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An intracranial yolk sac tumor
with initial symptom of
hemorrhage in the basal
ganglia: a case report
Qiang Liu1, Xuecui Du2, Yunyan Wang1, Ruihua Hou3,
Yuqing Chen4* and Teng Chen1*

1Department of Neurosurgery, Qilu Hospital of Shandong University, JiNan, China, 2Department of
Oncology, The Third People’s Hospital of Tai’an City, TaiAn, China, 3Department of Psychiatry, Clinical
and Experimental Sciences Faculty of Medicine University of Southampton, Southampton, United
Kingdom, 4School of Clinical Medicine, Addenbrooke’s Hospital, University of Cambridge,
London, United Kingdom
We report a case and follow-up of an adult male with intracranial yolk sac tumor

(YST). Initially, the patient presented with abnormal high signals in the right basal

ganglia on MRI, misdiagnosed as a cavernous hemangioma. However, within 2

years, the condition rapidly progressed into a large, hypervascular solid neoplasm

leading to a basal ganglia hemorrhage. Comprehensive evaluation of clinical

symptoms, imaging, surgical findings, serology, histopathology, and genetic

analysis confirmed the diagnosis of a yolk sac tumor. The patient underwent

prompt surgical resection followed by radiotherapy and chemotherapy. Six

months post-treatment, his condition remains stable, with no recurrence.

Notably, early MRI revealed Wallerian degeneration in the brainstem suggesting

that benign-appearing basal ganglia lesions may sometimes result from

malignant infiltration by germ cell tumors or other cancers. To prevent

misdiagnosis and ensure timely treatment, a stereotactic biopsy is

recommended. We hope this case provides a valuable reference for diagnosing

and treating YSTs and contributes to ongoing research aimed at improving

patient survival.
KEYWORDS

yolk sac tumor, intracranial germ-cell tumor, Wallerian degeneration, hemorrhage,
basal ganglia
Introduction

Yolk sac tumors (YSTs) typically originate in the gonads (ovary and testis), with

extragonadal primary sites being extremely rare accounting for only 10%–20% of cases (1).

YSTs primarily occur in children and adolescents, but are less common in adults (2).

According to the WHO classification, primary YSTs in the brain is categorized as an
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intracranial germ cell tumor representing approximately 7% of all

cases (3). The pineal gland and suprasellar region are the most

common parts of intracranial germ cell tumors (GCTs). Recent

reports have documented intracranial YSTs in the ventricle system,

basal ganglia, and other parts of the cerebral and cerebellar

hemispheres (4). However, primary YSTs in the basal ganglia

have rarely been documented. Here, we present a case of primary

intracranial YST with tumor-related hemorrhage detailing the

patient’s clinical symptoms, diagnostic evaluation, differential

diagnosis, surgical treatment, and follow-up prognosis.
Case presentation

Admission condition

The patient, a 22-year-old male, was admitted to the neurology

ward on 8 March 2023 following a 10-day history of headache and

vomiting, along with left upper limb weakness for 6 days. On

examination, his axillary temperature was 38.2°C, with stable vital

signs. He had a 5 × 5-cm stage 1 pressure ulcer in the sacral region

and a 3 × 3-cm stage 1 ulcer on the left lateral malleolus, along with

multiple abrasions on the left calf. His pharynx showed mild

congestion, and lung auscultation was clear without abnormal

sounds. The heart and abdomen revealed no significant

abnormalities. Notably, his pupils were asymmetrically dilated

(5 mm on the left, 3 mm on the right), though direct and indirect
Frontiers in Oncology 02
light reflexes were normal. He exhibited partial facial paralysis on

the left side, with uncoordinated muscle strength and increased

muscle tone in his left limb. Stiff neck, Kernig, and Brudzinski signs

were positive, as were pathological reflexes. He also had urinary

incontinence and constipation for over a week. The patient had a

prior history of basal ganglia hemorrhage 2 years earlier initially

diagnosed as a “cavernous hemangioma.” He was also a heavy

smoker and drinker.
Imaging examination

Two years ago, the patient underwent brain MRI, including an

SWI sequence, which revealed patchy lesions in the right basal ganglia

measuring approximately 1.4 × 1.1 × 1.6 cm. T1-weighted imaging,

T2-weighted imaging, T2-FLAIR, and DWI showed low peripheral

and high internal signals (Figures 1A–D), with similar findings on

SWI (Figures 1E, F). He was diagnosed with cavernous angioma

during the recovery period from hemorrhage. However, after his

current admission, an urgent brain CT revealed hemorrhage in the

right basal ganglia and corona radiata, along with supratentorial

ventricular enlargement. Neurology consultation initially suggested

a ruptured arteriovenous malformation in the basal ganglia

(Figure 2A), but a tumor was also considered. A follow-up

enhanced brain MRI showed an irregular mass with heterogeneous

signals: high on T1-weighted (Figure 2B), low signal in T2-wieghted

(Figure 2C), and mixed on diffusion-weighted imaging (Figure 3A).
FIGURE 1

Magnetic resonance imaging (MRI) from previous admission 2 years ago. (A) Axial T1-weighted image. (B) Axial T2-weighted image. (C) Axial T2-
FLAIR image. (D) Axial DWI image. (E, F) Axial SWI image.
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FIGURE 2

Cranial computed tomography (CT) scan and magnetic resonance imaging (MRI) on the current admission. (A) Emergency head CT scan showed an
amount of hemorrhage in the right basal ganglia. (B) Axial T1-weighted images. (C) Axial T2-weighted images.
FIGURE 3

(A) Axial DWI images. (B—D) Enhanced MRI scan showed a 6.4 * 4.8 * 5.1-cm mass in the right basal ganglia.
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The tumor measured 6.4 × 4.8 × 5.1 cm at its largest section

(Figures 3B–D), with surrounding edema and protrusion into the

midbrain aqueduct causing supratentorial ventricular dilation. Based

on the CT and MRI findings, a hemorrhagic, hypervascular tumor in

the right basal ganglia–corona radiata region was diagnosed. To rule

out distant metastasis, a thoracic–abdominal–pelvic CT scan was

performed revealing no abnormalities.
Operation

Before the surgery, we assessed the patient’s heart, lung, and

kidney functions, as well as his tolerance to anesthesia. The family

was informed of the risks and potential complications. Following a

multidisciplinary discussion, and at the strong request of his

parents, we proceeded with “resection of the basal ganglia tumor

via right frontotemporal craniotomy, evacuation of intracerebral

hematoma, and lateral ventricular puncture and drainage” under

general anesthesia on 16 March 2023.

The procedure began with marking the left para-midline

followed by a 3-cm incision. A burr hole was drilled, and the

ventricular end of the drainage tube was placed at the midpoint of

the line between the bilateral external auditory canals. Yellowish

cerebrospinal fluid with high pressure was noted, and the drainage

tube was connected and clamped. Next, an arc incision was made in

the right frontotemporal region exposing the frontal and temporal

skulls. The dura was incised, and cerebrospinal fluid was released.

As cerebral pressure decreased, the A1 segment of the anterior

cerebral artery, middle cerebral artery, and its branches were fully

exposed (Figures 4A, B). After protecting the surrounding arteries,

yellow-stained insular cortex tissue was noted, and brown fluid

under high pressure was aspirated, completely removing the

hematoma (Figure 4C). Further exploration revealed a tough,

highly vascular lesion invading the ipsilateral ventricular wall and

surrounding basal ganglia. The lesion’s unclear boundary with

normal brain tissue suggested a malignant tumor. Tumor
Frontiers in Oncology 04
decompression was achieved by resecting the tissue in blocks

(Figures 4D, E). Portions of the tumor invading the ventricular

wall were also removed, though the section closely related to the

caudate nucleus could not be fully excised. Following complete

hemostasis, a filament was placed in the cavity (Figure 4F), and a

drainage tube was inserted. The dura was sutured, with the defect

repaired using artificial material. The bone flap was secured with

absorbable plates, a second drainage tube was placed under the skin,

and the scalp was sutured and dressed. The patient received 4 U of

red blood cells and 380 ml of plasma before being transferred to the

ICU with endotracheal intubation.
Tumor markers

We monitored the patient’s tumor markers (5) 2 years ago, a

week before surgery, and at 1 week, 1 month, and 6 months post-

surgery (Figure 5). The AFP level was closely correlated with the

tumor’s progression, while cerebrospinal fluid LDH showed a slight

increase. Serum b-HCG, CEA, and NSE remained within normal

ranges. Notably, the patient had significantly low levels of FSH (0.69

mIU/ml, normal: 1.50–12.40 mIU/ml) and testosterone (0.93 nmol/

L, normal: 6.68–29.00 nmol/L) suggesting the possibility of a germ

cell tumor, such as a pineal tumor.
Pathological examination

The specimens removed during surgery consisted of gray or

gray red tissue measuring approximately 5.5 cm × 1.2 cm, with a

tough texture and surface clotting. HE staining (Figure 6) revealed

clear, bright cells with pathological nuclear division under the

microscope, arranged in sinusoidal, lacunar, and reticular

patterns. Typical Schiller–Duval bodies, loose reticular structures,

and acinar–adenoid formations were observed easi ly .
FIGURE 4

Key anatomic presentations during surgery (A–F). F. lobe, frontal lobe; L. sulcus, lateral sulcus; SMCV, superficial middle cerebral vein; T. lobe,
temporal lobe; ICA, internal carotid artery; ACA, anterior cerebral artery; MCA, middle cerebral artery; AChA, anterior choroidal artery; PCoA,
posterior communicating artery.
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Immunohistochemistry showed the following (Figure 7): EMA

(local +), CK (+), GFAP (−), OLig-2 (−), NeuN (−), ATRX (+),

Syn (−), EGFR (+), OCT-4 (−), CD30 (−), AFP (+), PLAP (local +),

SALL 4 (+), CD117 (−), INI-1 (+), BRG-1 (+), Ki-67 (+, 50%) (6–8).

Based on these findings, the final diagnosis was yolk sac tumor.
Molecular genetic examination

Previous studies have reported an increased incidence of YSTs

in men with Klinefelter syndrome (47, XXY) (9) and in individuals

with trisomy 21 (Down syndrome) (10). Molecular biological

studies have also revealed abnormal genome copies and loss of

heterozygosity in intracranial GCTs (11). Given the patient’s family

history of spontaneous abortion and infant death, we investigated

potential genetic abnormalities. After consulting with his family,

blood and tumor samples were collected for genomic exon

sequencing. Although the karyotype was normal, significant

somatic genomic instability was observed, including copy number

variation (CNV) and loss of heterozygosity (LOH) (Figures 8A, C,
Frontiers in Oncology 05
D). Genomic data were further analyzed using OncodriveCLUST

(12) and OncodriveFM (13) scoring and comparing each

gene based on these models. The top 20 driver genes promoting

tumor progression and their associated mutation types were

predicted (Figure 8B).
Treatment and follow-up

Postoperatively, external ventricular drainage was used to clear

operative area bleeding, and mannitol was administered to reduce

intracranial pressure, along with sedation, antibiotics, and

nutritional support. The dressing was changed every 2–3 days,

and the ventricular drainage tube was removed after 1 week.

However, multiple CT scans revealed a lateral ventricle

hematoma with mild dilation (Figure 9) prompting the decision

to insert a lumbar puncture tube for continuous external lumbar

drainage. After 1 week of cerebrospinal fluid drainage, the patient’s

consciousness gradually improved, though residual left limb

weakness persisted (muscle strength grade 3). In consultation
FIGURE 5

The fluctuation of tumor markers in the blood and cerebrospinal fluid.
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with the oncologist, radiotherapy and chemotherapy were

recommended to reduce the risk of tumor recurrence. The patient

was discharged on postoperative day 18. During the 6-month

follow-up, the patient initially received BEP chemotherapy

(bleomycin–etoposide–cisplatin) at the local hospital, but

treatment was discontinued due to severe side effects and replaced

with whole-brain radiotherapy (40–50 Gy). To date, he has

completed 30 sessions of radiotherapy and is in generally good

condition, able to get out of bed, but still experiences mild confusion

and cognitive impairment. We will continue long-term follow-up to

monitor his prognosis.
Frontiers in Oncology 06
Discussion

In 1959, G. Teilum (14) found a tumor in a testis and an ovary

with a tissue structure similar to the endodermal sinus of rat

placenta naming it “Endodermal sinus tumor” for the first time.

Subsequent clinical case reports and histopathological evidence led

to the conclusion that these tumors originate from residual yolk sac

tissue from the third to fourth week of embryonic development.

Under certain conditions, these cells can continuously grow and

differentiate (15, 16). Typically, the yolk sac migrates and

degenerates to the gonadal crest during embryonic development
FIGURE 7

Positive immunohistochemical staining (×200).
FIGURE 6

(A) HE staining at low magnification (×100) showing a sinusoid lacunar or reticular growth pattern of tumor cells. (B) Typical Schiller–Duval bodies.
(C) Loose reticular structures (×200). (D) Acinar–adenoid structures (×200).
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contributing to the formation of primordial germ cells, which is

why 80% of YST occur in the gonads. However, during migration,

some primordial germ cells may remain in or migrate to body cavity

tissues or ectodermal trophoblast tissues leading to extragonadal

YST in locations, like the abdominal cavity, thoracic cavity, or

craniocerebral region, accounting for approximately 10%–15% of

cases (17). Additionally, dislocation of pluripotent embryonic cells

into the lateral mesoderm or abnormal aggregation in different

brain regions may contribute to the occurrence of intracranial YSTs

(18). For instance, Lee et al. have found that endogenous neural

stem cells in the brain can be induced to differentiate into YST (19).

The clinical manifestations of intracranial YSTs often lack

specificity. Similar to other brain tumors, the symptoms are
Frontiers in Oncology 07
closely related to the size and location of the mass primarily

manifesting as compression of adjacent tissues and space-

occupying effect. Tumors originating in the pineal region, like

pinealoma, can compress or obstruct the cerebral aqueduct

leading to increased intracranial pressure, drowsiness, abnormal

visual field, epilepsy, and ataxia (20). Approximately 75% of these

tumors invade the quadrigeminal plate causing Parinaud syndrome

characterized by binocular vision disturbances and convergence

dysfunction. Tumors in the sellar region, like pituitary adenoma or

craniopharyngioma, often affect the optic chiasm and nerves

resulting in vision impairment, loss, or even blindness. They can

also damage the hypothalamic–pituitary axis causing precocious

puberty, sexual retardation, diabetes insipidus, and pituitary failure
FIGURE 8

(A) G-banded chromosome karyotype. (B) Tumor-driver genes based on OncodriveCLUST (left) and OncodriveFM (right) prediction models. (C)
Analysis of somatic CNV (copy number variation) in chromosomes. Red points mean an increase in copy number; blue points mean a reduction in
copy number; other data are marked in green points. (D) Analysis of somatic LOH (loss of heterozygosity) in chromosomes. Orange indicates a
uniform AB allele distribution, and blue indicates a preference for AB allele distribution, where loss of heterozygosity occurred.
FIGURE 9

The change in head CT after operation.
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(21). Tumors located in the basal ganglia and lateral ventricles, such

as ependymoma or glioma, are associated with hemiplegia, fever of

unknown origin, visual symptoms, and obstructive hydrocephalus

(mental symptoms, convulsions, precocious puberty, diabetes

insipidus, etc.). Moreover, the duration of symptoms vary from 1

month to 4.5 years, with an average of 1.5 years (22–25). However,

this case was unique, as hemorrhage in the basal ganglia was the first

symptom, a presentation rarely mentioned in the existing reports of

YST (10, 26–29). This increased the difficulty of differential

diagnosis, and the final diagnosis was confirmed via craniotomy.

Due to the rarity of yolk sac tumor, characteristic clinical

imaging features have not been well established. For example,

tumors with a rich blood supply are often associated with

hemorrhage leading to high or mixed density and irregular shapes

on initial head CT scans. In this case, the hemorrhage was

misinterpreted as being caused by a ruptured vascular

malformation. In addition, the hemorrhage manifestations could

also mask the symptoms of the tumor. However, enhanced MRI can

differentiate between tumors and vascular malformations, such as
Frontiers in Oncology 08
AVMs and cavernous hemangiomas. When a mass is not yet

formed in the early stages, PET-CT or stereotactic biopsy is

recommended if conditions permitted. In addition, we observed

significant Wallerian degeneration on the patient’s MRI, presenting

as T1 or long T1 and long T2 signals along the pyramidal tract strip

on the side of the lesion (Figures 10B, C), and mild brainstem

atrophy on the affected side (22–24, 30) (Figure 10A). That

suggested pyramidal tract damage caused by tumor infiltration

into the internal capsule or thalamus (31, 32). In some cases,

atrophy of the ipsilateral cerebral hemisphere has also been

observed (33). This typical MRI manifestation might be a

characteristic feature of germinomas in the basal ganglia region.

According to reported clinicopathological data, YSTs are

composed of primitive epithelial cells resembling yolk sac

endoderm. Their hallmarked morphological feature is Schiller–

Duval body, which is similar to glomerular structures composed

of monolayer cuboidal or columnar tumor cells and formed around

capillaries, thin-walled sinuses, or venules (17). Meanwhile, the

common histological features include loose reticular or sinusoidal-
FIGURE 10

(A) Axial T2-weighted images 2 years ago showed mild atrophy of the brainstem on the affected side. (B, C) Axial T2- and T1-weighted images this
time showed degeneration and damage of the brainstem conduction fiber bundles on the affected side.
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like structures, acinar–glandular tube-like formations, eosinophilic

hyaline bodies, and solid nest-like structures composed of basement

membrane-like material. Generally, the immunohistochemical

expression of AFP, CK, PLAP, SALL4, C-kit, Glypican 3

(membrane heparan sulfate glycoprotein) was positive, CD117

was partly positive, but OCT3/4, CD30, and b-HCG were

negative. Carcinoembryonic antigen (CEA), CK-Pan, CK7, and

EMA were expressed positively in tumor cells with adenoid

differentiation (34), as confirmed in this case (Figure 7). Other

studies had shown that HNF1b was significantly expressed in yolk

sac tumor with a sensitivity of 100% and a specificity of 80% (35).

Xiao et al. also proposed a new sensitive marker ZBTB16, with a

sensitivity of 100% and a specificity of 66% for diagnosing of YSTs

(36). Almost all YST patients exhibit elevated AFP levels in serum

and cerebrospinal fluid, likely due to tumor cells retaining the

ability to synthesize AFP, as seen in embryonic yolk sac. Talerman

et al. demonstrated that AFP is a specific marker for YSTs playing a

crucial role in its preoperative diagnosis and prognosis (37).

Despite few researches on the molecular pathogenesis of

intracranial GCTs, early studies have highlighted chromosomal

instability, particularly involving isochromosome 12p.

Fluorescence in situ hybridization has demonstrated amplification

at 12p13 in nearly all intracranial GCTs, regardless of histological

subtypes (38, 39). Terashima et al. identified mutations of CCND2

(12p13) and RB1 (13q14), along with the acquisition of PRDM14

(8q13), as factors associated with the development of YST (11).

With advancements in next-generation sequencing, frequent

abnormalities have been observed in the KIT/Ras and MAPK/

AKT/mTOR signaling pathways. Mutations in genes related to

the KIT/Ras and PI3K/AKT pathways are present across all

intracranial GCT subtypes (40–42). Consequently, future targeted

therapies aimed at the MAPK and PI3K pathways may prove

effective for refractory intracranial GCTs. Such therapies could be

integrated into treatment strategies for certain YST patients to

reduce or potentially eliminate the need for radiotherapy. In our

study, we observed numerous somatic genomic variations in the

patient (Figures 8C, D). Notably, genes, such as DDX11 (12p11.21),

IGLV2-18 (22q11.22), OR8G5 (11q24.2), PARP4 (13q12.12),

USP10 (16q24.1), and ZNF208 (19p12), exhibited multiple

mutations and demonstrated tumor-driving effects (Figure 8B).

For example, Yu et al. found that E2F1 could upregulate DDX11

promoting hepatocellular carcinoma progression via the PI3K/

AKT/mTOR pathway (43). Similarly, Xiang et al. showed that the

interaction between DDX11-AS1 and HNRNPC enhanced the

Wnt/b-catenin and AKT pathways, as well as epithelial–

mesenchymal transition (EMT), thereby facilitating glioma cell

proliferation and migration (44). Further basic research is

essential to fully elucidate the molecular mechanisms underlying

YST development.

In terms of treatment, because of its rarity, high malignancy,

invasiveness and resistance to radiotherapy and chemotherapy, the

prognosis for intracranial YSTs is poor, with a low long-term
Frontiers in Oncology 09
survival rate. Historical studies show a 1-year survival rate of 33%

(34) and a 3-year survival rate of 27% (16). For NGGCT patients

who received radiotherapy alone, the overall survival rate was only

20% and 40% (3, 45, 46). Currently, there is still no established

standard or criterion for YST treatment. The first-line strategy is

complete surgical resection followed by neoadjuvant chemotherapy

combined with radiotherapy (16, 47, 48). Common chemotherapy

regimens, such as BEP (bleomycin–etoposide–cisplatin) and PBV

(cisplatin–bleomycin–vincristine), are platinum based, with four to

six cycles recommended. For radiotherapy, the recommended dose

of whole-brain total spinal cord radiation (CSI) is 30–36 Gy, with a

boost to 54–60 Gy for tumor bed expansion. Secondary surgery is

allowed before radiotherapy (49). One month post-surgery, a head

CT showed a recurrence of lesions in the right basal ganglia with

high density (Figure 9D). Due to the patient’s intolerance to

chemotherapy and financial constraints, he had only received

whole-brain radiotherapy in a local hospital, with over 30 sessions

at 40–60 Gy resulting in satisfactory recovery (Figures 9E, F). At

present, the patient is in stable condition, and we continue to follow

up his progress.

In summary, we report a case of intracranial YST initially

presenting with basal ganglia hemorrhage. Due to the rarity, slow

progression and non-specific clinical course, early MRI signals were

unclear, and the absence of a mass led to misdiagnosis. Particularly,

the presence of both tumor and hemorrhage can complicate

diagnosis raising suspicion of aneurysm or cerebrovascular

malformation. In some cases, bilateral basal ganglia lesions may

be mistaken for neurodegenerative or autoimmune diseases (50)

further delaying optimal tumor treatment. The identification of a

slowly progressive lesion in the basal ganglia, along with ipsilateral

Wallerian degeneration on MRI and atrophy of the corresponding

cerebral hemisphere or brainstem, may serve as early markers of

tumor onset warranting further clinical investigation. Future

research should aim to elucidate the molecular mechanisms

underlying YST progression fostering the development of targeted

therapies and promoting a multidisciplinary approach to diagnosis

and treatment integrating both chemotherapy and radiotherapy.
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18. Echevarrıá ME, Fangusaro J, Goldman S. Pediatric central nervous system germ
cell tumors: a review. Oncologist. (2008) 13:690–9. doi: 10.1634/theoncologist.2008-
0037

19. Lee SH, Appleby V, Jeyapalan JN, Palmer RD, Nicholson JC, Sottile V, et al.
Variable methylation of the imprinted gene, SNRPN, supports a relationship between
intracranial germ cell tumours and neural stem cells. J Neurooncol. (2011) 101:419–28.
doi: 10.1007/s11060-010-0275-9

20. Chang CG, Kageyama N, Kobayashi T, Yoshida J, Negoro M. Pineal Tumors:
clinical diagnosis, with special emphasis on the significance of pineal calcification.
Neurosurgery. (1981) 8:656–68. doi: 10.1227/00006123-198106000-00004

21. Packer RJ, Cohen BH, Cooney K. Intracranial germ cell tumors. Oncologist.
(2000) 5:312–20. doi: 10.1634/theoncologist.2000-0312

22. Tamaki N, Lin T, Shirataki K, Hosoda K, Kurata H, Matsumoto S, et al. Germ
cell tumors of the thalamus and the basal ganglia. Child's Nervous System. (1990) 6:3–7.
doi: 10.1007/BF00262257

23. Soejima T, Takeshita I, Yamamoto H, Tsukamoto Y, Fukui M, Matsuoka S.
Computed tomography of germinomas in basal ganglia and thalamus. Neuroradiology.
(1987) 29:366–70. doi: 10.1007/BF00348916

24. Higano S, Takahashi S, Ishii K, Matsumoto K, Ikeda H, Sakamoto K.
Germinoma originating in the basal ganglia and thalamus: MR and CT evaluation.
AJNR Am J Neuroradiol. (1994) 15:1435–41.

25. Okamoto K, Ito J, Ishikawa K, Morii K, Yamada M, Takahashi N, et al. Atrophy
of the basal ganglia as the initial diagnostic sign of germinoma in the basal ganglia.
Neuroradiology. (2002) 44:389–94. doi: 10.1007/s00234-001-0735-1

26. Masuzawa T, Shimabukuro H, Nakahara N, Iwasa H, Sato F. Germ cell tumors
(germinoma and yolk sac tumor) in unusual sites in the brain. Clin Neuropathol. (1986)
5:190–202.

27. Oshita N, Yamashita K, Gotou K, Nagata I, Ueda H, Mitani T. A case of
endodermal sinus tumor in the basal ganglia associated with Down's syndrome. No
Shinkei Geka. (1993) 21:345–9.

28. Wang CH, Hsu TR, Yang TY, Wong TT, Chang FC, Ho DM, et al. Primary yolk
sac tumor of bilateral basal ganglia. J Chin Med Assoc. (2010) 73:444–8. doi: 10.1016/
S1726-4901(10)70096-4

29. Maeda Y, Yoshikawa K, Kajiwara K, Ideguchi M, Amano T, Saka M, et al.
Intracranial yolk sac tumor in a patient with Down syndrome. J Neurosurg Pediatr.
(2011) 7:604–8. doi: 10.3171/2011.3.PEDS10500

30. Kim DI, Yoon PH, Ryu YH, Jeon P, Hwang GJ. MRI of germinomas arising from
the basal ganglia and thalamus. Neuroradiology. (1998) 40:507–11. doi: 10.1007/
s002340050634

31. Kwak R, Saso SI, Suzuki J. Ipsilateral cerebral atrophy with thalamic tumor of
childhood. Case Rep J Neurosurg. (1978) 48:443–9. doi: 10.3171/jns.1978.48.3.0443

32. Nagata K, Nikaido Y, Yuasa T, Fujimoto K, Kim YJ, Inoue M. Germinoma
causing wallerian degeneration. Case report and review of the literature. J Neurosurg.
(1998) 88:126–8. doi: 10.3171/jns.1998.88.1.0126

33. Maehara T, Machida T, Tsuchiya K, Iio M. Brain tumors with ipsilateral cerebral
hemiatrophy. AJNR Am J Neuroradiol. (1983) 4:478–80. doi: 10.1097/00004728-
198302000-00125
frontiersin.org

https://doi.org/10.4103/0019-509X.64730
https://doi.org/10.1007/s00381-020-04600-y
https://doi.org/10.3171/jns.1985.63.2.0155
https://doi.org/10.3171/jns.1985.63.2.0155
https://doi.org/10.1097/MD.0000000000025778
https://doi.org/10.1200/JCO.2000.18.22.3809
https://doi.org/10.1002/cncr.v115:12
https://doi.org/10.1097/PAS.0b013e3181a13eef
https://doi.org/10.1097/PAS.0b013e3181ad25d5
https://doi.org/10.1002/cncr.31667
https://doi.org/10.1007/s10014-012-0134-9
https://doi.org/10.1002/pbc.24833
https://doi.org/10.1093/bioinformatics/btt395
https://doi.org/10.1186/s13059-016-0994-0
https://doi.org/10.1002/1097-0142(195911/12)12:6%3C1092::AID-CNCR2820120606%3E3.0.CO;2-V
https://doi.org/10.1215/15228517-2007-054
https://doi.org/10.18103/mra.v6i3.1719
https://doi.org/10.3892/ol.2014.2340
https://doi.org/10.3892/ol.2014.2340
https://doi.org/10.1634/theoncologist.2008-0037
https://doi.org/10.1634/theoncologist.2008-0037
https://doi.org/10.1007/s11060-010-0275-9
https://doi.org/10.1227/00006123-198106000-00004
https://doi.org/10.1634/theoncologist.2000-0312
https://doi.org/10.1007/BF00262257
https://doi.org/10.1007/BF00348916
https://doi.org/10.1007/s00234-001-0735-1
https://doi.org/10.1016/S1726-4901(10)70096-4
https://doi.org/10.1016/S1726-4901(10)70096-4
https://doi.org/10.3171/2011.3.PEDS10500
https://doi.org/10.1007/s002340050634
https://doi.org/10.1007/s002340050634
https://doi.org/10.3171/jns.1978.48.3.0443
https://doi.org/10.3171/jns.1998.88.1.0126
https://doi.org/10.1097/00004728-198302000-00125
https://doi.org/10.1097/00004728-198302000-00125
https://doi.org/10.3389/fonc.2024.1402819
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2024.1402819
34. Gao Y, Jiang J, Liu Q. Clinicopathological and immunohistochemical features of
primary central nervous system germ cell tumors: a 24-years experience. Int J Clin Exp
Pathol. (2014) 7:6965–72.

35. Rougemont AL, Tille JC. Role of HNF1b in the differential diagnosis of yolk sac
tumor from other germ cell tumors. Hum Pathol. (2018) 81:26–36. doi: 10.1016/
j.humpath.2018.04.025

36. Xiao GQ, Li F, Unger PD, Katerji H, Yang Q, McMahon L, et al. ZBTB16: a novel
sensitive and specific biomarker for yolk sac tumor. Mod Pathol. (2016) 29:591–8.
doi: 10.1038/modpathol.2016.46

37. Talerman A. Endodermal sinus (yolk sac) tumor elements in testicular germ-cell
tumors in adults: comparison of prospective and retrospective studies. Cancer. (1980)
4 6 : 1 2 1 3 – 7 . d o i : 1 0 . 1 0 0 2 / 1 0 9 7 - 0 1 4 2 ( 1 9 8 0 0 9 0 1 ) 4 6 : 5 < 1 2 1 3 : : A ID -
CNCR2820460522>3.0.CO;2-Z

38. Okada Y, Nishikawa R, Matsutani M, Louis DN. Hypomethylated X
chromosome gain and rare isochromosome 12p in diverse intracranial germ cell
tumors. J Neuropathol Exp Neurol. (2002) 61:531–8. doi: 10.1093/jnen/61.6.531

39. Juric D, Sale S, Hromas RA, Yu R, Wang Y, Duran GE, et al. Gene expression
profiling differentiates germ cell tumors from other cancers and defines subtype-
specific signatures. Proc Natl Acad Sci U.S.A. (2005) 102:17763–8. doi: 10.1073/
pnas.0509082102

40. Wang L, Yamaguchi S, Burstein MD, Terashima K, Chang K, Ng HK, et al. Lewis
L et al: Novel somatic and germline mutations in intracranial germ cell tumours.
Nature. (2014) 511:241–5. doi: 10.1038/nature13296

41. Fukushima S, Otsuka A, Suzuki T, Yanagisawa T, Mishima K, Mukasa A, et al.
Tominaga T et al: Mutually exclusive mutations of KIT and RAS are associated with
KIT mRNA expression and chromosomal instability in primary intracranial pure
germinomas. Acta Neuropathol. (2014) 127:911–25. doi: 10.1007/s00401-014-1247-5

42. Ichimura K, Fukushima S, Totoki Y, Matsushita Y, Otsuka A, Tomiyama A, et al.
Suzuki T et al: Recurrent neomorphic mutations of MTOR in central nervous system
Frontiers in Oncology 11
and testicular germ cell tumors may be targeted for therapy. Acta Neuropathol. (2016)
131:889–901. doi: 10.1007/s00401-016-1557-x

43. Yu Y, Zhao D, Li K, Cai Y, Xu P, Li R, et al. E2F1 mediated DDX11
transcriptional activation promotes hepatocellular carcinoma progression through
PI3K/AKT/mTOR pathway. Cell Death Dis. (2020) 11:273. doi: 10.1038/s41419-020-
2478-0

44. Xiang Z, Lv Q, Zhang Y, Chen X, Guo R, Liu S, et al. Long non-coding RNA
DDX11-AS1 promotes the proliferation and migration of glioma cells by combining
with HNRNPC. Mol Ther Nucleic Acids. (2022) 28:601–12. doi: 10.1016/
j.omtn.2022.04.016

45. Hoffman HJ, Otsubo H, Hendrick EB, Humphreys RP, Drake JM, Becker LE,
et al. Intracranial germ-cell tumors in children. J Neurosurg. (1991) 74:545–51.
doi: 10.3171/jns.1991.74.4.0545

46. Matsutani M. Combined chemotherapy and radiation therapy for CNS germ cell
tumors–the Japanese experience. J Neurooncol. (2001) 54:311–6. doi: 10.1023/
A:1012743707883

47. Gaoyu C, Deyu G, Zhi C, Hua F. Yolk sac tumor in the fourth ventricle: a case
report. Clin Neurol Neurosurg. (2009) 111:636–7. doi: 10.1016/j.clineuro.2009.05.009

48. Huang X, Zhang R, Mao Y, Zhou LF, Zhang C. Recent advances in molecular
biology and treatment strategies for intracranial germ cell tumors. World J Pediatr.
(2016) 12:275–82. doi: 10.1007/s12519-016-0021-2

49. Goldman S, Bouffet E, Fisher PG, Allen JC, Robertson PL, Chuba PJ, et al.
Buxton AB et al: Phase II Trial Assessing the Ability of Neoadjuvant Chemotherapy
With or Without Second-Look Surgery to Eliminate Measurable Disease for
Nongerminomatous Germ Cell Tumors: A Children's Oncology Group Study. J Clin
Oncol. (2015) 33:2464–71. doi: 10.1200/JCO.2014.59.5132

50. Oyama N, Terae S, Saitoh S, Sudoh A, Sawamura Y, Miyasaka K. Bilateral
germinoma involving the basal ganglia and cerebral white matter. AJNR Am J
Neuroradiol. (2005) 26:1166–9.
frontiersin.org

https://doi.org/10.1016/j.humpath.2018.04.025
https://doi.org/10.1016/j.humpath.2018.04.025
https://doi.org/10.1038/modpathol.2016.46
https://doi.org/10.1002/1097-0142(19800901)46:5%3C1213::AID-CNCR2820460522%3E3.0.CO;2-Z
https://doi.org/10.1002/1097-0142(19800901)46:5%3C1213::AID-CNCR2820460522%3E3.0.CO;2-Z
https://doi.org/10.1093/jnen/61.6.531
https://doi.org/10.1073/pnas.0509082102
https://doi.org/10.1073/pnas.0509082102
https://doi.org/10.1038/nature13296
https://doi.org/10.1007/s00401-014-1247-5
https://doi.org/10.1007/s00401-016-1557-x
https://doi.org/10.1038/s41419-020-2478-0
https://doi.org/10.1038/s41419-020-2478-0
https://doi.org/10.1016/j.omtn.2022.04.016
https://doi.org/10.1016/j.omtn.2022.04.016
https://doi.org/10.3171/jns.1991.74.4.0545
https://doi.org/10.1023/A:1012743707883
https://doi.org/10.1023/A:1012743707883
https://doi.org/10.1016/j.clineuro.2009.05.009
https://doi.org/10.1007/s12519-016-0021-2
https://doi.org/10.1200/JCO.2014.59.5132
https://doi.org/10.3389/fonc.2024.1402819
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	An intracranial yolk sac tumor with initial symptom of hemorrhage in the basal ganglia: a case report
	Introduction
	Case presentation
	Admission condition
	Imaging examination
	Operation
	Tumor markers
	Pathological examination
	Molecular genetic examination
	Treatment and follow-up

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


