supple-
mentary Figs. S5 and S6.

The proportion of TAC by site in CAD patients was as fol-
lows. In the aortic arch, it was 40.4% (95% CI, 0.184 to 0.670); 
in the aortic root, it was 51% (95% CI, 0.282 to 0.733); in the 
ascending aorta, it was 34.4% (95% CI, 0.117 to 0.673); and, in 
the descending aorta, it was 53.4% (95% CI, 0.341 to 0.718), 
as shown in Fig. 3 and Supplementary Table S2. These results 
suggest a significant association (p < .001) between TAC and 
CAD. Moreover, TAC may indicate a greater likelihood of se-
vere CAD, with calcification in the descending aorta and aortic 
root showing stronger associations with CAD compared to that 
in the ascending aorta and aortic arch.

Records identified through database searching (n = 647)
PubMed (n = 360)
Scopus (n = 267)

Embase and other sources (n = 20)

Records after removal of duplicate (n = 294) and irrelevant (n = 206) 
studies (n = 500)

Records excluded (n = 63)Records screened (n = 147)

Full-text articles assessed for
eligibility (n = 84)

Studies included in qualitative synthesis (n = 17)

Studies included in quantitative synthesis
(meta-analysis) (n = 17)

CAD severity (n = 7)
TAC segments analysis (n = 12)
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Full-text articles excluded, with reasons (n = 67)
• Inadequate data (n = 38)
• Review articles (n = 25)
• Study design (n = 4)
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Table 1. Study characteristics

Study Study sample size 
(CAD) TAC in CAD TAC in CAD 

proportion Study country Method used for 
detection of TAC Thoracic aorta site

Parthenakis et al. (1996) [31] 28 10 0.357 Greece Echocardiography TAC
Li et al. (2002) [16] 570 329 0.577 USA Chest radiography Arch
Yamamoto et al. (2003) [14] 56 21 0.375 USA CT TAC, ascending, descending
Takasu et al. (2003) [27] 37 15 0.405 USA CT Descending
Watanabe et al. (2003) [24] 141 55 0.390 Japan CT Descending
Atak et al. (2004) [23] 61 28 0.459 Turkey Chest radiography TAC
Goland et al. (2008) [22] 60 41 0.683 USA Echocardiography ARC
Takeda et al. (2009) [26] 47 33 0.702 Japan CT Descending
Kim et al. (2011) [5] 120 77 0.642 Soth Korea CT TAC
Yuce et al. (2015) [25] 92 50 0.543 Turkey CT Descending
Nafakhi et al. (2015) [28] 54 17 0.315 Iraq CT ARC
Hu et al. (2015) [29] 101 50 0.495 Germany CT ARC
Tesche et al. (2017) [30] 105 57 0.543 USA CT ARC
Kim et al. (2017) [6] 74 9 0.122 USA CT TAC
Ma et al. (2019) [17] 597 84 0.141 China Chest radiography Arch
van ‘t Klooster et al. (2020) [8] 474 335 0.707 Netherland CT TAC
Otsuka et al. (2022) [32] 158 119 0.753 Japan CT TAC

CAD, coronary artery disease; TAC, thoracic aortic calcification; CT, computed tomography; ARC, aortic root calcification.

Table 2. The associations of TAC with CAD and its severity

Variable Pooled proportion 
(95% CI, %)

No. of 
studies p-value

Heterogeneity testing Publication bias 
(Egger’s regression test) Model

I2 p-value τ2 Intercept (95% CI) p-value
TAC in CAD 0.476 

(0.365 to 0.590)
17 .684 96.36 <.001 0.866 –1.680 

(–7.960 to 4.580)
.570 Random 

effect
TAC in non-CAD 0.184 

(0.113 to 0.287)
17 <.001 96.818 <.001 1.365 1.692 

(–2.807 to 6.193)
.217 Random 

effect
TAC in mild CAD 0.251 

(0.086 to 0.544)
7 .091 98.127 <.001 2.826 -4.372 

(–22.151 to 13.405)
.277 Random 

effect
TAC in severe CAD 0.715 

(0.287 to 0.940)
7 .325 98.439 <.001 5.907 8.888

(–2.444 to 20.221)
.049 Random 

effect

TAC, thoracic aortic calcification; CAD, coronary artery disease; CI, confidence interval.

TAC in relation to CAD severity
The ORs for TAC compared between CAD and non-CAD pa-
tients, as well as those compared between severe and mild CAD, 
are provided in Table 3 and Supplementary Figs. S7 and S8.

The pooled OR for TAC in CAD versus non-CAD cases 
was 3.874 (95% CI, 2.789 to 5.381) as depicted in Table 2 and 
Supplementary Fig. S7. On other hand, the pooled OR for TAC 
in severe CAD versus mild CAD was 8.005 (95% CI, 2.611 to 
24.542), as noted in Table 2 and Supplementary Fig. S8.

These findings suggest that the presence of TAC increases the 
risk of CAD by four times and the risk of severe CAD by eight 
times.

DISCUSSION

This meta-analysis and systematic review found three key 
results: (1) TAC was significantly linked to CAD, despite vari-
ations between the studies analyzed. These differences were 
addressed using a random-effects model to calculate pooled 
proportions and ORs; (2) TAC was strongly associated with se-
vere CAD; and (3) calcification in the descending segment and 
aortic root of the thoracic aorta showed a stronger correlation 
with CAD than that in the aortic arch or ascending segment. 
However, significant heterogeneity was observed between the 
included studies. This variation is most likely attributable to 
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several factors, including geographical differences in patient 
populations. Diverse ethnicities and environmental exposures 
can influence both the prevalence and severity of TAC in CAD. 
The second factor is detection methods, where techniques with 
lower sensitivity or specificity may fail to detect the disease or 
produce false positives, contributing to heterogeneity. The third 
factor is the inclusion criteria employed by individual studies, 
as stricter criteria might result in a lower prevalence compared 
to broader inclusion criteria.

Atherosclerosis is a gradual systemic disease that starts in 
childhood, first affecting the aorta. Over time, it evolves from 
fatty streaks to more severe lesions, causing changes in blood 
flow in adulthood [14]. Some studies suggest that changes in 
the aorta, especially in the aortic root and abdominal aorta, oc-
cur before coronary atherosclerosis or cardiovascular disorders, 
even in patients who have no CAC or normal myocardial per-
fusion scans [33,34].

Much of the data connecting TAC and CAD are from studies 
on CAC. Previous research shows a strong relationship between 

TAC and CAC, implying that TAC may provide valuable in-
sights into overall coronary risk and could support the need for 
early screening and aggressive management of modifiable risk 
factors [5,6].

The findings from two large studies, MESA and HNR, align 
with the results of the present meta-analysis [6,11]. Kim et al. [6] 
reported a strong association between TAC and incident car-
diovascular disease, including CAD and all-cause mortality, in 
unadjusted analyses of 3,415 MESA participants with baseline 
CAC = 0 over a median follow-up of 11 years. Similarly, Kalsch 
et al. [11] demonstrated that TAC progression was positively as-
sociated with incident hard coronary events after adjusting for 
baseline cardiovascular risk factors and CAC in 3,080 partici-
pants based on HNR study data. These findings suggest TAC 
as a surrogate marker for CAD risk. These population-based 
cohort studies support the use of TAC as a marker for CAD 
presence and its potential predictive role for adverse coronary 
events, in addition to conventional cardiovascular risk factors.

In this meta-analysis, various imaging methods were used to 

Fig. 2. Forest plot showing pooled proportions of thoracic aorta calcification in patients with coronary artery disease [5,6,8,14,16,17,22-32]. 
CI, confidence interval.

Meta-analysis: All Cases
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assess TAC, including CT, chest X-rays, and echocardiography. 
These methods can produce different results based on patient 
characteristics, such as symptoms or risk factors, or based on 
the limitations of the imaging tools. For example, severe calci-
fication can make it difficult to measure TAC accurately using 
echocardiography, which also cannot assess the entire thoracic 
aorta. On the other hand, CT has better spatial resolution and 
can simultaneously evaluate coronary circulation and CAC, al-
though it does not cover the aortic arch or proximal descending 
aorta [10].

Calcification in different parts of the thoracic aorta—like 
the ascending aorta, aortic arch, descending aorta, and aortic 

root—was significantly linked to the presence of CAC and, 
therefore, CAD after adjusting for conventional cardiovascular 
risk factors [35]. However, it remains unclear whether calcifica-
tion in specific aortic segments accurately reflects the systemic 
nature of atherosclerosis or helps predict specific disease out-
comes [3]. There are also no clear guidelines on the parts of the 
thoracic aorta to focus on or which imaging methods to use for 
measuring TAC [13].

Each aortic segment has a unique embryonic origin and is ex-
posed to different hemodynamic forces, which likely influences 
vulnerability to calcification. This means that the calcium levels 
in each segment could be related to different cardiovascular 

Fig. 3. Subgroup analysis was performed with respect to the site complicated by thoracic aortic calcification (TAC)—whether the aortic 
root, aortic arch, or ascending or descending aorta. Calcification in the descending aorta and aortic root showed stronger associations with 
coronary artery disease (CAD) compared to that in the ascending aorta and aortic arch [12,14,16,17,22,24-26,28-30,32]. CI, confidence in-
terval.

Table 3. Pooled odd ratios of TAC in patients with CAD

Variable Pooled odd ratio 
(95% CI)

No. of 
studies p-value

heterogeneity Publication bias 
(Egger’s regression test) Model

I2 p-value τ2 Intercept (95% CI) p-value
TAC in CAD vs. TAC in 

non-CAD
3.874 

(2.789–5.381)
17 <.001 71.749 <.001 0.323 1.590 

(–1.966 to 5.147)
.177 Random 

effects
TAC in severe CAD vs. 

TAC in mild CAD
8.005 

(2.611–24.542)
7 <.001 90.946 <.001 1.9996 –5.714 

(–12.970 to 1.541)
.049 Random 

effects

TAC, thoracic aortic calcification; CAD, coronary artery disease; CI, confidence interval.

Meta-analysis
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risk factors and have varying predictive value for cardiovascular 
diseases [13]. The current meta-analysis found that calcifica-
tion in the descending aorta and aortic root showed a stronger 
association with CAD risk than other segments, aligning with 
earlier observational studies. Previous research has shown that 
calcification in the descending aorta is more common (56.6%) 
than that in the ascending aorta (42.9%) across all age groups 
[11]. Some studies also suggest that descending aorta calcifica-
tion has the strongest link to advanced and obstructive CAD 
[14,36].

The aortic root, which is part of the ascending thoracic aorta, 
is anatomically close to the origins of the coronary arteries. This 
may mean that calcification in the aortic root reflects localized 
atherosclerosis, rather than the more widespread patterns seen 
in other aortic segments. Previous studies have found strong as-
sociations between aortic root calcification, CAC, severe CAD, 
aging, and high blood pressure [13,28].

The present meta-analysis and systematic review was de-
signed to examine the connections between TAC and its 
segments, as well as the presence and severity of CAD. This 
study has several strengths. First, it included a large number 
of studies, increasing the statistical power and accuracy of the 
pooled estimates. Second, it incorporated studies from differ-
ent countries and populations (Europe, Asia, and the United 
States), making the findings more generalizable. However, there 
are also limitations. Many of the studies included were retro-
spective, which can introduce biases and limit the ability to 
determine cause–effect relationships between TAC and CAD. 
Additionally, pooling the results of different studies increases 
the heterogeneity, as each study may involve different popula-
tions, techniques, and methods.

Additionally, the definition of TAC varied across studies 
due to differences in imaging techniques (e.g., CT, echocar-
diography, plain chest X-ray). Even among studies using the 
same technique, discrepancies contributed to heterogeneity. 
To address this issue, subgroup and sensitivity analyses were 
performed using random-effects models, which confirmed the 
robustness of our findings. Publication bias is another challenge 
in meta-analyses. We attempted to mitigate this by conducting 
a comprehensive search for eligible studies and assessing bias 
both visually using funnel plots and statistically using Egger’s 
regression test. Two independent authors selected the studies 
for inclusion, with disagreements resolved through discussion 
and oversight from a senior author. Future prospective cohort 
studies should aim to investigate the causal relationship be-

tween TAC and CAD risk and determine whether early detec-
tion of TAC, especially in specific aortic segments, has prognos-
tic value for coronary and cardiovascular events. Such studies 
could guide the development of more targeted and appropriate 
interventions.

In summary, this meta-analysis significantly enhances our 
understanding of TAC in CAD and its severity and supports 
the development of personalized medicine strategies to improve 
patient outcomes. Future prospective cohort studies are needed 
to determine whether early detection of TAC, particularly in 
specific aortic segments, has prognostic value. These studies 
could also clarify the causal relationship between TAC and 
CAD risk, leading to more precisely targeted treatments.

In conclusion, TAC was significantly associated with CAD 
presence and severity. Calcification of the descending aorta and 
aortic root was more closely associated with CAD than was cal-
cification of the arch or ascending part.
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Background: Primary Merkel cell carcinoma of the salivary gland is currently not listed in the World Health Organization classification. However, 
cases of Merkel cell type neuroendocrine carcinomas of the salivary gland with perinuclear cytokeratin 20 positivity have been intermittently re-
ported. We here investigated the clinicopathologic features of additional cases. Methods: Data of four cases of Merkel cell type small cell neuro-
endocrine carcinoma of the salivary gland were retrieved. To confirm the tumors’ primary nature, clinical records and pathologic materials were 
reviewed. Optimal immunohistochemical staining was performed to support the diagnosis. Results: All tumors were located in the parotid 
gland. Possibilities of metastasis were excluded in all cases through a meticulous clinicopathological review. Tumor histology was consistent 
with the diagnosis of small cell neuroendocrine carcinoma. Tumors’ immunohistochemical phenotypes were consistent with Merkel cell carcino-
ma, including Merkel cell polyomavirus large T antigen positivity in two of the four cases. Conclusions: Merkel cell carcinomas can originate in 
salivary glands and are partly associated with Merkel cell polyomavirus infection as in cutaneous Merkel cell carcinomas.
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INTRODUCTION

Small cell neuroendocrine carcinoma (SCNEC) is a high-grade 
neuroendocrine carcinoma (NEC) and can arise in several 
organs. It rarely originates in the salivary gland, accounting 
for <1% of salivary tumors [1]. SCNEC in the salivary gland 
deserves special attention as some of them have distinctive fea-
tures compared to SCNEC of other sites, including diffuse peri-
nuclear cytokeratin 20 (CK20) positivity [2]. A study showed 
that CK20-positive salivary SCNEC had significantly better 
prognosis than CK20-negative tumors [1]. Due to its histo-
pathological resemblance to Merkel cell carcinoma (MCC), this 
group of CK20-positive SCNEC has been referred to by various 

names, including Merkel cell-like, Merkel cell variant, Merkel 
cell type SCNEC, or MCC [1-6].

MCC is a type of NEC mostly arising in the skin with charac-
teristic features different from typical neuroendocrine tumors. 
The association with the oncogenic virus, Merkel cell poly-
omavirus (MCPyV), is the most remarkable finding of MCC. 
MCPyV is a type of polyomavirus identified from MCC tissue 
[7]. Subsequently, MCPyV infection has been observed in the 
healthy population with high prevalence, usually being asymp-
tomatic [8-10]. Its oncogenic potential proved highly specific 
for cutaneous MCC, being detected in approximately 80% of all 
MCC [11,12]. The presence of MCPyV can be detected using 
immunohistochemical staining targeting MCPyV large or small 
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T antigen. In contrast, ultraviolet (UV)-related mutations are 
believed to be a significant pathogenetic factor in the remaining 
20% of all MCC, with UV mutations and MCPyV infections 
being mutually exclusive [13]. Additionally, MCC are distin-
guished from typical neuroendocrine tumors by the expression 
of several proteins, including CK20, CD5, terminal deoxynu-
cleotidyl transferase (TdT), paired box 5 (PAX5), and SRY-box 
transcription factor 2 (SOX2) [6,14-16].

Although most MCC originate in the skin, they could arise 
in extracutaneous mucosal sites in the genitourinary tract, ano-
rectal area, and head and neck areas [17-19]. MCC primarily 
located in the lymph node is regarded as metastasis from re-
gressed occult cutaneous MCC [20]. Some researchers regarded 
salivary SCNEC of Merkel cell type as being a metastasis from 
occult cutaneous MCC on the basis of the presence of a UV 
signature mutation [21]. In this study, we investigated four 
cases of salivary gland Merkel cell type SCNEC and discussed 
the controversy associated with this tumor with a review of the 
literature.

MATERIALS AND METHODS

Case selection and review
Six cases of NEC of the salivary gland were retrieved from the 
database of the Department of Pathology of Asan Medical Cen-
ter, Seoul, Korea, from 2000 to 2023. Two of them were exclud-
ed because one case was a large cell NEC, and the other showed 
positive immunostaining for thyroid transcription factor 1 

(TTF-1) and enlarged subaortic lymph nodes, not complete-
ly excluding a metastasis of a regressed pulmonary small cell 
carcinoma. To confirm the absence of tumors from the outside 
of the salivary gland, a meticulous review of the remaining 
four cases for available clinical and radiological resources was 
performed. Two pathologists (G.H.K. and K.J.C.) performed a 
pathologic review to analyze tumor histology and immunohis-
tochemistry (IHC) results.

Immunohistochemistry
One representative formalin-fixed and paraffin-embedded 
tissue block was retrieved from each case, and 3-µm-thick 
sections were acquired. IHC staining was performed using 
Benchmark XT autostainer (Ventana Medical Systems, Tucson, 
AZ, USA) and OptiView DAB IHC Detection Kit (Ventana 
Medical Systems) following the manufacturer’s instructions. 
Detailed information of antibodies is provided in Table 1. All 
markers except p53 were assessed as positive or negative on the 
basis of the nuclear (TTF-1, MCPyV large T antigen, PAX5, 
retinoblastoma (Rb), p53, TdT, SOX2, and PTEN) or cytoplas-
mic (CK20, synaptophysin, chromogranin, CD56, and BRAF) 
staining, regardless of intensity or extent. The p53 expression 
was evaluated in four categories on the basis of the proportion 
and intensity of expression–negative, 1+ (weak), 2+ (moderate), 
and 3+ (strong).

Table 1. Antibody information
Antibody Source Clone Dilution
CK20 DAKO, Glostrup, Denmark Ks 20.8 1:200
Synaptophysin Cell Marque, Rocklin, CA, USA MRQ-40 1:100
Chromogranin DAKO, Carpinteria, CA, USA DAK-A3 1:1,600
CD56 (NCAM) Cell Marque, Rocklin, CA, USA 156R-96 1:250
TTF-1 NOVO, Gatwick, UK SPT24 1:200
MCPyV LTA Santa Cruz Biotechnology, Santa Cruz, CA, USA CM2B4 1:50
PAX5 Cell Marque, Rocklin, CA, USA SP34 1:100
Rb QED Bioscience, San Diego, CA, USA 3C8 1:10,000
p53 DAKO, Carpinteria, CA, USA DO-7 1:1,000
TdT Cell Marque, Rocklin, CA, USA Polyclonal 1:100
SOX2 Abcam, Cambridge, UK Polyclonal 1:250
PTEN Cell Signaling, Danvers, MA, USA 138G6 1:100
BRAF Ventana Medical Systems, Tucson, AZ, USA VE1 Prediluent

CK, cytokeratin; TTF-1, thyroid transcription factor 1; MCPyV LTA, Merkel cell polyomavirus large T antigen; PAX5, paired box 5; Rb, retinoblastoma; 
TdT, terminal deoxynucleotidyl transferase; SOX2, SRY-box transcription factor 2.
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RESULTS

Clinical features
The patients were three females and one male whose ages 
ranged from 59 to 78 years (mean, 69.7 years). All patients pre-
sented with a rapidly increasing palpable mass in the preauric-
ular area, with accompanying pain in two of them. Computed 
tomography revealed enhancing mass in the parotid gland 
with a lobulating or partially infiltrating border (Fig. 1A). The 
following is the medical history of each patient: Case 1 has 
diabetes mellitus (DM) and rheumatoid arthritis treated with 
medication, case 2 has DM treated with medication, case 3 has 
DM treated with medication and experienced a cerebral stroke 

5 months ago, and case 4 underwent a liver transplant due to 
hepatitis B-associated liver cirrhosis 1 year and 3 months ago. 
Each patient underwent total (cases 1, 2, and 4) or partial (case 
3) parotidectomy. Additionally, cases 2, 3, and 4 underwent 
neck dissection. Notably, widespread lymph node metastases 
were identified in the unilateral cervical lymph nodes of case 
3 (24 of 62 lymph nodes with the largest tumor dimension of 
15 mm and extranodal extension) and case 4 (22 of 44 lymph 
nodes with the largest tumor dimension of 22 mm and extran-
odal extension). Adjuvant therapy was administered to two 
patients. Case 1 received radiotherapy as 66 Gy/25 fraction, 
whereas case 3 received concurrent chemoradiotherapy as 60 
Gy/30 fraction with etoposide and cisplatin. In case 3, tumor 

Fig. 1. Radiologic, macroscopic, and microscopic images of the representative tumor (case 4). (A) Computed tomography image revealing 
an ill-defined mass in the left parotid gland (arrow). (B) Gross photography exhibiting an infiltrating tumor with a fleshy section. (C) Diverse 
histologic pattern with spotty necrosis. (D) Nuclei with salt and pepper chromatin, numerous mitoses, and apoptotic bodies.
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recurrence involving the left neck and bilateral external iliac 
lymph nodes was observed, leading to additional systemic 
chemotherapy with etoposide and cisplatin. The average fol-
low-up period was 19.4 months. Three patients were referred 
to local clinics within 1 year. No cases of patient mortality were 
observed until the last follow-up. Clinical data are presented in 
Table 2.

Histology and IHC
Grossly, all tumors appeared as ill-demarcated solid masses 
involving the parotid gland with fleshy cut surface (Fig. 1B). 
The tumor size ranged from 1.3 to 4.6 cm (mean, 2.85 cm). Mi-
croscopic examination revealed infiltrating tumors composed 
of small monotonous tumor cells demonstrating diverse his-
tological patterns within the tumor, including diffuse, nested, 
and trabecular patterns. Tumor cells exhibited hyperchromatic 
finely granular nuclei with nuclear molding and crush artifact. 
Significant mitotic activity was observed, with counts exceeding 
20 per high-power field in some regions. Spotty necrosis and 
apoptotic debris were frequently observed (Fig. 1C, D). Results 
of IHC staining for MCC-associated markers are shown in 
Table 3. In all cases, neuroendocrine markers (synaptophysin, 
chromogranin, and CD56) were positive. CK20 showed diffuse 
expression with a perinuclear dot pattern in all cases. TTF-1 
was negative in all cases (Fig. 2A, B). MCPyV large T antigen 
was identified in two cases (cases 3 and 4) (Fig. 2C, D). In both 

cases, more than 90% of cells showed nuclear staining with 
variable intensity. PAX5 was focally positive in one case (case 2). 
PTEN loss was observed in two cases (cases 1 and 3). Rb and 
p53 were positive in all cases with heterogeneous expression. 
TdT and BRAF were negative in all cases. SOX2 showed diffuse 
positive staining in all cases with strong intensity.

DISCUSSION

MCC is primarily of a cutaneous origin; however, extracutane-
ous cases, accounting for approximately 2% of all MCC, have 
been steadily reported with the salivary glands being the most 
common site [22]. In the literature, we could identify 45 cases 
of Merkel cell type (CK20-positive) NEC of the salivary gland 
(Table 4) [1,3-6,23-34]. Including our four cases, the mean age 
of the total 49 cases was 70.9 years, with a male predilection 
(65.3%). The majority of cases (46 cases, 93.9%) originated in 
the parotid gland, with three originating in the submandibular 
gland. MCPyV was detected in six of 15 cases tested. Immuno-
suppression and chronic inflammatory conditions including 
DM and rheumatic disorders contribute as risk factors for cuta-
neous MCCs [35,36]. Among our cases, three patients had DM 
(including one with concurrent rheumatoid arthritis), and one 
had a liver transplantation history. The underlying mechanisms 
generating a correlation between MCC and immunosuppres-
sion or chronic inflammatory disorders are not well-estab-

Table 2. Clinical characteristics

Case No. Age (yr) Sex Site Size (cm) Treatment History LN metastasis Recurrence 
(mo)

Follow-up 
(mo)

1 74 F Parotid (R) 3.5 TP + RT DM, RA - - NED (9.1)
2 78 F Parotid (R) 2 TP + SND DM - - NED (73.0)
3 66 M Parotid (R) 1.3 RP + MRND + CCRT DM, CVA + 5.6 AWD (8.4)
4 59 F Parotid (L) 4.6 TP + MRND LT + - NED (6.5)

R, right; TP, total parotidectomy; RT, radiotherapy; DM, diabetes mellitus; RA, rheumatoid arthritis; NED, no evidence of the disease; SND, selective 
neck dissection; RP, radical parotidectomy; MRND, modified radical neck dissection; CCRT, concurrent chemoradiotherapy; CVA, cerebrovascular acci-
dent; AWD, alive with the disease; L, left; LT, liver transplantation.

Table 3. Immunohistochemistry results
Case No. Synaptophysin Chromogranin CD56 CK20 TTF-1 MCPyV LTA PAX5 Rb p53 TdT SOX2 BRAF (VE1) PTEN
1 + + NA + – – – + 1+ – + – –
2 + + + + – – + + 1+ – + – +
3 + + + + – + – + 2+ – + – –
4 + – + + – + – + 2+ – + – +

CK, cytokeratin; TTF-1, thyroid transcription factor 1; MCPyV LTA, Merkel cell polyomavirus large T antigen; PAX5, paired box 5; Rb, retinoblastoma; 
TdT, terminal deoxynucleotidyl transferase; SOX2, SRY-box transcription factor 2; NA, not available.
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Fig. 2. Representative immunohistochemistry images. (A) Diffuse expression of cytokeratin 20 with focal dot-like staining (inset) (case 3). (B) 
thyroid transcription factor 1 expression is absent (case 3). (C) Merkel cell polyomavirus large T antigen (MCPyV LTA)–positive case (case 4). 
(D) MCPyV LTA–negative case (case 2).

lished; however, immunosuppression is linked with poor prog-
nosis [37] and MCPyV negativity [38]. Although our patients 
demonstrated a relatively favorable prognosis, the small sample 
size and the relatively short follow-up duration were limita-
tions. Out of a total 49 cases, 38 had documented survival sta-
tus and follow-up duration. The survival duration ranged from 
2 to 156 months, with a median of 36 months. This finding is 
better than the previously reported median survival of salivary 
SCNEC (25–28.5 months) [39,40], which is consistent with the 
previous finding that CK20-positive salivary SCNEC show bet-
ter prognosis [1].

The Fifth World Health Organization classification of head 
and neck tumors presents that most salivary SCNEC carrying 

MCPyV or UV signature mutations are best classified as meta-
static MCC [41]. However, no robust tools have been developed 
yet, which could be used for differentiating primary or meta-
static MCC, if there have been regressed or occult skin tumors. 
Meticulous clinical and radiological investigations for exploring 
primary site appear to be the most critical for proper diagnosis. 
Nevertheless, as the skin is the most superficial part of the body, 
the absence of any skin tumors in patients’ histories is consid-
ered relatively reliable. MCPyV does not exclusively infect the 
skin cells but can be detected in systemic tissues, such as the 
saliva, aerodigestive tract, or liver [42]. It has been detected in 
extracutaneous MCC, including cases involving the maxillary 
sinus [18], stomach [43], and salivary glands [3-5]. UV muta-

A

C

B
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tion signatures are often cited as supporting evidence for a skin 
origin in tumors; however, they have also been observed in a 
range of extracutaneous tumors [44] including salivary squa-
mous cell carcinoma cases [45,46]. Given that whole exome 
sequencing is the standard method for detecting UV signature 

mutations, its application was not feasible in our study due to 
the age of our specimens. To explore UV-related mutations, we 
instead employed IHC for PTEN and BRAF as surrogate mark-
ers, as mutations in these genes have been commonly associat-
ed with UV-induced damage [47,48]. Unfortunately, the IHC 

Table 4. Reported cases of Merkel cell type neuroendocrine carcinoma of the salivary gland in the English literature
Study No. Age (yr) Sex Site Size (cm) MCPyV LN metastasis Recurrence Follow-up
Fornelli et al. [23] 2 65 M Parotid 4 NA - + DOD (28 mo)

70 M Parotid 2.5 NA - + AWD (2 yr)
Nagao et al. [1] 11 77 F Parotid 1.8 NA - - NED (28 mo)

78 M Parotid 1.5 NA + - DOD (45 mo)
81 F Parotid 3 NA + - DOD (17 mo)
85 M Submandibular 3.8 NA - - DOD (9 mo)
50 M Parotid 0.7 NA + - NED (155 mo)
66 M Parotid 5 NA - - DOD (20 mo)
76 M Parotid 11 NA + - DOD (2 mo)
72 M Parotid 2.9 NA - - NED (4 mo)
72 M Parotid 2 NA + - DOD (34 mo)
67 M Parotid 8 NA + - AWD (18 mo)
52 F Parotid 1.5 NA - - NED (4 mo)

Jorcano et al. [24] 1 91 M Parotid 4 NA + - DOC (3 yr)
Mulder et al. [25] 1 78 M Parotid NA NA + + DOD (3 yr)
Ghaderi et al. [26] 1 35 F Parotid 2 NA - - NA
Baca et al. [27] 1 77 M Parotid 8.5 NA + NA NA
Chernock et al. [6] 5 68 M Parotid NA - + - DOD (<6 mo)

66 M Parotid NA - + + NED (112 mo)
74 M Parotid NA - + - NED (2 yr)
22 M Parotid NA - + - DOD (<6 mo)
60 M Parotid NA - - - NED (13 yr)

De Biase et al. [5] 1 64 M Parotid 4 + + NA DOD (1 yr)
Kanazawa et al. [28] 1 87 F Parotid 5.5 NA + - NED (108 mo)
Fisher et al. [4] 3 64 F Parotid 1.4 + - - NED (41 mo)

82 M Parotid 6.5 - - - DOC (8 mo)
82 M Parotid 2.8 + + - NED (31 mo)

Lombardi et al. [3] 1 67 F Submandibular 2.2 + + - NED (12 mo)
Bizzaro et al. [29] 1 65 M Parotid 1.7 NA - - NED (24 mo)
Knopf et al. [30] 8 Mean 75 3M, 5F Parotid NA NA 3 (37.5%) 5-yr RFI, 71% 5-yr OS, 29%
Alotaibi et al. [31] 1 71 M Parotid 3.5 NA - - NA
Astreidis et al. [32] 1 76 M Parotid 2.7 NA - - NED (60 mo)
Young et al. [33] 1 69 M Parotid 4.9 - - + AWD (20 mo)
De Luca et al. [34] 5 57 M Parotid 1.5 NA + + DOD (45 mo)

79 F Parotid NA NA NA + DOC (24 mo)
92 F Submandibular 2.8 NA - - DOC (16 mo)
70 M Parotid 3.4 NA NA + DOD (14 mo)
88 M Parotid 2.5 NA NA - DOC (46 mo)

MCPyV, Merkel cell polyomavirus; LN, lymph node; NA, not available; DOD, died of the disease; AWD, alive with the disease; NED, no evidence of the 
disease; DOC, died of other causes; RFI, recurrence-free interval; OS, overall survival.
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results did not reveal significant findings; specifically, we found 
no evidence of UV mutations in the MCPyV-negative cases. 
While previous studies have used UV mutation signatures to 
argue that cases of lung melanoma [49] and salivary squamous 
cell carcinoma [45] may represent occult cutaneous origin 
metastases, relying on UV mutation signatures as definitive 
evidence of a cutaneous origin remains challenging due to nu-
merous variables [50]. That is, although certain DNA damage 
patterns are relatively strongly associated with UV exposure, it 
is difficult to completely rule out other causes of similar dam-
age, and the lack of a standardized analytical approach can lead 
to variation in results depending on the specific genes analyzed 
and the threshold values applied. Therefore, after excluding 
other possible primary sites through clinical evaluation, it 
seems reasonable to consider salivary gland MCC as a primary 
salivary tumor.

Interestingly, MCC tumor cells show various lymphocytic 
markers, including TdT, PAX5, and CD5 [14,15], and it could 
pose a diagnostic pitfall when distinguishing MCCs from 
lymphocytic neoplasms. However, our cases were nearly all 
negative for TdT and PAX5, except for one case with trivial pos-
itivity for PAX5. Conversely, all cases showed diffuse positivity 
for SOX2, which is a Merkel cell differentiation regulator and 
an essential oncogene of MCC [51,52]. It can be used for distin-
guishing MCC from other skin tumors but not from extracuta-
neous NEC [16]. An essential pathogenetic mechanism of MCC 
is Rb protein inactivation [53]. However, loss of Rb expression 
is frequently observed in a minor portion of MCPyV-negative 
cases [16,54,55]. Although our cases consistently exhibited Rb 
and SOX2 positivity, it is less likely that this finding is specific 
for salivary gland Merkel cell type NEC. Overall, salivary gland 
Merkel type NEC has similar clinicopathological characteristics 
with cutaneous MCC.

In conclusion, we propose that MCC can arise in the salivary 
glands, in addition to the skin. After thoroughly ruling out the 
possibility of metastasis, these cases should be treated in a man-
ner appropriate for a primary salivary gland malignancy. Sali-
vary gland MCC exhibits a phenotype identical with cutaneous 
MCC, including MCPyV and SOX2 positivity. We expect that 
MCC would be listed as a primary salivary gland malignancy in 
the classification.
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Background: Fine needle aspiration (FNA) is a widely utilized technique for assessing thyroid nodules; however, its inherent non-diagnostic rate 
poses diagnostic challenges. The present study aimed to evaluate and compare the diagnostic efficacy of FNA, core needle biopsy (CNB), and 
their combined application in the assessment of thyroid nodules. Methods: A total of 56 nodules from 50 patients was analyzed using both FNA 
and simultaneous CNB. The ultrasound characteristics were categorized according to the American College of Radiology Thyroid Imaging Re-
porting and Data Systems classification system. The study compared the sensitivity, specificity, and accuracy of FNA, CNB, and the combination 
of the two techniques. Results: The concordance between FNA and CNB was notably high, with a kappa coefficient of 0.837. The sensitivity for 
detecting thyroid malignancy was found to be 25.0% for FNA, 66.7% for CNB, and 83.3% for the combined FNA/CNB approach, with correspond-
ing specificities of 84.6%, 97.4%, and 97.4%. The accuracy of the FNA/CNB combination was the highest at 94.1%. Conclusions: The findings of 
this study indicate that both CNB and the FNA/CNB combination offer greater diagnostic accuracy for thyroid malignancy compared to FNA 
alone, with no significant complications reported. Integrating CNB with FNA findings may enhance management strategies and treatment out-
comes for patients with thyroid nodules.
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INTRODUCTION

Thyroid nodules are a common condition, with up to 76% of 
the population having them, and around 7%–15% of those nod-
ules being malignant [1]. With advancements in manufacturing 
high-resolution ultrasound probes, more suspicious nodules 
are being diagnosed, which means there is an increasing need 
for accurate and efficient diagnostic methods [2-4].

Fine needle aspiration (FNA) is the most cost-effective, safest, 
and quickest diagnostic method used in the initial evaluation of 

thyroid nodules. However, the Bethesda System classification 
used to diagnose thyroid nodules using FNA results can be 
unreliable, with unclear results reported in 10%–47% of cases, 
either non-diagnostic (Bethesda I) or atypia of undetermined 
significance (Bethesda III) [1,5,6]. This leads to the need for 
repeat FNA or core needle biopsy (CNB) procedures to obtain 
more conclusive results [7-9].

CNB is a complementary diagnostic method that can over-
come the limitations of FNA, including non-diagnostic or un-
certain outcomes and the need for repeat procedures or unnec-
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essary surgeries [8-13]. CNB is more sensitive and reliable than 
FNA due to the availability of tissue samples, which can be used 
for immunohistochemistry and molecular studies [2,7]. As a 
result, CNB is becoming increasingly competitive with surgical 
gold standards in terms of diagnostic value [3].

Given the high prevalence of thyroid nodular diseases, it is 
crucial to select the most appropriate diagnostic method that 
provides optimal accuracy for assessing the nature of thyroid 
nodules. In particular, CNB may be a fruitful choice for di-
agnosing thyroid nodules, especially in cases with cytologic 
Bethesda I and III results. While many studies have reported 
that the FNA/CNB combination provides superior diagnostic 
accuracy [12-19], some suggest there is no significant difference 
between the two methods [20,21]. Therefore, this study aims to 
evaluate the diagnostic yield of FNA and CNB separately and in 
combination for the diagnosis of thyroid nodules.

MATERIALS AND METHODS

Participants
This study was conducted on 50 patients with a total of 56 nod-
ules. The inclusion criteria were based on the American Col-
lege of Radiology (ACR) Thyroid Imaging Reporting and Data 
System (TI-RADS) criteria [22,23], where patients had at least 
one TI-RADS 3 (TR3) thyroid nodule with a diameter of 25 
mm or more, a TI-RADS 4 (TR4) thyroid nodule with a diam-
eter of 15 mm or more, and a TI-RADS 5 (TR5) thyroid nodule 
with a diameter of 10 mm. Exclusion criteria included a history 
of thyroid cancer, coagulative disorders, recent antiplatelet or 
anticoagulant consumption, opioid use over the past 6 months, 
allergies to local anesthetics, and chronic pain syndrome.

Procedures
An experienced radiologist performed all procedures using 
an ultrasound machine (model WS80A, Samsung, Seoul, Ko-
rea). Prior to the aspiration and biopsy, an ultrasonographic 
evaluation was conducted to assess the nodule size, distance 
from the skin surface, type of nodule calcification, and ACR 
TI-RADS score. Local anesthesia was administered, and FNA 
was performed twice with a G23 needle and a 10 mL syringe 
from different sites of the nodule. If sampling was improper or 
insufficient, it was repeated with a larger diameter needle. Two 
samples were collected from the solid and suspicious parts of 
the nodules using a CNB sampling needle with a length of 10 
cm and Gauge-18. FNA was always performed before CNB due 

to the destruction and disintegration of the nodule parenchyma 
after CNB. Patients were monitored for acute complications 
such as hematoma around the thyroid and voice changes or 
hoarseness. Follow-up was conducted for 18 months, and 
pathology reports of patients who underwent surgery were re-
corded as the gold standard.

Pathologic analysis
Samples obtained from FNA and CNB were classified into six 
categories based on the Bethesda 2023 system and the CNB 
sample reporting guideline [6,24]. The findings were consid-
ered equivalent one by one, and discrepancy between FNA and 
CNB results led to use of that with the higher probability of 
malignancy. The management approach for such cases involved 
either recommending surgery or a follow-up to assess any 
changes in their ultrasonographic features during 18 months.

Statistical analysis
The agreement between FNA and CNB methods in classifying 
nodules was assessed using the kappa coefficient, with values 
ranging from 0 to 1. Kappa values of 0–0.20, 0.21–0.40, 0.41–
0.60, 0.61–0.80, and 0.81–1.0 represent no agreement, slight 
agreement, fair agreement, moderate agreement, and substan-
tial agreement, respectively [25]. Sensitivity, specificity, positive 
predictive value, negative predictive value, and accuracy were 
calculated and reported for FNA, CNB, and FNA/CNB diag-
nostic parameters. Data were analyzed using SPSS software ver. 
22 (IBM Corp., Armonk, NY, USA), and statistical significance 
was set at p < .05.

RESULTS

Between October 2020 and April 2021, 56 thyroid nodule sam-
ples were obtained at Sina Hospital, Tehran, which is affiliated 
with Tehran University of Medical Sciences. A convenient 
sampling method was employed and 50 patients were included 
in the study, comprising 11 males and 39 females. All nod-
ules were sampled for the first time, and the participants were 
followed for 18 months to determine the outcome. The mean 
nodule diameter was 27 ± 12.3 mm, ranging from 12 to 67 mm. 
The nodules were classified according to the TI-RADS system, 
with 33.9% (n = 19) classified as TR3, 51.8% (n = 29) as TR4, 
and 14.3% (n = 8) as TR5. Calcification was observed in 46.4% 
(n = 26) of the nodules, with 21.4% (n = 12) showing punctate 
echogenic foci, 17.9% (n = 10) showing macrocalcification, 
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5.4% (n = 3) showing large comet-tail artifact, and 1.8% (n = 
1) showing peripheral/rim calcification. In three-fourths of the 
malignant findings mentioned in the preoperative FNA cyto-
logic reports, there was a suspicion of papillary thyroid carcino-
ma (PTC) (Tables 1 and 2).

Of the 56 thyroid nodules studied, 39 (76.5%) were benign 
and 12 (23.5%) were malignant. During the follow-up period, 
five patients with follicular neoplasm (FN) as the primary cyto-
logic and CNB-based pathologic results were not operated on 
and were excluded from the final analysis due to the unavail-
ability of postoperative pathologic tissue reports. Overall, the 
results indicate strong agreement between the FNA and CNB 
methods in the diagnosis of thyroid nodules, with a kappa coef-
ficient of 0.837 (Fig. 1)

Among the nodules diagnosed using the FNA method, 

66.7% (n = 34) were benign (Bethesda II), 5.4% (n = 3) were 
suspicious for malignancy (Bethesda V), and 5.4% (n = 3) were 
malignant (Bethesda VI). The CNB method revealed 76.5% (n 
= 39) benign and 15.7% (n = 8) malignant nodules (category 
VI), with all FNA Bethesda V nodules being confirmed by the 
CNB method. One of the two indeterminate nodules marked 
by the CNB method was found to be benign, while the other 
was diagnosed as PTC in the postoperative pathology reports. 
Additionally, two FN nodules (Bethesda IV) were identified as 
Follicular Thyroid Carcinoma and Oncocytic carcinoma of the 
thyroid. Furthermore, all six non-diagnostic nodules identified 
by FNA were diagnosed as benign by CNB (Fig. 2).

The combination of FNA and CNB methods resulted in 
74.5% (n = 38) benign and 19.6% (n = 10) malignant (Bethesda 
VI) nodules. Following the FNA/CNB application, the number 
of non-diagnostic reports decreased, leaving only three nodules 
(5.8%) in the indeterminate category (category III).

After an 18-month imaging follow-up, 38 nodules that were 
initially diagnosed as benign using the combined method re-
mained unchanged. On the contrary, 13 individuals underwent 
thyroidectomy, with 12 of these cases classified as malignant. 
The post-surgery pathological evaluation revealed the follow-

Table 1. Characteristics of thyroid nodules
Variable Value
Age (y/o) 54.23 ± 8.63
Size of nodule (mm) 27.0 ± 12.3
Distance from skin (mm) 12.2 ± 4.7
TI-RADS
 3 19 (33.9)
 4 29 (51.8)
 5 8 (14.3)
Calcification type
 None 30 (53.6)
 Large comet-tail artifact 3 (5.4)
 Macrocalcification 10 (17.9)
 Peripheral/rim calcification 1 (1.8)
 Punctate echogenic foci 12 (21.4)

Values are presented as mean ± SD or number (%).
SD, standard deviation; TI-RADS, Thyroid Imaging Reporting and Data 
System.

Table 2. Stratification regarding cytologic and CNB-based patho-
logic evaluation
Category FNA CNB FNA/CNB
I 6 (11.8) 0 0
II 34 (66.7) 39 (76.5) 38 (74.5)
III 4 (7.8) 2 (3.9) 3 (5.9)
IV 1 (1.9) 2 (3.9) 0
V 3 (5.9) 0 0
VI 3 (5.9) 8 (15.7) 10 (19.6)

Values are presented as number (%).
CNB, core needle biopsy; FNA, fine needle aspiration.

Fig. 1. In the histopathologic examination (A) of core needle biopsy 
and cytology examination (B) of fine needle aspiration, the arrows 
indicate similar bland-looking thyroid follicular cells suggestive of 
benign follicular nodules.

A B
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ing diagnoses: one case of oncocytic carcinoma of the thyroid, 
one case of follicular thyroid carcinoma, one case of metastatic 
lesion, and nine cases of PTC (Table 3).

The results of Table 4 suggest that the CNB and FNA/CNB 
methods improve sensitivity and specificity in the diagnosis of 
malignancy compared to the FNA or CNB method alone. The 
FNA/CNB method showed a sensitivity of 83.3%, specificity 
of 97.4%, positive predictive value of 100%, negative predic-

tive value of 100%, and a diagnostic accuracy of 94.1% for the 
malignancies. The CNB method had a sensitivity of 66.7%, 
specificity of 97.4%, positive predictive value of 100%, negative 
predictive value of 97.4%, and accuracy of 90.2% in diagnosis of 
malignant nodules. Overall, the combination of FNA and CNB 
methods resulted in a higher diagnostic accuracy in diagnosis 
of malignant thyroid lesions than either method alone. There 
were no cases of gross hematoma with compressive effect on 
the upper airways or changes in voice observed during the di-
agnostic procedures including FNA/CNB method (Table 4).

DISCUSSION

The study demonstrated a strong agreement between the 
FNA and CNB methods for diagnosing benign and malignant 
thyroid nodules. The frequency of non-diagnostic results in 
FNA was dependent on the radiologist's skill and experience, 
as well as nodule characteristics. In this study, an experienced 
radiologist performed the FNA procedure and made an effort 
to obtain sufficient tissue samples with each needle application. 
Nonetheless, a considerable portion of FNA reports (10.7%) 
were non-diagnostic, whereas all non-diagnostic nodules were 
reported as benign with CNB.

Table 3. Thyroid nodules based on postoperative pathology, delineated by the diagnostic methods employed

Category
FNA CNB FNA/CNB

Benign (n = 39) Malignant (n = 12) Benign (n = 39) Malignant (n = 12) Benign (n = 39) Malignant (n = 12)
I 6 (15.4) 0 0 0 0 0
II 33 (84.6) 1 (8.3) 38 (97.4) 1 (8.3) 38 (97.4) 0
III 0 4 (33.3) 1 (2.6) 1 (8.3) 1 (2.6) 2 (16.7)
IV 0 1 (8.3) 0 2 (16.7) 0 0
V 0 3 (25) 0 0 0 0
VI 0 3 (25) 0 8 (66.7) 0 10 (83.3)

Values are presented as number (%).
FNA, fine needle aspiration; CNB, core needle biopsy.

Table 4. Diagnostic values of FNA, CNB, and FNA/CNB for malig-
nant thyroid nodules
Diagnostic values FNA CNB FNA/CNB
Sensitivity (%) 25 66.7 83.3
Specificity (%) 84.6 97.4 97.4
Positive predictive value (%) 100 100 100
Negative predictive value (%) 97.1 97.4 100
Accuracy 70.6 90.2 94.1

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

A B

Fig. 2. There was a discrepancy between core needle biopsy (CNB) 
and fine needle aspiration (FNA). While in histopathologic exam-
ination (A), the arrow points to bland-looking thyroid follicular cells 
suggestive of benign follicular nodule on CNB, in cytologic exam-
ination (B), the arrow indicates a cluster of thyroid follicular cells 
with anisonucleosis and overlapping nuclei suggestive of atypia of 
undetermined significance on FNA.
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As expected, CNB had an advantage over FNA in eliminating 
non-diagnostic nodules. With precise penetration of the CNB 
needle, the results are less dependent on the operator's skill, 
and the obtained tissues have more cells, which reduces the fre-
quency of non-diagnostic results. Consistent with our findings, 
previous studies have reported that CNB is more valuable than 
FNA for reducing the frequency of non-diagnostic results and 
providing more reliable diagnostic accuracy [7,26-28].

The CNB method had a higher frequency of atypia of un-
determined significance (AUS) and FN nodules compared 
to FNA, possibly due to larger tissue samples and additional 
pathologic findings. Sometimes, nodules with suspicious ultra-
sound features might have normal records in FNA, indicating 
the possibility of FN [29,30]. In Na et al. [7], the diagnostic rate 
of FN was higher with CNB than FNA.

It is well-known that the rate of suspicious nodules for malig-
nancy in FNA is higher than in CNB. Hahn et al. [26] reported 
that the definite diagnostic rate in CNB was significantly higher 
than in FNA, especially for nodules larger than 2 cm. Our re-
sults similarly showed that FNA had a lower diagnostic sensi-
tivity than CNB.

The diagnostic accuracy of FNA/CNB and CNB was signifi-
cantly higher than that of FNA alone, as expected. The com-
bination of CNB and FNA can reduce the need for repeated 
FNA and diagnostic surgeries in thyroid nodules, particularly 
by reducing non-diagnostic cases. Although some studies have 
reported a diagnostic advantage of CNB over FNA alone, other 
studies, including our own, have shown that the combination of 
CNB and FNA is more beneficial than CNB alone [12-15].

While low-risk neoplasms such as non-invasive follicular thy-
roid neoplasm with papillary-like nuclear features (NIFTP) are 
classified as a surgical disease and cannot be definitively diag-
nosed through FNA, the cytological characteristics of this indo-
lent tumor frequently result in its categorization as either AUS 
(Bethesda III), FN (Bethesda IV), or suspicious for malignancy 
(Bethesda V) on FNA [6]. In the cohort of 13 patients who 
underwent thyroidectomy in the present study, post-surgical 
histopathological examination revealed nine nodules diagnosed 
as PTC, one as follicular thyroid carcinoma, one as oncocytic 
carcinoma of the thyroid, and one as a metastatic lesion. Given 
our emphasis on diagnosing malignant lesions, we aimed to 
exclude any low-grade lesions (like NIFTP) from the malignant 
category; however, no low-grade lesions were identified in our 
study.

In this study, the high rate of non-diagnostic cases in nodules 

examined with FNA reduced its diagnostic value compared 
to CNB. Among the 80% of malignant nodules not reported 
by FNA, most were PTC. Previous studies have reported that 
papillary cancer may be mistakenly classified as benign due 
to macrofollicular manifestations in the absence of cytological 
changes and atypia. Most of the false negatives in FNA were 
attributed to the follicular adenoma with papillary architecture 
[31,32].

One nodule was reported as benign in FNA but as FN/sus-
picious for follicular neoplasm with CNB. Subsequently, it was 
diagnosed as oncocytic carcinoma of the thyroid during fol-
low-up and after surgery. Yeh et al. [33] also encountered sever-
al patients with thyroid cancer in postoperative tissue diagnosis 
despite having FNA reports without malignant or suspected 
cells. False-negative rates in FNA could be due to poor cell aspi-
ration or sampling error.

Thyroid nodules containing calcified foci can reduce the 
diagnostic sensitivity of FNA. While peripheral calcification is 
rare among suspicious nodules and more common in benign 
lesions, in some cases, it may be necessary to sample from a 
calcified nodule. Macrocalcifications are not significantly as-
sociated with an increased risk of malignancy, while punctate 
echogenic foci are often linked to psammomatous calcification 
in papillary thyroid cancer and carry a high risk of malignancy. 
Peripheral calcification presents challenges for nodule sam-
pling, including difficulties in penetrating the shell, visualizing 
the needle tip within the lesion, and unexpected complications 
[34-36].

The results of the current study indicate that all AUS nodules, 
except for one malignant case, had calcified foci in their post-
operative reports (five nodules with punctate echogenic foci 
and one nodule with macrocalcifications). In cases where there 
is clinical suspicion of malignancy in a lesion with macrocalci-
fication, it may be reasonable to use CNB as a complementary 
diagnostic method to FNA.

The current study encountered several limitations, particu-
larly a reduction in sample size. Due to the infrequent use of 
CNB for thyroid nodules in Iran, as well as many other regions, 
this study was designed as a pilot project to establish a founda-
tion for future research with larger cohorts. The coronavirus 
disease 2019 pandemic further exacerbated the situation, as 
many patients were hesitant to seek medical care, leading to the 
loss of numerous potentially eligible participants.

While the study's setting and regional relevance are signifi-
cant strengths, the limited follow-up period of 18 months and 
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the potential impact of operator expertise on FNA results are 
other important limitations. The literature establishes that the 
TI-RADS criteria recommend a five-year follow-up for nodules 
scoring 3 or higher, with TR3 and TR4 lesions monitored at 1, 
3, and 5 years, and TR5 lesions requiring annual assessments. 
This protocol is contingent upon the nodule size evaluated via 
FNA [23].

In contrast, there is a lack of consensus regarding follow-up 
protocols for nodules subjected to CNB. The combination of 
CNB with FNA offers a significant advantage by potentially 
reducing follow-up intervals and enhancing decision-making 
in thyroid nodule management. Given that all nodules were 
subjected to the CNB, it is logical to propose a reduction in the 
follow-up period for patients compared to the conventional 
post-FNA follow-up duration outlined in TI-RADS. Therefore, 
the researchers established a maximum follow-up duration 
of 18 months for the patients involved in the study. However, 
extending follow-up for CNB-subjected nodules to 3 to 5 years 
could markedly improve diagnostic accuracy.

Additionally, the diagnostic accuracy of FNA for thyroid 
nodules varies widely across studies, reported between 28% 
and 72% [8,16-18]. This variability arises from several factors, 
including lesion characteristics (solid and cystic components, 
calcifications), FNA technique, use of ultrasound guidance, 
quality of ultrasound equipment, experience of the technician, 
the pathologist expertise in cytological evaluation. Despite 
FNA’s affordability and accessibility, these limitations diminish 
its diagnostic accuracy [37-40]. Determining the specific con-
tribution of each factor to FNA outcomes is challenging and 
may not be particularly beneficial. Therefore, employing CNB, 
which provides tissue samples, appears to be a reasonable strat-
egy to overcome these limitations. Even with experienced tech-
nicians, optimal control over other influencing factors remains 
problematic [8,16,18,19,41].

In conclusion, our study findings suggest that FNA/CNB is 
more effective than either FNA or CNB alone in nodules with 
a TI-RADS score ≥3, particularly when the initial FNA report 
is non-diagnostic. Therefore, we recommend using CNB in 
conjunction with FNA for nodules with a TI-RADS score ≥3 to 
decrease the need for further evaluations. This combined ap-
proach could also minimize unnecessary surgeries and enhance 
diagnostic accuracy.
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Chronic active Epstein-Barr virus (CAEBV) can induce complications in various organs, including the brain and gastrointestinal tract. A 3-year-old 
boy was referred to the hospital with a history of fever and seizures for 15 days. A diagnosis of encephalitis based on computed tomography (CT) 
and magnetic resonance imaging findings and clinical correlation was made. Laboratory tests showed positive serology for Epstein-Barr virus 
(EBV) and negative for Rotavirus antigen and IgG and IgM antibodies for cytomegalovirus, herpes simplex virus, and varicella zoster virus, re-
spectively. Abdominal CT showed diffuse wall thickening with fluid distension of small bowel loops, lower abdomen wall thickening, and a small 
amount of ascites. The biopsy demonstrated positive Epstein-Barr encoding region in situ hybridization in cells within the crypts and lamina pro-
pria. The patient was managed with steroids and hematopoietic stem cell transplantation (HSCT). This case showed histopathological character-
istics of concurrent EBV-associated encephalitis and colitis in CAEBV infection. The three-step strategy of immunosuppressive therapy, chemo-
therapy, and allogeneic HSCT should be always be considered for prevention of disease progression.
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INTRODUCTION

Epstein-Barr virus (EBV), a double-stranded DNA virus cat-
egorized within the Herpesviridae family, causes a ubiquitous 
infection in more than 90% of the world’s population [1,2]. 
EBV is usually acquired during childhood or adolescence 
and then establishes a permanent latent infection in B lym-
phocytes in immunocompetent patients [3-5]. Chronic active 
EBV (CAEBV) infection is a rare lymphoproliferative disor-
der characterized by persistent infectious mononucleosis-like 
symptoms for more than 3 months, increased EBV DNA 
(>102.5 copies/mg) in peripheral blood, and organ involvement 
in an immunocompetent patient [6-8]. Various organs can 

be affected in CAEBV infection and they show a spectrum of 
manifestations. The ill-defined, diverse clinicopathological 
characteristics of CAEBV infection often delay the diagnosis 
and treatment [1,9,10]. In this study, we report a 3-year-old pa-
tient with CAEBV infection, who was confirmed to have both 
EBV encephalitis and EBV colitis through pathological exam-
ination. The diagnosis of EBV encephalitis and EBV colitis can 
be a challenge in pathological practice because of the deceptive 
morphologies. Using microscopic examination and in situ hy-
bridization technique, we diagnosed EBV infection in both the 
brain and colon tissue, resulting in successful diagnosis and 
treatment.
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CASE REPORT

A 3-year-old boy was admitted to the Severance Hospital 
(Seoul, Korea) with a history of fever and seizures for 15 days. 
The boy did not have any history of recurrent infections or 
family history of immune disease. Computed tomography 
(CT) and magnetic resonance imaging (MRI) showed swelling 
in the basal ganglia, thalamus, midbrain, pons, cerebellum, 
and left hypothalamus (Fig. 1A). The initial EBV level was el-
evated to 1,685,506 U/mL in the serum and 103,285 U/mL in 
the cerebrospinal fluid. In serology, anti–viral capsid antigen 
(VCA) IgM was undetected while anti-VCA IgG was positive 
which indicated chronic response to EBV. Although the patient 
was managed empirically with steroids, his mental status re-
mained unstable. To confirm the diagnosis, brain biopsy was 
performed. The brain tissue sections showed focal perivascular 
and subarachnoid lymphocyte infiltration and focal microglial 
cell proliferation (Fig. 1B). However, CD3-positive T lympho-
cytes infiltrated the perivascular area (Fig. 1C) and these cells 
were positive to EBV in situ hybridization (Fig. 1D). Further 
testing revealed that CD3-positive cells expressed CD8 (Fig. 
1E), but not CD4. Moreover, molecular analysis showed no 
evidence of T-cell receptor (TCR) beta or TCR gamma gene 
rearrangement. A week later, the patient developed perianal 
ulceration, diarrhea, and abdominal pain. Abdominal CT 
showed diffuse wall thickening and distension in the small 
bowel loops indicating high risk of perforation. The patient un-

derwent ileocecectomy (Fig. 2A). The resected colon showed 
dense infiltration of lymphocytes, neutrophils, and plasma cells 
in the lamina propria and widespread neutrophilic cryptitis, 
crypt abscess, and distortion. The lymphocytes showed min-
imal atypia. Multifocal submucosal edema with serositis was 
prominent (Fig. 2B). Diagnosis of EBV-associated colitis was 
made based on Epstein-Barr encoding region (EBER) in situ 
hybridization of positive CD3 T lymphocytes that infiltrated 
the mucosa, submucosa, and intestinal walls (Fig. 2C, D). Im-
munohistochemical staining for CD56 showed a few scattered 
natural killer (NK) cells. The diagnosis of CAEBV also befits 
the patient. Germline testing using next-generation sequenc-
ing analysis revealed no pathogenic gene mutations associated 
with immune dysregulation. The human leukocyte antigen 
(HLA) typing results were as follows: HLA-A*02:06/02:06, 
-B*15:18/51:01, -C*08:01/14:02, -DRB1*04:05/14:05, 
-DQA1*01:04/03:03, -DQB1*04:01/05:03, -DPA1*01:03/02:02, 
and -DPB1*02:01/05:01. Full matched allogenic hematopoietic 
stem cell transplantation (HSCT) was performed 6 months af-
ter the initial diagnosis. EBV level decreased to 34,262 copies/
mL in serum 12 months after treatment (Fig. 3).

DISCUSSION

We herein report a patient with CAEBV infection showing both 
EBV encephalitis and colitis. It is an infection induced by infil-
tration of EBV-infected lymphocytes into the affected tissues 

Fig. 1. (A) Magnetic resonance imaging showing swollen and multifocal T2 high signal intensity with swelling of the basal ganglia, thala-
mus, midbrain, pons, cerebellum, and left hypothalamus. (B) Brain tissue sections showing focal perivascular and subarachnoid lymphocyte 
infiltration and focal microglial cell proliferation. (C) CD3-positive T- lymphocytes infiltrating the perivascular area. (D, E) In situ hybridiza-
tion of Epstein-Barr encoding region and CD8-positive Epstein-Barr virus double-staining cells from the brain tissue.

B

D

C

E

A



https://doi.org/10.4132/jptm.2025.02.21190

EBV-associated encephalitis and colitis

[11,12]. EBV infects NK and T cells in CAEBV; T-cell CAEBV 
is further classified into CD4- and CD8-positive types [12,13].

Comprehensive assessment of multiple organs with high 
suspicion and correct recognition of EBV-associated histo-
pathological features are important for the diagnosis of CAEBV 
infection [14]. It was difficult to diagnose EBV encephalitis 
and colitis in our patient owing to the subtle and deceptive 
morphologies. A brain biopsy performed after steroid treat-
ment demonstrated mild lymphocytic infiltration and subtle 
microglial proliferation. The colon showed inflammatory bowel 
disease (IBD)–like microscopic changes, including marked 
glandular distortion and transmural chronic inflammation with 
cryptitis and crypt abscess. The detection of EBV in tissue sam-

ples using in situ hybridization demonstrated an EBV-induced 
pathological process, highlighting the critical role of EBV assay 
in the diagnosis of CAEBV infection [4].

EBV can lead to various central nervous system complica-
tions [15]. Some authors have suggested that there has been 
an increase in the occurrence of neurological complications of 
EBV infection [16,17]. A study examining pediatric EBV-asso-
ciated encephalitis found that EBV infection was present in 9.7% 
of the children hospitalized with neurological complications 
[18]. EBV encephalitis is rare in children but can have severe 
neurological complications; usually, the positive MRI findings 
occur in the brain stem, basal ganglia, cerebellum, and thala-
mus [19-21]. This was somewhat similar to MRI findings of the 

Fig. 2. (A) Gross appearance of the ileocecectomy specimen with appendix attached, the mucosa surface showing multiple ulcerative 
lesions in the cecum. (B) The ileocecectomy specimen demonstrating infiltration of the lymphocytes, neutrophils, and plasma cells in the 
lamina and widespread neutrophilic cryptitis, crypt abscess, and distortion. (C, D) CD3-positive Epstein-Barr encoding region (EBER) in situ 
hybridization cells from the colon tissue (EBER antibody staining).
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present case that showed hyperintense T2 lesion in the thala-
mus, basal ganglia, and brain stem.

EBV encephalitis can show various clinical and histological 
characteristics [16,22]. Establishing a diagnosis of EBV en-
cephalitis is difficult; consequently, molecular, serological, and 
imaging techniques should be used when investigating children 
with encephalitis [15]. Biopsy is important to confirm general 
pediatric encephalitis because it may reveal the underlying 
infective process, chronic inflammatory change, or neoplastic 
disease [23]. Diagnosing EBV encephalitis requires demonstra-
tion of EBV-infected cells. Our case showed EBV-infected T 
lymphocytes infiltrating the perivascular area; this is consistent 
with the previous reports [16,22,24]. The EBV-infected T lym-
phocytes in our case were CD8-positive, thereby confirming 
EBV encephalitis involving CD8-positive T lymphocytes. An-
other study conducted on EBV encephalitis reported features 
of cortical infiltration of T lymphocytes with perivascular and 
perineuronal clusters, while the B lymphocytes were frequently 
seen in the perivascular cuffs [25]. The prognosis associated 
with EBV encephalitis is controversial. Some reports have sug-
gested it to be a relatively benign, self-limited disease with an 
almost full recovery; however, others have documented the oc-
currence of various neurologic sequelae in a substantial number 
of cases [15,18,26].

Gastrointestinal involvement is very rare and few cases of 

immunocompetent hosts have been reported [27-29]. Among 
these, the lymphoid cells that were involved were of the B-cell 
lineage. However, our case had involvement of the T-cell lin-
eage. EBV colitis is rare in children, and few cases have been 
reported [30]. EBV colitis is difficult to differentiate from IBD 
owing to overlapping symptoms and endoscopic findings, and 
discerning whether the severity of symptoms is attributable 
to CAEBV or the exacerbation of IBD is challenging, thereby 
making diagnosis of EBV colitis and IBD difficult [9,31,32]. 
Our case demonstrated findings that were consistent with the 
pathological findings observed by other authors in their studies 
[9,33,34]. Despite the similarity between IBD and EBV coli-
tis, it was noted that atypical infiltrates were more frequently 
observed in patients with EBV positivity. Consequently, every 
patient with IBD should undergo the EBV test [35]. Although 
further studies are warranted to clarify the role of EBV in 
inflammatory gut disorders, it was proposed that EBV may 
induce immune alterations in the colon, thereby aiding the 
pathogenesis of EBV colitis [36]. The molecular detection of 
EBV-encoded RNA transcripts by in situ hybridization remains 
the gold standard in the identification of EBV in biopsies [35].

Our patient’s viral load was initially high on admission, after 
the initiation of steroids and immunosuppressive agents; it re-
duced gradually with significant improvement after HSCT. The 
effective treatment strategy for eradicating EBV-infected Tor 

Fig. 3. The serum Epstein-Barr virus (EBV) titers before and after hematopoietic stem cell transplantation.
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NK-positive cells is HSCT, if initiated before deterioration of 
the patient’s condition. HSCT is, by far, considered the most ef-
fective treatment for CAEBV by revitalizing the hematopoietic 
system. However, because not all patients with CAEBV may un-
dergo HSCT, immunosuppression and chemotherapy can also 
be considered with or without HSCT [37]. Although the out-
come of patients with active disease accompanied by fever, liver 
dysfunction among others may be worse [1,38]. Studies have 
proved that manifestation of signs and symptoms is subject to 
the host immune responses [9,39]. Usually, patients with EBV 
infection have serious clinical abnormalities that may persist 
for 6 months or more with high antibody titers against EBV but 
not against EBV nuclear antigen [9,39]. Thus, multiple organ 
involvement in CAEBV infection often results in poor prog-
nosis [14,40]. The present case may be slightly different owing 
to early recognition; awareness of CAEBV, especially regarding 
the histological changes, EBER, and EBV DNA, are crucial for 
patients with EBV, similar to what was observed in another 
study [34]. CAEBV disease and post-HSCT lymphoprolifera-
tive disorders share similarities. However, although both post-
HSCT posttransplant lymphoproliferative disorders (PTLD) 
and CAEBV disease involve EBV reactivation and immune 
dysfunction, distinct differences exist between conditions [3,6]. 
PTLD is predominantly of B-cell origin, compared to CAEBV 
being of T-cell origin. Although monomorphic PTLD of T-cell 
origin exist, it is typically EBV-negative [41].

Several genetic factors of CAEBV have been found to in-
crease genetic susceptibility of the hosts. For example, candidate 
gene studies of transplant HLA have reported that transplant 
recipients have haplotypes, such as HLA-A26 and B36, that are 
associated with a higher risk of developing EBV-positive B-cell 
origin PTLD [42]. The HLA result of our patient indicated no 
increased risk to CAEBV disease.

This case showed histopathological characteristics of concur-
rent EBV-associated encephalitis and colitis in CAEBV infec-
tion. CAEBV is an extremely rare and severe complication that 
can arise from EBV infection. It is a life-threatening medical 
condition that is more likely to occur as a result of primary in-
fection, reactivation, and immunosuppression. Histopathologi-
cal features will help the discrimination, serum EBV DNA and 
in situ hybridization for EBV-encoded RNA are recommended 
to exclude. This condition is more likely to pose treatment chal-
lenges, especially when the treatment is initiated at a late stage. 
HSCT should be considered a crucial therapeutic option for 
preventing the progression of disease.
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Cytological features of atypical adenomatous hyperplasia 
and adenocarcinoma in situ of the lung: a case report
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Atypical adenomatous hyperplasia (AAH) and adenocarcinoma in situ (AIS) are generally treated as different lesions, depending on the differ-
ences in lesion size and histological findings. However, these differences are not absolute; thus, AAH and AIS are often difficult to distinguish. 
Moreover, whether AAH and AIS can be regarded as different lesions remains unknown because cytological specimens, especially those of AAH, 
are rare. In this study, we examined these uncommon cytological specimens and compared the cytological findings between AAH and AIS. We 
observed many common cytological features with no obvious differences between AAH and AIS. These findings suggest that these two distinct 
lesions can be grouped into a single category. Therefore, we propose creating a new cytological category.
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INTRODUCTION

Atypical adenomatous hyperplasia (AAH) is generally defined 
as lesions ≤0.5 cm in diameter [1,2]. These lesions are diffi-
cult to detect with preoperative computed tomography (CT) 
scans owing to the 0.5 cm detection limit of thin-slice CT [3,4]. 
Therefore, most AAHs are incidentally discovered during vi-
sual examination of the cut surfaces of resected lung cancer 
specimens or through the investigation of pathological speci-
mens using microscopy. Thus, cytological specimens of AAH 
are rare and their details remain unclear [4]. The present study 
aimed to address this gap by preparing cytological specimens 
of lesions diagnosed as AAH or adenocarcinoma in situ (AIS), 
respectively. We examined the cytological features of AAH and 
compared them with those of AIS. We then investigated the 
differences between AAH and AIS, and whether they could be 
distinguished based on cytological findings. We also compared 
the definitional, histological, and genetic differences and sim-

ilarities between AAH and AIS to investigate the need to con-
sider them as different lesions.

CASE REPORT

Case 1 involved a 53-year-old Japanese non-smoking female. 
The patient’s comorbidities included chronic cough due to 
gastroesophageal reflux disease, cough variant asthma, hyper-
lipidemia, hypertension, and leiomyoma. The patient's uncle 
had tongue cancer. Chest CT was performed to investigate the 
chronic cough and revealed ground-glass opacity (GGO) 0.7 
cm in diameter in the left upper lobe of the lung. Subsequently, 
as the GGO could have been lung cancer, the patient under-
went thoracoscopic partial resection of the left upper lobe.

Case 2 involved a 78-year-old Japanese female exposed to 
secondhand smoke. The patient’s comorbidities included severe 
mitral stenosis and atrial fibrillation. The patient’s father and 
brother had pancreatic cancer. Chest CT was performed for 
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preoperative evaluation of severe mitral stenosis and revealed 
multiple GGOs in both lungs. These GGOs were followed up 
with CT. During follow-up, one of the multiple GGOs at the 
apex of the right upper lobe increased from 0.6 cm to 0.8 cm 
in diameter and its density also increased. These CT findings 
suggested that the precancerous lesion may have transformed 
into invasive cancer. Therefore, thoracoscopic partial resection 
of the right upper lobe was performed.

Cytological findings
In both cases, we rubbed the respective lesions on isolated lung 
specimens with Orcellex Brush RT (Rovers Medical Devices 
BV, Oss, Netherlands) and collected the lesions in BD Cytorich 

red preservation solution (Becton Dickinson and Company, 
Sparks, MD, USA). Then, we performed liquid-based cytolog-
ical examination of the Papanicolaou-stained specimens using 
the BD Cytorich method.

Case 1
The low-power view showed sheet-like, mildly overlapping cell 
aggregates (Fig. 1A). The high-power view revealed that the 
atypical cells comprising these aggregates had pale cytoplasm, 
nuclei with finely granular chromatin, and tiny, prominent 
nucleoli (Fig. 1B). Nuclear irregularities, including nuclear 
wrinkles, were often observed (Fig. 1C), while intranuclear 
cytoplasmic inclusion bodies (Fig. 1B) and nuclear grooves ap-

Fig. 1. Cytological features of atypical adenomatous hyperplasia (AAH) and adenocarcinoma in situ (AIS). (A) Low-power view of AAH 
cells showing sheet-like aggregates. (B) High-power view of AAH cells showing intranuclear cytoplasmic inclusion bodies in the center. (C) 
Conspicuous nuclear wrinkles in AAH cells. (D) Nuclear groove in AAH cells (yellow arrow). (E) Sheet-like appearance of AIS cell clusters at 
low-magnification, as well as several binuclear cells (yellow arrows). (F) High-magnification of AIS cells showing clear nuclear wrinkles. (G) 
Intranuclear cytoplasmic inclusion bodies and nuclear grooves (yellow arrows) in AIS cells. (H) Mild cell size variation observes in AIS cells. 
The cell in the lower left (yellow arrow) is twice as large as the other cells (A–H, Pap).
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pearing similar to coffee beans, were sometimes observed (Fig. 
1D). Binuclear cells were rarely identified.

Case 2
At low-magnification, atypical cell clusters appeared sheet-like 
and showed mild overlap, with several binuclear cells observed 
in a single cell cluster (Fig. 1E). Binuclear cells were often ob-
served on the cytological slides. At high-magnification, the 
atypical cells were small and had high nucleus-to-cytoplasm (N/
C) ratios, pale cytoplasm, nuclei with finely granular chroma-
tin, small prominent nucleoli, and often clear nuclear wrinkles 
(Fig. 1F). Intranuclear cytoplasmic inclusion bodies and nucle-
ar grooves were occasionally observed (Fig. 1G). The atypical 
cells were usually uniform but showed mild size variation (Fig. 
1H).

Histological findings
Case 1
The alveolar septal walls were thickened (Fig. 2A). Atypical 
cells resembling type II alveolar epithelial cells and Clara cells 
had proliferated and replaced the existing alveolar epithelium 
(Fig. 2B). These atypical cells were small, uniform, and hyper-
chromatic. Moreover, they also had high N/C ratios and some-
times showed intranuclear cytoplasmic inclusion bodies (Fig. 
2B). Based on these histological findings and the lesion size (0.5 
cm in diameter), we diagnosed the lesion as AAH.

Case 2
The alveolar septal walls were thickened with inflammatory cell 
infiltration and papillary architecture (Fig. 2C). Atypical cells 
that resembled type II alveolar epithelial cells and Clara cells 

Fig. 2. Histological features of atypical adenomatous hyperplasia (AAH) and adenocarcinoma in situ (AIS). (A) Low-power view of an AAH 
lesion showing alveolar septal wall thickening. (B) Similarity of AAH cells with type II alveolar epithelial and Clara cells. Intranuclear cyto-
plasmic inclusion bodies are shown (yellow arrows). (C) Low-magnification showing thickened alveolar septal walls with permeated inflam-
matory cells, along with papillary structures. (D) Mild size variation and overlap in AIS cells (yellow arrows).
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had proliferated, replacing the existing alveolar epithelium (Fig. 
2D). These atypical cells were small, hyperchromatic, and had 
high N/C ratios (Fig. 2D). Mild size variations were observed, 
with partial nuclei overlap (Fig. 2D). Intranuclear cytoplasmic 
inclusion bodies and binuclear cells were also observed. Based 
on these histological findings and the lesion size (0.8 cm in di-
ameter), we diagnosed the lesion as AIS.

DISCUSSION

We initially compared the histological findings of AAH and 
AIS. Both AAH and AIS cells resemble type II alveolar epithe-
lial cells and Clara cells, and proliferate and replace existing al-
veolar epithelium. However, AAH and AIS differ in lesion size, 
overall lesion structure, and the presence of mild variations in 
cell size. In addition to lesion size, the cell density and chroma-
tin condition [5,6] can be used to differentiate AAH from AIS, 
as in the present study. However, distinguishing these condi-
tions remains challenging [4]. Thus, differentiating AAH from 
AIS should consider both histological findings and lesion size.

Second, we compared the cytological findings between AAH 
and AIS. Many cytological features were shared between AAH 
and AIS, including sheet-like and mildly overlapping cell aggre-
gates; small cells; high N/C ratio; pale cytoplasm; fine granular 
chromatin; small prominent nucleoli; and cell irregularities 
such as intranuclear cytoplasmic inclusion bodies, nuclear 
wrinkles, and some nuclear grooves. Slight differences were 
observed between the two conditions. The first was the size 
variation in atypical cells. While the AAH cells were generally 
uniform in size, some AIS cells exhibited mild size variation. 
The second was the frequency of binuclear cells, as more bi-
nuclear cells were observed on AIS slides than on AAH slides, 
and more than one binuclear cell was identified in each AIS cell 
cluster. In contrast, binuclear cells were barely observed on the 
AAH slides. Despite these two slight differences, they did not 
differentiate AAH from AIS as the mild size variations were not 
seen on the entire AIS specimen, and binuclear cells are also 
observed in AAH [6]. In addition, the overall lesion structures 
and lesion sizes could not be determined in the cytological 
specimens. Therefore, our cases suggest that cytological speci-
mens alone cannot be used to differentiate AAH from AIS.

These slight cytological differences between AAH and AIS 
are also observed in severe dysplasia and carcinoma in situ in 
the gynecological region. These types show slight cytological 
differences, including the N/C ratio and nuclear findings [7]. 

Severe dysplasia shows an N/C ratio ≤80% and nuclear irreg-
ularities [7]. In contrast, carcinoma in situ has an N/C ratio 
>80% and smooth and taut nuclear edges [7]. Both severe 
dysplasia and carcinoma in situ are atypical parabasal cells of 
approximately the same size, with fine granular chromatin. 
Despite these differences, they are often difficult to distinguish; 
therefore, they are treated as a single category (CIN3) in the 
World Health Organization (WHO) classification [7]. Thus, the 
same categorization might be considered for cytological find-
ings in AAH and AIS.

Finally, we summarize the histological, genetic, and defini-
tional differences and similarities between AAH and AIS. One 
difference was lesion size. The “General Rule for Clinical and 
Pathological Record of Lung Cancer” defines AAH as a local-
ized precancerous lesion of peripheral adenocarcinoma of the 
lung with a diameter ≤0.5 cm [1]. It defines AIS as a localized 
adenocarcinoma ≤3.0 cm in diameter, with tumor cells resem-
bling type II alveolar epithelial and Clara cells and dense prolif-
eration [1]. AIS is further defined as replacement growth with-
out stromal, vascular, or pleural invasion [1]. However, AAH 
measuring >0.5 cm has been reported [3,8,9]; in such cases, le-
sion sizes cannot inform their differentiation. Other differences 
between AAH and AIS include the histological type and find-
ings. AIS rarely has a mucinous type, whereas AAH only has a 
nonmucinous type [1,6]. While some histological findings may 
also help to differentiate AAH and AIS [5,6], the potential for 
strong cell atypia in AAH [9] can make this challenging. The 
histological similarities between AAH and AIS include type 
II alveolar epithelial cells and Clara cells and proliferation dis-
placing the alveolar epithelium [1,4,6]. Additionally, both have 
thick alveolar septal walls [6] and show immunohistochemical 
positivity for thyroid transcription factor-1 [1,6]. In addition, if 
surgically removed, the survival rate is almost 100% [4,10]. Pe-
ripheral-type lung adenocarcinoma is thought to occur through 
a multistage process involving AAH, AIS, and invasive ade-
nocarcinoma with gradual accumulation of genetic mutations 
[6,9,11,12]. KRAS mutations have been detected as early as the 
AAH stage [11], with comparable detection rates between AAH 
and AIS [11,13].

Although AAH and AIS differ in lesion size and histological 
findings, the criteria for their differentiation are not always 
clear. However, as they share cytological, histological, genetic, 
and definition similarities, AAH and AIS may not need to be 
treated as different lesions. The WHO Reporting System for 
Lung Cytopathology does not differentiate AAH from AIS in 
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the diagnosis of cytopathology specimens [14]. The monograph 
does not use AIS as cytodiagnosic terminology, and AAH is not 
mentioned [14]. Additionally, new criteria for assessing tumor 
invasion from the International Association for the Study of 
Lung Cancer Pathology Committee suggests the precise classi-
fication of AIS as low-risk lesions [10], supporting the findings 
of the present case report. Therefore, at least in the cytological 
field, where lesion sizes are not relevant, we suggest that AAH 
and AIS be regarded as a single category.

The conclusions of this study require validation in future 
studies including additional cytology specimens from patients 
with AAH. However, as discussed above, such cases are rare 
[4], which complicates the collection of such specimens. In our 
experience, cytology specimens of AIS are easier to collect than 
those of AAH. Therefore, we intend to substantiate our conclu-
sions by comparing the cytological images of AAH presented in 
this report with those of AIS we will collect in the future.
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CORRESPONDENCE
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To the Editor:
We found an error in our published article.

Harahap AS, Mutmainnah M, Ham MF, et al. Diagnostic challenges in the assessment of thyroid neoplasms using nuclear features 
and vascular and capsular invasion: a multi-center interobserver agreement study. J Pathol Transl Med. 2024; 58(6): 299-309. https://
doi.org/10.4132/jptm.2024.07.25.

Page 308, right column.
The sentence “This study was approved by the Ethics Committee of the Faculty of Medicine Universitas Indonesia – Dr. Cipto Ma-
ngunkusumo Hospital, under protocol number KET-620/UN2.F1/ETIK/PPM.00.02.2023.” on Ethics Statement should read “This 
study was approved by the Ethics Committee of the Faculty of Medicine Universitas Indonesia – Dr. Cipto Mangunkusumo Hospi-
tal, under protocol number KET-610/UN2.F1/ETIK/PPM.00.02.2023.”

We apologize for the inconvenience caused by this error.
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