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Abstract

Background: Thyroid carcinoma represents a heterogeneous group of endocrine
malignancies, ranging from indolent differentiated tumors to highly aggressive
undifferentiated forms. Poorly Differentiated Thyroid Carcinoma (PDTC) serves as an
intermediate entity in the dedifferentiation spectrum, whereas Anaplastic Thyroid
Carcinoma (ATC) is associated with rapid progression and poor prognosis. Accurate
diagnosis is often challenging because of overlapping morphology with several
mimickers, necessitating the use of immunohistochemistry. Aim: To evaluate the
clinicopathological and immunohistochemical spectrum of thyroid carcinomas, ranging
Correspondence: from differentiated to anaplastic forms, and to analyze their diagnostic mimickers.
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Medical College & Hospital |features, and immunohistochemical findings were analyzed. Tumors were classified as
(GMCH), Sundargarh, Odisha, |differentiated thyroid carcinoma (DTC), PDTC, or ATC based on established
India. histopathological ~ criteria. Immunohistochemical markers, including TTF-1,
thyroglobulin, PAX8, cytokeratin, calcitonin, and Ki-67, were applied where required.
Data were analyzed using appropriate statistical methods. Results: DTC constituted the
majority of cases, predominantly affecting females in the third to fifth decades. PDTC cases
demonstrate intermediate morphological features with increased mitotic activity and
necrosis. ATC was observed mainly in elderly patients presenting with rapidly enlarging
neck masses and aggressive clinical behaviour. A progressive increase in the Ki-67
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Integration of histomorphology with immunohistochemistry is crucial for accurate
diagnosis, especially in high-grade tumours and their mimickers. Early recognition of
aggressive variants such as PDTC and ATC is essential for appropriate management and
prognostication.
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INTRODUCTION

Thyroid carcinomas is the most common malignant neoplasm of the endocrine system and account for the majority of
endocrine cancer-related diagnoses worldwide. It comprises a heterogeneous group of tumours with diverse histogenesis,
morphology, biological behaviour, and prognosis. Differentiated thyroid carcinomas (DTC), including papillary and
follicular thyroid carcinomas, account for the majority of cases and generally have favourable long-term survival when
diagnosed early and managed appropriately.[1,2]

At the opposite end of the spectrum lies Anaplastic Thyroid Carcinoma (ATC), a rare but highly aggressive undifferentiated
malignancy associated with rapid local invasion, distant metastasis, and poor overall survival. Although ATC accounts for
a small proportion of thyroid malignancies, it contributes disproportionately to thyroid cancer-related mortality.[3,4]
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Poorly Differentiated Thyroid Carcinoma (PDTC) occupies an intermediate position between differentiated and anaplastic
carcinomas in terms of morphology, molecular alterations, and clinical aggressiveness. The recognition of PDTC as a
distinct entity has important prognostic and therapeutic implications, particularly because these tumours often behave more
aggressively than DTC but less aggressively than ATC.[5,6]

The concept of tumour dedifferentiation suggests progression from well-differentiated thyroid carcinoma to poorly
differentiated and, ultimately, anaplastic carcinoma through the accumulation of additional molecular abnormalities,
including alterations involving TP53, the TERT promoter, BRAF, and RAS pathways.[7,8]

Oncogene activation is common in follicular carcinomas, with approximately 80% harbouring RAS mutations or
PAXS8/PPARY rearrangements.[9] Additional alterations such as TP53 mutation, TERT promoter activation and PI3K/AKT
pathway dysregulation are associated with tumour progression and aggressive behaviour.[10,11]

Fine Needle Aspiration Cytology (FNAC) is the primary diagnostic modality for thyroid nodules and is standardised by
the Bethesda System for Reporting Thyroid Cytopathology.[12] However, significant overlap exists between cytological
features of malignant thyroid tumours and various benign and malignant mimickers, leading to diagnostic dilemmas and
potential misinterpretation

Similarly, Histopathological diagnosis of high-grade thyroid malignancies can be challenging due to overlap with several
diagnostic mimickers. ATC may mimic lymphoma, metastatic carcinoma and sarcomas, while PDTC can resemble
follicular neoplasms and medullary carcinoma. Similarly, benign conditions such as nodular goitre and Hashimoto
thyroiditis may exhibit nuclear features overlapping with papillary carcinoma.

These diagnostic pitfalls can result in both false-positive and false-negative interpretations. In such situations,
immunohistochemistry serves as an indispensable adjunct in establishing lineage differentiation and excluding non-thyroid
lesions.[13,14]

Immunohistochemical markers such as Ki-67 and p53 play an important role in distinguishing aggressive tumours and
assessing tumour biology.[3,15,16]

Despite several studies describing cytomorphological features of thyroid carcinomas, limited data is available focusing
comprehensively on their diagnostic mimickers and associated cytological pitfalls in a single study. The present study
aimed to evaluate the clinicopathological and immunchistochemical spectrum of thyroid carcinomas, ranging from
differentiated to anaplastic forms, with an emphasis on their diagnostic mimickers.

MATERIALS AND METHODS
This is a hospital-based cross-sectional study, carried out in a tertiary care centre hospital, from January 2022 to January
2026.

A total of 100 cases of solitary thyroid nodules were examined. FNAC was performed, and smears were stained with
Giemsa and Hematoxylin & Eosin. Cases were categorised according to the Bethesda System (3rd edition, 2023).
Histopathological examination was performed in surgically resected specimens. Immunohistochemistry (IHC) using Pan

Cytokeratin, Ki-67 and p53 was performed in selected cases (Category IV and V lesions). Cases showing overlapping
cytological features with non-neoplastic or other neoplastic conditions were analysed for diagnostic pitfalls. Data analysed
using SPSS version 19.0. Chi-square test applied. p<0.05 is considered significant.

RESULTS

Out of 100 cases of solitary thyroid nodule, a total of 22 cases of Anaplastic Thyroid Carcinoma (ATC), 15 cases of Poorly
Differentiated Thyroid Carcinoma (PDTC) and 63 cases of DTC were identified. The clinico-pathological characteristics,
including age distribution, tumour size, lymph node status and metastasis, are summarised.
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Figure 1: Benign follicular nodule (Nodular goiter) and corresponding tissue section
(HEX200)
Table 1: Clinicopathologic findings of the patients
Parameters ATC (N=22) PDTC (N=15) DTC (N=63)
Sample type =N (%) Pure tumour 9 (43%) 5(33.33%) 63(100%)
Tumour with DTC 12(57%) 10(66.66%)

Age(years) Mean (range) 64.5(43-82) 52(27-79) 45(35-55)
Sex Female 11(50%) 9(60%) 48(76.2%)
Male 11(50%) 6(40%) 15(23.8%)

Tumour diameter(cm) Mean (range) 5.8(1.8-10) 4.6(1.6-9) 2.5(1-3)
<2cm [n(%)] 1(4.8%) 1(6.7%) 41(65%)
2-4 cm[n(%)] 5(31%) 6(40%) 18(28.6%)

>4em[n(%)] 14(72.7%) 8(53.3%) 4(6.3%)
Lymph node metastasis NO 10(45.2%) 4(26.6%) 33(52.4%)
[n(%)] Nla 2(9.6%) 3(20%) 8 (12.7%)

N1b 10(45.2%) 8(53.3%) 2 (3.17%)

Distant metastasis Present 8(36.4%) 8(53.3%) 0

[n(%)] Absent 14(63.6%) 7(46.7%) 63(100%)

ATC predominantly affected elderly patients (median age: 64.5 years), whereas PDTC occurred in relatively younger
individuals (median age: 52 years) and DTC occurs at young population (mean age 45). Female predominance was noted

in ATC.

Cytological evaluation of ATC cases showed highly pleomorphic tumour cells, including spindle cells, giant cells and
squamoid cells, with marked nuclear atypia, frequent mitotic figures and necrosis. In contrast, PDTC demonstrated insular,

trabecular and solid growth patterns.

Table 2: Cytomorphological table comparing ATC, PDTC & DTC

Cytomorphological features ATC PDTC DTC
Cellular pleomorphism Marked Mild to moderate Minimal to nil
Spindle cells Common Rare rare

Giant cells Common Rare rare
Squamoid cells Present Usually, absent absent
Mitotic activity Frequent moderate low
tumour necrosis Common occasional rare

Disorganizin Insular, trabecular, solid . .
Growth pattern sheet/ disgerse q 3e|ls pattern Papillary/follicular
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bizarre giant cells in a necrotic background (Pap stain,100x)

Figure 3: Cytologtcal smear of anaplastic thyroid carcinoma showing dispersed highly
pleomorphic tumour cells with marked nuclear atypia, multinucleation, and scattered

Figure 4: Cytological smear showing anaplasttc spmdled cells in a haemorrhagic

quik stain, 400x)

background, consistent with the spindle cell variant of anaplastic thyroid carcinoma (diff-

Immunohistochemical analysis showed a significantly higher Ki-67 proliferation index in ATC cases (75%) compared to
differentiated thyroid carcinoma components (37.5%). Mutant p53 expression was predominantly observed in ATC
(70.8%), whereas DTC components showed wild-type expression. Pan-cytokeratin positivity was observed in the majority

of epithelial tumours; the findings are summarised as below.

Table 3: Immunohistochemical Expression of DTC, PDTC & ATC

Marker DTC PDTC ATC
Ki-67 index low moderate |  high
P53 Wild type | Variable | mutant

Thyroglobulin | positive | reduced | Negative
TTF-1 positive | Variable | Reduced
PAX-8 Positive | Positive | variable
Pan-CK Positive | Positive | Positive
calcitonin Negative | Negative | Negative
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Table 4: Differential Diagnosis with IHC

Lesion Key Morphology IHC Profile
Medullary Thyroid Carcinoma | Amyloid, plasmacytoid cells | Calcitonin+, CEA+
Thyroid lymphoma Diffuse lymphoid cells CD45+, LCA+
Metastatic carcinoma Variable Variable
Sarcoma Spindle cells Vimentin+, CK—

ATC (other cytological mimickers were identified during evaluation. These included thyroid lymphoma, Metastatic
carcinoma, Medullary carcinoma, Nodular goitre, and Hashimoto thyroiditis. Diagnostic confusion arose due to
overlapping features such as nuclear grooves, intranuclear inclusions and necrotic background. The spectrum of mimickers
and their distinguishing features is summarised in Error! Reference source not found.

Calcified debris and inspissated colloid mimicking psammoma bodies were observed in a benign thyroid lesion, which
may lead to overdiagnosis of papillary carcinoma.
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Figure 5: Thyroglobulin stains inspissated colloid that il;ay mit;zic psammoma bodies
(x200, PAP)

Necrosis mimics high-grade malignancy. In certain cases, a monotonous population of lymphoid cells was noted, raising
suspicion of lymphoma; however, further evaluation helped in distinguishing reactive from neoplastic conditions.

Figure 6: Monotonous lymphoid cells dispersed on a haemorrhagic background (Giemsa

x200)
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Figure 7: Cleaved nuclei of follicular centre cells and a paraimmunoblast (Giemsa x200)

DISCUSSION

The present study highlights the wide cytomorphological spectrum of ATC and PDTC and emphasises the diagnostic
challenges posed by their mimickers. The coexistence of differentiated thyroid carcinoma (DTC) components observed in
a significant proportion of cases supports the concept of tumour progression through differentiation.[10,11,17]
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ATC frequently mimics lymphoma and metastatic tumours due to marked cellular pleomorphism, necrosis and
inflammatory background. Similarly, PDTC may resemble follicular neoplasms, leading to diagnostic ambiguity. These
findings are consistent with previous studies that have documented significant overlap in cytological features among
thyroid neoplasms.[12]

Benign lesions such as nodular goitre and Hashimoto thyroiditis may also show nuclear grooves and atypia, mimic papillary
thyroid carcinoma and contributing to false-positive diagnoses. Careful evaluation of cytological details along with
clinicoradiological correlation is therefore essential.

The significantly higher Ki-67 proliferation index observed in ATC reflects increased tumour aggressiveness and rapid
growth, in agreement with previous studies.[15] Likewise, mutant p53 expression predominantly seen in ATC supports its
role as a marker of tumour progression and genetic instability.[18,19]

The role of immunohistochemistry is crucial in differentiating ATC from its mimickers, particularly lymphoma and
metastatic carcinoma. Expression of epithelial markers such as Pan Cytokeratin helps confirm epithelial origin, while
additional markers may be required in challenging cases.

Recent advances in molecular and immune profiling, including PD-L1 expression and targeted therapies, have further
improved the understanding and management of advanced thyroid cancers.[13,16]

The present study demonstrates the wide morphological and biological spectrum of thyroid carcinomas, extending from
differentiated neoplasms with indolent clinical behaviour to highly aggressive undifferentiated tumours. This progression
model has been widely supported in literature, where PDTC is considered a transitional entity between DTC and ATC.[5,6]
In our series, DTC occurred predominantly in younger to middle-aged patients with female preponderance, consistent with
previously published epidemiological studies showing higher incidence of papillary thyroid carcinoma in women.[1,2] In
contrast, ATC was more frequently encountered in elderly individuals presenting with rapidly enlarging neck masses,
compressive symptoms, and locally advanced disease, findings similar to those reported by Ain et al. and ATA
guidelines.[4,15]

Histologically, PDTC showed solid, trabecular, and insular growth patterns with increased mitotic activity and focal
necrosis. These features align with the Turin diagnostic criteria proposed by Volante et al., which remain widely accepted
for classification of PDTC.[20]

A progressive increase in proliferative activity, as reflected by Ki-67 labelling index, was observed from DTC to PDTC
and ATC. Similar findings have been reported in previous studies, supporting the role of Ki-67 as a marker of tumour
aggressiveness and rapid cell turnover.[13] Aberrant p53 expression was more frequent in ATC, reflecting underlying TP53
mutation and genomic instability associated with dedifferentiation.[7,8]

One of the most important practical aspects of this study was the distinction of ATC and PDTC from their mimickers.
Spindle cell morphology may simulate sarcoma or metastatic squamous carcinoma, while small cell or diffuse infiltrative
patterns may mimic lymphoma. Use of markers such as cytokeratin, PAX8, thyroglobulin, TTF-1, calcitonin, and leukocyte
common antigen can significantly aid in resolving these differentials.[12,13]

Recognition of dedifferentiated thyroid carcinoma is clinically significant because treatment strategies and prognosis differ
markedly across the spectrum. While DTC often responds to surgery and radioiodine therapy, PDTC and ATC frequently
require multimodal management including surgery, radiotherapy, chemotherapy, and targeted therapy.[4]

Thus, integration of clinical presentation, histomorphology, and immunohistochemistry remains essential for accurate
diagnosis and appropriate management of thyroid carcinomas and their mimickers.

CONCLUSION

ATC and PDTC exhibit diverse cytomorphological features with significant overlap with various benign and malignant
mimickers. Overall, awareness of cytological mimickers, adequate sampling, and the use of adjunct techniques such as
immunohistochemistry are essential to minimise diagnostic errors and improve patient outcomes.

Limitations

. Single-centre study.

. Limited number of PDTC cases.
. Lack of long-term follow-up.
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