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Background

Medullary thyroid carcinoma (MTC) is a rare, aggressive thyroid cancer, comprising 5%-10% of cases, often leading to cervical lymph node metastasis.





Case presentation

We report a 49-year-old woman with a 2 mm micro-nodule in the left thyroid lobe and two suspicious lymph nodes in the neck. Ultrasound-guided fine needle aspiration indicated MTC, confirmed by immunohistochemical analysis. Following total thyroidectomy and left cervical lymphadenectomy, two of 26 lymph nodes showed metastasis. The cancer was 2 mm, with no capsular invasion, and positive markers for MTC were noted. This case emphasizes the importance of early MTC detection in micro-nodules and thorough lymph node evaluation.





Conclusion

Even a 2 mm MTC has the potential to metastasize lateral cervical lymph nodes. This emphasizes the necessity of meticulous ultrasound evaluation by experienced clinicians to detect abnormal lymph nodes and inform clinical management. Interventional ultrasound plays a crucial role in both diagnosing MTC micro-nodules and identifying associated lymph node metastases.
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1 Introduction

Medullary thyroid carcinoma (MTC) is an aggressive and uncommon thyroid cancer, accounting for 5-10% of all thyroid malignancies. It arises from parafollicular C cells, which produce calcitonin (CT), and is characterized by its unique biological behavior distinct from differentiated thyroid cancer. The prognosis for MTC is generally poor because it tends to spread early through the lymphatic system and has limited responsiveness to conventional therapies, including radiotherapy and chemotherapy (1). This malignancy represents a significant clinical challenge, particularly as it often presents with indolent clinical features that may lead to delayed diagnosis and treatment (2).

Current diagnostic methods, such as genetic screening for Rearranged during Transfection (RET) proto-oncogene mutations and calcitonin level measurements, are essential for identifying hereditary forms of MTC and for early detection in at-risk populations. Genetic testing enables facilitate timely intervention, thus significantly improving patient outcomes (3). However, the role of imaging techniques in the early detection of MTC remains underexplored, particularly for small nodules less than 5 mm, which may be missed on conventional modalities (4).

While advances in imaging techniques, detecting small, clinically significant thyroid nodules, particularly for small lesions, remains challenging. Ultrasound-guided fine-needle aspiration (FNA) is now the cornerstone for assessing thyroid nodules. Evidence demonstrates that ultrasonography enhances the detection of microcarcinomas. It also increases the diagnostic yield for MTC, especially when used alongside cytological and immunohistochemical analysis (3). Nevertheless, there remains a gap in the literature regarding the specific ultrasound characteristics of small MTC nodules (<10 mm) and their associated lymph node metastases.

We report a case of a 2 mm MTC confirmed by pathology, with central and lateral neck lymph node metastases. To our knowledge, no previous cases have documented ultrasound-guided fine needle aspiration cytology suspicious for MTC, which was ultimately confirmed by histopathology after surgery, with MTC measuring less than 2 mm accompanied by cervical lymph node metastasis. This case highlights that early detection of microcarcinomas could lead to timely surgical intervention, thereby improving patient prognosis and potentially reducing the economic burden of advanced disease management.




2 Case presentation



2.1 Patient history

In October 2019, a 49-year-old female patient underwent a health screening at another hospital. An ultrasound examination revealed a solitary nodule on the left thyroid (size unknown). Serum tests indicated hypothyroidism, prompting initiation of levothyroxine treatment at 75 μg/day. On April 8, 2020, a physical examination at our hospital showed a normal thyroid with appropriate size, soft texture, and no tenderness. Her heart rate was 88 beats per minute. The patient had no family history of thyroid cancer.




2.2 Ultrasound examination

The patient underwent two preoperative thyroid ultrasound examinations at our institution. The initial examination used a Samsung XR80A ultrasound system with a high-frequency linear probe (L3-12A; frequency range: 3.0–12.0 MHz), while the follow-up examination employed a Supersonic Imaging Aixplorer system with a high-frequency linear probe (SL15-4; frequency range: 4.0–15.0 MHz). Prior to each scan, the patient was positioned supine with full neck exposure for comprehensive evaluation of the thyroid gland and cervical lymph nodes.

The patient’s initial thyroid ultrasound examination was performed by a junior physician at our hospital on April 8, 2020, revealing a thyroid of normal size and contour with homogeneous echogenicity. A 0.24×0.27×0.22 cm nodule was identified in the left lobe demonstrating an aspect ratio >1, central parenchymal location without capsular contact, markedly hypoechoic echogenicity, unclear margins, and solid composition without calcifications. Color Doppler imaging showed no intranodular vascular flow. According to the Thyroid Imaging Reporting and Data System (TI-RADS) scoring system published by the American College of Radiology (ACR), the nodule was scored 8 points and classified as TR5. Given the maximal diameter of 0.27 cm, clinical follow-up was recommended in accordance with ACR management guidelines.

The patient underwent a follow-up thyroid ultrasound with a senior physician on September 23, 2020, revealing a left thyroid lobe nodule measuring 0.23×0.26×0.22 cm without significant interval change compared to the prior study six months earlier; However, the senior physician observed small hyperechoic foci within the thyroid nodule, a critical finding that upgraded its ACR TI-RADS classification to 11 points (TR5; Figures 1A, B). Concurrently, two abnormal lymph nodes were identified in the left neck at Levels VI and III, respectively. The Level VI node (1.0×0.8×0.9 cm) demonstrated an irregular contour with indistinct fatty hilum, further revealing cortical thickening, complete medullary architecture loss, internal punctate calcifications, and sparse vascular flow (Figure 2). In direct comparison, the Level III node (1.0×0.5×0.6 cm) maintained a regular shape but similarly exhibited an indistinct hilum, cortical thickening, and effaced medullary architecture, though distinctively lacking calcifications or cystic changes while showing sparse internal vascularity (Figure 3). Given the nodule’s escalated TI-RADS classification (TR5) and radiographic evidence suggestive of lymph node metastasis, ultrasound-guided fine-needle aspiration cytology was performed.
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Figure 1 | A 49-year-old female patient was found to have a 2 mm nodule in the left lobe of the thyroid. (A). Two-dimensional ultrasound image of the thyroid micro-nodule. (B). Elastography image of the thyroid micro-nodule, indicating an elasticity ratio of 0.8 relative to the surrounding thyroid tissue.

[image: Ultrasound scan image showing cross-sectional view of neck tissues. A light arrow points to a circular area, possibly indicating an abnormality or structure of interest within the tissue layers. Measurements are marked on the right side. A small diagram of a head with throat is visible at the bottom left.]
Figure 2 | Ultrasound image depicting lymph node metastasis of medullary thyroid carcinoma in cervical region VI, demonstrating internal fine calcifications.

[image: Ultrasound image showing blood flow in a blood vessel within tissue. The colored regions indicate the direction and speed of blood flow, with shades of red and blue. A green rectangle outlines the area of interest.]
Figure 3 | Color Doppler ultrasound demonstrates metastatic involvement in cervical region III, revealing sparse peripheral blood flow signals within the lesion.




2.3 Fine needle aspiration biopsy

On October 8, 2020, the patient underwent ultrasound-guided FNA of the left thyroid nodule and left neck lymph nodes. The aspirated samples were preserved in liquid-based cytology vials and vortexed after differential centrifugation. Following 30 seconds of vortexing, 2 ml of buffer was added for further mixing. Using the LBP liquid-based cytology system, slides were prepared with 200 μl of sediment per slide and subsequently stained with Hematoxylin and Eosin (H&E) for microscopic evaluation.

The fine-needle aspiration specimen from the left thyroid nodule was deemed adequate for diagnosis. The sample revealed scattered atypical epithelial cells with irregular contours and pleomorphic sizes. These cells exhibited abundant eosinophilic cytoplasm and eccentrically positioned nuclei of variable dimensions, including some markedly enlarged forms. The nuclei demonstrated thickened membranes, prominent nucleoli, and coarsely granular chromatin. The cytomorphological features were consistent with thyroid carcinoma, though histological subtyping requires further tissue confirmation. The immunohistochemical results and special stains, including acidophilic red, Thyroid transcription factor-1 (TTF-1), Galectin-3, Thyroglobulin (Tg), cytokeratin (CK) 19, and CT, were inconclusive. This was due to the disappearance of target cells during processing.

The specimen from the left neck lymph node was satisfactory. The specimen contained numerous small, lymphocyte-like cells, which were either scattered or clustered and exhibited fragile to minimal cytoplasm. Some tumor cells appeared spindle-shaped, with generally round or oval nuclei showing mild atypia. The nuclear chromatin was fine-grained, with a salt-and-pepper pattern, and eosinophilic material deposits were observed within and between cell clusters. Immunohistochemistry and special staining were performed on tissue fragments obtained through fine-needle aspiration, yielding the following results: TTF-1 (++), CT (+), Synaptophysin (Syn) (+++), and CK (+++). The morphological features, combined with the immunohistochemical profile, supported the diagnosis of a neuroendocrine tumor. In conjunction with clinical findings—a thyroid mass and enlarged neck lymph nodes—MTC could not be excluded (Figure 4).
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Figure 4 | Lymph node cytopathology images. The morphology combined with immunohistochemical results [TTF-1 (++), CT (+), Syn (+++), CK (+++)] supported a neuroendocrine tumor, medullary thyroid carcinoma could be suspected (Papanicolaou staining ×400).

The hospital experienced a temporary shortage of specific reagents required for serum calcitonin measurement in 2020. However, reagents for measuring CT levels in aspirated samples remained available and operational. This enabled preoperative assessment of CT levels in aspirated samples, while serum measurement was suspended due to the reagent shortage.




2.4 Thyroidectomy and neck lymph node dissection

On October 21, 2020, the patient underwent total thyroidectomy with neck lymph node dissection under general anesthesia, during which intraoperative frozen section pathology revealed poorly differentiated carcinoma suggestive of medullary thyroid carcinoma. Subsequent examination of postoperative paraffin sections demonstrated cancer tissue arranged in solid sheets, nests, trabeculae, and glandular patterns exhibiting infiltrative growth, along with stromal fibrous hyperplasia and focal amyloid deposits.

The tumor cells displayed round, polygonal, or plump spindle morphology containing moderate amphophilic cytoplasm, with round-to-oval nuclei showing salt-and-pepper chromatin and rare mitoses. Immunohistochemical analysis confirmed CT (+), Carcinoembryonic antigen (CEA) (+), Syn (+), CgA(+), TTF-1(+), Ki-67(10%), and CK (+) expression, while special stains revealed Congo red (methanol method) (+) and acid-fast red (+) reactivity. These morphological and immunohistochemical findings collectively confirmed medullary thyroid carcinoma (Figure 5), with the largest tumor focus measuring 0.2 cm without capsular invasion; adjacent thyroid tissue exhibited nodular goiter.

[image: Microscopic view of densely packed, purple-stained cells with various shapes and sizes. The cells have prominent nuclei and are separated by thin, connective tissue strands.]
Figure 5 | Pathological results after surgical resection of thyroid nodules. Morphology combined with immunohistochemistry confirmed medullary thyroid carcinoma. [HE staining ×400, CT (+), CEA (+), Syn (+), CgA (+), TTF-1 (+), Ki-67 (10%), CK (+)].

Lymph node dissection retrieved 26 lymph nodes in total, including 3 from the central compartment (Level VI; 1 with metastasis) and 23 from Levels III and IV (1 with metastasis).




2.5 Follow-up

Following thyroidectomy, received daily oral levothyroxine sodium supplementation (75 µg). Thyroid function tests are currently within normal ranges. During June 2024 Follow-up neck ultrasound demonstrated no abnormalities, with serum CT level measuring 10 pg/ml.





3 Discussion

MTC exhibits distinct biological behaviors and is associated with variable clinical outcomes. Although clinically rare, it accounts for to 8% to 13% of thyroid cancer-related deaths, with a 10-year survival rates ranging from 69% to 89% (5). Studies have reported an increasing incidence of MTC, a heightened propensity for distant metastasis, and an overall poor prognosis. Cervical lymph node metastasis rates occurs in up to 70% of cases, with larger the tumor size correlating strongly with increased nodal involvement (6–9).Previous literature has emphasized the critical role of early diagnosis in improving patient prognosis, yet the ultrasound characteristics of microcarcinomas associated with MTC remain underexplored. By documenting a case of MTC identified through ultrasound and correlating it with lymph node involvement, this research highlights the need for comprehensive examinations of the neck when suspicious nodules are detected. The findings will contribute to filling the existing gap in knowledge regarding the early detection and management of this challenging malignancy (10).

According to previous literature, differences in sonographic features exist between micro-MTC (≤1 cm) and typical MTC (>1 cm). Typical MTC often presents as isoechoic, with regular margins, an aspect ratio <1, and abundant vascularity. It is also more prone to cystic degeneration, resembling features of benign lesions. In contrast, micro-MTC commonly appears hypoechoic with irregular margins and reduced vascularity, mimicking the imaging characteristics of PTC. However, an aspect ratio ≤1 is more frequently observed in micro-MTC than in PTC. In this case, the lesion demonstrated hypoechogenicity, ill-defined margins, an aspect ratio >1, and microcalcifications—features highly consistent with typical PTC rather than MTC (11–13).

Tumor size, multifocality, bilaterality, extrathyroidal extension, and capsular invasion are established risk factors for cervical lymph node metastasis in MTC (14, 15). Notably, this case demonstrated nodal metastasis despite being a unifocal microcarcinoma (0.2 cm) with no capsular proximity. The finding underscores that even micro-nodules may harbor metastatic potential, evidenced by two pathologically confirmed metastatic nodes in the left cervical compartment. Patients presenting with such small nodules may exhibit distinct clinical characteristics compared to the general thyroid cancer population. Heightened awareness of sonographic features specific to micro-MTC could improve early detection rates. Age and gender significantly influence MTC incidences (2),with suggesting these demographic factors should inform screening protocols. Advanced ultrasonography techniques offer particular promises for enhancing early detection, potentially enabling intervention at more treatable disease stages and thereby improving prognostic outcomes.

The pathological examination revealed a tumor measuring 2 mm in maximum diameter with positive immunohistochemical staining for CT and CEA, confirming MTC. These specific pathological features are critical for diagnostic confirmation and clinical management. The prognostic significance of immunohistochemical markers is well-established, with certain markers indicating a more aggressive disease course. Immunohistochemical analysis reliably differentiates MTC from other thyroid neoplasms and enables personalized treatment strategies based on the tumor’s biological behavior.

The total thyroidectomy and lymph node dissection demonstrates the critical importance of early surgical intervention for optimizing outcomes in MTC patients. The intraoperative identification of metastatic lymph nodes confirms the aggressive biology of this malignancy, necessitating proactive surgical management regardless of primary tumor size. This approach aligns with contemporary guidelines recommending comprehensive resection for MTC, particularly with suspected nodal involvement. Our findings reflect current management paradigms where early surgery correlates with improved survival. Future research should investigate optimal surgical timing/extent and adjuvant therapy integration to further enhance prognostic outcomes.

This case report presents several limitations, including the absence of preoperative testing for the patient’s calcitonin levels. Furthermore, the status of the RET mutation could not be assessed postoperatively.

In conclusion, this case report emphasizes the potential of ultrasound in the early diagnosis of thyroid tumor, particularly in identifying nodules around 2 millimeters and associated lymph node metastases. It highlights the necessity of a thorough assessment of the cervical lymphatic structures for suspicious thyroid nodules. Senior physicians using high-frequency ultrasound are beneficial for detecting lymph node metastases of small thyroid cancers, and ultrasound-guided FNA is useful for the diagnosis of small MTC.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by Baoji Central Hospital ethics committee. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

QW: Writing – original draft. LS: Writing – review & editing. LG: Writing – review & editing. JL: Conceptualization, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Abbreviations

MTC, Medullary thyroid carcinoma; FNA, Fine needle aspiration; CT, Calcitonin; CEA, Carcinoembryonic antigen; Syn, Synaptophysin; CgA, Chromogranin A; TTF-1, Thyroid transcription factor-1; CK, Cytokeratin; TI-RADS, Thyroid Imaging Reporting and Data System; ACR, American College of Radiology.




References

	 Tiedje V, Ting S, Dralle H, Schmid KW, Führer D. Medullary thyroid carcinoma. Internist (Berl). (2015) 56:1019–31. doi: 10.1007/s00108-014-3638-z, PMID: 26338063


	 Somnay YR, Schneider D, Mazeh H. Thyroid: medullary carcinoma. Atlas Genet Cytogenet Oncol Haematol. (2013) 17:291–6. doi: 10.4267/2042/48876, PMID: 28111594


	 Barletta JA, Nosé V, Sadow PM. Genomics and epigenomics of medullary thyroid carcinoma: from sporadic disease to familial manifestations. Endocr Pathol. (2021) 32:35–43. doi: 10.1007/s12022-021-09664-3, PMID: 33492588


	 Trimboli P, Mian C, Piccardo A, Treglia G. Diagnostic tests for medullary thyroid carcinoma: an umbrella review. Endocrine. (2023) 81:183–93. doi: 10.1007/s12020-023-03326-6, PMID: 36877452


	 Gambardella C, Offi C, Patrone R, Clarizia G, Mauriello C, Tartaglia E, et al. Calcitonin negative Medullary Thyroid Carcinoma: a challenging diagnosis or a medical dilemma? BMC Endocr Disord. (2019) 19:45. doi: 10.1186/s12902-019-0367-2, PMID: 31142313


	 Kwon H, Kim WG, Sung TY, Jeon MJ, Song DE, Lee YM, et al. Changing trends in the clinicopathological features and clinical outcomes of medullary thyroid carcinoma. J Surg Oncol. (2016) 113:152–8. doi: 10.1002/jso.24126, PMID: 26799259


	 Singh M, Ahuja A, Rahar S, Bhardwaj M. Encapsulated papillary variant of medullary carcinoma of thyroid with extensive cystic change: an extremely rare presentation. Med Pharm Rep. (2021) 94:372–6. doi: 10.15386/mpr-1570, PMID: 34430861


	 Polistena A, Sanguinetti A, Lucchini R, Galasse S, Monacelli M, Avenia S, et al. Timing and extension of lymphadenectomy in medullary thyroid carcinoma: A case series from a single institution. Int J Surg. (2017) 41 Suppl 1:S70–s74. doi: 10.1016/j.ijsu.2017.04.026, PMID: 28506418


	 Esfandiari NH, Hughes DT, Yin H, Banerjee M, Haymart MR. The effect of extent of surgery and number of lymph node metastases on overall survival in patients with medullary thyroid cancer. J Clin Endocrinol Metab. (2014) 99:448–54. doi: 10.1210/jc.2013-2942, PMID: 24276457


	 Puerto M, Borson-Chazot F, Tabarin A. Updates on therapy for medullary thyroid cancer in 2021. Ann Endocrinol (Paris). (2022) 83:114–8. doi: 10.1016/j.ando.2021.12.002, PMID: 34921811


	 Zhou L, Chen B, Zhao M, Zhang H, Liang B. Sonographic features of medullary thyroid carcinomas according to tumor size: comparison with papillary thyroid carcinomas. J Ultrasound Med. (2015) 34:1003–9. doi: 10.7863/ultra.34.6.1003, PMID: 26014319


	 Hahn SY, Shin JH, Oh YL, Park KW. Ultrasonographic characteristics of medullary thyroid carcinoma according to nodule size: application of the Korean Thyroid Imaging Reporting and Data System and American Thyroid Association guidelines. Acta Radiol. (2021) 62:474–82. doi: 10.1177/0284185120929699, PMID: 32493032


	 Li X, Yao J, Zhan W, Zhou W. Ultrasonographic differentiation of medullary thyroid carcinoma from papillary thyroid carcinoma: quantitative comparison of morphologic features and different TIRADS risk categorizations. BMC Med Imaging. (2025) 25:189. doi: 10.1186/s12880-025-01679-0, PMID: 40419991


	 Lin X, Huo J, Su H, Zhu C, Xu Y, Zhang F. Risk factors for cervical lymph node metastasis in the central or lateral cervical region in medullary thyroid carcinoma: a systematic review and meta-analysis. Eur Arch Otorhinolaryngol. (2024) 281:547–61. doi: 10.1007/s00405-023-08249-6, PMID: 37801162


	 Wu F, Zhou T, Lu K, Pan T, Ni Y, Zhao L, et al. Risk factors for lateral cervical lymph node metastasis in medullary thyroid carcinoma. Zhejiang Da Xue Xue Bao Yi Xue Ban. (2021) 50:730–40. doi: 10.3724/zdxbyxb-2021-0210, PMID: 35347916







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Wan, Sun, Gan and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1588295-g004.jpg





OEBPS/Images/cover.jpg
& frontiers | Frontiers in Oncology

The role of ultrasound in diagnosing 2mm
medullary thyroid carcinoma with cervical
lymph node metastasis: a case report





OEBPS/Images/fonc-15-1588295-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1588295-g003.jpg





OEBPS/Images/fonc-15-1588295-g005.jpg





OEBPS/Images/fonc-15-1588295-g002.jpg





