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Abstract
BACKGROUND
In clinical work, 85%-90% of malignant thyroid diseases are papillary thyroid cancer (PTC); thus, clinicians neglect other types of thyroid cancer, such as medullary thyroid carcinoma (MTC).

CASE SUMMARY
We report a 53-year-old female patient with a preoperative calcitonin level of 345 pg/mL. There was no definitive diagnosis of MTC by preoperative fine-needle aspiration cytology or intraoperative frozen pathology, but the presence of PTC and MTC was confirmed by postoperative paraffin pathology. The patient underwent total thyroidectomy and bilateral central lymph node dissection. Close follow-up at 1.5 years after surgery revealed no signs of recurrence or metastasis.

CONCLUSION
The issue in clinical work-up regarding types of thyroid cancer provides a novel and challenging idea for the surgical treatment of MTC. In the absence of central lymph node metastasis, it is worth addressing whether patients with high calcitonin can undergo total thyroidectomy and bilateral central lymph node dissection without bilateral lateral neck lymph node dissection. 
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Core Tip: Medullary thyroid carcinoma accounts for a small proportion of all types of thyroid cancer and is rarely encountered clinically. Therefore, medullary thyroid carcinoma requires further study. For patients with medullary thyroid cancer and high calcitonin levels, it may be possible to choose a surgical approach with a small range of operations. By closely monitoring the trend of calcitonin changes and survival follow-up results for 1.5 years, we herein propose a new question about the surgical scope of medullary thyroid carcinoma: Do thyroid medullary carcinoma patients with high calcitonin require lateral neck lymphadenectomy?


INTRODUCTION
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Thyroid carcinoma is a secretory tumour. According to the latest global cancer statistics, the incidence of thyroid carcinoma is increasing significantly[1,2]. Papillary thyroid carcinoma (PTC) accounts for a large proportion of thyroid carcinomas (85-90%) and originates from the follicular epithelium[3]. At present, PTC treatment is mainly based on surgery combined with endocrine therapy. Medullary thyroid carcinoma (MTC) is a rare tumour arising from para-follicular C-cells[4], accounting for only 2-3% of all thyroid cancers. Treatment is currently based on surgery. According to relevant case data for thyroid disease patients admitted to our hospital since 2010, the present patient was the only one to have both MTC and PTC, even though 400 thyroid disease patients are admitted to our hospital every year. In addition, according to the relevant literature, there are few reports on simultaneous MTC and PTC. Kim et al[5] collected patients with MTC in their hospital from 1996 to 2006 and found that 10 of 53 MTC patients had PTC (19%). In their study, the coexistence of MTC and PTC was only identified as a coincidence and was considered an accidental phenomenon with no special significance. There are few cases of simultaneous PTC and MTC as well as different types of thyroid carcinoma appearing simultaneously; thus, treatment principles still need to be explored. Currently, specific and sensitive tumour markers for thyroid carcinoma are not available. Most thyroid nodules are identified in physical examination, and the diagnosis is confirmed by fine needle aspiration biopsy (FNAC). MTC has some special markers compared with PTC. MTC originates from para-follicular C-cells, which can secrete calcitonin. Therefore, most of the MTCs exhibit an abnormal increase in calcitonin and an abnormal anti-carcinoembryonic antigen (CEA) level. Surgical operation of MTC is the only treatment. Postoperative monitoring of calcitonin[6-10] and CEA[11,12] is particularly important.

CASE PRESENTATION
Chief complaints
A 53-year-old female patient was admitted to our hospital because a thyroid nodule was found 2 mo prior.

History of present illness
A thyroid nodule without any symptoms was found 2 mo prior in a physical examination.

History of past illness
The patient had no past medical history.

Personal and family history
The patient did not have any family history of other diseases.

Physical examination
At admission, the patient was conscious. Her body temperature was 36.5 °C, with a regular heart rate of 70 bpm, respiratory rate of 20 breaths per minute, and blood pressure of 118/70 mmHg. The physical examination was normal.

Laboratory examinations
When the patient was admitted to the hospital, blood biochemistry and urine analysis were normal. Preoperative thyroid function was normal, and no hyperthyroidism or hypothyroidism was observed. Parathyroid hormone and serum calcium were normal. Electrocardiogram, chest X-ray, and arterial blood gas were also normal. Preoperative calcitonin was 345 pg/mL (typically less than 6.4 pg/mL), and CEA was 6.44 µg/L (typically less than 3.0 µg/L).

Imaging examinations
Thyroid ultrasound (US) suggested hypoechoic nodules located in the right lobe of the thyroid, with a size of 5 mm × 5 mm and clear boundaries. The patient was then treated conservatively, and she exhibited no symptoms during long-term follow-up monitoring. On December 18, 2018, the patient visited our hospital again for re-examination, and thyroid US indicated multiple hypoechoic nodules located in the right lobe, the largest of which was approximately 10 mm × 6 mm, with clear boundaries, uneven internal echoes, and punctured blood flow signals. The left lobe showed cystic-solid mixed hypoechoic nodules with a size of approximately 22 mm × 11 mm, clear boundaries, mainly cystic features, and cord-like blood flow signals around the nodules. On both sides of the neck, multiple solid hypoechoic nodules, with clear borders and flat shape, and a clear boundary between the cortex and medulla were detected. She was diagnosed with bilateral thyroid nodules, thyroid imaging reporting and data system (TI-RADS) grade 4 (Figure 1). Subsequent further thyroid contrast-enhanced ultrasonography still suggested that the bilateral lymph nodes in the neck were more likely to be reactive hyperplasia (Figure 2). To confirm the diagnosis, FNAC of bilateral thyroid nodules was performed, and cytopathology showed the following: Suspicious PTC [the Bethesda system for reporting thyroid cytopathology (TBSRTC) V] in the right thyroid nodule Left thyroid nodule cytology suggested a malignancy (TBSRTC V); however, its type could not be determined (Figure 3). 

FINAL DIAGNOSIS
After the relevant examinations were completed, the surgical contraindications were excluded. On December 24, 2018, thyroidectomy (thyroidectomy, bilateral central lymph node dissection, and bilateral recurrent laryngeal nerve exploration) was performed in the Thyroid Breast Surgery Department of the Affiliated Hospital of Zunyi Medical University. Intraoperative pathological freezing analysis suggested bilateral papillary thyroid micropapillary carcinoma, and the bilateral central lymph nodes had no cancer metastasis. However, the postoperative paraffin pathology report was inconsistent with the intraoperative frozen pathology report. Postoperative paraffin pathology suggested MTC in the left lobe, with the following immunohistochemistry results: Calcitonin (+), CK (+), thyroid transcription factor (TTF1) (+), CK19 (-), thyroglobulin (-), galectin-3 (-), Ki-67 < 1%, and MC (-) (Figure 4). PTC with a BRAF V600E mutation was detected in the right lobe (Figure 5). No metastasis was noted in the bilateral central (VI) lymph nodes (left 0/2, right 0/3). Therefore, according to the TNM staging system of American Joint Committee on Cancer (AJCC) version 8, the patient's final clinical diagnosis was PTC of the right lobe (T1N0M0, I stage) and MTC of the left lobe (T1N0M0, I stage). The calcitonin level was 345 pg/mL preoperatively, which decreased to 15.74 pg/mL on the first day after the operation. CEA was not detected before operation and was 6.440 µg/L on the first day after the operation (normally less than 3.0 µg/L). The clinical and pathological data of the patient are presented in Table 1.

TREATMENT
Postoperatively, the patient was treated with levothyroxine sodium tablets supplemented with thyroid hormone.

OUTCOME AND FOLLOW-UP
The patient was followed after the operation, and her calcium calcitonin, thyroid function, and CEA changes were assessed regularly. The dose of levothyroxine tablets was adjusted based on changes in thyroid-stimulating hormone (TSH) to maintain TSH at < 0.1 mu/L. The follow-up results are provided in Table 2.

DISCUSSION
We performed long-term follow-up of this case of simultaneous PTC and MTC to monitor postoperative serum calcitonin, thyroid function, and CEA. 
At present, non-invasive thyroid examination mainly involves US examination, and risk stratification is performed based on different US manifestations. The American Institute of Radiology designed the TI-RADS in 2017 to reduce biopsy of benign nodules and improve the overall diagnostic accuracy. The US features in the ACR TI-RADS[13] are categorized as benign, minimally suspicious, moderately suspicious, or highly suspicious for malignancy. Points are given for all the ultrasound features in a nodule, with more suspicious features being awarded additional points. The point total determines the nodule’s ACR TI-RADS level, which ranges from TR1 (benign) to TR5 (high suspicion of malignancy). The use of the ACR TI-RADS classification significantly reduces unnecessary thyroid punctures and improves the sensitivity and specificity of benign and malignant diagnoses of thyroid nodules[14]. Occasionally, US cannot effectively determine the nature of nodules. To avoid excessive invasive examination, relevant studies[15,16] have found that contrast-enhanced ultrasound (CEUS) can further determine whether nodules are benign or malignant on the basis of US; thus invasive examinations can be reduced. It is recommended that patients with grade 4 and above undergo a thyroid biopsy to diagnose the nodules with pathology. In this article, the patient's thyroid US grade was 4, and further FNAC was performed. The diagnosis of thyroid cancer mainly depends on thyroid US combined with FNAC. Pathology is the gold standard for diagnosing any type of cancer, but FNAC occasionally does not clearly diagnose the pathological type of thyroid nodules. Thus, further diagnosis by paraffin pathology is needed. The diagnosis of FNAC is mainly through cytological diagnosis. TBSRTC established a standardized, category-based reporting system for thyroid FNAC specimens. Related studies have[17-19] shown that the implementation of the TBST report reduces the number of ambiguous reports, positively increases the deterministic value of thyroid malignancy for surgery, and reduces the rate of surgery for benign thyroid nodules. In this case, the diagnosis of bilateral thyroid FNAC was TBSRTC V, which is highly suspected of malignant tumours, but there was no clear diagnosis of the thyroid cancer subtype. Therefore, when managing patients with thyroid nodules, the existence of MTC cannot be ignored due to its extremely low incidence. Preoperative routine thyroid ultrasonography combined with FNAC should be performed. If necessary, preoperative calcitonin, CEA, and other relatively specific biomarkers should be assessed to help doctors select a more suitable surgical treatment and postoperative treatment for patients and predict the prognosis[20,21]. Overall variation in MTC cells makes FNAC diagnosis difficult, and histopathological evaluation and relevant immunohistochemical markers are necessary for a definitive diagnosis. Given that cancer cell changes in MTC are associated with a poor prognosis, the correct diagnosis and appropriate treatment are necessary.
MTC is a type of malignant neuroendocrine tumour that arises from para-follicular C-cells[4]. Most MTC cases are caused by mutations in the RET proto-oncogene. MTC[22] accounts for 2-3% of thyroid carcinomas. Females are significantly more often affected than males. The patient in this case was a middle-aged female patient who was admitted to the hospital due to thyroid nodules found in physical examination without any signs or endocrine-related symptoms. There was no family history of MTC and RET gene mutations were not detected in this patient. The patient is at present undergoing long-term follow-up monitoring, and there are no signs of recurrence or distant metastasis. In clinical practice, avoiding the wrong preoperative diagnosis and selecting the best treatment plan are important. In clinical work, 85-90% of malignant thyroid nodules are PTC, which is likely to lead to imperfect preoperative preparation, resulting in incorrect surgical methods and leading to secondary surgery. In this case, the initial values of CEA were not sufficiently monitored due to the inability to clarify the pathological type based on FNAC before the operation.  The negligence in this clinical work once again provided a warning. To better treat thyroid nodules, it is recommended that all patients admitted to the hospital for suspected malignant thyroid nodules be routinely tested for serum calcitonin and CEA before surgery. This point is worthy of every clinician’s attention. However, it should be noted that the possibility of MTC cannot be completely excluded when preoperative calcitonin and CEA are negative. Gambardell et al[23] have reported cases of calcitonin and CEA-negative MTC.
MTC is not sensitive to iodine-131 radiation therapy and chemotherapy, and endocrine therapy is ineffective. Thus, surgical resection is the first choice for early MTC. The surgical treatments for MTC include preventive surgery and therapeutic surgery. For patients with hereditary MTC (mostly children)[24,25], prophylactic surgery is the mainstay based on genetic mutations, and the resection range varies according to age and the preoperative calcitonin levels (Table 3). Patients[24,25] undergoing therapeutic surgery usually have primary thyroid lesions, and different ranges of cervical lymph node dissection are performed based on preoperative calcitonin levels (Table 4). ATA guidelines (2015 version) suggest that MTC treatment should be primarily surgical depending on the preoperative evaluation for distant metastasis and preoperative level of procalcitonin. The guidelines recommend complete thyroidectomy, bilateral central cervical lymph node dissection, and ipsilateral cervical lymph node dissection when preoperative US examination indicates no cervical lymph node or distant metastasis, and preoperative procalcitonin is 200 ng/L. However, the guidelines also indicate that when procalcitonin is reduced to normal levels after MTC surgery (< 10 ng/L), it is considered a biological cure, with a 10-year survival rate of 97.7%. In this case, although the preoperative calcitonin level was 345 ng/L, indicating an abnormal increase, the diagnosis of MTC was not suggested by intraoperative cryotherapy but by postoperative paraffin pathology. Therefore, the operation did not follow the guidelines, which recommended total thyroidectomy with bilateral central area lymph node and bilateral cervical lateral lymph node removal. In this patient, only thyroidectomy and bilateral middle cervical lymph node dissection were performed. Procalcitonin levels were reduced to normal 1 wk after surgery, and have been maintained to date. Recurrence or distant metastasis has not been observed. Based on the results of the close follow-up of the patient in the previous period, we pose a bold question about MTC: When preoperative calcitonin level is greater than 200 pg/mL and metastasis is not noted in central lymph nodes, is extensive bilateral neck lymph node dissection necessary?
Prognostic factors of thyroid cancer, PTC after main endocrine therapy, and the presence of TSH inhibition can effectively predict recurrence or metastasis. MTC is currently followed by monitoring serum calcitonin and CEA levels.

CONCLUSION
For patients with nodular thyroid disease, serum calcitonin should be routinely tested before surgery to exclude the possibility of MTC, to develop a better preoperative treatment plan and reduce unnecessary second surgery. According to guidelines, cervical lymph node dissection is recommended for preoperative MTC with calcitonin > 200 pg/mL. For MTC, we propose the following challenging question: When preoperative calcitonin is > 200 pg/mL, is it necessary to remove lymph nodes in ipsilateral neck II-VI regions and ipsilateral neck II-VI regions for all MTCs?
Nevertheless, the long-term follow-up of this case has provided us with a novel and challenging treatment strategy. For patients with MTC with high calcitonin levels and no cancer metastasis in cervical region VI, can the scope of the operation be reduced? Specifically, dissection of lateral cervical lymph node (regions II-V) is not required. Therefore, surgical trauma and the possibility of postoperative complications are reduced.
It is worth thinking about!
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Figure Legends
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Figure 1 Ultrasound images. A-D: Ultrasound (US) suggested multiple hypoechoic nodules in bilateral lobes of the thyroid, with clear boundaries; E-G: US indicated the dotted blood flow signal in nodules.
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Figure 2 Ultrasound images. A/E: Ultrasound suggested enlargement of cervical lymph nodes; B-D/F-H: Further contrast-enhanced ultrasound suggested uneven enhancement of enlarged lymph nodes from the medulla to cortex, with slightly lower medulla enhancement, suggesting that enlarged lymph nodes were mostly reactive hyperplasia.
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Figure 3 Fine needle aspiration cytology. A and B: Right thyroid: There were many follicular cell masses, arranged in branching or thick papillary shape, the nuclei were large and pale, and the inclusion bodies were visible. These findings suggested that a papillary thyroid carcinoma  [the Bethesda system for reporting thyroid cytopathology (TBSRTC) V] should be suspected; C: Left thyroid: A small number of cell clusters, cell arrangement disorder, large nucleus, obvious pleomorphism, and chromatin fine structure were noted. These findings  suggested that a malignancy (TBSRTC V, type indeterminate) should be suspected.
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Figure 4 Paraffin pathology (right thyroid). A and B: Photomicrographs showing hematoxylin-eosin (H&E) staining of a left thyroid nodule. The medullary thyroid carcinoma (MTC) component was mainly composed of irregular and solid nests of pleomorphic cells surrounded by a fibrovascular stroma with abundant amounts of acidophilic homogenous material, with large and polygonal cells, prominent nucleoli, and finely granular cytoplasm; C and D: The tumor cells of the MTC showed strong immunoreactivity for calcitonin and were negative for thyroglobulin.
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Figure 5 Paraffin pathology (right thyroid). A-C: Photomicrographs showing hematoxylin-eosin (H&E) staining of a right thyroid nodule.

Table 1 Clinical and pathological data of the patient
	Project
	Content

	Biographical data
	53 years old and female

	Family history
	No

	Chief complaint
	Thyroid nodule discovered 2 mo prior

	Specialized physical examination
	The trachea was in the middle. The thyroid gland moved up and down with swallowing action, and no nodules were felt in the bilateral lobes. There was no hoarseness in the voice and no choking cough when drinking water.

	US
	Nodules were found in bilateral lobes of the thyroid gland, and the right lobe had a well-defined hypoechoic nodule with a size of approximately 10 mm × 6 mm. The left lobe had a cystic and solid mixed hypoechoic nodule with a size of approximately 22 mm × 11 mm. The US grade was TI-RADS 4. Multiple solid hypoechoic nodules were detected in bilateral I-IV areas of the neck, and the boundaries of the medulla and cortex were not clear

	CEUS
	Lymph nodes were observed on both sides of the neck. T-CEUS suggested that the cortical stage of the lymph nodes was enhanced by uneven medulla, while the medulla was slightly enhanced. Enlarged lymph nodes were considered as reactive hyperplasia

	FNAC
	Right thyroid nodule was suspected as a thyroid papillary carcinoma (TBSRTC V). Left thyroid nodule cytology suggested a malignancy (TBSRTC V), but the type was not determined

	Surgery
	Thyroidectomy, bilateral central lymph node dissection, and bilateral recurrent laryngeal nerve exploration

	Frozen pathology
	Bilateral papillary thyroid micropapillary carcinoma and bilateral central lymph nodes showed no cancer metastasis

	Paraffin pathology
	Left medullary thyroid carcinoma (Figure 2), with immunohistochemistry results of calcitonin (+), CK (+), TTF1 (+), CK19 (-), thyroglobulin (-), galectin-3 (-), Ki -67 < 1%, and MC (-); right thyroid papillary carcinoma, BRAF V600E mutation

	Final diagnosis
	Papillary thyroid carcinoma of the right lobe (T1N0M0, stage I) and medullary thyroid carcinoma of the left lobe (T1N0M0, stage I)

	Postoperative treatment
	Oral levothyroxine sodium tablets (Euthyrox): 100 µg/time/day


CEUS: Contrast-enhanced ultrasonography; TTF1: Thyroid transcription factor; FNAC: Fine needle aspiration cytology; TI-RADS: Thyroid imaging reporting and data system; TBSRTC: The Bethesda system for reporting thyroid cytopathology.

Table 2 Postoperative follow-up monitoring
	Time
	CT (pg/mL)
	TSH (μIU/mL)
	TgAb (IU/mL)
	Tg (ng/mL)
	CEA (µg/L)

	Normal
	< 6.4
	0.5-4.8
	0-115
	3.5-77
	< 3.0

	Preoperative
	345
	4.2
	< 10.0
	16.820
	/

	1 d after surgery
	15.74
	2.545
	< 10.0
	3.370
	6.440

	1 wk after surgery
	2.69
	0.634
	< 10.0
	0.497
	/

	1 mo after surgery
	0.84
	0.096
	14.4
	0.062
	/

	2 mo after surgery
	0.55
	0.048
	14.0
	0.040
	/

	5 mo after surgery
	< 0.5
	0.473
	< 10.0
	0.040
	/

	8 mo after surgery
	< 0.5
	0.343
	< 10.0
	0.110
	< 3.0

	1 yr after surgery
	< 0.5
	0.343
	< 10.0
	0.100
	< 3.0

	1.5 yr after surgery
	< 0.5
	0.008
	< 10.0
	0.100
	1.18


CT: Calcitonin; TSH: Thyroid-stimulating hormone; TgAb: Anti-thyroglobulin antibody; Tg: Thyroglobulin; CEA: Anti-carcinoembryonic antigen.

Table 3 Risk classification of medullary thyroid carcinoma patients based on genetic mutations (2015 version of United States thyroid association)
	Risk classification
	Patient population
	Treatment

	ATA-HST
	MEN2B; RET codon M918T mutation
	Thyroidectomy ± central lymph node dissection in the neck within 1 year after birth

	ATA-H
	MEN2A; RET codon C634 mutation
	Five years old or earlier thyroidectomy ± central lymph node dissection

	ATA-MOD
	Others
	Every year from the age of 5, physical examination, neck US, and serum calcitonin


MTC: Medullary thyroid carcinoma; ATA: United States thyroid association; RET: Reticulocytes; HST: Hubble space telescope; MOD: Medicine on delivery; US: Ultrasound.

Table 4 Cervical lymph node clearance range
	Condition
	Treatment

	Patients without evidence of cervical lymph nodes and distant metastases before surgery
	Preventive central lymph node dissection

	Preoperative calcitonin 40-150 pg/mL, even if no suspected lymph node metastasis were found
	Central lymph node and ipsilateral II-IV lymph node dissection

	Patients with preoperative calcitonin > 200 pg/mL
	Ipsilateral neck II-VI lymph node dissection, and contralateral cervical lymph nodes should also be considered for removal
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