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Benign notochord cell tumor (BNCT) in the bilateral lungs is exceedingly rare.

This report details a case of a male patient diagnosed with primary bilateral lung

BNCTs and concurrent sacral tumors. As part of a routine health check-up, a

chest CT revealed suspicious nodules in both lungs. We performed a

thoracoscopic wedge resection of the nodules on him. The postoperative

pathological findings combined with CT and clinical manifestations confirmed

BNCT. Post-operatively, considering that BNCT commonly occurs in the axial

skeleton, we conducted an examination of the spine. Spinal CT and MRI revealed

suspicious sacral lesions in the S3 to S5 vertebrae, necessitating further

investigation and continuous follow-up monitoring. The simultaneous

occurrence of primary multifocal pulmonary BNCTs coexisting with sacral

tumors has never been reported before. Fully taking into account potential

associations with other diseases, careful follow-up and a comprehensive

diagnostic approach are essential for patients with pulmonary nodules.
KEYWORDS

benign notochord cell tumor, pulmonary nodules, lung tumor, notochord
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1 Introduction

In the 2020 WHO classification of bone tumors, BNCT is characterized as a spinal

tumor that is typically asymptomatic and often discovered incidentally during imaging

examinations of the head or spine (1). This article presents a case involving a male patient

discovered to have suspicious pulmonary nodules on CT during a routine health check-up.

Resection led to the diagnosis of BNCT. A postoperative examination identified a tumor

focus in the sacral spine. To our knowledge, there are no existing reports of primary BNCTs

involving both lungs along with sacral tumors.
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2 Case description

The patient is a 44-year-old male, non-smoker, who has been

working in the communications industry as a manager. He was found

to have lung nodules and mediastinal mass during a routine health

check-up one year ago. Over the past year, with regular follow-up
Frontiers in Oncology 02
exams, CT revealed multiple solid nodules in both lungs with well-

defined boundaries (Figures 1A–C). The largest lung nodule measured

approximately 16mm × 15mm. A distinct nodule approximately

16mm in diameter was also noted in the anterior superior

mediastinum, characterized by smooth edges. The patient had no

obvious clinical symptoms such as chest pain or hemoptysis.
FIGURE 1

(A–C) Preoperative CT showing multiple solid nodules in both lungs. (D, E) Lesions visible under thoracoscopy.
FIGURE 2

In the HE-stained pathological sections: (A, B) under 4x and 10x objectives lenses, tumor cells are diffusely distributed and have a loose structure.
(C, D) under 20x and 40x objective lenses, a large number of vacuolated cells can be seen.
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Considering the possibility of malignant transformation of the nodules

in the future, the patient strongly requested surgical resection of the

pulmonary nodules to obtain histological confirmation and clarify their

benign or malignant nature. So we performed surgery on the patient.

Before the operation, basic tests such as blood routine were performed

to ensure that the patient could tolerate the operation. Thoracoscopic

wedge resection of the lung nodules (Figures 1D, E) and mediastinal

mass was performed, during which no pleural adhesions or effusions

were observed. The excised tissues were sent for pathological

examination and immunohistochemistry. The patient recovered well

after the operation.

The mediastinal mass was identified as a tracheogenic cyst in the

pathological report and was deemed normal. The nodular lung lesions

exhibited lobulated growth and occasional nuclear divisions, with a

significant presence of vacuolated cells observed (Figure 2).

Immunohistochemistry results (Figure 3A–D): S-100 (+), CK (pan)

(+), D2-40 (–), SMA (-), HMB45 (-), PR (-), EMA (+), Vim (+), Ki-67

(+, 5%), These findings led to a diagnosis of the notochordal cell tumor.

To further confirm the notochordal origin of the tumor, we performed

immunohistochemical testing of brachyury (transcription factor for

notochord cell differentiation) on the pathological specimens again,
Frontiers in Oncology 03
and the results were positive (Figures 3E, F), which supported the

diagnosis of notochordal origin of the tumor. Based on all collected

data, the pulmonary nodules in this case were considered to represent

multiple BNCTs.

After receiving the postoperative pathology report, we noted

that BNCT typically occurs in intra-axial regions. Therefore, we

recommended the patient undergo a spinal CT and a whole-body

multimodal PET scan. CT images showed abnormal signal foci in

the S3 and S5 vertebrae (Figures 4A–C), without bone destruction

and osteolysis. In MRI images, lesions in S3 and S5 show low signal

on T1 and high signal on T2 (Figures 4D, E). In the S3 and S5 sacral

vertebrae, FDG metabolism was slightly increased in the lesions.

These findings suggest the presence of lesions suspicious for benign

tumors within the sacral spine. We will continue regular follow-up

of the patients’ sacral lesions.
3 Discussion

More than 95% of solitary pulmonary nodules are benign

lesions, such as intrapulmonary lymph nodes, granulomas, etc.
FIGURE 3

On immunohistochemistry analysis, the surgical specimen was positive for CK (A), EMA (B), Vim (C), S-100 (D) and Brachyury (E, F).
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Currently, differential diagnosis mainly relies on imaging features

and pathological test results (2). The largest pulmonary nodule in

this case is about 16mm×15mm. Previous case reports have

documented similar pulmonary nodule sizes, with benign lesions

including: pulmonary hamartoma (3), granulomatous infection (4)

and sarcoidosis (5). Malignant lesions include lung adenocarcinoma

(4), carcinoid tumor (6), prostate cancer lung metastasis (7) and

liposarcoma (8).

The academic community’s understanding of BNCT has

evolved significantly over the decades. The term was first

introduced in 1952 by Congdon, who labeled BNCT as “Benign

Chordomas” (9). Subsequently, various scholars have referred to

these tumors using terms like “giant notochordal rest” (10) and

“giant notochordal hamartoma” (11). Yamaguchi et al. (12)

established the standard term “benign notochordal cell tumor”

in 2004.

While most BNCTs are small and clinically insignificant, with

over half of the lesions measuring less than 2 mm in diameter. There

are rare instances of large tumors that compress surrounding tissues

and cause symptoms (13). The tumor primarily appears at the base

of the skull and spine, with autopsy reports indicating incidence

rates of 11.5% in the clivus and 19% in the vertebrae (14). Notably,

extra-axial BNCTs are exceedingly rare, with documented cases all

occurring in the lungs (15–17). In their report, the diameters of the

lung nodules that were ultimately diagnosed as BNCT were 15 mm,

12 mm, and 20 mm, respectively. None of them mentioned the

presence of tumor lesions in the spine.
Frontiers in Oncology 04
BNCT does not cause bone destruction and lacks soft tissue

extension. On MRI, changes in signal intensity are evident.

Histologically, BNCT predominantly consists of vacuolated cells

resembling adipocytes, typically without an extracellular myxoid

matrix and exhibiting only mild atypia. Immunohistochemically,

BNCT expresses brachyury and keratins (CK8, CK18, CK19), and

usually tests positive for epithelial membrane antigen (EMA),

vimentin (Vim), and S-100 protein, which was consistent with

this case (12, 18). Special attention should be paid to the

differentiation of S-100-positive lesions with similar morphology,

including lipoastrocytoma, liposarcoma, lipoma, adipocytes,

chondroma, chondrosarcoma, glioma, and chordoma (19).

Therefore, a comprehensive diagnostic approach including

multiple imaging techniques and histopathological examination is

particularly important for distinguishing BNCT.

The WHO classification of notochordal tumors includes

Chordoma, BNCT, dedifferentiated chordoma, and poorly

differentiated chordoma. The characteristics and pathological

findings of the lung tumors in this case align closely with those of

previously reported BNCTs. It is currently believed that primary

BNCT in the lung results from notochord remnants that persist

during embryonic development. Embryological studies suggest that

notochord remnants can be present anywhere along the axial path

of notochord evolution (20).

In most cases, BNCT is in a quiescent state and is generally

considered to require no special treatment. Surgical resection is an

effective method for removing lesions, and there are currently no
FIGURE 4

Postoperative CT showed abnormal signal foci in S3 and S5 cones (A-C). Sacral lesions in the S3 and S5 pyramids can also be seen on MRI (D, E).
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reports of recurrence after BNCT surgery. But some scholars now

suggest that BNCT may be a precursor lesion of chordoma (21).

Unlike BNCT, chordoma is a highly malignant tumor characterized

by intracytoplasmic mucus and eosinophils, and it tends to recur

and metastasize, making it challenging to cure. Both BNCT and

chordoma share similarities in immunophenotype (22, 23),

ultrastructure (24, 25), and positive expression of Brachyury

transcription factor (26), suggesting a common origin from the

notochord during embryonic development. Furthermore,

immunohistochemical studies have shown positive results for p-

mTOR and p-p70 S6 in both chordoma and BNCT (27), indicating

that the mTOR pathway, crucial for cell growth, proliferation, and

metabolism, is active in these cells (28). Therefore, BNCT should be

given enough attention and close follow-up.

The differential diagnosis between BNCT and chordoma is

challenging. Compared with chordoma, BNCT has milder clinical

manifestations, often without subjective symptoms, and rarely shows

bone destruction in imaging. On pathological images, BNCT lacks

cellular atypia, mitotic activity, vascularity, extracellular myxoid matrix,

intracytoplasmic mucus, and eosinophils. Besides, researchers have

utilized various genetic analysis methods to explore the pathogenesis of

BNCT. For instance, Du et al. (18) examined 13 patients with skull base

BNCT, revealing copy number aberrations in chromosomes 1, 3, 6, 7,

12, and 19 in all subjects. Unlike chordomas, chromosome gains or

normal copy numbers are more common in BNCT, whereas

chromosome losses are uncommon.

The management of BNCT mainly relies on imaging and

histological features, which can be divided into typical BNCT and

atypical/indeterminate lesions. For typical BNCT (imaging

manifestations of lesions ≤35mm, no obvious clinical symptoms, no

soft tissue extension, no bone destruction, and no contrast

enhancement, Ki67 index ≤5%), regular imaging monitoring is

recommended, and the first follow-up is a CT or MRI review at

about 6 months. If there is no progression, the subsequent follow-up is

once a year, and no surgical intervention is required. For atypical or

indeterminate BNCT (such as imaging manifestations of enhanced

signal, bone destruction, soft tissue extension, dura mater involvement,

or lesion growth >1-2mm/year during follow-up, Ki67 index >5%),

tissue biopsy is recommended to clarify the pathological nature. If the

pathological examination indicates malignant transformation or a

progressive trend, surgical resection should be considered, and

radiotherapy or proton therapy can be combined after surgery to

reduce the risk of recurrence. For patients with neurological symptoms,

even if the imaging characteristics are consistent with typical BNCT, it

is still necessary to evaluate whether to perform surgical intervention.

All management decisions should be discussed by a multidisciplinary

team (MDT) to optimize treatment strategies and avoid unnecessary

treatment or delay in optimal intervention (29).

In this case, the sacral lesions appeared relatively regular on

imaging, showed no signs of obvious invasive growth, and exhibited a

slight increase in FDG metabolism. After discussion by our hospital’s

MDT, it was considered that the lesions in the sacrum were benign

and should be followed up regularly. If there is a tendency for

malignancy, early intervention should be carried out. If necessary,

we will perform surgical resection of the deteriorating sacral lesions
Frontiers in Oncology 05
with the patient’s consent, and we will send the pathological

specimens to hospitals or institutions with more advanced

equipment for histological and immunohistochemical testing. In

addition to the pathological results mentioned in this article, we

hope that future tests will include specific cytokeratin (such as CK8,

CK18, and CK19) to supplement more pathological evidence. This

case report highlights a rare instance of primary bilateral lung BNCTs

concurrently presenting with sacral tumors, providing a new

reference for thoracic surgeons in the diagnosis of pulmonary

nodules. At the same time, we should fully consider the association

between pulmonary nodules and diseases in other parts of the body.
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