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Abstract
Purpose: The disadvantages of biopsy for lesions in the basal ganglia and thalamus include a risk of various complications, di�culty in
selecting the target tissue in some cases due to indistinct neuroimaging �ndings and limited availability of sample tissue. Placental alkaline
phosphatase (PLAP) plays a decisive role in the diagnosis and management of intracranial germ cell tumors (IGCTs) in the basal ganglia and
thalamus. The present study aimed to demonstrate the ability, speci�city, and optimal use of PLAP values obtained from cerebrospinal �uid
(CSF).

Methods: Twenty patients with lesions in the basal ganglia and thalamus were enrolled in this study: 11 had IGCTs and 9 had non-IGCTs. The
values of PLAP and other established tumor markers in the CSF were measured in all patients before treatment.

Results: The mean follow-up period was 76.0 months (range, 3–168) for all lesions. PLAP was elevated in all 11 patients with IGCTs in the
basal ganglia or thalamus, whereas none of the patients with non-IGCT exhibited elevated PLAP. Thus, the sensitivity and speci�city of PLAP
were both 100%.

Conclusion: Our data demonstrated that the PLAP value can speci�cally identify the germinomatous component even in cases of IGCTs in the
basal ganglia or thalamus with high sensitivity and speci�city. PLAP is undoubtedly bene�cial for the safe and timely detection of the
germinomatous component of IGCTs in the basal ganglia and thalamus, because reliance on PLAP measurement enables us to avoid invasive
surgical procedures and facilitates the prompt initiation of chemoradiation therapy.

Introduction
Lesions in the basal ganglia and thalamus have various origins such as tumors (i.e., gliomas, intracranial germ cell tumors [IGCTs], embryonal
tumors with multilayered rosettes, lymphomas, etc.), vascular disease, and degenerative disorders (i.e., multiple sclerosis [MS], neuromyelitis
optica [NMO], acute disseminated encephalomyelitis [ADEM], etc.), among others [1-5]. The treatment differs for each condition [6]. For
instance, surgical resection, endovascular treatment, or stereotactic radiosurgery can be effective treatment modalities for vascular disease,
while steroid therapy is used for degenerative disorders. The management of tumors is based on the World Health Organization (WHO)
classi�cation of tumors, which usually requires an accurate histopathological diagnosis. However, tumors of the basal ganglia and thalamus
are less amenable to surgical resection owing to their deep-seated and functionally important location [7]. Thus, stereotactic biopsy is
generally performed for obtaining tumor samples for histopathological analysis [8]. Stereotactic biopsy is a well-established procedure and is
considered relatively safe, although the morbidity of this procedure for basal ganglionic and thalamic lesions is reportedly higher than that for
lesions in other intracranial regions [9,8]. Neuroimaging was therefore studied in detail as an alternative to stereotactic biopsy, but
unfortunately yielded indecisive results. In contrast, cerebrospinal �uid (CSF) analysis are relatively reliable when speci�c items or tumor
markers are elevated, as in the case of degenerative disorders and IGCTs [1]. CSF tumor markers such as human chorionic gonadotropin
(HCG), HCG-beta, and alpha-fetoprotein (AFP) are currently used routinely for differentiating IGCTs from other tumors [10]. However, these
tumor markers can detect only a limited subset of IGCT components [11]. For instance, pure germinoma, the most common histological type
of IGCT, presents with elevation of these tumor markers only occasionally, which has greatly increased the demand for a speci�c tumor marker
for germinomas.

We have advocated the use of CSF PLAP measurements for the diagnosis of germinomas [12-14]. The measurement of PLAP is useful not
only for the diagnosis of pure germinomas but also for detecting the germinomatous component within mixed germ cell tumors because it is
a good indicator of the proportion of the germinomatous component [12,13,15]. However, we have been concerned with whether the value of
PLAP in the CSF can truly re�ect the existence of germinomas located in the basal ganglia or thalamus, since these tumors are sometimes far
from any ventricle, unlike IGCTs in typical location such as the suprasellar or pineal regions.

The present study aimed to clarify the diagnostic capabilities of this marker and the optimal use of CSF PLAP value over the clinical course,
by comparing 11 cases of basal ganglionic and thalamic IGCTs with 9 cases of non-germ cell tumor.

Methods
Twenty consecutive patients with lesions in the basal ganglia or thalamus who were treated at our hospital between 2005 and 2020 were
enrolled in this case series study. Patients with vascular disease (i.e., cavernoma, arteriovenous malformation, etc.) con�rmed by three-
dimensional computed tomography, angiography, or other speci�c magnetic resonance imaging (MRI) modalities, were excluded. The value of
PLAP in the CSF was measured for all patients (Table 1). Eleven patients were diagnosed with IGCT; of these, 4 were diagnosed with germ cell
tumor based on elevated PLAP levels in the CSF and/or other CSF tumor markers, including HCG, HCG-beta, and AFP, without obtaining any
surgical specimen (Table 1). We set the cut-off value for CSF PLAP at 8 pg/mL [12]. For technical reasons, this is the minimum limiting value
for precise detection by chemiluminescent enzyme immunoassay, since the assay plateaus in sensitivity after 8 pg/mL. At least 1 mL of pure



Page 3/11

CSF free of blood contamination is required to evaluate PLAP, for this item alone. We administered adjuvant therapy as a �rst-line treatment,
and subsequently evaluated the e�cacy of treatment if the elevation in PLAP levels exceeded 8 pg/mL. The remaining 7 patients underwent
biopsy; of these, 3 underwent stereotactic biopsy, 2 underwent endoscopic biopsy in conjunction with endoscopic third ventriculostomy (ETV),
and 2 underwent craniotomy (Table 1). Nine patients were diagnosed with non-IGCTs; of these, 4 underwent stereotactic biopsy and 5
underwent tumor resection (Table 1). CSF was collected from all patients, either with ETV from the ventricle before treatment or using lumbar
aspiration, depending on the priority for controlling hydrocephalus. Table 1 summarizes the values of the tumor markers in the 20 patients
included in this study. The treatment strategy varied with the diagnosis.

Histological diagnosis

All tumor cases were classi�ed per the WHO classi�cation of tumors of the central nervous system (2016) using standard histopathological
and immunohistochemical examinations, conducted by two experienced neuropathologists. Immunohistochemical examinations were
conducted on formalin-�xed para�n-embedded tissue sections using the ChemMate ENVISION kit (Dako Japan, Tokyo, Japan).

Results
Clinical characteristics, treatment, and outcomes of 20 patients with lesions in the basal ganglia or thalamus

The particulars of treatment for IGCT in the basal ganglia or thalamus, including radiation and chemotherapy, are presented in Table 1.The
mean age of the 20 patients with lesions in the basal ganglia or thalamus at the �rst hospital visit was 247.0 months (range, 95–783), that of
patients with IGCT was 246.2 months (range, 104–403), and that of patients with non-IGCT was 223.0 months (range, 95–783). The mean
follow-up period was 76.0 months (range, 3–168) for all patients with lesions in the basal ganglia or thalamus, 85.2 months (range, 0–168)
for patients with IGCT, and 58.2 months (range, 3–163) for patients with non-IGCT. Ten of the 11 patients with IGCT in the basal ganglia or
thalamus were men and 1 was a woman. Three of the 9 patients with non-IGCT in the basal ganglia or thalamus were men and 6 were
women. For IGCT, the initial symptoms included hemiparesis (n = 3), psychological disorder (n = 1), and signs of increased intracranial
pressure such as headache (n = 3), vomiting (n = 1), and diplopia (n = 5). Five of the 11 patients with IGCT had concomitant hydrocephalus at
the initial visit. For non-IGCT, the initial symptoms included hemiparesis (n = 3), headache (n = 2), memory disturbance (n = 1), visual �eld
impairment (n = 1), and seizure (n = 1), while 1 patient was asymptomatic (Table 2).

Three patients with IGCT in our cohort presented with multi-focal tumors.

Histopathological �ndings of patients who underwent surgical intervention

 Seven of the 11 patients with IGCTs in the basal ganglia or thalamus underwent surgical intervention, and were diagnosed with germinomas
based on histopathological examination (Table 1). The IGCTs of 3 patients (patients 1, 2, and 5) contained some degree of non-
germinomatous germ cell tumor components, according to the value of other tumor markers such as HCG, HCG-beta and AFP. The
histopathological diagnoses for the 9 non-IGCT cases were: 7 gliomas and 2 degenerative diseases. The histopathological �ndings of all
patients are summarized in Table 1.

Sensitivity and speci�city of the PLAP value

Each of the 11 patients with IGCTs in the basal ganglia or thalamus exhibited elevated levels of PLAP; with mean PLAP 1701.5 pg/mL (range,
10–8548 pg/mL). In contrast, none of the patients with non-IGCTs in the basal ganglia or thalamus exhibited elevated PLAP value (Tables 2).
Therefore, the sensitivity and speci�city of PLAP determination were both calculated to be 100%.

Discussion
Diagnosis of IGCT in the basal ganglia or thalamus remains a challenging task [6]. Basal ganglionic and thalamic lesions comprise
heterogenous subsets of intracranial diseases including vascular and degenerative diseases, and some types of tumors [2]. They are relatively
rare and have not been well characterized, thus complicating and prolonging the diagnostic process [6,16,10]. Unlike IGCTs in pineal and
suprasellar regions, these heterogeneous and rare tumors are sometimes di�cult to differentiate IGCT in the basal ganglia or thalamus from
other diseases. In our case series, IGCTs accounted for 55% (11 of 20 patients) of all the lesions in the basal ganglia or thalamus, besides
vascular lesions. We observed that germinomas comprised the highest percentage of all IGCTs at this site.

IGCTs are divided into two categories: germinomas and non-germinomatous germ cell tumors (NGGCTs). NGGCTs include choriocarcinomas,
embryonal carcinomas, teratomas (mature/immature), and yolk sac tumors [11]. These tumors may be single entities or heterogenous
combinations of the above-mentioned tumor types, the latter of which are known as mixed germ cell tumors [11]. Pure germinomas and the
germinomatous component of mixed germ cell tumors are undeniably sensitive to chemoradiotherapy, and are thus responsive to adjuvant
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therapy without surgical intervention; while some NGGCT components cannot be mitigated solely by chemoradiotherapy. Therefore, surgery is
usually indicated for lesions that persist after chemoradiotherapy [6,16,10]. Thus, it is essential to determine whether the tumor is a pure
germinoma, the most common type of IGCT, or if it contains a germinomatous component within the bulk of a mixed germ cell tumor,
although no reliable marker is currently available for the detection of the chemoradiation-sensitive element [6].

The MRI characteristics of IGCTs in the basal ganglia or thalamus include heterogenous hypo- to iso-intensities on T1-weighted MRI and iso-
to hyperintensities on T2-weighted imaging [1,17]. Basal ganglionic IGCTs are predominantly located in the caput of the caudate nucleus
adjacent to the anterior horn of the lateral ventricle and cause ipsilateral hemi-atrophy [17,6,16,18,19]. These tumors appear as ill-de�ned,
slightly high densities on computed tomography [16,10]. Moreover, previous studies have reported the use of magnetic resonance
spectroscopy, �uorodeoxyglucose-positron emission tomography (PET), 11C-methionine PET, and other neuroimaging modalities [1,20].
Although these methods are useful, they are not decisive [1,6]. The MRI �ndings of all our patients are presented in Figures 1 and 2.

Stereotactic biopsy is commonly used to con�rm the histopathological diagnosis of these tumors [8]. Stereotactic biopsy is a well-established
and point-accurate procedure for obtaining sample tissue from the target area [9]. Although this procedure is reportedly safe, the morbidity rate
due to postoperative hemorrhage caused by injury to the perforating arteries or the highly vascular tumors is considered to be higher for
tumors in the basal ganglia or thalamus compared with other regions [9,21,8]. In addition to the risk of complications, we emphasize that
di�culties may occasionally be encountered in targeting the desired region due to the small lesion size and the presence of only subtle
changes on T2-weighted/�uid-attenuated inversion recovery (FLAIR) imaging with faint-to-no enhancement on T1-weighted MRI, especially
with IGCTs in the basal ganglia or thalamus [9,22,16,20]. In the present study, the lesions in patients GC1, GC2, and NGC 5 were hardly visible
on T1-gadolinium enhanced MRI and could barely be identi�ed as small lesions on FLAIR imaging (Figures 1, 2).

In contrast to biopsy, the measurement of the PLAP value in CSF provides a safe, simple, timely, and less invasive method to speci�cally
detect the germinomatous component within IGCTs [13,12,14]. First, CSF examination for tumors in the basal ganglia or thalamus is not a new
or additional method. In fact, CSF examination is required for differentiating among degenerative diseases such as MS, NMO, ADEM, and
Behcet’s disease, by measuring factors that are speci�c to each [23,3-5]. Moreover, the measurement of tumor markers such as HCG, HCG-
beta, and AFP is well established and routine [6,10,20]. However, these markers can detect very limited subsets of IGCTs [11]. For instance,
pure germinoma, the most common type of IGCT, rarely presents with an elevation of these tumor markers. The problem lies with the lack of a
reliable marker for detecting the germinomatous component. Clinicians require information regarding the presence or absence of the
germinomatous component in a tumor, because pure germinoma are responsive to chemoradiation therapy and do not require surgery, and
chemoradiation can be expected to shrink the volume of the germinomatous component of mixed germ cell tumors. Neo-adjuvant therapy is
applicable to these two subsets of IGCT, and surgery is indicated for the residual tumors [6]. The histopathological diagnosis of the biopsy or
surgical resection specimen should be taken into consideration if the result of CSF examination is inconclusive or if the lesion continues to
grow despite chemoradiotherapy. For instance, the PLAP value may not be elevated in tumors with only a mature teratoma component. The
shrinkage of tumor volume cannot be expected after chemoradiation for such tumors; thus, surgical resection is recommended in the majority
of cases (Figure 3).

The site of CSF aspiration in each case is shown in Table 1. In the present study, 5 CSF samples were taken from the ventricles in conjunction
with treatment of existing hydrocephalus, while the others were aspirated via lumbar punctures. In our experience, considering the results from
all PLAP assays, all patients with IGCT, and all brain regions, the PLAP values of samples taken by lumbar aspiration tend to be higher than
those taken from ventricles, though we cannot show a signi�cant difference at this point. Therefore, even if CSF samples are obtained from
ventricles, we may recommend lumbar aspiration, if possible, after resolving a hydrocephalic state in cases of IGCT accompanied by
hydrocephalus. Our data demonstrated that the sensitivity and speci�city of PLAP measurements were both 100%. The main objective of this
study was to demonstrate the usefulness of measuring the value of PLAP in the CSF in cases of neoplasm at the basal ganglia or thalamic
lesions; in these situations the lesion is isolated from the ventricular system and thus has no access to the CSF. The aforementioned results
prove that the use of PLAP in CSF is feasible for differentiating the germinomatous component even in tumors in the basal ganglia or
thalamus. Moreover, elevations of PLAP levels provide good evidence of a germinomatous element of some kind even if the lesion is barely
visible on MRI. We admit that these results should be carefully discussed following the accumulation of evidence in the future studies.
Nevertheless, we expect that the speci�city and sensitivity of future PLAP measurements will be high based on the data obtained from our
case series.

Furthermore, by determining PLAP levels serially, we can monitor the course of treatment in cases of IGCT and make a better-informed
decision about subsequent treatment. In case GC5, for instance, the patient underwent lumbar puncture 9 times during the treatment. The
initial CSF examination revealed high PLAP value (6070 pg/mL), which decreased to the level of 500 pg/mL after one course of
chemotherapy. However, even though repeated chemotherapy treatments were administered, the value of PLAP showed no sign of decreasing,
therefore, we selected radiation therapy as the next choice of treatment. Fortunately, the value of PLAP decreased to 19.0 pg/mL at the middle
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of radiation therapy and �nally turned out negative after radiation therapy. It is true that it is expected for the tumor to shrink more in cases of
IGCT with high PLAP value, though, the correlation between the tumor volume and PLAP value is still unknown.

Furthermore, the symptoms associated with lesions in the basal ganglia or thalamus are sometimes atypical and dissimilar compared to
those associated with IGCTs in the pineal and suprasellar regions [22,18]. Diplopia, diabetes insipidus, etc., are the major symptoms of IGCTs
of these regions, whereas psychological disorders, personality changes, involuntary movements, and sensory disturbances are occasionally
observed in cases of IGCTs in the basal ganglia or thalamus [22,7,18-20]. This disparity prevents clinicians from recognizing the existence of
tumors in the basal ganglia or thalamus in some cases, thereby delaying medical consultation or referral to the appropriate department for
treating IGCTs in these anatomical regions [22]. The possible reasons for this include the complexity and invasiveness of the biopsy procedure
required to differentiate IGCTs from other diseases. As already mentioned, it is sometimes di�cult to approach the target for biopsy within a
vaguely located tumor barely detected on MRI [22]. In contrast, the measurement of PLAP can be performed at any time or place, even in the
outpatient department, and can facilitate an accurate diagnosis. Moreover, only a few days are required to obtain the PLAP value, whereas at
least 1-2 weeks are required to obtain the histopathological diagnosis after biopsy. Therefore, PLAP measurement permits the early initiation
of adjuvant therapy [7].

In addition to the complexity and di�culty in locating the target tissue for histological diagnosis for IGCTs in the basal ganglia or thalamus,
how to decide on the optimal �eld for radiation therapy is still being debated owing to the inconspicuous and vague �ndings on MRI [24,2].
Generally, whole-brain irradiation or craniospinal irradiation is performed for basal ganglionic IGCTs [24,16,2,10]. Extended focal irradiation
can be a treatment option, but there is an attendant risk with irradiating an insu�cient area, because some IGCTs in the basal ganglia or
thalamus can barely be identi�ed on neuroimaging. In our case series, cerebrospinal irradiation was performed in 2 patients, whole-brain
irradiation in 2, and whole-ventricle irradiation in 1, all with IGCTs in the basal ganglia, while whole-brain irradiation and whole-ventricle
irradiation were performed in 1 and 4 patients, respectively, with IGCTs in the thalamus. The clinical information on radiation therapy was
unavailable for one patient (patient GC6) owing to their transfer to another hospital. All patients with IGCT underwent cisplatin-based systemic
chemotherapy. During our experience with treating IGCTs based on the PLAP value in a clinical setting, 1 patient succumbed to the primary
disease and the others were recurrence-free during 85.2 months of follow-up.

A limitation of this study is the small number of patients included. In addition, the non-IGCT group in our case series included mainly glioma
cases, followed by degenerative diseases and did not include other types of neoplasms such as metastatic brain tumor, lymphoma, and so on.
Thus, further research is required to devise more optimal and adequate treatment strategies for cases of IGCTs in the basal ganglia or
thalamus with collection of evidence from a greater number of relevant cases.

Conclusion
The PLAP value can speci�cally detect the germinomatous component of IGCTs in the basal ganglia or thalamus, similarly to IGCTs located
along the midline. The measurement of PLAP can speci�cally differentiate the germinomatous component from other intracranial diseases
promptly and less invasively. PLAP determination should be incorporated into the routine diagnostic approach. Biopsy or surgical resection for
IGCTs should be considered only if the tumor markers are inconclusive or in the event of enlargement of the tumor volume or residual tumor
even after the completion of treatment and with all tumor markers negative or nearly so.
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Case Hydrocephalus Surgical
intervention

Histopathology Site of
CSF
aspiration

PLAP AFP HCG HCG-
beta

RT �eld RT
dose
(Gy)

CT [No.
of
courses]

GC 1 (-) (-) (-) L+V 426 1 <0.1 0.2 WBI 25.2 CARE
[4]

GC 2 (-) Stereotactic
biopsy

Germinoma L 100 1 <0.5 N/A WVI 25.2 CARE
[4]

GC 3 (+) Craniotomy
(biopsy)

Germinoma
with focal
STGC

L 41 1 86.9 91 WBI 50.4 CARE
[1], CCE
[3]

GC 4 (+) Endoscpic
biopsy

Germinoma
with focal
STGC

V 8548 38 20 105.9 CSI 50.4 CCE [3]

GC 5 (+) Endoscpic
biopsy

Germinoma V 6070 <1 691.4 808.7 CSI 50.4 ICE [4],
CCE [2]

GC 6 (-) Stereotactic
biopsy

Germinoma L 10 1 0.2 0.2 N/A N/A N/A

GC 7 (-) (-) (-) L 104 2 <0.5 <0.5 WVI 25.2 CARE
[4]

GC 8 (+) (-) (-) L 561 1 1.2 3 WVI 25.2 CARE
[4]

GC 9 (+) Stereotactic
biopsy

Germinoma L 1070 1 <0.1 4.6 WBI 30.6 CARE
[4]

GC
10

(-) (-) (-) L 1601 <1 N/A 0.5 WVI 25.2 CARE
[4]

GC
11

(-) Craniotomy
(biopsy)

Germinoma L 186 4 <0.5 <0.5 WVI 25.2 CARE
[4]

NGC
1

(-) Stereotactic
biopsy

Glioma (AA) L <8.0 <1 <0.5 <0.5 Extended
focal

54 ACNU

NGC
2

(+) Resection Diffuse midline
glioma,
H3K27M
mutant

L <8.0 <1 <1.0 <0.5 Extended
focal

54 TMZ

NGC
3

(-) Stereotactic
biopsy

MS L <8.0
[0.2]

N/A N/A N/A (-) (-) (-)

NGC
4

(+) Resection Glioma V <8.0
[1]

3 <0.1 <0.1 Extended
focal

45 (-)

NGC
5

(-) Stereotactic
biopsy

Anti-MOG
antibody-
associated
diseases

L <8.0 <1 <1.0 <0.5 (-) (-) (-)

NGC
6

(+) Resection Glioma (GBM) L <8.0
[4.7]

1 NA 0.4 Extended
focal

50.4 TMZ

NGC
7

(+) Stereotactic
biopsy

Glioma (OA) L <8.0
[0.5]

1 NA 0.5 (-) (-) (-)

NGC
8

(+) Resection Diffuse midline
glioma,
H3K27M
mutant

V <8.0 <1 <1.0 1 Extended
focal

60 TMZ

NGC
9

(+) Resection Glioma (AO) L <8.0 1 0.1 <0.1 (-) (-) (-)

 Abbreviations: IGCT: intracranial germ cell tumors; GC, patient with germ cell tumor; STGC, syncytiotorophoblastic giant cell; CSF,
cerebrospinal �uid; L, lumbar; V, ventricle; PLAP, placental alkaline phosphatase; AFP, alpha-fetoprotein; HCG, human chorionic gonadotropin;
RT, radiation therapy; WBI, whole brain irradiation; WVI, whole ventricle irradiation; CSI, cerebro-spinal irradiation; N/A, not available; Gy, gray;
No., number; CT, chemotherapy; NGC, patients with non-germ cell tumor; AA, anaplastic astrocytoma; H3K27M, histone 3 K 27 M; MS, multiple
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sclerosis; GBM, glioblastoma; OA, oligo-astrocytoma; AO, anaplastic oligodendroglioma; ACNU, nimustine hydrochloride; TMZ, temozolomide.
The chemotherapy regimens were as follows: CARE, carboplatin and etoposide; CCE, cyclophosphamide, carboplatin, and etoposide; ICE,
ifosfamide, carboplatin, and etoposide

Table 2 Characteristics and clinical courses of 11 patients with IGCTs and 9 patients with non-IGCTs. Abbreviations: GC, patient with germ cell
tumor; NGC, patients with non-germ cell tumor; M, male; F, female; No., number; BG, basal ganglia; HA, headache; NA, nausea; N/A, not
available

Case Age Gender No. of
lesion

  Location Initial symptoms Period from onset
to initial visit
(months)

Follow-up
period
(months)

Prognosis

GC 1 8 M Single Parasellar, BG Hemiparesis 9 124 Alive

GC 2 12 F Multiple Parasellar, BG Hemiparesis 3 168 Alive

GC 3 13 M Single BG Hemiparesis 1 34 Dead

GC 4 14 M Single BG HA 6 112 Alive

GC 5 18 M Multiple Cerebellum, BG HA, NA, vomit 5 69 Alive

GC 6 19 M Multiple Midbrain,
thalamus

diplopia 0 0 Alive

GC 7 20 M Single Thalamus diplopia 5 32 Alive

GC 8 25 M Single Thalamus diplopia 0 140 Alive

GC 9 29 M Single Thalamus Psycho, HA 99 122 Alive

GC
10

31 M Single Thalamus diplopia 0 53 Alive

GC
11

34 M Single Thalamus diplopia 0 83 Alive

NGC
1

9 F Single BG Asymptomatic 0 62 Alive

NGC
2

10 M Single thalamus Hemiparesis 1 3 Alive

NGC
3

11 F Single thalamus Hemiparesis 1 125 Alive

NGC
4

15 M Single thalamus HA 0 127 Alive

NGC
5

15 F Single BG HA 0 21 Alive

NGC
6

17 F Single thalamus Visual disturbance 0 8 Dead

NGC
7

17 M Single thalamus Seizure N/A 163 Alive

NGC
8

33 F Single thalamus Hemiparesis 0 6 Alive

NGC
9

65 F Single thalamus Memory
disturbance

12 67 Dead

IGCT: intracranial germ cell tumors

Figures
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Figure 1

The MRI series of our 11 patients with IGCTs a, T1-gadolinium (Gd); b, FLAIR in GC 1; c, T1-Gd; d, FLAIR in GC 2; e, T1-Gd in GC3; f, T1-Gd in GC
4; g, T1-Gd in GC 5; h, T1-Gd in GC 6; i, T1-Gd in GC 7; j, T1-Gd in GC 8; k, T1-Gd in GC 9; l, T1-Gd in GC 10; m, T1-Gd in GC 11 Abbreviations:
MRI, magnetic resonance imaging; IGCT, intracranial germ cell tumors; FLAIR, �uid-attenuated inversion recovery; GC, patient with germ cell
tumor.

Figure 2

The MRI series of our 9 patients with non-IGCTs a, T1-gadolinium (Gd); b, FLAIR in NGC 1; c, T1-Gd in NGC 2; d, T1-Gd; e, FLAIR in NGC 3; f, T1-
Gd in NGC4; g, T1-Gd; h, FLAIR in NGC 5; i, T1-Gd in GC 6; j, T1-Gd; k, FLAIR in GC 7; l, T1-Gd in GC 8; m, T1-Gd in GC 9 Abbreviations: MRI,
magnetic resonance imaging; IGCT, intracranial germ cell tumors; FLAIR, �uid-attenuated inversion recovery; GC, patient with non-germ cell
tumor.
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Figure 3

Schematic diagram for the differential diagnosis process of lesions in the basal ganglia or thalamus. PLAP, placental alkaline phosphatase;
HCG, human chorionic gonadotropin; AFP, alpha-fetoprotein; GCT, germ cell tumor; CSF, cerebrospinal �uid; HSV, Herpes simplex virus; EBV,
Epstein-Barr virus; etc., etcetera; NMO-IgG, Neuromyelitis Optica- immunoglobulin G; MOG, myelin-oligodendrocyte glycoprotein.


