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Abstract
Background and Purpose

Intracranial germinomas are rare brain tumors. In the present study, we collected data of patients with histology-proven germinomas,
and analyzed their neurological characteristics, treatment procedures, and clinical short-term outcomes.

Methods

We reviewed the data of patients with “non-secreting” intracranial germinomas from January 2012 to June 2021 in our institution
from Beijing, China.

Results

There were 162 (69.8%) male patients and 70 (30.2%) female patients. Pineal germinomas were mainly found in male patients
(98.3%), and germinomas in sellar/suprasellar region were often observed in female patients (67.5%). The most common clinical
presentations were polyuria/polydipsia (42.7%), headache (40.5%), visual disturbance (37.5%), and motor impairment (28.4%). The
symptoms of endocrinological alteration had signi�cantly longer duration before hospital admission. Patients with pure germinoma
had a higher serum beta-human chorionic gonadotropin (β-HCG) level than the germinoma with syncytiotrophoblastic giant cells
(STGCs) (P=0.001), and no signi�cant difference was noted in serum alpha-fetoprotein (AFP) level between the two groups
(P=0.540). Tumors with multiple lesions such as bifocal and multifocal diseases had a higher tendency to intracranial dissemination
and spinal seeding at diagnosis (P<0.001 and P<0.001, respectively). The mean duration of open craniotomy was 268.8 min with an
average volume of blood loss of 316.9 mL, compared with 27.0 min and 6.2 mL in cases who received stereotactic biopsy (P<0.001
and P<0.001). The most common complication in both groups was postoperative hemorrhage (7.0% and 8.5%). Patients who
received biopsy had higher KPS scores at hospital discharge than on admission in contrast to open craniotomy (P=0.047).
Deterioration of KPS at hospital discharge than on admission was observed in 29 and 1 cases who received craniotomy and biopsy
(P<0.001).

Conclusions

Endocrinological alteration has longer duration before diagnosis. Patients with multiple lesions such as bifocal and multifocal
germinomas have a higher tendency of dissemination, and additional attention should be paid to the imaging �ndings. Patients may
not necessarily bene�t from the surgical resection because of the surgical trauma and the postoperative complications, and
stereotactic biopsy is highly signi�cant in clinical practice.

Introduction
Intracranial germ cell tumors (IGCTs) are a heterogeneous group of tumors with peculiar characteristics, which can be clearly
distinguished from other brain tumors of neuroepithelial origin [1]. IGCTs are classi�ed into mature teratoma, immature teratoma,
teratoma with somatic-type malignancy, germinoma, embryonal carcinoma, yolk sac tumor, choriocarcinoma, and mixed germ cell
tumors according to the 2021 World Health Organization (WHO) Classi�cation of Tumors of the Central Nervous System (CNS) [2].
Besides, germinoma includes pure germinoma and germinoma with syncytiotrophoblastic giant cells (STGCs), accounting for
approximately two-thirds of all histological categories. Diagnosis of IGCTs is based on clinical symptoms, tumor markers, histology
and imaging �ndings. Detection of tumor markers (especially beta-human chorionic gonadotropin (β-HCG) and alpha-fetoprotein
(AFP)) plays an important role in the diagnosis of IGCTs. Based on the levels of β-HCG and AFP, IGCTs can be classi�ed into
“secreting type” or “non-secreting type”[3], and patients with the former type mainly have a worse prognosis than the latter type
because of the presence of the speci�c malignant components[4]. In clinical practice, elevated levels of tumor markers can help with
decision-making for a diagnosis directly in “secreting type”, and tumor markers may also be used for monitoring of treatment of
patients when in an imaging study it is di�cult to assess response to chemotherapy. Regarding cases without elevated levels of
tumor markers, biopsy is strongly recommended [4, 5]. However, there is currently no standard procedure for tissue biopsy. Surgical
approaches include stereotactic biopsy, endoscopic biopsy, and open craniotomy, while tissue sampling modalities vary among
different regions. In some countries, diagnostic methods still rely on gross total resection rather than on biopsy[4].
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In the present study, we collected data of patients with histology-proven germinomas, and analyzed their neurological characteristics,
treatment procedures, and clinical outcomes.

Patients And Methods

Patients
Data of 232 patients with suspected IGCTs, who were admitted to Sanbo Brain Hospital Capital Medical University (Beijing, China)
from January 2012 to June 2021, were retrospectively analyzed. All the diagnoses had been con�rmed by the histopathologic
examination of the samples collected after stereotactic biopsy (n=117, 50.4%) and craniotomy (n=115, 49.6%). As shown in Figure 1,
patients who had received chemotherapy/radiotherapy, surgical resection, gamma knife surgery, or had a history of other
malignancies were excluded. Besides, cases with recurrent disease or extracranial metastases, absence of data related to
preoperative tumor markers, and non-germinomatous germ cell tumors were ruled out. Based on histological results, the patients
were divided into two groups: pure germinoma and germinoma with STGCs.

Data collection
Patients’ clinical data, such as age, gender, clinical manifestations, radiological �ndings (e.g., computed tomography (CT) and
magnetic resonance imaging (MRI) �ndings), tumor location, histological type, and serum levels of tumor markers were collected
from electronic health records. Perioperative data included tissue sampling procedure, extent of resection, operation time,
intraoperative blood loss, length of hospital stay, inpatient expenses, pre-operative Karnofsky performance scale (KPS) scores and
KPS scores at hospital discharge, and postoperative complications (e.g., hemorrhage, infections, cerebral infarction, new-onset
seizure, and subdural and epidural effusion). Preoperative KPS scores were measured on admission. Patients with lesions in basal
ganglia were allocated into basal ganglia group. Bifocal diseases were de�ned as tumors that were located in the pineal and
sellar/suprasellar regions synchronously. Multifocal diseases were de�ned as primary masses presented at ≥2 sites.

Tumor markers
The serum levels of tumor markers, including AFP and β-HCG, were measured before tissue sampling. The normal ranges of serum
levels of tumor markers (β-HCG and AFP) were 0-5.0 IU/L and 0-7 ng/ml, respectively.

The criteria for identifying the “non-secreting type” were de�ned as β-HCG<50 IU/L and AFP<25 ng/ml, according to the SIOP
guideline [3] and previous studies [6, 7].

Statistical analysis
Descriptive statistics were used to analyze patients’ demographic characteristics at baseline. Categorical variables were compared
between groups using the Chi-square test or the Fisher’s exact test, as appropriate. Continuous variables were compared using the
Student’s t-test. The Mann-Whitney U test and the Kruskal-Wallis H test were utilized to compare non-parametric values. The
statistical analysis was conducted using the SPSS 26.0 software (IBM Corp., Armonk, NY, USA). P ≤ 0.05 was considered
statistically signi�cant.

The study was approved by the Ethics Committee of Sanbo Brain Hospital A�liated to Capital Medical University (Beijing China).

Results

Patients’ demographic characteristics
Comparison of patients’ demographic characteristics at baseline is outlined in Table 1. Among all 232 cases, there were 162 (69.8%)
men and 70 (30.2%) women, and male-to-female ratio was 2.3:1. Patients who were diagnosed with pure germinoma and
germinoma with STGCs accounted for 88.4% (n=205) and 11.6% (n=27) of total number of cases, respectively. The majority of
patients aged under 20 years old (range, 0-19 years old; n=181, 78.0%; Figure 2A). Patients’ mean age in the groups of pure
germinoma and germinoma with STGCs was 15.3±6.2 and 16.9±6.1 (range, 4-44 and 6-27) years old, respectively (P=0.195).
Patients with basal ganglia lesions (median age, 10.5±3.0 years old) experienced a younger age of disease onset than other patients
(Figure 2B).
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Table 1

Comparison of characteristics of 232 patients at baseline between pure germinoma and germinoma
with STGCs groups.

  Total Pure Germinoma Germinoma with STGCs P

n=232 n=205 n=27

Age, years old       0.195

Mean ± standard deviation 15.5±6.2 15.3±6.2 16.9±6.1  

Median 14 14 15  

Range 4-44 4-44 6-27  

Gender, n %             0.465

Male 162 69.8% 145 70.7% 17 63.0%  

Female 70 30.2% 60 29.3% 10 37.0%  

Tumor location, n %             0.222

Sellar/suprasellar region 77 33.2% 69 33.7% 8 29.6%  

Pineal region 58 25.0% 53 25.9% 5 18.5%  

Basal ganglia 35 15.1% 28 13.7% 7 25.9%  

Bifocal region 33 14.2% 31 15.1% 2 7.4%  

Multifocal region 23 9.9% 20 9.8% 3 11.2%  

Other regions 6 2.6% 4 1.8% 2 7.4%  

Imaging �ndings              

Hydrocephalus 88 37.9% 79 38.5% 9 33.3% 0.600

Intracranial dissemination 61 26.3% 51 24.9% 10 37.0% 0.177

In the pure germinoma group, tumors were located in sellar/suprasellar region in 69 (33.7%), in pineal region in 53 (25.9%), in basal
ganglia in 28 (13.7%), in bifocal region in 31 (15.1%), in multifocal region in 20 (9.8%), and in other regions in 4 (1.8%) cases. In the
germinoma with STGCs group, tumors were located in sellar/suprasellar region in 8 (29.6%), in pineal region in 5 (18.5%), in basal
ganglia in 7 (25.9%), in bifocal region in 2 (7.4%), in multifocal region in 3 (11.2%), and in other regions in 2 (7.4%) cases. No
signi�cant difference was found in tumor location between the two groups (P=0.222).

In addition, female patients with lesions located in the sellar/suprasellar region accounted for 74.3% (n=52) (Figure 2C). The male-to-
female ratio in the sellar/suprasellar region was 1:2.1, 57:1 in the pineal region, 7.8:1 in basal ganglia, 4.5:1 in bifocal region, and
2.3:1 in multifocal region.

Clinical presentations
Polyuria and/or polydipsia was the most common symptom (n=99, 42.7%), followed by headache (n=94, 40.5%), visual disturbance
(n=87, 37.5%), motor impairment (n=66, 28.4%), nausea/vomiting (n=57, 24.6%), and dizziness/vertigo (n=40, 17.2%). Several
patients presented with menstruation disorders (n=19), growth retardation (n=15), hearing impairment (n=10), slurred speech (n=7),
memory defection (n=6), incontinence (n=5), and precocious puberty (n=2).

Patients with ophthalmologic abnormalities accounted for 37.5% of all patients and presented with blurred vision, visual �eld
defects, diplopia, ptosis, and strabismus. More than half of the patients (40/66, 60.6%) with tumors at basal ganglia suffered from
motor impairment. The common symptoms included limb weakness, limb numbness, limb trembling, ataxia, abnormal muscle tone,
and �ne motor skills.
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Polyuria/polydipsia was predominantly observed in patients with tumors located in sellar/suprasellar region (60/77, 77.9%) and
bifocal region (24/33, 72.7%). Headache and nausea/vomiting are the symptoms of increased intracranial pressure and are strongly
correlated to hydrocephalus (P<0.001 and P<0.001, respectively). The majority of patients (32 of 35, 91.4%) with tumors in basal
ganglia suffered from motor impairment. In multifocal region, 12 cases experienced motor impairment, of whom 8 (66.7%) cases
had tumors in the basal ganglia.Besides, 6 of 162 (3.7%) male patients had growth retardation and 9 of 70 (12.9%) were women
(P=0.017). Moreover, 12 (80.0%) patients with growth retardation were identi�ed before puberty (age, ≤ 14 years old), and the
preference of patients before puberty presented with growth retardation was observed (P=0.043). Menstruation disorders, such as
irregular menstruation and amenorrhea, were observed in 19 cases, which were related to the sellar/suprasellar region (n=15), bifocal
region (n=2), and multifocal region (n=2)).Two patients had precocious puberty and they all were male with tumors located in the
basal ganglia. The elevation of serum β-HCG level was observed in all patients (21.39 IU/L and 21.63 IU/L).

The duration of symptoms before hospital admission was outlined in Table 2. Comparing with other symptoms, the symptoms of
endocrinological alteration had signi�cant longer duration.

 
Table 2

Clinical presentations and the duration of symptoms of 232 patients with germinomas.

  Total Within 6 Months More Than 6 Months

n % n % n %

Neurological presentations            

Headache 94 40.5% 77 81.9% 17 18.1%

Nausea/Vomiting 57 24.6% 45 78.9% 12 21.1%

Dizziness/Vertigo 40 17.2% 29 72.5% 11 27.5%

Neurological function impairment            

Visual disturbances 87 37.5% 72 80.5% 15 19.5%

Motor impairment 66 28.4% 44 66.7% 22 33.3%

Hearing impairment 10 4.3% 10 100% 0 0%

Incontinence 5 2.2% 4 80.0% 1 20.0%

Endocrinological Alternation            

Polyuria/Polydipsia 99 42.7% 14 14.1% 85 85.9%

Menstruation disorders 19 8.2% 3 15.8% 16 84.2%

Growth retardation 15 6.5% 0 0% 15 100%

Precocious puberty 2 0.9% 0 0% 2 100%

Neurocognitive Disorders            

Slurred speech 7 3.0% 4 57.1% 3 42.9%

Memory defection 6 2.6% 5 83.3% 1 16.7%

Within 6 months: the duration <6 months; More than 6 months: the duration ≥6 months.

Tumor markers
Among the 232 cases, a mild elevation of serum β-HCG level (>5.0 IU/L) was found in 9 of 27 (33.3%) patients in the germinoma with
STGCs group and 28 of 205 (13.7%) in the pure germinoma group. As illustrated in Figure 3A, the median serum level of β-HCG was
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2.50 IU/L and 0.86 IU/L in the two groups, respectively. There was a statistically signi�cant difference between the two groups
(P=0.001).

Of the 5 cases with an elevated serum level of AFP (>7 ng/ml), 1 case in the germinoma with STGCs group and 4 cases in the pure
germinoma group were detected. Figure 3B shows the pro�le of the serum AFP level in two groups. The median serum level of AFP
was 2.71 ng/ml and 2.28 ng/ml in the two groups, respectively, and no signi�cant difference was noted between the two groups
(P=0.540).

Intracranial dissemination and spinal seeding
Cranial imaging data of all patients were assessed, in which 61 (26.3%) patients had intracranial dissemination, including
intracranial ventricular seeding and extraventricular seeding, 10 and 51 patients were diagnosed with germinoma with STGCs and
pure germinoma, respectively. No statistically signi�cant difference was identi�ed between the two groups (P=0.177). Tumors’
locations were strongly associated with intracranial dissemination (P<0.001), in which tumors that were located in bifocal or
multifocal regions were easily spread (21/33, 63.6% and 13/23, 56.5%, respectively) compared with tumors in the sellar/suprasellar
region (10/77, 13.0%), pineal region (14/58, 24.1%), and tumors in basal ganglia showed a signi�cant reluctance to cerebrospinal
�uid (CSF) dissemination (2/35, 5.7%). Furthermore, when patients with primary tumors located in the sellar/suprasellar region,
pineal region, basal ganglia, and other regions were assigned to the group of solitary lesion, the difference in intracranial
dissemination among different locations was statistically signi�cant compared with tumors presenting with multiple lesions in
bifocal of multifocal diseases(15.3% vs. 60.7%, P<0.001).

Among 121 cases with available spinal MRI data, 30 (24.8%) cases had spinal seeding (Table 3), in which 2 and 28 cases were in
germinoma with STGCs and pure germinoma groups, respectively (P=0.514). In patients with tumors located at sellar/suprasellar
region, 6 of 36 (16.7%) had spinal seeding, and 4 of 29 (13.8%) and 3 of 19 (15.8%) had tumors in in the pineal region and basal
ganglia, respectively. In contrast, 13 of 21 (61.9%) cases had tumors located in bifocal region and 4 of 12 (33.3%) had tumors
located in multifocal region, which indicated spinal seeding. There was a noticeable association for sites according to spinal MRI
�ndings (P=0.002). When localized cases were compared with those with bifocal or multifocal lesions, the trend of spinal seeding
appeared statistically signi�cant (14.8% vs. 51.5%, P<0.001).

  
Table 3

Details of spinal seeding of 121 patients with available MRI
results.

  Spinal Seeding P

  Yes No

  n % n %

Locations          

Sellar/Suprasellar 6 16.7 30 83.3 0.002*

Pineal 4 13.8 25 86.2

Basal Ganglia 3 15.8 16 84.2

Bifocal 13 61.9 8 38.1

Multifocal 4 33.3 8 66.7

Other 0 0 4 100

Types of Diseases          

Solitary Lesion 13 14.8 75 85.2 <0.001*

Multiple Lesions 17 51.5 16 48.5

*P<0.05



Page 7/16

Clinical outcomes
A total of 115 patients underwent craniotomy and 117 patients received stereotactic biopsy. The mean operation time of open
craniotomy was 268.8 min with an average volume of blood loss of 316.9 ml, compared with 27.0 min and 6.2 ml for stereotactic
biopsy (P<0.001 and P<0.001, respectively; Table 4). Signi�cant differences were also observed in length of hospital stay and
inpatient expenses between these two surgical approaches (P<0.001 and P<0.001, respectively). As shown in Table 4, a total of 66
patients developed postoperative complications and the most common complication was postoperative hemorrhage. Other
complications included postoperative effusion (n=16, 6.9%), infections (n=14, 6.0%), new-onset seizure (n=7, 3.0%), postoperative
hydrocephalus (n=7, 3.0%), and cerebral infarction (n=2, 0.9%). Moreover, the perioperative mortality was 0.4%. One patient died on
the 8th day after receiving gross total resection because of suspected pulmonary embolism.
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Table 4
Perioperative data, postoperative complications and Karnofsky performance scale (KPS) scores of 232 patients with germinomas.
  All Craniotomy Biopsy P

n=232 n=115 n=117

Postoperative
Complications

n % n % n %  

Postoperative
hemorrhage

18 7.8 8 7 10 8.5 0.651

Intracerebral
hemorrhage

12 5.2 5 4.3 7 6 0.574

Subdural
hemorrhage

3 1.3 3 2.6 0 0 0.12

Epidural
hemorrhage

5 2.2 1 0.9 4 3.4 0.37

Postoperative
effusion

16 6.9 16 13.9 0 0 <0.001*

Subdural
effusion

10 4.3 10 8.7 0 0 0.001*

Epidural
effusion

5 2.2 5 4.3 0 0 0.029*

Subcutaneous
effusion

5 2.2 5 4.3 0 0 0.029*

Postoperative
infections

14 6 14 12.2 0 0 <0.001*

Intracranial
infection

10 4.3 10 8.7 0 0 0.001*

Scalp incision
infection

0 0 0 0 0 0 NA

Pulmonary
infection

4 1.7 4 3.5 0 0 0.059

New-onset
seizures

7 3 7 6.1 0 0 0.007*

Postoperative
hydrocephalus

7 3 6 5.2 1 0.9 0.065

Postoperative
cerebral
infarction

2 0.9 2 1.7 0 0 0.245

Perioperative
data

Mean±SD Median
(range)

Mean±SD Median
(range)

Mean±SD Median
(range)

 

Operative time
(min)

146.9±133.6 139.5 (10-
525)

268.8±73.4 265 (144-
525)

27.0±31.1 20 (10-
260)

<0.001*

Intraoperative
blood loss
(ml)

160.2±217.8 50 (1-
1600)

316.9±216.6 300 (50-
1600)

6.2±11.5 1 (1-100) <0.001*

Length of
hospital stay
(days)

16.5±8.4 14.5 (5-
48)

22.0±8.1 21 (9-48) 11.1±4.1 10 (5-28) <0.001*

*P<0.05
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Inpatient
expenses (¥)

67906.2±37997.4 61777.1
(10222.1-
279012.7)

95047.1±34607.2 89341.0
(10222.1-
279012.7)

41229±15813.6 36766.5
(22333.9-
104506.9)

<0.001*

Karnofsky
performance
scale (KPS)
scores

Mean Median
(range)

Mean Median
(range)

Mean Median
(range)

 

Preoperative
KPS

86.1 90 (50-
100)

85.2 90(70-
100)

88.8 90 (60-
100)

<0.001*

KPS at
hospital
discharge

85.7 90 (0-100) 81.0 80(0-90) 89.7 90 (60-
100)

<0.001*

Discharge-pre
ΔKPS

-0.4 -1.7 0.9 0.047*

Deterioration
of KPS at
discharge No.
(%)

30 (12.9) 29(25.2) 1 (0.9) <0.001*

*P<0.05

The KPS scores are summarized in Table 4. As displayed in Figure 4,patients who received biopsy had higher KPS scores at hospital
discharge than on admission in contrast to open craniotomy (P=0.047).Besides, stereotactic biopsy showed a lower reduction of
KPS scores at hospital discharge (0.9) compared with craniotomy (-1.7).

Deterioration of KPS at hospital discharge compared with on admission was observed in 30 patients, of whom 29 and 1 patients
received craniotomy and biopsy, respectively (P<0.001).

Discussion
Intracranial germinomas are extremely sensitive to chemotherapy and radiotherapy. Accurate diagnosis and differential diagnosis
are critical to implement effective therapeutic regimens, especially in cases without noticeable elevation of the serum levels of tumor
markers. We conducted the present retrospective study on a large cohort of patients with “non-secreting” germinomas, reported
patients’ characteristics at baseline, performed treatment procedures, and analyzed the clinical short-term outcomes.

The present study revealed that there were no statistically signi�cant differences in age, gender, and tumor location between
germinoma with STGCs and pure germinoma groups. Besides, germinomas at pineal region mainly occurred in men, while
germinomas at sellar/suprasellar region showed a higher frequency in female patients. The preference of gender in different regions
might illustrate that the biological behavior of germinomas in different locations might vary because of the potential mechanisms.
Patients with basal ganglia germinomas were younger than those with tumors at sellar/suprasellar and pineal regions. These results
could be associated with patients’ clinical symptoms. Patients with basal ganglia germinomas are always accompanied with motor
impairment, and the symptoms could be detected at the early-stage of onset. However, delay in diagnosis mainly occurs in patients
with sellar/suprasellar germinomas because of the discernible presentations and the negative imaging results during the early-stage
[8–10]. This is similar with our results of duration of the symptoms. Endocrinological alteration had signi�cant longer duration, some
symptoms like polyuria/polydipsia, growth retardation and menstruation disorders may persist for years before diagnosis. With the
slow growth of tumors, patients with pineal lesions may have manifestations in the advanced-stage.

Intracranial germ cell tumors have a trend to disseminate throughout the neuroaxis of the ventricles and spinal subarachnoidal
space [11, 12]. In the present study, intracranial dissemination was detected in 61 (26.3%) patients, and a statistically signi�cant
difference was found in distribution of primary tumor locations (P<0.001). Intracranial tumor seeding was signi�cantly associated
with bifocal and multifocal regions, whereas tumors from the basal ganglia region showed a remarkable reluctance to CSF
dissemination. The higher rate of ventricular seeding in bifocal tumors was previously reported, in which 47.8% of patients with
bifocal tumors presented with tumor seeding in comparison with 11.4% without bifocal tumors [13]. Besides, 24.8% of patients who
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received MRI of spine had spinal seeding in the present research. The spinal seeding rate of cases with bifocal or multifocal lesions
was higher than that in the other regions. The rate of spinal seeding in pathologically proved intracranial germinoma was reported to
be in the range of 5-13% [14], which was lower than that in our study.

Whether the bifocal germinoma is a synchronous local disease or disseminated disease remains controversial. Previous studies
reported that no recurrence after therapy was found in patients with bifocal tumors who only received ventricular radiotherapy
without spinal irradiation, indicating that bifocal germinoma was a localized disease [15, 16]. However, other scholars demonstrated
that patients with bifocal germinoma who were treated with craniospinal irradiation presented with no treatment failure, while
recurrence was observed in cases who were treated without spinal irradiation, suggesting that bifocal germinoma would be a
disseminated disease [17–20]. Based on the signi�cant trend of dissemination and the results of our study, we hypothesized that
bifocal tumors may result from the metastatic spread of suprasellar or pineal tumors rather than synchronous oligometastatic
disease. Meanwhile, intracranial dissemination and spinal seeding are important factors in�uencing the therapeutic outcomes, and
further aggressive treatments are therefore required [13, 21]. We suggest that neurosurgeons should pay additional attention to the
imaging �ndings at diagnosis, especially in bifocal and multifocal diseases, to assess the patients’ status comprehensively.

In our study, we observed that the preoperative KPS scores signi�cantly differed between the two groups, and it was found that a
worse clinical status on admission could be related to hydrocephalus. In patients presented with hydrocephalus, lower KPS scores
were identi�ed in the open craniotomy group compared with those in the biopsy group (81.4±13.3 vs. 88.8±7.8, P=0.009). No
signi�cant difference in KPS scores was detected between the two groups (85.2±9.3 vs. 88.8±9.5, P=0.624). Patients who underwent
open craniotomy had lower KPS scores than those who underwent biopsy and the deterioration of KPS scores at discharge was
observed in 29 of 115 cases, which indicated that some patients might not bene�t from the surgical resection because of the
surgical trauma and the postoperative complications. SAWAMURA et al. found that radical resection of intracranial germinomas was
not advantageous compared with biopsy, and they suggested that when the histological diagnosis of pure germinoma is made by
craniotomy, no risk should be taken to pursue extended resection [22]. In another research, no signi�cant difference in 5-year event-
free survival or progression-free survival was noted between patients with residual lesions and those without residual lesions [3].
Thus, according to the lower decrease of KPS scores at discharge in the biopsy group, extended resection may not be necessary
when diagnosis was con�rmed by intraoperative tissue biopsy during craniotomy.

Importantly, biopsy is less traumatic than open craniotomy in patients with a shorter length of hospital stay. However, postoperative
complications should not be ignored, especially postoperative hemorrhage. In our study, intracerebral hemorrhage and epidural
hemorrhage after biopsy were found in 7 (6.0%) and 4 (3.4%) cases, respectively. All cases presented with a small amount of
hemorrhage and required no surgical intervention except for one case. In a 14-year-old male patient, epidural hemorrhage after
stereotactic biopsy was noted that accompanied with the gradually increase of the amount of hemorrhage, and the volume of
hemorrhage on CT was 64*22 mm, in which the patient subsequently received craniotomy for evacuation of the hematoma.
Postoperative hemorrhage is the most common complication of stereotactic biopsy, with an incidence of 4.7%-9.0%[23–26]. With the
development of the stereotactic biopsy planning software merged with imaging examinations (e.g., CT and MRI), it is important for
neurosurgeons to provide accurate and safe biopsies to prevent cerebral hemorrhage. Barkley et al. reported that immediate and
delayed postoperative de�cits and seizures were highly correlated to post-biopsy hemorrhage, and they recommended the use of
postoperative CT as a screening tool to evaluate a patient’s clinical status after biopsy [27], which was consistent with the objectives
of our research. Thus, cranial CT as a routine examination after biopsy is recommended to avoid hemorrhage-associated adverse
events.

The limitations of this study should be pointed out. First, as a retrospective and observational study, selection bias and recall bias
were inevitable. All of our cases were selected depending on the histological diagnosis. Second, biopsy might be not valuable for
patients with intermediate serum levels of tumor markers, and such patients might alternatively receive chemoradiotherapy. Third,
within half of the cases underwent stereotactic biopsy, and specimens might not fully re�ect the characteristics of tumors and
increase the possibility of under-diagnosis. However, multi-target biopsy may increase the accuracy of the results. Fourth, there were
missing data because of unstandardized patterns of diagnosis, A considerable proportion of cases had no data of the levels of CSF
tumor markers, besides, the lack of spinal MRI results and cytological examination results of CSF might negatively in�uence the
reliability of our �ndings.
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The treatment strategies of intracranial germ cell tumors still rely on chemoradiotherapy, the further study should combine the details
of the follow-up treatment after accurate diagnosis in order to demonstrate the effect of tumor removal and point out the in�uences
to the prognosis and recurrence.

Conclusions
Endocrinological alteration has longer duration before diagnosis. Intracranial dissemination and spinal seeding are signi�cantly
correlated to tumor locations, and patients with multiple lesions such as bifocal and multifocal germinomas have a higher tendency
of dissemination. Additional attention should be paid to the imaging �ndings in clinical practice, especially in bifocal and multifocal
diseases. Patients may not necessarily bene�t from surgical resection because of the surgical trauma and the postoperative
complications, and stereotactic biopsy is highly advantageous and is recommended.
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Figures

Figure 1
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The procedure of patient selection based on the de�ned criteria was shown in a �owchart.

Figure 2

(A): Age distribution of intracranial germinomas patients is shown in a bar graph. Mean and median ages were 15.5 and 14 years
old.

(B): The distribution of age according to tumors’ locations is presented. Basal ganglia germinomas (10.5±3.0) were more frequently
found in younger patients compared with sellar/suprasellar region (14.9±5.8, *P=0.001), pineal region (17.5±6.5, **P<0.001), bifocal
region (17.2±7.0, ***P<0.001), multifocal region (16.8±5.2, ****P<0.001), and other regions (18.0±4.0, *****P=0.009). 

(C): The distribution of tumors’ locations in different genders is shown. 15.4% of male patients (n=25) had intracranial germinomas
located in sellar/suprasellar region and 35.2% (n=57) in pineal region, 19.1% (n=31) in basal ganglia region, 16.7% (n=27) in bifocal
region, 9.9% (n=16) in multifocal region, and 3.7% (n=6) in other regions. Regarding female patients, 74.3% (n=52) had germinomas
in sellar/suprasellar region, 1.4% (n=1) in pineal region, 5.7% (n=4) in basal ganglia region, 8.6% (n=6) in bifocal region, and 10.0%
(n=7) in multifocal region (P<0.001*).
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Figure 3

The serum levels of β-HCG and AFP were compared between germinoma + STGCs group (n=27) and pure germinoma group (n=205).
Germinoma + STGCs group had a signi�cantly higher serum level of β-HCG than pure germinoma group (P<0.001*) and no
statistically signi�cant difference was observed in serum AFP level (P=0.540).
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Figure 4

Comparison of discharge-pre ΔKPS in different surgical groups. Stereotactic biopsy showed increase of KPS scores at hospital
discharge (0.9) in contrast to the decrease of KPS scores of open craniotomy (-1.7, P=0.047*).


