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Abstract. Renal cell carcinoma (RCC) is the most common 
malignancy that metastasizes to the thyroid; however, metas‑
tasis of RCC to a primary tumor of the thyroid is rare. The 
present study reports the case of RCC that had metastasized 
to the primary thyroid tumor; namely, a hyalinizing trabecular 
tumor (HTT). Notably, the RCC was resected 2 years prior. 
A 60‑year‑old female patient was referred to Ningbo Beilun 
District People's Hospital with radiographic findings indi‑
cating thyroid nodules. The patient's previous mè dical history 
included a left nephrectomy for the treatment of clear cell 
(cc)RCC in February 2021. No other distant metastases were 
identified as of the latest follow‑up in April 2023. No abnor‑
malities were observed during thyroid function tests prior to 
thyroid surgery. The surgical specimen appeared as a multi‑
nodular goiter with a solid nodule measuring 55x41x33 mm 
on the left lobe of the thyroid. Microscopic examination 
revealed a gray‑yellow area inside the capsule of the largest 
nodule of the left lobe, which was composed of clear cells 
arranged in a solid pattern. Notably, tumor cells in other areas 
exhibited trabecular, nested and island patterns. Results of 
an immunohistochemical examination revealed that the clear 
cell lesion was negative for thyroid transcription factor‑1 and 
calcitonin, and strongly positive for carbonic anhydrase IX, 
common acute lymphoblastic leukemia antigen and vimentin. 
To the best of our knowledge, the present study is the first to 
report a case of ccRCC that had metastasized to a HTT. A 
preliminary analysis of the potential mechanisms underlying 
ccRCC metastasis was performed. Following total thyroidec‑
tomy, the patient was treated with levothyroxine, underwent 
anti‑programmed death‑1 monoclonal antibody immuno‑
therapy and small molecule tyrosine kinase inhibitor targeted 
therapy. An enhanced computed tomography scan revealed no 
evidence of metastatic disease to other organs. As of the latest 

follow‑up, the patient was in a good condition with no sign of 
metastasis or recurrence.

Introduction

Renal cell carcinoma (RCC) is a common malignant tumor 
of the urinary system, accounting for >85% of renal malig‑
nant tumors  (1). The most common pathological type of 
RCC is clear cell (cc)RCC, which is a malignant tumor that 
arises from the renal parenchymal urinary tubular epithelial 
system. The clinical symptoms of early ccRCC are minimal 
and the minority of symptomatic patients exhibit different 
manifestations, such as abdominal pain, hematuria, weight 
loss or abdominal mass. In total, ~30% of patients present with 
metastases of varying severity and 25% of patients develop 
metastases following radical nephrectomy (2).

The prognosis of patients with early ccRCC is positive; 
however, in the advanced disease stage, ccRCC often invades 
surrounding nearby organs and metastasizes to the blood‑
stream. ccRCC commonly metastasizes to organs such as the 
lungs, bones, liver and brain (3‑5). The prognosis of patients 
with metastatic ccRCC is poor, and the 5‑year survival rate is 
~9% (6,7). Metastasis of ccRCC to the thyroid gland, specifi‑
cally within a primary thyroid tumor (PTT), is rare.

The results of a previous study have indicated that the 
average duration from radical nephrectomy to the diagnosis 
of ccRCC metastasis to the thyroid is 8.7 years (8). To the best 
of our knowledge, only 11 cases of ccRCC metastasizing to a 
PTT have been reported (5,9‑17). These reports demonstrate 
that the immunohistochemical results of cells from metastatic 
ccRCC to PTT are typically negative for thyroglobulin, calci‑
tonin and thyroid transcription factor 1 (TTF‑1), and positive 
for common acute lymphoblastic leukemia antigen (CD10) 
and vimentin. Thyroid metastasis may be facilitated by hema‑
togenous dissemination through the paravertebral venous 
network. However, the etiology underlying the phenomenon 
of metastasis from one tumor to another remains elusive (18).

Thyroid tumors are classified into primary and metastatic 
tumors. Metastatic tumors are less common compared with 
primary tumors. Primary tumors include thyroid papil‑
lary carcinoma, follicular carcinoma, medullary carcinoma 
and hyalinizing trabecular tumor (HTT). Notably, HTT 
of the thyroid gland is a rare primary tumor with a female 
predominance (19), which accounts for ~0.2% of PTTs (19). 
HTT was initially reported by Carney et al in 1987 (20), and 
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this tumor originates from the thyroid follicular epithelium. 
It is named for its stromal hyalinization and the trabecular 
and cord‑like arrangement of the tumor. HTT often presents 
as a single, solid, well‑defined nodule with a gray‑yellow cut 
surface, medium texture and a fibrous capsule of varying 
thickness. HTT also exhibits unique histological features 
and protein expression level; for examples, the tumor cells of 
HTT are arranged in a trabecular pattern, with hyaline mate‑
rial visible between the trabecular cell nests, and the tumor 
cells are positive for TTF‑1 and CD56 (21). As the observed 
nuclear characteristics and hyalinization are comparable with 
papillary thyroid carcinoma, HTT is often misdiagnosed via 
cytological examination using fine needle aspiration biopsy, 
leading to poor patient outcomes and further complications in 
tumor classification (22). In the early stages of the disease, no 
specific indicators are observed during clinical examination, 
only presentation with a thyroid nodule.

The present study presents a case of ccRCC metastasizing 
to a HTT of the thyroid.

Case report

In April 2023, a 60‑year‑old female was referred to Ningbo 
Beilun District People's Hospital (Ningbo, China) with radio‑
graphic findings indicating thyroid nodules. The previous 
medical history of the patient included a left radical nephrec‑
tomy in February 2021, performed for the treatment of ccRCC. 
Histological examination revealed grade 1 ccRCC (23), and 
no other distant metastases were observed during follow‑up. 
As shown in Fig. 1A, preoperative thyroid ultrasound exami‑
nation results indicated a hypoechoic nodule in the left lobe 
of the thyroid [Thyroid Imaging Reporting and Data System 
(TI‑RADS) 4a] and a nodule in the right lobe of the thyroid 
(TI‑RADS 3). TI‑RADS is a classification level for thyroid 
nodules, where TI‑RADS 4a indicates the presence of one of 
the following ultrasonographic malignant features: Extremely 
hypoechoic, microcalcifications or irregular microlobulated 
margins; the probability of malignancy in this category ranges 
from 5 to 10% (24). The results of computed tomography 
revealed enlargement of the left lobe of the thyroid with a 
mass‑like low‑density shadow inside, measuring ~40x32 mm 
(Fig. 1B). In addition, the left lobe exhibited poorly defined 
borders and an uneven density with visible calcifications inside 
the mass (Fig. 1B). Multiple small nodules were observed in 
the right lobe of the thyroid, with no abnormal density shadows 
observed in the isthmus of the thyroid. Notably, the patient 
did not present with enlarged lymph nodes on either side of 
the neck. The results of urine and blood tests were normal, 
and normal functioning of the thyroid and parathyroid was 
observed. Given the large size of the mass, there was a risk 
of tracheal deviation and compression. The patient's history 
of ccRCC and the potential for malignancy in the thyroid 
nodules was considered, and after the patient was informed, 
they refused fine needle aspiration cytology and opted for total 
thyroidectomy.

Specimens were surgically obtained via total thyroidec‑
tomy. Intraoperatively, diffuse enlargement of the left lobe of 
the thyroid was observed, along with multiple nodules with 
solid, clear borders. Notably, the largest nodule measured 
~55x41x33 mm. Multiple nodules were also observed in the 

right lobe of the thyroid, with solid, clear borders, measuring 
~24x14x11 mm. No nodules were observed in the isthmus.

Thyroidectomy specimens were fixed in 10% formalin 
for 48 h at 37˚C, routinely dehydrated, embedded in paraffin 
and cut into 4‑µm sections. Subsequently, H&E staining was 
performed for 40 min at 37˚C, then the sections were exam‑
ined under a light microscope (DM2000; Leica Microsystems, 
Inc.).

Immunohistochemical analyses were performed 
automatically using the Bench Mark ULTRA immunohisto‑
chemistry system (Ventana Medical Systems, Inc.), for which 
the paraffin‑embedded tissues were sectioned (4 µm) using a 
paraffin slicing machine, mounted onto poly‑L‑lysine‑coated 
glass slides and allowed to dry at  65˚C for 60  min. The 
sections were subsequently put into the immunohistochem‑
istry instrument for automated antigen retrieval (pH  9.0 
EDTA, 100˚C, 36 min) and blocking (3% hydrogen peroxide, 
37˚C, 4 min), followed by incubation with primary antibodies 
and the secondary antibody, and chromogenic development. 
The sections were incubated with the following primary 
antibodies: Neural cell adhesion molecule (CD56; mouse; 
cat. no. MAB‑0743), TTF‑1 (mouse; cat. no. MAB‑0599), cyto‑
keratin 19 (CK19; mouse; cat. no. MAB‑0829), chromogranin‑A 
(CgA; rabbit; cat.  no.  RMA‑0548), paired box 8 (PAX‑8; 
mouse; cat. no. MAB‑0837), carbonic anhydrase IX (CAIX; 
rabbit; cat. no. RAB‑0615), CD10 (mouse; cat. no. MAB‑0668), 
mucin‑1 (MUC‑1; mouse; cat.  no.  Kit‑0011), cytokeratin 
7 (CK7; mouse; cat.  no.  MAB‑0828), Ki‑67 (mouse; 
cat. no. MAB‑0672) (all from Fuzhou Maixin Biotechnology 
Development Co., Ltd.) and BRAF‑VE600E (mouse; 
cat. no. 790‑5095; Roche Diagnostics) for 1 h at 37˚C. The 
bound primary antibody was detected using a ready‑to‑use 
secondary antibody (UltraView Universal DAB detection kit; 
cat. no. 760‑500; Roche Diagnostics) for 36 min at 37˚C, and 
DAB (from the UltraView Universal DAB detection kit) was 
utilized as a chromogen for 8 min at 37˚C. After removing the 
sections from the instrument, they were immersed in distilled 
water containing detergent for washing and then rinsed with 
distilled water. Subsequently, the sections were dehydrated 
through a series of ethanol solutions and cleared with xylene 
before mounting the sections in an automated slide stainer. The 
sections were then ready to be observed under a microscope 
(Leica Microsystems, Inc. DM2000). A tumor measuring 
55x41x33 mm was observed in the left thyroid tissue section. 
In addition, the tumor appeared gray‑yellow in color, with 
areas of hemorrhage and a fibrous capsule on the periphery. A 
small area of ~8x5 mm was visible near the periphery of the 
tumor, with a multicolored appearance (Fig. 2A).

At a low magnification, the tumor boundary was clearly 
visible with a fibrous capsule (Fig. 2B). Tumor cells were 
composed of two histologically distinct cell types. In addi‑
tion, the tumors exhibited solid growth with small beam‑ and 
nest‑like structures, with transparent degeneration between the 
beams. Tumor cells were polygonal, fusiform, oval or elliptical 
in shape, with nuclear grooves, intranuclear pseudo‑inclusions 
and small nucleoli. Rare nuclear division figures were 
observed (Fig. 3A). Microscopic examination also revealed 
that a number of tumor cells were located within the inner side 
of the capsule and arranged in a nest‑like or glandular pattern. 
Regular reticular patterns were observed in the tumor and 
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these were composed of small thin‑walled blood vessels. The 
tumor cell cytoplasm was transparent, with clear capsules and 
circular nuclei, and the size was relatively uniform throughout. 
Results of the microscopic examination revealed nucleoli of 
several sizes, and acidophilic nucleoli (black arrow) were 
observed at x400 magnification (Fig. 3B).

Immunohistochemical analysis revealed that clear trabec‑
ular areas of the thyroid exhibited positive TTF‑1 (Fig. 4A) 
and CD56 staining (Fig. 4B), whilst calcitonin (Fig. 4C), meso‑
thelin (Fig. 4D), CK19 (Fig. 4E), BRAF‑V600E (Fig. 4F) and 
CgA (Fig. 4G) expression was negative. Positivity for Ki‑67 
was <5% of tumor cells (Fig. 4H). By contrast, the clear cell 
areas exhibited positive PAX‑8 (Fig. 5A), CAIX (Fig. 5B), 
CD10 (Fig. 5C), vimentin (Fig. 5D) and MUC‑1 (Fig. 5E) 
expression, while CK7 (Fig. 5F) expression was negative. 
The observed histological features and immune profile were 
consistent with metastatic ccRCC to the thyroid, with clear cell 
changes in the lamellar tumor.

In the present case, the patient was diagnosed with meta‑
static ccRCC to a HTT of the thyroid. Following surgery, the 
patient received levothyroxine therapy, with a regimen of 75 µg 
levothyroxine sodium tablets taken orally once daily, 1 h before 

breakfast. Thyroid function was followed up every 3 months to 
serve as the basis for dosage adjustment. she also underwent 
an enhanced computed tomography scan, which indicated that 
no metastasis to other organs had occurred (Fig. 6). The lungs 
and mediastinum (Fig. 6A), liver, gallbladder and stomach 
(Fig. 6B), intestinal tract and right kidney (Fig. 6C), as well as 
the uterus, bilateral adnexa and bladder (Fig. 6D), all showed 
no evidence of tumorous lesions. From May 18, 2023 to the 
present date, the patient has undergone programmed death‑1 
monoclonal antibody immunotherapy and small molecule 
tyrosine kinase inhibitor targeted therapy. As of the latest visit 
(October 2024), the patient was in a good condition with no 
sign of metastasis or recurrence, and regular follow‑ups every 
3 months have been arranged.

Discussion

Most patients with metastatic ccRCC to the thyroid present 
with painless masses, which are often misdiagnosed as a 
nodular goiter. Clinical symptoms associated with nodular 
goiters include dysphagia, respiratory distress, hoarseness, 
neck pain and a cough (25). In the present case, the patient 

Figure 1. Ultrasound and computed tomography imaging of the thyroid. (A) Ultrasonography revealed a well‑defined, hypoechoic mass (red arrow) with 
microcalcification, measuring 55x41x33 mm in the left lobe of the thyroid gland. (B) Computed tomography demonstrated that the left lobe of the thyroid 
gland was enlarged, with a mass‑like area of low density (red arrow), measuring ~40x32 mm. Tumor density was heterogeneous with visible calcifications.

Figure 2. Gross appearance and morphology of tumor tissue. (A) Thyroid tissue sections exhibited a well‑demarcated nodule with a pale brown appearance (red 
arrow) and a small golden‑yellow nodule beneath the capsule of the nodule (black arrow). (B) H&E staining revealed two distinct histological patterns located 
within the capsule (black and red arrows; magnification, x4).

https://www.spandidos-publications.com/10.3892/ol.2024.14851
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Figure 3. Histological features of tumor tissue at high magnification (magnification, x400). (A) The tumor exhibited two distinct histological patterns. On the 
right side, the tumor cells were arranged in a trabecular pattern, with eosinophilic and hyaline material (red arrow) visible between the trabeculae and the 
tumor cells. On the left side, the tumor was arranged in a nested pattern, composed of clear cells (black arrow). (B) The cytoplasm of the clear tumor cells was 
transparent with well‑defined capsules. Cell nuclei were relatively uniform in size, with nucleoli that varied in size. In addition, a rich vascular background was 
observed in the stroma. Results were obtained using H&E staining.

Figure 4. Immunohistochemical results of the clear trabecular area (magnification, x100). There was positive expression of (A) thyroid transcription factor‑1 and 
(B) neural cell adhesion molecules, and negative expression of (C) calcitonin, (D) mesothelin, (E) cytokeratin 19, (F) BRAF‑V600E and (G) chromogranin‑A. 
(H) Ki‑67 staining revealed a proliferative index of <5% (black arrows).
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Figure 5. Immunohistochemical results of the clear cell area (magnification, x100).There was positive expression of (A) paired box 8, (B) positive carbonic 
anhydrase IX, (C) common acute lymphoblastic leukemia antigen, (D) vimentin and (E) mucin1. (F) There was negative expression of cytokeratin 7 (black 
arrows).

Figure 6. Enhanced computed tomography of the chest, abdomen and pelvic regions 15 months post‑surgery indicated no mass lesions. Representative images 
of the (A) lungs and mediastinum, (B) liver, gallbladder and stomach, (C) intestinal tract and right kidney and (D) uterus, bilateral adnexa and bladder.

https://www.spandidos-publications.com/10.3892/ol.2024.14851
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presented with a painless cervical mass and no additional 
clinical symptoms. Notably, diagnosis of metastatic ccRCC to 
the thyroid remains challenging, due to the reliance on H&E 
staining. Using imaging, metastatic ccRCC to the thyroid 
typically appears as a single nodule, which may be misdiag‑
nosed as a primary tumor. During diagnosis of PTTs, HTTs 
of the thyroid may be misdiagnosed as medullary thyroid 
carcinoma, follicular adenoma or paraganglioma. Notably, 
immunohistochemistry and molecular testing are commonly 
used to distinguish between them (26). Specific tumor markers 
aid in determining the primary site of the metastatic tumor, for 
example, calcitonin is a specific marker for medullary thyroid 
carcinoma (27) and CAIX is a specific marker for ccRCC (28). 
Immunohistochemical analysis of the tumor revealed posi‑
tive TTF‑1 expression, which verified the presence of a PTT. 
Moreover, negative CK19, CgA and BRAF‑V600E expression 
and positive CD56 expression, in combination with positive 
periodic acid‑Schiff staining in the stroma, was indicative of a 
HTT of the thyroid gland. Subsequently, the primary objective 
was to determine the specific type of clear cell area within the 
tumor. The following markers were utilized: PAX‑8, CAIX, 
CD10, CK7, MUC‑1 and vimentin. Notably, CK7 exhibited 
negative expression, whilst CAIX, CD10, PAX‑8, MUC‑1 and 
vimentin all demonstrated positive expression. These findings 
had led to the diagnosis of the clear cell area as ccRCC.

In the diagnosis of RCC, to differentiate and distinguish 
between types, transcription factor 3 (TFE3) is commonly 
used for diagnosing TFE3 rearranged RCC (29,30); fuma‑
rate hydratase (FH) is used for diagnosing FH‑deficient 
RCC (29,30); and cytokeratin (CK) is used as an auxiliary 
diagnostic tool for ccRCC (29). When CAIX, CD10, PAX‑8 
and vimentin all exhibit positive expression, the CK marker 
can be omitted. Consequently, it seemed that it was unneces‑
sary to employ additional markers such as CK, TFE3 and FH 
for further characterization in the present study.

Collectively, immunohistochemical expression levels, 
the patient's medical history and H&E staining were used to 
verify ccRCC metastasis to a HTT of the thyroid. In clinical 
pathology, when tumor tissues outside the kidney exhibit 
morphological features similar to those of ccRCC, the afore‑
mentioned immunohistochemical markers can be used to 
assist in diagnosis.

In the 11 previously reported cases of ccRCC metas‑
tases to PTTs, there were four instances of the follicular 
variant of papillary thyroid carcinoma  (9‑12), four cases 
of follicular adenoma  (5,13‑15), one case of papillary 
thyroid carcinoma (16), one case of Hurthle cell (oncocytic) 
carcinoma (15) and one case of Hurthle cell adenoma (17). 
Although all cases were metastatic to thyroid tumors following 
ccRCC‑mediated radical nephrectomy, the histological 
features and biological behaviors of the tumor included in the 
present study differed from those previously reported. Among 
the 11 cases reported, there were 4 cases of follicular adenoma 
and 1  case of Hurthle cell adenoma, both of which were 
benign tumors. The morphology of their tumor tissues was 
characterized by complete encapsulation. However, they also 
exhibited certain distinct features. Specifically, Hurthle cell 
adenoma presented with abundant granules in the eosinophilic 
cytoplasm, whilst follicular adenoma displayed cells arranged 
in follicles of varying sizes. None of these five cases showed 

metastasis to other organs. The remaining six cases were 
malignant tumors. The follicular variant of papillary thyroid 
carcinoma displayed follicles of varying sizes and shared char‑
acteristics with papillary thyroid carcinoma cells. Both Hurthle 
cell (oncocytic) carcinoma and papillary thyroid carcinoma 
demonstrated invasive growth. Among these malignant cases, 
four cases exhibited metastasis to other organs, including the 
liver, pancreas, contralateral kidney, spine and subcutaneous 
tissue. In the present case, the tumor cell exhibited unique 
clear cell alterations with hyaline stroma, which was different 
from previously reported cases. The biological behavior of the 
tumor was intermediate between that of benign and malignant 
tumors, showing differences from both.

Few studies have focused on the mechanisms underlying 
metastatic ccRCC to the thyroid. The rarity of this tumor 
may be due to high levels of oxygen and iodine as a result of 
abundant blood flow in the thyroid (31). In diseases such as 
chronic thyroiditis or nodular goiter, the oxygen and iodine 
content in the thyroid decreases, leading to higher levels 
of metastasis to the thyroid (32‑34). In a previous study, a 
metabolic hypothesis was proposed, also known as the ‘seed 
and soil’ hypothesis. This hypothesis emphasizes the interac‑
tion between tumor cells (seeds) and the microenvironment 
of the target organ for metastasis (soil). This theory denotes 
that the metastasis and growth of tumor cells are not only 
determined by the biological characteristics of the tumor cells 
themselves but are also influenced by the microenvironment 
of the target organ (5). In addition, a mechanical hypothesis 
was proposed, which suggested that tumor cells metastasize 
to other tumor tissues through the circulatory system, where 
they colonize and grow. During metastasis, tumor cells may 
easily invade the recipient tumor tissue due to an abundant 
vascular supply (35). The interstitium of a HTT contains an 
abundant microvascular network (36), and this rich vascular 
network not only provides nutrients and oxygen for metastatic 
tumor cells, but also alters the microenvironment of the 
recipient tumor cells (9). Moreover, the abundant vascular 
network may also alter the micromechanical environment 
of the recipient tumor cell matrix, and such changes may 
promote the metastasis of tumor cells (37). The mechanism 
underlying ccRCC metastasis to an HTT is complex, and both 
metabolic and mechanical hypotheses are valid. However, 
further investigations are required to determine the specific 
mechanisms involved.

Treatment of metastatic thyroid tumors may include 
surgery, radiotherapy or chemotherapy. Surgical intervention 
is the primary integrative therapeutic approach, involving 
total or partial thyroidectomy, along with cervical lymph 
node dissection. Following surgery, patients are treated with 
long‑term oral thyroid hormone replacement therapy  (38). 
Thyroidectomy is considered a more effective treatment option 
than radiotherapy and chemotherapy (39). However, there is 
ongoing debate regarding the surgical management of meta‑
static thyroid tumors. In cases involving unilateral nodules, 
unilateral thyroidectomy is favored to minimize damage to 
the recurrent laryngeal nerve and parathyroid glands (40). 
However, patients that undergo total thyroidectomy exhibit a 
lower rate of recurrence (41). For patients with multiple and 
small bilateral lesions, total thyroidectomy may be recom‑
mended to prevent relapse (42). Determining the appropriate 
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surgical approach for patients requires a comprehensive 
assessment by the clinician, for the development of an indi‑
vidualized treatment plan.

In conclusion, metastasis of ccRCC to a HTT is rare, 
with clinical manifestations that are not specific to the tumor 
type, leading to challenges in clinical diagnosis. Accurate 
pathological diagnosis combined with clinical information 
and immunohistochemical analysis are crucial for the devel‑
opment of an individualized treatment plan.
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