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Abstract
Background: Surgical interventions including ventriculostomy and ventriculo-peritoneal shunt were usually
administrated in pineal germ cell tumor patients with symptomatic hydrocephalus. Considering higher sensitivity of
germinoma to anti-tumor therapy, we explored emergency irradiation as non-invasive measure in this situation.
Methods: Data of 35 germinoma patients with symptomatic hydrocephalus who received emergency irradiation of 3.
4 Gy/2f were studied retrospectively. The maximum width of frontal horn and the minimum width of trunk of corpus
callosum (TCC) were measured to evaluate hydrocephalus changing. Besides, mean deviation (MD) of Humphrey
perimetry was employed to evaluate visual field defect. Correlations between hydrocephalus changing and clinical
factors, including age, percentage of tumor regression, radiographic re-evaluation interval, and serum beta-human
chorionic gonadotropin (β-HCG) level, were analyzed.
Results: The median maximum diameter and volume of pineal lesions was 27 mm (range 10–55 mm) and 6.5cm3
(range 0.4–74.1 cm3), respectively. At median 8 days after irradiation, the median percentage of tumor remission was
55% (range 10–100%). The median maximum width of FN and the median minimum width of TCC were 11.6 mm and
39.0 mm, and 8.0 mm and 31.4 mm, before and after irradiation, respectively. The improvement of both parameters
reached significant level (p < 0.001). However, none clinical factor was found to have correlation with their improvement.
In 14 patients with paired data of pre- and post-irradiation MD, its change did not reach the significant level for both
eyes. All patients successfully received subsequent chemoradiotherapy without surgical intervention.
Conclusions: Emergency irradiation of 3.4 Gy/2f was an effective non-invasive measure to relief hydrocephalus in pineal
germinoma patients.
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Background
Intracranial germ cell tumors (iGCTs) are rare malignancies that are mostly identified in children and adolescence.
In Western counties, it accounts for 3–5% of primary central nervous system carcinomas of children and young
adults, while that number is 11–15% in Asian populations
[1-3]. Generally, iGCTs are segregated into germinomas
and non-germinomatous germ cell tumors (NGGCTs) in
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most classifications. Patients with germinoma had favorable prognosis, with cure rate of more than 90% [4, 5].
Pineal gland is one of the most common involved area,
which accounts for 50–60% of iGCTs in some reports [6].
iGCTs involving the pineal gland often cause increased
intracranial pressure as a result of aqueduct obstruction
and may also cause Parinaud’s syndrome (vertical gaze
palsy and a pseudo-Argyll-Robertson pupil) in up to 50%
of cases [7]. Clinically, ventriculo-peritoneal shunt was
usually implanted to relive symptoms of obstructive
hydrocephalus and pave the way for the subsequent
anti-tumor procedure. In addition, endoscopic third ventriculostomy was alternative which allows tumor biopsy
and improvement of hydrocephalus simultaneously.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Li et al. Chinese Neurosurgical Journal

(2019) 5:13

However, invasive techniques as they are, the complications such as catheter obstruction, broken catheter, and
infection are of concerns. Furthermore, permanent
catheter-carrying also has a negative impact on the patient’s quality of life. Nowadays, a biopsy is generally not
attempted in patients with typical radiographic findings
and elevated tumor markers such as beta-human chorionic gonadotropin (β-HCG) and alpha fetoprotein (AFP).
Besides, primary surgery is not recommended for germinomas as they are sensitive to chemotherapy and
radiotherapy, and the risk of surgical complications
usually outweighs any potential benefit [8]. Thus, in
our hospital, emergency irradiation of 3.4 Gy/2f was
employed in patients who were diagnosed as pineal
gland germinoma with symptomatic hydrocephalus,
which intend to avoid invasive procedure. Here we
present the results.

Methods
Patient inclusion
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were administrated followed by radiotherapy. Or else, surgery would be considered. Radiotherapy consisted of whole
brain radiotherapy (WBRT) with a dose of 24–30 Gy and a
boost to the primary lesions. The total prescription dose
was up to 50 Gy for patients who had complete remission
(CR) to chemotherapy, and up to 55–60 Gy for those with
less than CR. Patients with disseminated disease or
older than 16 years also received cranial spinal irradiation (CSI) to the entire cranial contents and spinal
axis. After the completion of radiotherapy, up to 4 cycles of platinum-based chemotherapy was recommended. Then, routine follow-up was repeated every
3 months for the first 2 years, and every 6 months for
the next 3 years.
Response evaluation

The evaluation of tumor response was based on
enhanced-contrast MRI and the two-dimensional RANO
(Response Assessment in Neuro-oncology) criteria by
enhancing the tumor area (the maximum cross-sectional
enhancing diameters) as the primary tumor measure.
Furthermore, the maximum width of frontal horn (FH)
and the minimum width of trunk of corpus callosum
(TCC) on T1-weighted enhanced-contrast images were
measured to evaluate hydrocephalus changing (Fig. 1).

Medical records of patients who were diagnosed as germinoma at Beijing Tiantan Hospital affiliated to Capital
Medical University between January 2014 and December
2017 were screened. The inclusion criteria were (1) age <
30 years; (2) primary lesion located in pineal gland region;
(3) on magnetic resonance imaging, the lesion was isointense on T1-weighted images and enhanced homogeneously; (4) at least one of serum or cerebral spinal fluid
(CSF) beta-human chorionic gonadotropin (β-HCG) was
elevated mildly (5.0 IU/L < β-HCG < 100 IU/L); and (5)
emergency irradiation was administrated due to hydrocephalus. Exclusion criteria were (1) the primary lesion located other than pineal gland region, (2) alpha fetoprotein
(AFP) was elevated, and (3) ventriculo-peritoneal or ventriculostomy was the initial treatment modality. Clinical
data of eligible patients were obtained from institutional
archive and analyzed retrospectively. This study was approved by the institutional review board.

IBM SPSS Statistics 19.0 software was used for the data
analysis. Mann-Whitney U test was used for continuous
variables. Chi-square test was used for category variables.
Spearman test was used to analyze the correlation between hydrocephalus changing and clinical factors such as
age at diagnosis (years), radiographic re-evaluation interval (days), the percent of tumor regression, the serum level
of β-HCG. A p value less than 0.05 was used as the criterion of statistical significance, and all statistical tests were
two-sided.

Treatment strategy

Results

Before treatment, all patients underwent a baseline evaluation, including a medical history, a general physical examination, complete blood count, serum chemistry, serum
and/or CSF tumor markers (β-HCG and APF), and
radiographic examinations (plain computed tomography
scan, enhanced-contrast magnetic resonance image). Visual
examination was recommended in patients with visual
complaints. If symptoms of high cranial pressure could be
relieved by mannitol infusion at 12-h intervals or less and
there is no indication for surgical interventions, emergency
irradiation of 3.4 Gy/2f was employed to the primary lesions. About a week later, baseline evaluations were repeated and spinal MRI was conducted. For patients with
tumor regression, 2 cycles of platinum-based chemotherapy

Patients’ characteristics

Statistical analysis

There are 35 patients diagnosed from October 2014 to
September 2017 included in this study. Patients’ characteristics were summarized in Table 1. In our series,
85.7% (30/35) of patients were male and 14.3% (5/35)
were female. The median age was 16 years (range 5–29
years). Altogether, 65.7% (23/35) of patients had their
primary lesions located in the pineal gland region.
Twenty percent (7/35) of patients were bi-focal, who
had lesions both in the pineal gland and suprasellar region. The other 5 patients had disseminated disease in
addition to the primary lesions of the pineal gland. The
median maximum diameter of pineal gland lesions was
27 mm (range 10–55 mm) and the median volume of
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Fig. 1 The maximum width of frontal horn (FH) and the minimum width of trunk of corpus callosum (TCC) (white arrows) on T1-weighted
enhanced-contrast images were measured to evaluate hydrocephalus changing before (upper axial images) and after (lower axial images)
emergency irradiation

Table 1 Patient characteristics
Characteristics

N = 35

Percent

Median age

16 years

Range 5–31 years

Gender
Male

30

85.7

Female

5

14.3

Pineal gland region

23

65.7

Sellar/suprasellar and pineal gland region

7

20.0

Pineal gland region with ventricular dissemination

2

5.7

Sellar/suprasellar and pineal gland region with ventricular dissemination

3

8.6

25.3 IU/L

Range 7.2–75.7 IU/L

Median maximum diameter of pineal gland lesions

27 mm

Range 10–55 mm

Median volume of pineal gland lesions

6.5 cm3

Range 0.4–74.1 cm3

28

80.0

Location

β-HCG elevation

a

Symptoms

Headache, nausea, vomiting
Visual complaints

19

54.3

Adipsic diabetes insipidus

8

22.8

Syrigmus

5

14.3

Drossy

5

14.3

Hypomnesia

4

11.4

Abbreviations: β-HCG beta-human chorionic gonadotropin
a
One patient may have more than one symptom

Li et al. Chinese Neurosurgical Journal

(2019) 5:13

pineal gland lesions was 6.5 cm3 (range 0.4–74.1 cm3),
respectively.
In terms of symptoms, those correlated with high cranial pressure were the most common, which were presented in 80% of patients (28/35). Visual complaints
ranked the second, in which visual acuity decline was
seen in 4 patients and diplopia was seen in 15 patients.
In 4 patients who complained of visual acuity decline, 2
had suprasellar lesions. Although adipsic diabetes insipidus was not the most common symptom, it was presented in 80% (8/10) of patients who accompanied
suprasellar lesions. Other symptoms included syrigmus
in 5, drossy in 5 and hypomnesia in 4.
Treatment results

The median radiographic re-evaluation interval was 8
days (range 4–16 days). And the median percentage of
tumor remission was 55% (range 10–100%), which
62.9% (22/35) of patients had tumor regression ≥ 50%
(including complete remission in 1 patient). No toxicities
were observed. Subsequently, 26 patients received 2 cycles of chemotherapy and 7 received 1 cycle. Before
radiotherapy, CR was achieved in 30 patients and 3 patients still had residue disease (< 0.5 cm). Two patients
had no chemotherapy prior to radiotherapy because of
alanine transaminase elevation (n = 1) or left ventricle
dilation (n = 1). In terms of radiotherapy, 14 patients received WBRT plus primary boost, 21 patients received
CSI. The median prescription dose was 50 Gy (range
32–60 Gy). The median follow-up period of our series
was 20 months (range 6–41 months). No one relapsed or
died by far.
Hydrocephalus

The median maximum width of FN and the median minimum width of TCC before emergency irradiation were
11.6 mm (range 3.0–23.1 mm) and 39.0 mm (range 19.4–
56.4 mm), respectively. While that number was 8.0 mm
(range 2.0–15.0 mm) and 31.4 mm (range 12.0–49.3 mm),
respectively at the time of radiographic re-evaluation. Statistical analysis found the improvement of these two parameters reached a significant level (Table 2). However,
none of the clinical factors such as age at diagnosis (years),
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radiographic re-evaluation interval (days), the percent of
tumor regression, and the serum level of β-HCG was
found to have a correlation with the improvement of these
two parameters (Table 3). No patient received surgical
intervention because of hydrocephalus during the treatment or follow-up.
Visual examination

Altogether, 14 patients received Humphrey perimetry
examination before and after emergency irradiation. The
median deviation (MD) of right eyes and left eyes before
emergency irradiation was − 4.6 (range − 10.1 to − 0.9)
and − 3.4 (range − 10.8 to − 1.4), respectively. While
those numbers were − 2.2 (range − 7.3 to − 0.4) and −
3.0 (range − 14.5 to − 0.7), respectively after emergency
irradiation (at the time of radiographic re-evaluation).
However, the difference of MD changing before and
after irradiation did not reach the significant level (Table
2). The best-corrected visual acuity (BCVA) was available in 5 patients before emergency irradiation. In 3 patients with sellar/suprasellar region involvement, the
BCVA of both eyes (right/left) were 0.4/0.5, 0.12/0.05,
and 0.04/0.1, respectively. While in 2 patients with pineal gland lesions only, those numbers were 0.8/0.8 and
1.0/1.0, respectively. Unfortunately, only 1 patient had
paired BCVA which was improved from 0.04 to 0.4 on
the right and from 0.1 to 0.25 on the left.

Discussion
In our study, we explore the efficacy of emergency irradiation of 3.4 Gy/2f in patients who were diagnosed as pineal gland germinoma with symptomatic hydrocephalus.
As a result, the hydrocephalus improved significantly and
no one received surgical intervention because of hydrocephalus during the treatment.
In iGCTs patients involving pineal gland region, obstructive hydrocephalus was a common complication. Surgical interventions such as ventriculo-peritoneal shunt or
endoscopic third ventriculostomy were usually considered
to not only relief the symptoms related to hydrocephalus,
but also provide an opportunity to obtain pathological
diagnosis. However, with typical radiographic findings and
elevated tumor markers, clinical diagnosis of iGCTs could

Table 2 The changing of hydrocephalus and visual field before and after emergency irradiation
Pre-emergency-irradiation

Post-emergency-irradiation

P value

Maximum width of FN

11.6 (range 3.0 to 23.1)

8.0 (range 2.0 to 15.0)

< 0.001

Minimum width of TCC

39.0 (range 19.4 to 56.4)

31.4 (range 12.0 to 49.3)

< 0.001

Right eyes

−4.6(range − 10.1 to − 0.9)

−2.2(range − 7.3 to − 0.4)

0.18

Left eyes

−3.4(range − 10.8 to − 1.4)

−3.0(range − 14.5 to − 0.7)

0.87

Parameters
Hydrocephalus improvement (mm)

Median MD (n = 14)

Abbreviations: FN frontal horn, TCC trunk of corpus callosum, MD mean deviation
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Table 3 The correlation between hydrocephalus improvement and clinical factors
Age at diagnosis
Correlation
coefficient

Radiographic re-evaluation β-HCG
interval

Extend of tumor
regression
P
value

P
value

Correlation
coefficient

Correlation
coefficient

P
valve

Correlation
coefficient

P
valve

Improvement of maximum width
of FN

− 0.192

0.30

0.246

0.18

0.021

0.91

0.223

0.22

Improvement of minimum width
of TCC

− 0.204

0.27

0.214

0.25

− 0.063

0.74

0.319

0.081

Abbreviations: FN frontal horn, TCC trunk of corpus callosum, β-HC beta-human chorionic gonadotropin

also be established [9]. Furthermore, in patients with germinoma, surgical resection could be omitted from initial
treatment since they are extremely sensitive to chemotherapy and radiotherapy [8]. Thus, it is reasonable that invasive measures could be spared if proper treatment
modality was taken in pineal gland germinoma patients
with hydrocephalus. Hence, in our study, emergency irradiation of 3.4 Gy/2f was employed as an initial treatment
modality in patients with isointense lesions and β-HCG
mild elevation, which is essential for the diagnosis of germinoma. As a result, the efficacy was satisfactory since the
tumor regression was seen in all patients. And around 60%
of patients had their tumor shrunk more than 50%, including complete remission in one patient. Moreover, the
hydrocephalus which was evaluated by the maximum width
of FN and the minimum width of TCC also improved significantly and surgical intervention was exempted for these
population.
The successful administration of this technique relied
not only on accurate diagnosis, but also proper evaluation of the severity of the hydrocephalus. In our experience, only those with “mild” hydrocephalus may benefit
from the non-invasive modality. However, in clinical
practice, there are no consensus criteria on how to classify the severity of hydrocephalus by far. Although the
extent of ventricular dilation, which was evaluated by
the maximum width of FN and the minimum width of
TCC in our study, seems to be the candidate parameter,
it had neither correlation with the pre-irradiation volume nor the percentage of tumor regression of pineal
gland lesions. Besides, symptoms are not usually in accordance with the extent of ventricular dilation, since
the hydrocephalus development speed and patient tolerance were also correlated. Thus, in our study, the frequency of mannitol infusion was adopted as a criterion
to evaluate the severity of hydrocephalus. Patients who
can achieve symptom relief were potential candidates for
the non-invasive measures. Otherwise, surgical intervention is still the effective way to not only relieve the
symptoms but also pave the way for the subsequent
treatment. Hence, full communication with surgeons is
extremely important until the reliable criterion was
established to better define beneficial populations.

In addition to radiotherapy, chemotherapy was another
initial treatment option in patients with germinoma. Many
studies have found, the addition of induction chemotherapy could make radiation dose and/or field reduction possible without compromising long-term survival in patients
with localized lesions [4, 10, 11]. However, in pineal
gland iGCTs with hydrocephalus, a dilemma might
arise if chemotherapy was employed initially. According to Children’s Oncology Group (COG) criteria,
NGGCTs are defined if AFP is above the institutional
upper limit and/or β-HCG is higher than 100 IU/L. In
Europe, if AFP is higher than 25 ng/ml and/or β-HCG
higher than 50 IU/L, the diagnosis of NGGCTs should
be considered. In some clinical trials, 50 IU/L of
β-HCG was also used as a cut-off for germinoma patient recruitment [4, 10]. However, patients with mild
elevation of β-HCG only were just considered as “germinoma,” NGGCTs components, which were less sensitive to anti-tumor therapy, could not be ruled out
completely [9, 12]. As a result, it is problematic if hydrocephalus did not improve satisfactorily after full-dose
chemotherapy delivering and surgical intervention was inevitable, especially during the peri-bone-marrow-suppression
period. Local therapy as it is, the emergency irradiation we
employed has limited influence on potential surgical interventions. Furthermore, the following induction chemotherapy provided a second chance for tumor sensitivity
evaluation, which is important for the diagnosis of germinoma without histology support.
According to the study conducted by Allen et al., β-HCG
elevation, either in the serum or CSF, was reported in only
about 40% of germinoma patients [13]. Most patients were
negative for tumor makers and histology examination was
recommended by most oncologists [14]. However, in clinical practice, there are still difficulties in obtaining histological diagnosis in all tumor maker-negative patients.
Diagnostic radiotherapy, which was firstly reported by Japanese authors, was also employed as an alternative measure
in many centers, including ours [15, 16]. Different from the
dose of 20 Gy/10f reported in a Japanese study, in our hospital, a lower dose was delivered due to concerns of potential toxicities and misdiagnosis. The results from our
preliminary studies conducted in 2006 showed that 10
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Gy/5f was comparable to 20 Gy/10f in terms of tumor
regression since over 90% of lesions shrunk more than
50% [17, 18]. In recent years, 3.4 Gy/2f was recruited in
our clinical practice, not only as diagnostic radiotherapy regimen, but also as a measure in an emergency
situation such as hydrocephalus. Although the tumor
regression was less effective compared with the higher
dose regimen, we found the hydrocephalus improvement has no correlation with the extent of tumor regression. While as a diagnostic measure, 3.4 Gy/2f was
applicable since all patients in our series who were considered as germinoma had their lesions regressed. Furthermore, the potential side effects of 3.4 Gy/2f might
be minimum when the diagnosis was adjusted in poor
responders.
Visual complaints were also common in patients with
iGCTs, including visual acuity decline, visual field defect,
ocular movement disturbance, etc. However, there are
differences among patients involved different intracranial
locations. In patients with pineal gland lesions, diplopia
seems the most common, while visual acuity and field
impairment occurred more often when sellar/suparsellar
region involved. In a retrospective study including 28
iGCTs, 12 (42.8%) patients reported visual disturbances
[19]. In 7 patients that suffered from visual acuity loss, 5
(71.4%) had suprasellar involvement. In 8 patients that
complained of hemianopsia, 7 (87.5%) had suprasellar
involvement. While in 3 patients with diplopia, 2 had
pineal gland lesion only. In another study that recruited
16 sellar/suparsellar germinoma patients, 8 (50%) had
visual acuity problems [20]. As it was shown in our
study, 15 (78.9%) patients had diplopia among 19 patients with visual complaints. Otherwise, visual acuity
decline seems more common and severe in patients with
sellar/suprasellar region involvement. In terms of visual
field defect, data of Humphrey perimetry showed, most
patients had mild MD decrease and its improvement did
not reach the significant level along with the hydrocephalus improvement. Hence, ocular movement evaluation
should be recommended preferentially in patients with
pineal gland lesions. In addition, in patients with sellar/
suprasellar lesions, visual acuity and visual field examinations should be considered, either.

Conclusions
Obstructive hydrocephalus was a common complication in patients with pineal gland iGCTs. In our study,
emergency irradiation of 3.4 Gy/2f was employed as a
treatment modality in this situation. As a result, it has
proved to be an effective non-invasive measure to relieve hydrocephalus in patients who were considered as
pineal gland germinoma. Further study is needed to establish criteria evaluating the severity of hydrocephalus
for beneficial population screening.

Page 6 of 7

Abbreviations
AFP: Alpha fetoprotein; BCVA: Best-corrected visual acuity; COG: Children’s
Oncology Group; CR: Complete remission; CSF: Cerebral spinal fluid;
CSI: Cranial spinal irradiation; FH: Frontal horn; iGCTs: intracranial germ cell
tumors; MD: Mean deviation; NGGCTs: Non-germinomatous germ
cell tumors; RANO: Response Assessment in Neuro-oncology; TCC: Trunk of
corpus callosum; WBRT: Whole brain radiotherapy; β-HCG: Beta-human
chorionic gonadotropin
Acknowledgements
Not applicable.
Funding
This study was supported by the Capital Foundation of Medical
Development (Grant number: 2016-2-1073).
Availability of data and materials
Not applicable
Authors’ contributions
BL and YLi conceived the study, participated in its design, and drafted the
manuscript. CL participated in the study design and surgical intervention
evaluation. YLiu and SLiu participated in data collection and statistical
analysis. XQ and SLuo conceived the study and participated in its design and
coordination. All authors read and approved the final manuscript.
Ethics approval and consent to participate
This study was approved by the institutional review board of Beijing Tiantan
Hospital, Capital Medical University. KY 2018–064-02.
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.
Received: 26 November 2018 Accepted: 7 May 2019

References
1. Lee SH, Jung KW, Ha J, Oh CM, Kim H, Park HJ, Yoo H, Won YJ. Nationwide
population-based incidence and survival rates of malignant central nervous
system germ cell tumors in Korea, 2005-2012. Cancer Res Treat. 2017;49:
494–501.
2. Wong TT, Ho DM, Chang KP, Yen SH, Guo WY, Chang FC, Liang ML, Pan HC,
Chung WY. Primary pediatric brain tumors: statistics of Taipei VGH, Taiwan
(1975-2004). Cancer. 2005;104:2156–67.
3. Report of Brain Tumor Registry of Japan (1984-2000). Neurol Med Chir
(Tokyo). 2009;49 Suppl:Ps1–96.
4. Cheng S, Kilday JP, Laperriere N, Janzen L, Drake J, Bouffet E, Bartels U.
Outcomes of children with central nervous system germinoma treated with
multi-agent chemotherapy followed by reduced radiation. J Neuro-Oncol.
2016;127:173–80.
5. Bamberg M, Kortmann RD, Calaminus G, Becker G, Meisner C, Harms D,
Gobel U. Radiation therapy for intracranial germinoma: results of the
German cooperative prospective trials MAKEI 83/86/89. J Clin Oncol. 1999;
17:2585–92.
6. Echevarria ME, Fangusaro J, Goldman S. Pediatric central nervous system
germ cell tumors: a review. Oncologist. 2008;13:690–9.
7. Packer RJ, Cohen BH, Cooney K. Intracranial germ cell tumors. Oncologist.
2000;5:312–20.
8. Souweidane MM, Krieger MD, Weiner HL, Finlay JL. Surgical management of
primary central nervous system germ cell tumors: proceedings from the
second international symposium on central nervous system germ cell
tumors. J Neurosurg Pediatr. 2010;6:125–30.
9. Murray MJ, Bartels U, Nishikawa R, Fangusaro J, Matsutani M, Nicholson JC.
Consensus on the management of intracranial germ-cell tumours. Lancet
Oncol. 2015;16:e470–7.
10. Calaminus G, Kortmann R, Worch J, Nicholson JC, Alapetite C, Garre ML,
Patte C, Ricardi U, Saran F, Frappaz D. SIOP CNS GCT 96: final report of
outcome of a prospective, multinational nonrandomized trial for children

Li et al. Chinese Neurosurgical Journal

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

(2019) 5:13

and adults with intracranial germinoma, comparing craniospinal irradiation
alone with chemotherapy followed by focal primary site irradiation for
patients with localized disease. Neuro Oncol. 2013;15:788–96.
Kortmann RD. Current concepts and future strategies in the management
of intracranial germinoma. Expert Rev Anticancer Ther. 2014;14:105–19.
Bowzyk Al-Naeeb A, Murray M, Horan G, Harris F, Kortmann RD, Nicholson J,
Ajithkumar T. Current Management of Intracranial Germ Cell Tumours. Clin
Oncol (R Coll Radiol). 2018;30:204–14.
Allen J, Chacko J, Donahue B, Dhall G, Kretschmar C, Jakacki R, Holmes E,
Pollack I. Diagnostic sensitivity of serum and lumbar CSF bHCG in newly
diagnosed CNS germinoma. Pediatr Blood Cancer. 2012;59:1180–2.
Murray MJ, Horan G, Lowis S, Nicholson JC. Highlights from the Third
International Central Nervous System Germ Cell Tumour symposium: laying
the foundations for future consensus. Ecancermedicalscience. 2013;7:333.
Nakagawa K, Aoki Y, Akanuma A, Sakata K, Karasawa K, Terahara A, Onogi Y,
Hasezawa K, Muta N, Sasaki Y. Radiation therapy of intracranial germ cell
tumors with radiosensitivity assessment. Radiat Med. 1992;10:55–61.
Handa H, Yamashita J. Current treatment of pineal tumors (author’s
transl)Neurol Med Chir. 1981;21:147–54.
Qiu XG, Luo SQ, Ma ZY, Zhang YQ, Jia G, Wang MM, Li SW. Preliminary
dosage research on diagnostic radiation of intracranial germinoma. J Cap
Univ Med Sci. 2006;27:395–6.
Feng J, Qiu XG, Wang MM, Wang Q. Exploration of trial radiotherapy
dosage for suspected intracranial germinoma. Chin J Clin Oncol Rehabil.
2006;13:335–6.
Frappaz D, Pedone C, Thiesse P, Szathmari A, Conter CF, Mottolese C,
Carrie C. Visual complaints in intracranial germinomas. Pediatr Blood
Cancer. 2017;64:e26543.
Saeki N, Murai H, Kubota M, Fujimoto N, Yamaura A. Long-term Karnofsky
performance status and neurological outcome in patients with
neurohypophyseal germinomas. Br J Neurosurg. 2001;15:402–8.

Page 7 of 7

