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Background: Commonly, the thyroid gland is regarded as an organ with fewer metastatic diseases, and colorectal metastasis to the
thyroid (CMT) is rarely reported, especially, with that the clinical sign of thyroid metastasis nidus is the chief complaint. The CMT
occurs in advanced colorectal cancer and is associated with poor prognosis and short survival.

Case Report: In this case, we reported a patient with the sign of neck mass as the first manifestation of CMT. The patient underwent
a partial thyroidectomy in June 2019, immunohistochemical findings of thyroid carcinoma suggested the possibility of adenocarcinoma
of gastrointestinal tract. The patient underwent a colonoscopy in July 2019 and a colonic mass was found. Pathological examination
diagnosed rectal adenocarcinoma. The patient underwent neoadjuvant chemotherapy, surgical treatment, postoperative adjuvant
chemotherapy and targeted therapy. The patient died in June 2022.

Conclusion: The metastasis disease would not be ignored at all, when a patient complains at signs of neck mass. Further, the
possibility of metastasis cancer should be considered once thyroid nodules occur in patients with colorectal cancer. Even though the
biological characteristics and stage of the primary tumor have an important impact on the prognosis, positive standardized treatments
can also be helpful.
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Introduction

More than 1.9 million new colorectal cancer (including anus) cases and 935,000 deaths were estimated to occur in 2020,
representing about one in 10 cancer cases and deaths.' The common metastatic sites of colorectal cancer include the liver
and lung, but metastasis to the thyroid is rare. The thyroid metastatic carcinoma accounts for 1.4-3% of all thyroid
carcinomas,” which is much less than the ratio of 1.9-9.5% detected during autopsies.”

Several theories have been developed to explain the mechanisms that contribute to the rarity of thyroid gland
metastatic deposits, including failure of cellular adhesion due to rapid arterial blood flow and inhibition of tumor cell
growth by high iodine concentrations.”

In the literature review, CMTs were all found during follow-up after colorectal cancer surgery. We report here
a special case in which CMT was detected earlier than colorectal cancer, as well as a literature review of reported cases of
colorectal metastasis to the thyroid.

Case Presentation

A 46-year-old woman initially presented with a 4-month history of a right anterior cervical mass without voice hoarse,
dyspnea, pain, or bucking in June 2019. Physical examinations revealed a palpable 1.5 cm right thyroid nodule moving
with deglutition, and without obviously enlarged lymph nodes. Ultrasonography showed a hypoechoic nodule in the right
thyroid (TI-RADS 4A), and papillary thyroid carcinoma was diagnosed based on a needle aspiration cytology

examination.
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The patient then underwent a resection of the right thyroid and isthmus on June 15, 2019. The thyroid adenocarci-
noma was shown by a histological analysis of the specimen (Figure 1). Positive CDX2 and cytokeratin 20, and negative
thyroid transcription factor 1 (TTF1) and thyroglobulin (TG) (Figure 2) were revealed by immunohistochemistry
examinations, which indicated that the primary tumor originated was from the gastrointestinal tract. Then, colonoscopy

Figure | There were more adulterants in the thyroid gland, with disordered arrangement, some glands fused, and obvious cell atypia. The arrow indicates the heterocyst.

Figure 2 Immunohistochemistry revealed adenoid arrangement of heteromorphic cells with interstitial fibrosis. Immunohistochemistry revealed positive expression of
CDX-2 (an intestinal specific transcription factor) and Villin, while negative expression of TG (thyroglobulin), suggesting a high possibility of intestinal metastatic
adenocarcinoma. (A) The tumor cells (blue arrows) are adenoid and distributed in the thyroid tissue. And the thyroid follicles can be seen (red arrows); (B) The tumor
cells were positive for CDX-2; (C) The tumor cells Villin were positive; (D) TG in thyroid follicles was positive and TG in tumor cells was negative.
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revealed a tumor 10 cm from the anal margin. Histological analysis of the specimen confirmed moderately differentiated
adenocarcinoma (Figure 3). Positron Emission Tomography-Computed Tomography (PET-CT) showed colorectal carci-
noma accompanied by multiple lymph nodes metastases (Figure 4). And the carcinoembryonic antigen (CEA) was 7ng/
mL. Chemotherapy, which included 2 cycles of intravenous raltitrexed combined with oxaliplatin and oral capecitabine,
showed an excellent response, resulting in a decrease of CEA to 2.71ng/mL.

An anterior resection of the rectal cancer was performed on August 23, 2019, after a treatment with diabetes in the
endocrinology department. A moderately differentiated adenocarcinoma with penetration of the intestinal wall into the
submucosal adipose tissue was reported by the histological analysis of the specimen. Two of 16 dissected lymph nodes
showed carcinoma metastasis. The postoperative TNM stage was pT3NIMI1. Four courses of intravenous oxaliplatin
combined with oral capecitabine were given after surgery. Until August 2020, a progressive increase in CEA was
detected. Oral capecitabine was not satisfactory and CEA levels fluctuated repeatedly. From March 2021 to
September 2021, four courses of targeted therapy (bevacizumab 400 mg) combined with chemotherapies (intravenous
irinotecan combined with oral capecitabine) were given, with good tolerance. Then, on October 18, 2021, a second PET-
CT examination suggested multiple metastases of the abdominal omentum and pelvic cavity (Figure 5). Sequentially, the
patient received another targeted therapy with a combination of chemotherapies (pembrolizumab, cetuximab, irinotecan,

Figure 3 Heterotypic glands fused, partially ethmoidal, with marked interstitial fibrosis. The arrow indicates Cribriform heteromorphic cell fusion.

Figure 4 The I8F-FDG PET/CT scan images showing increased focal FDG uptake in the rectal mass and pelvic lymph nodes.
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Figure 5 The FDG metabolism of multiple omentum nodules and pelvic peritoneal nodules which have unclear boundary with the anterior wall of rectum was increased.

and raltitrexed) for 6 months. The patient died on June 2, 2022, with an overall survival of 35 months following diagnosis
of colorectal cancer thyroid metastases.

Discussion

We reported a patient who complained about the neck mass without other symptoms but was finally diagnosed with
colorectal cancer with thyroid metastasis. The colorectal cancer metastatic thyroid cancer is rarely reported, and sign of
CMT as the initial symptom is much rarer.

We searched the literature on colorectal cancer metastasis to the thyroid and identified 13 cases between 2000 and
2020 (Table 1). Of these 13 patients, 10 underwent FNAB. Five cases were confirmed as having metastatic adenocarci-
noma, three cases were diagnosed as papillary thyroid carcinoma, and one case was considered a benign tumor or
hyperplastic change. Of the 13 cases reviewed, the mean interval from diagnosis of colorectal cancer to confirmation of
thyroid metastasis carcinoma was 43.15 months (0-95 months). Thyroid gland metastases can present decades after the
initial diagnosis and treatment of colorectum cancer.

Two hypotheses can explain the rarity of metastatic thyroid cancer. One of them is that the abundant blood flow in the
thyroid makes malignant tumor cells hard to colonize. Another is that the high-iodine and high-oxygen environment of
thyroid tissue may inhibit the growth of tumor cells.*'* Studies have shown that thyroid nodules are more likely to
develop thyroid metastases. Multinodular goiters and adenomas with altered structures may also alter the thyroid
environment, resulting in them being more favorable for the colonization and growth of metastatic colorectal cancer
cells.> CMTs are found after the treatment of primary colorectal cancer, most of them previously diagnosed of liver and/
or lung metastases, while the latter are more common obviously.* Thyroid metastasis of colorectal cancer occurs mainly
through the blood-type route, and colorectal cancer spreads to the thyroid through the portal vein, vena cava, and
pulmonary vein.>'* Also, Batson'> proposed another blood-borne metastasis route, the vertebral venous system, which
allows carcinoma to transfer to the thyroid without passing through the portal vein, pulmonary vein, or vena cava. And
cancer cells do not enter the thoracic or abdominal cavities. The ability of the colorectum cancer to transfer directly to the
thyroid explains the isolated thyroid metastasis in this case, in which the CMT was the first and the sole metastatic site of
the primary tumor.

Actually, that metastasis of the thyroid may not be as rare as the accounting ratio, but with a missed diagnosis, which
suggested by the data of autopsy. The kidney, particularly renal clear cell carcinoma, are the most common origins of
thyroid metastasis. Metastases from colorectal cancer to the thyroid are rare, accounting for only 0.1% of all colorectal
cancer cases.'® Similar to primary malignant thyroid tumors, thyroid gland metastases can manifest as goiter, neck lumps,
dysphagia, dyspnea, pain, and hoarseness. In other cases, thyroid gland metastases can also show a clinically silent
course without specific symptoms, and are occasionally discovered after imaging procedures. However, routine follow-up
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Table | Thirteen Cases of Thyroid Metastases from Colorectum, the Previously Reported Cases in the Literature

Author Sex/ | Stage Distant Metastasis Symptom The Interval Between FNAB Radiologic Operative Way about Thyroid Survival
Age | (After Before Thyroid Diagnosis (Months) Test Time
Surgery) Metastasis (Thyroid)
Patricia® F/50 | T3NOMO Lung Fast growing thyroid 43 Y, papillary PET Total thyroidectomy+ central lymph node Alive after
node thyroid dissection+ right 5 months
carcinoma lateral neck dissection
Adili 1* M/ pT3NOMO Lung Follow-up examination | 24 Y, positive CcT Right lobectomy and partial left lobectomy | Died in 5 years
54 of the thyroid gland and 5 months
Adili 2* F/36 | unknown Lung+ Liver enlarging neck mass 4 Y, positive CcT no surgery Died in
5 months
Adili 3* M/ A Adrenal +Lung+ Follow-up examination | 66 Y, positive Unknown Sub-total thyroidectomy Unknown
45 mediastinum
Adili 4* F/44 | unknown right accessory metastasis Follow-up examination | 28 N cT right lobectomy and right neck dissection+ | Unknown
+Lung single-agent chemotherapy
Min Luo® F/34 | pT4bNIMO Lung Left neck pain and 72 Y, papillary PET/CT US total thyroidectomy and bilateral cervical Alive after
hoarseness thyroid lymph nodes dissection 20 months
carcinoma
Takeo® F/28 | pT2NIMI Lung Dysphagia 0 Y, positive CcT Left lobectomy of the thyroid gland+ Died in
modified neck lymph node dissection 6 months
Ashok’ F/49 | pT3NOMO Lung and Liver Follow-up examination | 22 Y, benign US, CT, PET- | left thyroid lobectomy. Alive after
follicular cells CcT 7 months
Madelaine® M/ unknown Bone Enlargement of neck 95 Y, papillary CT, Us Thyroidectomy and tumor debulking, with Died in 8
46 mass and hoarseness thyroid tracheostomy and tubegastrostomy months
carcinoma
Yinghua jin9 F/62 unknown None Dyspnea 21 N CT, US, PET- | Partial thyroidectomy + chemotherapy Alive after
CcT I'l months
Winson Y.'° F/50 | stage Ill Lung and Liver Follow-up 60 Y, positive cT NO surgery +Palliative chemotherapy Alive after
examination/CT 24 months
Immacolata'' | M/ pT4NOMI Liver + Lung + Bone Follow-up 66 Y, not confirm CT, US Unknown Died in
60 examination/US 6 months
Katsusuke F/45 pT3NOMO Lung Follow-up 60 N, not confirm PET/CT, US, right thyroidectomy with lymph node Alive after
Moria'? examination/CT, PET- CT dissection 24 months
CTand US
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examinations of colorectal carcinoma incl thoracic, abdominal, and pelvic examinations, but not neck evaluation,may
lead to more cases being reported during autopsies. In the 13 reviewed cases, seven patients (53.85%) were diagnosed on
detailed routine follow-up examinations, higher than that reported in the past.* More cases of thyroid gland metastases
prior to the diagnosis of rectal cancer occurring may relate to improvements in follow-up techniques and more attention
to thyroid gland metastases. Early detection and treatment of malignant tumors have a positive effect on the prognosis of
patients, and the early detection of metastatic lesions will commonly change the treatment strategy, which may improve
the efficacy and prognosis.

The application of PET-CT increases the number of patients accidentally discovered with thyroid gland metastases in
clinical practice.'”'® In a retrospective study in which patients with a history of non-thyroid malignancies underwent
PET-CT examination, 71 cases (3.7%) had increased thyroid uptake, 20 patients underwent fine-needle aspiration biopsy
(FNAB), and 8 cases were finally diagnosed with malignant tumors (including primary thyroid tumors).'” In another
retrospective study, 24 patients with secondary thyroid carcinoma diagnosed by cytology and PET-CT were included,
while 16 patients showed no clinical symptoms. The original treatment plan has changed because of the discovery of
metastatic thyroid cancer.’’ The two retrospective studies emphasized the importance of PET-CT examination for
detecting potential metastases, especially non-symptom thyroid metastases. For patients with a history of malignant
tumors, PET-CT seems to be essential for patient management (follow-up and treatment plans). However, in view of the
higher possibility of malignancy of the goiter with increased®’ F-FDG uptake, the benefit-risk balance must be
considered, and further investigations should be conducted.

Fine-needle aspiration (FNA) has a high accuracy and specificity for the diagnosis of thyroid metastases. The
sensitivity for detecting thyroid cancer metastasis is 94%, and the specificity is 100%.?> With the improvement and
the increase using frequency of FNA technology, the detection rate of thyroid gland metastases is increasing.”> FNAB
avoids unnecessary surgical treatment. Some surgeons believe that surgical intervention is unnecessary without proven

survival benefits, "

and the source of the tumor and whether it is a sole metastatic site are all necessary factors for
surgical treatment.”'** But it is difficult to identify primary and secondary thyroid cancers. Metastatic colorectal
adenocarcinoma and thyroid papillary carcinoma have highly similar cell or columnar cell variants.?*** Considering
the differentiation of thyroid gland metastases from primary tumors and the diversity of primary tumors, physicians’
experience in suspecting thyroid cancer metastasis and extensive immunohistochemistry is necessary.

Immunohistochemistry (IHC) can distinguish most primary thyroid cancers from thyroid gland metastases. TTF1(-)
and TG(-) levels of thyroid tumors can be used to exclude primary tumors.

Immunohistochemistry provides an important clue for the diagnosis of primary tumors. And a clear history of colorectal
cancer is an important clue for accurate diagnosis, which is extremely important for selecting an appropriate immunohis-
tochemistry panel according reviewing literature. Some oncologic cases are difficult to diagnose because of the severe degree
of de-differentiation of tumor cells. Thyroid transcription factor-1 (TTF-1) is expressed in both thyroid cancer and lung
adenocarcinoma.?’” Molecular pathological analysis is required in complicated and poorly differentiated cases.

The stage of the primary tumor and the rate of spread of the primary tumor dissemination are key factors influencing
diagnosis,"® and identifying the origin of metastasis is important because the biological behavior of the primary tumor is
believed to be more affected on survival compared with the surgery. According to the autopsy results, breast cancer, lung
cancer, and malignant melanoma are the most common malignant tumors that metastasize to the thyroid with poor
prognosis.”® These metastases are clinically insidious and do not cause any symptoms. However, patients with primary
renal cell tumors have the longest interval between the diagnosis of the primary tumor and thyroid metastasis, and they
are more likely to undergo surgery for the primary tumor and thyroid metastasis® Patients with nodular thyroid lesions
also have a better prognosis than those with thyroid infiltration.”* MD Anderson Cancer Center’s>® retrospective study on
thyroid gland metastases showed that selective thyroidectomy for patients with metastatic thyroid cancer is safe and
prolongs survival. In this case, the patients received excision of primary and metastases, pre-operation and post-operation
chemotherapies, and targeted therapies, has a longer OS than mOS. Therefore, we believe that the significance of surgical
treatment for prolonging survival of patients with thyroid gland metastases is based on multiple factors. It mainly

depends on the isolation of thyroid metastasis and type of primary tumor.
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The evaluation of microscopic histopathological samples is still the gold standard for tumor diagnosis, and accurate
pathological reports are essential for selecting the best treatment plan and directly affect the survival time of patients.
However, histopathological examination is a time-consuming process, thus leading to treatment delays. In addition, the
process is subjective in nature, and the level of pathology experts is uneven, which directly affects the accuracy of
pathology reports. In the past few years, artificial intelligence (AI) has steadily entered the fields of medicine and
pathology. For faster and more accurate diagnosis, deep learning can assist in the pathological identification of tumors in
a variety of ways. According to the literature, further investigation has been conducted into the potential clinical practice
implementation of deep learning algorithms for the classification and diagnosis of CRC histopathology images. The
advancement made possible by deep learning algorithms has the potential to improve CRC detection’s accuracy and
efficacy.?~°

In the last few years, technological developments in the surgical field have been rapid and are continuously evolving.
One of the most revolutionizing breakthroughs was the introduction of the “Internet of Things” (IoT) concept within
surgical practice. [oT describes a network of Internet-based connected things equipped with sensing and actuating
devices, with data production, processing, and consumption abilities. The application of IoT has been studied for remote
guidance of surgery, remote monitoring of patients and visualization of surgery. Then this device can be used instead of
colonoscopy for those who cannot undergo colonoscopy due to psychological and physical problems. The device can
enter the intestine and transmit a series of information about the results, including images.®' In this way, screening for
colon cancer will be more convenient and acceptable

Conclusion

Due to regular follow-ups and improvement of diagnostic technology, more thyroid gland metastases can be diagnosed.
Positron emission tomography (CT), FNAB, and IHC play important roles in diagnosis, especially in patients with
a previous oncologic history. The thyroid is an important organ for colorectal cancer follow-up, and a sole thyroid mass
may be a potential metastasis. Within the background of unchangeable biological characteristics and stage of the primary
tumor, the early positive standardized treatment may prolong survival.

Abbreviations

CMT, colorectal metastasis to the thyroid; TTF1, thyroid transcription factor 1; TG, thyroglobulin; PET-CT, Positron
Emission Tomography-Computed Tomography; CEA, carcinoembryonic antigen; IHC, Immunohistochemistry; IoT,
Internet of Things.
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