
EXPERIMENTAL AND THERAPEUTIC MEDICINE  29:  77,  2025

Abstract. Thyroid hemiagenesis (TH) is a rare, congenital 
malformation defined as the absence of one thyroid lobe 
with or without an isthmus. By contrast, medullary thyroid 
cancer (MTC) is a rare thyroid malignancy, arises from 
parafollicular C cells. In the current study, a 33‑year‑old 
man presented with a small mass on the left side of the 
neck. Ultrasonography indicated a hyperechoic nodule in 
the left lobe of the thyroid gland and the right thyroid lobe 
could not be visualized. The patient underwent fine‑needle 
aspiration cytology and MTC was suspected. The patient 
underwent total thyroidectomy, bilateral central lymph 
node dissection and left cervical compartment dissection. 
L‑thyroxine (100  µg/per day) commenced immediately 
following thyroidectomy. During follow‑up (monitored 
every 3  months), the patient remained healthy with no 
evidence of recurrence.

Introduction

Thyroid hemiagenesis (TH), which was first reported in 1852, 
is a rare, congenital anatomical abnormality that is defined as 
the absence of one thyroid lobe with or without an isthmus (1). 
In the majority of cases, TH is discovered incidentally when 
performing imaging of the neck (1). However, to the best of 
our knowledge, the clinical significance of this malformation 
has not been fully elucidated. Therefore, to date, there are no 
clinical recommendations for patients with euthyroidism and 
TH.

Thyroid cancer is the most common endocrine malig‑
nancy (2) and the cancer with the fastest increasing incidence 

rate worldwide (2); it can be classified into papillary thyroid 
cancer and follicular thyroid cancer, which are derived from 
follicular cells. By contrast, medullary thyroid cancer (MTC), 
another type of thyroid cancer, arise from parafollicular C 
cells (3). In particular, MTC is a rare type of thyroid cancer 
and only accounts for 3% of all thyroid malignancies (4,5). 
The 10‑year survival rate of MTC is ~50%, while the 10‑year 
survival rate of differentiated thyroid cancer, including papil‑
lary and follicular thyroid cancer, is 94% (5,6). However, the 
co‑occurrence of TH and thyroid cancer is rare, where in the 
majority of cases co‑occurrence presents as synchronous TH 
and papillary thyroid cancer (7). To date, to the best of our 
knowledge, only one case of TH and MTC co‑occurrence of 
has been reported (8). In addition, the treatment strategy of 
concurrent TH and MTC has not been well‑illustrated. The 
present report chronicles a rare case of synchronous TH and 
MTC and summarizes the epidemiology of the condition, 
thyroid gland embryology and the treatment strategy for 
synchronous TH and MTC.

Case report

A 33‑year‑old man was referred to the thyroid clinic of Weifang 
People's Hospital (Weifang, China) in May 2022, as a lesion on 
the left thyroid lobe had been incidentally discovered during 
a routine health examination 1 month previously. The patient 
had no personal or family history of endocrine disorders. The 
patient's physical examination was unremarkable. Laboratory 
tests (Table I) showed a thyroid‑stimulating hormone (TSH) 
level of 3.4  µU/ml (normal range: 0.5‑5.5  µU/ml), serum 
calcitonin level of 115.2 pg/l (normal range: 0‑6.4 pg/l) and 
serum carcinoembryonic antigen (CEA) level of 30.7 ng/l 
(normal range: 0‑5 ng/l). Laboratory tests results showed that 
the patient might suffer from MTC.

Ultrasound of the neck revealed that the left thyroid lobe 
contained an irregular, hypoechoic, hypervascular tumor with 
a long diameter of 1.5 cm (Fig. 1A). Cervical CT imaging 
showed a thyroid tumor located in the left thyroid (Fig. 1B). 
The right thyroid lobe could not be visualized in the ultra‑
sound and CT images. The patient underwent fine‑needle 
aspiration cytology. The result showed that the morphology of 
the cells was spindle shaped (Fig. 2) and MTC was suspected. 
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However, ultrasound and CT showed that no suspicious lymph 
nodes were apparent.

The patient underwent total thyroidectomy, bilateral 
central lymph node dissection and left cervical compartment 
dissection in May 2022. The intraoperative findings indicated 
right‑sided TH and a suspicious lesion (13x12 mm.) in the left 
thyroid lobe with an isthmus. Tissue specimens were fixed 
with 4% formalin at room temperature for 12 h, embedded in 
paraffin at 60˚C for 15 min, cut into 4‑µm sections, stained for 
5 min at room temperature with hematoxylin and eosin, and 
observed under a light microscope (Nikon Corporation). On 
their histopathology under the microscope, the lesion cells were 
observed to have round nuclei and clumped chromatin with 
scant amphophilic cytoplasm (Fig. 3). Immunohistochemical 
analysis of the tissue was performed. Tumor tissue was fixed 
with 4% neutral formalin at room temperature for 12  h, 
embedded in paraffin at  60˚C for 15  min, cut into 4‑µm 
sections and sealed with 3% hydrogen peroxide at room 
temperature for 10 min. Antigen retrieval was performed 
with EDTA at 100˚C for 2.5 min followed by washing with 
PBS. Primary antibody incubation was performed at 37˚C for 
60 min and secondary antibody incubation at 37˚C for 20 min. 
The Anti‑CEA antibody was purchased from Santa Cruz 
Biotechnology. The other primary antibodies were purchased 
from Beyotime Institute of Biotechnology. The following 
primary antibodies were used: Calcitonin (cat. no. AG8159; 
1:100), CEA (sc‑48364; cat.  no.  AF6480; 1:100), thyroid 
transcription factor 1 (TTF‑1; cat. no. AG8751; 1:100) and 
thyroglobulin (TG; cat. no. AG3385; 1:100). Biotinylated Goat 
anti‑Mouse and Rabbit secondary antibodies were obtained 
from OriGene Technologies, Inc. (cat. no. PV‑6000; 1:500). 
Immunohistochemical staining results revealed positivity 
for calcitonin (Fig. 4A), CEA (Fig. 4B) and TTF‑1 (Fig. 4C) 
and negativity forTG) (Fig. 4D). The positivity of calcitonin, 
CEA and TTF‑1 enhanced the diagnosis of MTC, while nega‑
tive results for TG excluded the diagnosis of differentiated 
thyroid carcinoma. The lymphatic adipose tissue of the central 
compartment and the left cervical compartment was dissected. 
A total of 32 lymph nodes were discovered. Lymph node 
metastasis was detected in 4 of the 32 lymph node samples 
harvested.

Serum calcitonin and CEA levels dropped to normal 
1 week after the surgery (Table I). Replacement therapy with 
L‑thyroxine (100 µg/per day; lifetime) was performed at a TSH 
level of 0.5‑5.5 µU/ml. TSH, calcitonin and CEA were detected 
every 3 months and follow‑up ultrasound was performed every 
3 months. The latest follow‑up was performed in May 2024. 
Ultrasound showed no suspicious lymph nodes or recurrent 
lesions (Fig. 5). Laboratory tests illustrated a TSH level of 
3.1 µU/ml, a serum calcitonin level of 2.9 pg/l and a CEA level 
of 2.5 ng/l.

Discussion

TH is a rare, congenital abnormality that is defined as the 
absence of one thyroid lobe with or without an isthmus (1). 
MTC is a rare malignancy that is derived from neuroendocrine 
parafollicular C‑cells of the thyroid gland (3). To the best of 
our knowledge, only one case of the co‑occurrence of TH and 
MTC has so far been reported (8).

In the majority of cases, TH is accidentally discovered in 
patients with other thyroid conditions (9). Previous studies 
conducted in Northern Poland and Sicily have demonstrated 
that the prevalence of TH in adolescents is 0.05% (10,11), 
whereas its prevalence in Belgium in the population with 
similar demographics is ~0.2% (12). However, children with 
congenital hypothyroidism in Isfahan (Iran), where goiter 
and thyroid nodules are prevalent, tend to have a higher TH 
prevalence at ≤3.7% (13,14). In addition, TH is more common 
in females, with a female‑to‑male ratio of 4.3‑7:1 (15,16).

MTC is a rare type of thyroid cancer that accounts for 3% 
of all thyroid malignancies (4,5). Despite its relative rarity, 
MTC is associated with a significantly higher death rate 
compared with other types of thyroid cancer, such as papillary 
and follicular thyroid cancer (5,6).

A previous study has revealed that TH can co‑occur 
with certain benign thyroid conditions, such as Hashimoto's 
thyroiditis, simple goiters and subacute thyroiditis  (8). In 
addition, TH can co‑occurs with other types of thyroid 
cancer, including papillary and follicular thyroid cancer (8). 
However, to the best of our knowledge, there is only one 
reported case of TH and MTC co‑occurrence  (8). In that 
report, a 49‑year‑old woman with MTC and TH underwent 
a thyroidectomy plus ipsilateral central and lateral neck 
dissection, and achieved long‑term disease‑free survival (8). 
The present study reported another rare case of TH and MTC 
co‑occurrence.

Thyroid embryogenesis is a complex process that remains 
largely unknown. In addition, to the best of our knowledge, the 
mechanism underlying the lobulation of the thyroid primor‑
dium and controlling the descent of the thyroid gland has not 
been fully elucidated.

The thyroid gland is the first endocrine organ to develop 
during gestation. Derived from a medial anlage, it develops 
between the 3rd and 11th week of gestation (17). Thyroid anlage 
cells develop because of the proliferation of the endodermal 
epithelium that lines the floor of the primitive pharynx between 
the first and second pharyngeal arch (17). Subsequently, this 
midline structure undergoes numerous transformations, such 
as enlargement, bifurcation, lobulations and detachment from 
the pharynx (17). Accompanying the enlargement, the median 
thyroid anlage is initially hollow and spherical, where then it 
solidifies, forming follicular elements of the thyroid gland, 
after which it becomes a bilobed structure (18). During the 
5th week of gestation, the lateral thyroid primordia are derived 
from the ventral part of pharyngeal pouches in the ultimobran‑
chial bodies, where they are attached to the posterior part of 
the thyroid gland (19). The lateral primordia originate from 
neural crest cells and provide parafollicular C cells, which 
produce calcitonin (19). At the end of the 7th week of gesta‑
tion, the thyroid gland descends in front of the hyoid bone and 
laryngeal cartilage and then settles in its final position anterior 
to the trachea (17). Between the 8th and 12th weeks of gesta‑
tion, the thyroid follicular cells arise from the median thyroid 
anlage and incorporate iodine (17).

At present, TH is considered to be idiopathic, where 
theories of its etiology include genetic aberrations, defects 
in lobulation and failure of descent. A number of transcrip‑
tion factors, such as Forkhead Box Protein E1 (FOXE1), have 
been shown to be crucial in the proliferation and descent of 
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the thyroid primordial (20‑22). In addition, the mutation of 
these transcription factors (FOXE1, NKX2‑1 and PAX8) may 
induce TH occurrence (20‑22).

Regarding the diagnosis, in the majority of cases, TH 
is typically discovered incidentally during neck imaging. 
The diagnosis of TH can be confirmed if the contralateral 
thyroid tissue is revealed by ultrasonography, CT or thyroid 
scintigraphy  (7,23). The combination of ultrasound and 
scintigraphy or CT is sufficient to confirm the diagnosis 
of TH (7,23). However, thyroid scintigraphy alone cannot 
confirm the diagnosis of TH because of the presence of 

a non‑functional hypoplastic lobe, such as in unilateral 
thyroiditis (7,23). Ultrasound is considered the gold standard 
imaging modality for diagnosing TH due to its non‑inva‑
siveness, low cost and wide availability (7,23). In the present 
study, ultrasonography and CT showed that the right lobe 
of thyroid was absence. Therefore, the diagnosis of TH was 
confirmed.

In general, a cytological smear of a thyroid lesion is the 
first step in MTC diagnosis  (4,5). MTC cells are usually 
discohesive or weakly cohesive  (4,5). The morphology 
of MTC cells may be spindle‑shaped or epithelioid (4,5). 
However, the diagnosis of MTC via cytological smear is diffi‑
cult due to a variety of cellular morphologies, non‑typical 
cell shapes and low cellularity (4,5). Serum calcitonin levels 
of >100 pg/m may further confirm the diagnosis of MTC in 
ambiguous cases (4,5). In addition, CEA is another reliable 

Table I. Summary of patient's laboratory test results.

Test	 Pre‑surgery	 1‑Week post‑surgery	 1‑Month post‑surgery

Thyroid‑stimulating hormone, µU/ml	 3.4	 5.6	 2.7
Carcinoembryonic antigen, ng/l	 30.7	 4.2	 2.1
Calcitonin, pg/l	 115.2	 2.6	 3.4

Figure 1. Ultrasonography and CT images of the thyroid. (A) Ultrasonography revealing a hyperechoic nodule (indicated by an asterisk) in the left lobe 
without the right thyroid lobe. (B) CT imaging showing a solid nodule (indicated by an asterisk) in the left lobe without the right thyroid lobe. CT, computed 
tomography.

Figure 2. Fine‑needle aspiration of the right lobe showing a medullary 
thyroid tumor.

Figure 3. Histopathology of the lesion indicating a medullary thyroid tumor 
(hematoxylin and eosin staining; magnification, x200; scale bar, 100 µm).

https://www.spandidos-publications.com/10.3892/etm.2025.12827
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tumor marker of MTC (4,5). Pathology is considered to be 
the gold standard for MTC diagnosis (4,5). On immunohis‑
tochemistry, calcitonin, CEA will typically yield positive 
results, whereas TG should be negative (4,5). In the present 
case, the serum level of calcitonin and CEA was markedly 
higher compared with the normal level. MTC markers, 
including calcitonin and CEA, were positive, confirming the 
diagnosis of TH and MTC.

Regarding the treatment strategy and follow‑up, 
certain considerations should be made. In general, TH is 
associated with normal thyroid function, where clinically 
euthyroid patients should not be treated (7,23). However, 
TH can be found in association with other thyroid diseases, 
such as Hashimoto's thyroiditis, Graves' disease and 

hyperthyroidism (7,23). TH treatment should be performed 
in accordance with the co‑existing thyroid disease. In 
addition, TH with anatomic abnormalities, including the 
presence of a thyroglossal cyst or cervical thymic cysts, 
should be treated in accordance with other congenital 
diseases (7,23).

For patients with TH and MTC co‑occurrence, treatment 
should be performed in accordance with the MTC treatment 
guideline  (24). Surgery is the first step in MTC treatment 
and the scope of surgery should include the thyroid gland, 
bilateral central compartment lymph nodes and lateral neck 
lymph nodes in accordance with the serum calcitonin level. 
During follow‑up, measuring calcitonin and CEA levels every 
3 months is important to determine the chemical relapse of 
the disease. In addition, neck ultrasonography should be 
performed every 3 months to check for MTC relapse. In the 
present case, the patient remains healthy with no evidence of 
disease recurrence.

Notably, the present case has certain limitations. 
The pathology and clinical significance of TH were not 
completely illustrated. Therefore, gene mutation and 
epigenetic changes of TH require further investigation. 
Furthermore, the association between TH and other thyroid 
diseases has not been well‑studied. In future studies, 
high‑throughput technologies may discover the cause of TH 
in thyroid embryogenesis and the relationship between TH 
and other thyroid diseases.

In conclusion, TH is a rare congenital anomaly that is 
typically asymptomatic. MTC occurrence in the remnant 
lobe is uncommon. Knowledge of this rare type of thyroid 
disorder and immunohistochemical markers are key to 
making a correct diagnosis. The treatment strategy for 
TH and MTC co‑occurrence should follow the MTC 
guideline.

Figure 4. Immunohistochemical staining of the medullary thyroid cancer indicating that the tumor was (A) positive for calcitonin, (B) positive for carci‑
noembryonic antigen, (C) positive for TTF‑1 and (D) negative for TG (magnification, x200; scale bar, 100 µm). TTF‑1, thyroid transcription factor 1.TG, 
thyroglobulin.

Figure 5. Ultrasonography showing no recurrent lesion or suspicious lymph 
node.
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