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Purpose

Whether craniospinal irradiation (CSI) could be replaced by limited-field radiation in non-
metastatic bifocal germinoma remains controversial. We addressed the issue based on the
data from our series and the literature.

Materials and Methods

Data from 49 patients diagnosed with non-metastatic bifocal germinoma at our hospital
during the last 10 years were collected. The Pediatric Quality of Life Inventory 4.0 was used
to evaluate health-related quality of life (HRQOL). Additionally, 81 patients identified from
the literature were also analyzed independently.

Results

In our cohort, 34 patients had tumors in the sellar/suprasellar (S/SS) plus pineal gland
(PG) regions and 15 in the S/SS plus basal ganglia/thalamus (BG/T) regions. The median
follow-up period was 52 months (range, 10 to 134 months). Our survival analysis showed
that patients treated with CSI (n=12) or whole-brain radiotherapy (WBRT; n=34) had com-
parable disease-free survival (DFS; p=0.540), but better DFS than those treated with focal
radiotherapy (FR; n=3, p=0.016). All 81 patients from the literature had tumors in the S/
SS+PG regions. Relapses were documented in 4/45 patients treated with FR, 2/17 treated
with whole-ventricle irradiation, 0/4 treated with WBRT, and 1/15 treated with CSI. Survival
analysis did not reveal DFS differences between the types of radiation field (p=0.785).
HRQOL analysis (n=44) in our cohort found that, compared with S/SS+PG germinoma,
patients with BG/T involvement had significantly lower scores in social and school domains.
However, HRQOL difference between patients treated with CSI and those not treated with
CSl was not significant.

Conclusion
In patients with non-metastatic bifocal germinoma, it is rational that CSI could be replaced
by limited-field radiation. HRQOL in patients with BG/T involvement was poorer.
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Introduction

Intracranial germinoma is a rare malignancy mostly iden-
tified in children and adolescents. The incidence varies sub-
stantially across the continents, with North American and
international data showing overall incidence of 0.6/million/
yr in United States, 1.0/ million/yr in Europe, 1.7/ million/yr
in Korea, and 2.7 /million/yr in Japan [1,2]. The sellar/supra-
sellar (5/SS), pineal gland (PG), and basal ganglia/thalamus
(BG/T) regions are the most common areas in which germi-
noma occurs, accounting for 23%-35%, 37%-66%, and 0%-8%
of cases, respectively [2-5].

Craniospinal irradiation (CSI) used to be the standard of
care for patients with germinoma. Although more than 90%
of patients show long-term disease control, toxicities relat-
ed to CSI are still concerning [6,7]. Thus, many researchers
explored the possibility of limited-field irradiation such as
focal radiotherapy (FR), whole ventricular irradiation (WVI),
or whole-brain radiotherapy (WBRT) [8-11]. The emerging
results showed that, combined with chemotherapy, reduction
in the radiation dose and/or radiation field did not compro-
mise the long-term survival of patients with localized disease.
Interestingly, in clinical practice, some rare patients had syn-
chronous lesions involving two intracranial locations; these
cases are called bifocal germinoma. As dissemination within
the central nervous system is characteristic of germinoma,
treatment of cases with bifocal involvement is a dilemma at

the time of decision-making, especially for radiation field se-
lection.

Some pioneer researchers addressed the issue of bifocal
germinoma treatment on the basis of their experience, and
indicated that extended-field radiation could be avoided, if
there is no evidence of metastasis or dissemination [12-14].
However, due to the scarcity of the disease, few studies have
compared the difference between the above-mentioned radia-
tion fields. Thus, evidence is still required to clarify the issue.

Classically, bifocal germinoma refers to patients with
synchronous lesions involving S/SS and PG regions. How-
ever, we also identified a number of patients who have syn-
chronous lesions involving S/SS and BG/T regions (Fig. 1,
S1 Fig.). In the current study, we grouped them under the
concept of bifocal germinoma and analyzed them together.
Radiation strategies for patients with bifocal germinoma at our
institute have evolved over the decades. Both CSI and FR
were treatment options in the early years until WBRT became
the standard of care. Here, we retrospectively analyzed clini-
cal data from 49 patients to examine the survival of patients
treated with different radiation fields. Moreover, we also
independently analyzed 81 patients from the literature. In
addition, since the long-term health-related quality of life
(HRQOL) is another important factor that should be weight-
ed at the time of radiation field selection, these data were also
included in our study.

Fig. 1. Images of an 18-year-old girl who presented with right hemiparesis and adipsic diabetes insipitus. p-Human chorionic gonadotro-
pin in the serum and cerebrospinal fluid was 39.4 IU/L and 77.2 IU/L, respectively. Radiological examinations revealed lesions located
in the sellar and left thalamus area (tumors were indicated by the arrows). The first row shows axial and sagittal graphics on contrast-
enhanced magnetic resonance image. Pituitary stalk enhancement and a left thalamus lesion with enhancement can be seen. The second
row shows images on plain computed tomography scan. Lesions showed slightly higher intensity compared to the surrounding normal
tissues. She was diagnosed as bifocal germinoma and chemoradiotherapy was applied. The third row shows the complete remission of

the lesions after treatment.

VOLUME 52 NUMBER 4 0CTOBER 2020 1051



Cancer Res Treat. 2020;52(4):1050-1058

Materials and Methods

1. Patients

Clinical data from 49 patients who were diagnosed with
bifocal germinoma between January 2008 and January 2018
were analyzed. Diagnosis was established on the basis of
histology and/or tumor makers (B-human chorionic gon-
adotropin [B-HCG] < 100 IU/L and o-fetoprotein normal).
Before treatment, all patients underwent baseline evaluation,
including physical examination, blood tests, and radiograph-
ic examinations. Metastases were defined as any additional
lesions documented on radiographic examinations and/or
positive cerebrospinal fluid (CSF) cytology.

Considering the treatment strategy, two cycles of platinum-
based chemotherapy (ifosfamide 1.5 g/m? days 1-3, etopo-
side 70 mg/m? days 1-3, and cisplatin 30 mg/m? days 1-3,
repeated every 4 weeks) were initially performed after diag-
nosis. Subsequently, radiotherapy was applied and two
additional cycles of chemotherapy were performed there-
after. The standard radiation dose in the current cohort
was 40 Gy. In terms of radiation field at our institute, both
FR and CSI (30 Gy) plus boosts had been considered for
patients with bifocal disease, until WBRT (30 Gy) plus boost
became the standard of care in 2008. Then, CSI plus boost
was performed only in patients with evidence of metastases.
Radiotherapy was applied at a daily dose of 1.6-1.8 Gy with
five weekly fractions over 4.5-5 weeks. The gross target vol-
ume (GTV) was defined as the extent of the primary tumor(s)
before treatment. The clinical target volume (CTV) was obtai-
ned by adding 0.5 cm to GTV. Additional 0.5-1 cm was added
to CTV to create planning target volume (PTV). After treat-
ment completion, routine follow-up was performed every
3-6 months for the first two years and every 6-12 months for
the next 3 years.

2. Data from the literature

PubMed was used for literature searching. Patients who
were eligible for the analysis must have information regard-
ing diagnosis, tumor location, radiation field, radiation dose,
chemotherapy, relapse status, and time to relapse. In addi-
tion, information about the age, sex, serum/CSF p-HCG level,
CSF cytology results, and spinal magnetic resonance imag-
ing (MRI) status were collected vigorously.

3. Health-related quality of life (HRQOL)

The Pediatric Quality of Life Inventory 4.0 (PedsQL 4.0)
scale was used to evaluate HRQOL. The PedsQL 4.0 Gene-
ric Core Scale contains 23 items, which measure physical
(eight items), emotional (five items), social (five items), and
school functions (five items). HRQOL was provided as age-
appropriate surveys for young children (5-7 years old), chil-
dren (8-12 years old), teens (13-18 years old), young adults
(18-25 years old), and adults (> 26 years old). The PedsQL 4.0
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Generic Core Scale comprises parallel patient self-report and
parent proxy-report formats. Items were reverse-scored and
transformed to a 0-100 scale according to instructions, thus
higher scores indicate better HRQOL. We attempted to con-
tact all surviving patients via phone, and those who could be
contacted received the electronic version of the PedsQL scale
via e-mail and cell phone.

4. Statistical analysis

IBM SPSS Statistics for Windows, ver. 22.0 (IBM Corp.,
Armonk, NY), was used for data analysis. t test was employ-
ed for PedsQL scores analyses, which were considered as
continuous variables. The Kaplan-Meier method was used
to estimate survival. Disease-free survival (DFS) was cal-
culated from the date of complete remission to the date of
disease relapse. Disease relapse was defined as an eleva-
tion of tumor marker levels in the serum and/or CSE the
appearance of any new lesions on radiographic examina-
tions, or both. Overall survival (OS) was determined from
the date of diagnosis to the date of death or the last follow-up
visit. Log-rank tests were used to compare survival curves.
All statistical analyses used a significance level of 0.05, and
all statistical tests were two-sided.

5. Ethical statement

This study was reviewed and approved by the Institutional
Review Board of Beijing Tiantan Hospital (grant number: KY
2018-064-02). Informed written consent from patients was
waived by the Institutional Review Board of Beijing Tiantan
Hospital due to the retrospective study design.

Results

1. Patient characteristics

Among 49 patients included in our study, 34 were males
(69.4%). The median age was 13 years (range, 5 to 47 years).
Thirty-four patients had their lesions located in the S/SS and
PG regions, while 15 patients had their lesions located in the
S/SS and BG/T regions. Diagnosis was established based on
histology in 13 patients and on levels of serum tumor mark-
ers in 36 patients. The non-metastatic status was determined
based on both spinal MRI and CSF cytology in 46 patients.
The remaining three patients showed negative findings on
spinal MRI but had no CSF cytology data due to potential
high intracranial pressure. In terms of radiotherapy, three
patients underwent FR, 34 patients underwent WBRT plus
boost, and 12 underwent CSI plus boost. The total radiation
dose was 3,960 cGy in 43 patients, 4,500 cGy in two patients,
and 5,040 in four patients. All but two patients in the CSI
group received chemotherapy (Table 1).

The most common symptom was adipsic diabetes insipi-
dus, which was documented in 44 patients (89.7%). Visual



Bo Li, Radiation Strategy in Bifocal Germinoma

Table 1. Patient characteristics

Characteristic Our cohort (n=49) Literature cohort (n=81)
Age, median (range, yr) 13 (5-47) 14 (4-28)
Not available 0 41
Primary tumor location
S/SS+PG 34 (69.4) 81 (100)
S/SS+BG/T 15 (30.6) 0
Sex
Male 34 (69.4) 27 (33.3)
Female 15 (30.6) 13 (16.0)
Not available 0 41 (50.7)
Method used to make the diagnosis
Histology 13 (26.5) 64 (79.0)
™ 36 (73.5) 5(6.2)
Serum B-HCG (IU/L) 14.56 (0.01-74) -
CSF p-HCG (IU/L) 11.4 (0.01-87.7) -
Clinical 0 11 (13.6)
Not available 0 1(1.2)
Radiotherapy
FR 3(6.1) 45 (55.6)
WVI 0 17 (20.9)
WBRT+boost 34 (69.4) 4(4.9)
CSI+boost 12 (24.5) 15 (18.6)
Dose of radiotherapy (Gy)
<40 43 (87.7) 56 (69.2)
> 40 6(12.3) 21 (25.9)
Not available 0 4(4.9)
Patients treated with chemotherapy 47 (95.9) 55 (67.9)

Values are presented as number (%) unless otherwise indicated. S/SS, sellar/suprasellar; PG, pineal gland; BG/T, basal ganglia/thalamus;
TM, tumor marker; f-HCG, p-human chorionic gonadotropin; CSF, cerebrospinal fluid; FR, focal radiotherapy; WVI, whole ventricular
irradiation; WBRT, whole-brain radiotherapy; CSL craniospinal irradiation.

acuity decline was reported by 20 patients (40.8%). Sixteen
patients (32.7%) had symptoms related to high intracranial
pressure. Physical development abnormality was document-
ed in 17 patients, seven of whom had precocious puberty (all
male) and 10 had growth retardation (6 male and 4 female).
Among 15 patients with S/SS+BG/T germinoma, five pre-
sented with hemiparesis.

2. Survival

The median follow-up period was 52 months (range,
10 to 134 months). The estimated 5-year DFS and OS were
96.7% and 97.3%, respectively. During the follow-up, all
patients that underwent FR showed disease relapse. Among
them, two patients with S/SS+PG germinoma had relapse
in the spine and one patient with S/SS+BG/T germinoma
had relapse in the left posterior limb of internal capsule. Only
one patient with S/SS+PG germinoma in the WBRT group
experienced disease relapse (in the spine); all patients in the
CSI group were disease-free at the last follow-up. Survival
analysis revealed that patients undergoing FR had the low-
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Fig. 2. Comparison of disease-free survival between patients
undergoing focal radiotherapy (FR), whole-brain radiotherapy
(WBRT), and craniospinal irradiation (CSI) (our cohort). Patients
treated with CSI (n=12) or WBRT (n=34) had comparable dis-
ease-free survival (p=0.54), but better disease-free survival than
those treated with FR (n=3, p=0.016).
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Fig. 3. Images of a 19-year-old boy who presented with adipsic diabetes insipitus only. B-Human chorionic gonadotropin (B-HCG) in
the serum and cerebrospinal fluid was 22.4 IU/L and 41.9 IU/L, respectively. (A, B) Radiological examinations revealed pituitary stalk
enhancement and left thalamus lesion with enhancement (tumors were indicated by the arrows). Then, four cycles of chemotherapy and
focal radiotherapy were applied. (C, D) Twenty months later, enhanced lesion with cyst was identified in the left thalamus area (within
the initial radiation field) (tumors were indicated by the arrows). f-HCG in the serum and cerebrospinal fluid was 716 IU/L and 442 IU/L,

respectively. Then, salvage chemoradiotherapy was applied.

est DFS (66.6%) (FR vs. WBRT, p=0.008; FR vs. CSI, p=0.046;
compared together, p=0.016), while those undergoing either
WBRT (96.9%) or CSI (100%) had similar DFS (p=0.540) (Fig.
2).

At the time of relapse, three patients had negative serum/
CSF B-HCG and serum B-HCG was 716 IU/L in the fourth
patient (Fig. 3). Subsequently, four cycles of chemotherapy
and CSI were applied. All patients have been successfully
rescued and were disease-free at the last follow-up. The
only death in the current cohort was documented in a male
patient with histology-proven diagnosis, who underwent
WBRT initially. Six years after treatment, left basal ganglia
lesion was identified and biopsied. Histology indicated high-
grade glioma. He died 2 months later. Consequently, the five-
year OS was 100%, 90.9%, and 100% in FR, WBRT, and CSI
groups, respectively (p=0.834).

3. Literature cohort

Totally, 81 non-metastatic bifocal germinoma patients were
identified from the literature based on the authors’ defini-
tion [9,12-22]. However, only 51 patients could be confirmed
as both spinal MRI negative and CSF cytology negative. All
patients had tumors in S/SS and PG regions. In terms of
diagnosis, 64 patients were histology-proven, five showed
elevated tumor markers, 11 were diagnosed clinically, and
one had no available information. Relapses were document-
ed in four of 45 receiving FR, two of 17 receiving whole-ven-
tricle irradiation, 0 of 4 receiving WBRT, and 1 of 15 receiving
CSI. DFS was not significantly different between radiation
fields (p=0.785) (Fig. 4).

Out of seven relapsed patients, four had spinal lesions. All
but one patient received subsequent salvage therapy, includ-
ing chemoradiotherapy in five and chemotherapy alone in
one patient. All were alive at the last follow-up (S2 Table).

4. HRQOL
Out of 48 surviving patients, 46 responded to our survey
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Fig. 4. Comparison of disease-free survival between patients
undergoing focal radiotherapy (FR), whole-ventricle irradiation
(WVI), whole-brain radiotherapy (WBRT), and craniospinal irra-
diation (CSI) (literature cohort). Survival analysis did not reveal

disease-free survival differences between the types of radiation
field (p=0.79).

with 44 having valid paired surveys. Subgroup analysis did
not find HRQOL differences between sexes, radiation fields
and dose. However, patients with S/SS+BG/T germinoma
showed generally lower scores than those with S/SS+PG
germinoma. Furthermore, their proxy-report total (p=0.001),
emotional score (p=0.020), social score (p=0.018), school
score (p=0.001) as well as self-report social score (p=0.024),
and school score (p=0.012) were significantly reduced.
Besides, better HRQOL were proved in patients surviving
> 5 years compared with those surviving < 5 years (Table 2).

Discussion

During the last decades, treatment strategies for patients
with intracranial germinoma have greatly improved. Given
the excellent prognosis, the primary goal should be to bal-
ance the cure rate against long-term toxicity. Thus, minimiz-
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ing the radiation field and dose is a priority, especially for
localized disease. Physicians that treat patients with non-
metastatic bifocal germinoma face a similar situation, which
is challenging for their decision-making. In United States,
bifocal germinoma used to be considered as a metastatic dis-
ease, and CSI was applied; however, in Europe, it was con-
sidered as a localized disease, and FR was applied [8,9,23].
Although emerging evidence shows that limited-field radia-
tion is feasible in this setting, no data are available on the
comparison of the efficacy between different radiation fields
owing to the rarity of the disease [14,22].

Due to the development of various radiation strategies in
our institute, we have an opportunity to compare the effi-
cacy between different radiation fields. As it was shown in
our cohort, CSI and WBRT showed comparable DFS, but bet-
ter DFS than FR. Because WVI is another commonly used
limited-field radiation that was not applied in our cohort, we
intended to expand our findings based on the literature
[9,12-22]. Among 81 patients identified from the literature,
there were 7 relapses, including 4/45 receiving FR, 2/17
receiving WVI, 0/4 receiving WBRT, and 1/15 receiving
CSL. Survival analysis in the literature cohort did not reveal
any differences between CSI and other types of limited-field
radiation. Taken together with the findings from our cohort,
it could be advocated that limited-field radiotherapy, such
as WVI or WBRT, may be considered as an option for pati-
ents with non-metastatic bifocal germinoma. We noticed
that, among patients undergoing FR, higher relapse rate was
observed in our cohort compared with that from the litera-
ture. We attributed it to inadequate margins. In some reports
with available information, PTV was defined as 2 cm around
primary lesions, where the most ventricular area could be
covered due to bifocal origins. However, in our cohort, the
minimum margins of the three patients that underwent FR
were 1.2 cm, 1.3 cm, and 1.6 cm, which may have increased
the possibility of tumor cell seeding. But for patient with
higher B-HCG level at relapse, possible non-germinomatous
germ cell tumors (NGGCTs) components existing could be
responsible.

It is still uncertain whether bifocal lesions that presented
synchronously at the time of diagnosis arise simultaneously
or metastasize from one to the other. All lesions reported
from literatures regarding bifocal cases were located in the
S/SS and PG regions. Anatomically, both regions are in close
contact with ventricles; therefore, CSF may mediate tumor
transfer between these two regions. Furthermore, it is not
uncommon that patients with localized S/SS or PG germi-
noma present with metastatic lesions at these sites at the time
of treatment failure. Thus, the rationale of limited-field radia-
tion application could be challenged. Interestingly, we identi-
fied a number of bifocal germinoma patients with lesions at
S/SS and BG/T regions. Tumors originating from the BG/T
region were generally surrounded by brain tissue, which
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showed no direct correlation with other origins. Thus, bifo-
cal germinoma with S/SS and BG/T involvement probably
provides another piece of evidence that bifocal germinoma
may arise simultaneously in two regions. Consequently, app-
lication of limited-field radiation in patients with bifocal ger-
minoma is justified, especially when no other evidence for
metastasis is present.

To date, there are three commonly used limited-radiation
fields in this setting, including FR, WVI, and WBRT. Many
previous studies have shown that FR could lead to higher
risk of relapse [9,11,24]. The relapse pattern showed that pati-
ents with S/SS and/or PG germinoma had higher risk of
periventricular failure after FR [9,24]. Accordingly, WVI was
proposed as potential optimal radiation field. Results from a
prospective study showed that, among 23 patients with S/SS
or PG germinoma, no one relapsed after WVI after 67 months
follow-up [25]. However, in patients with BG/ T area involve-
ment, WVI may not be adequate since tumor invades deeply
in the brain tissue. Probably due to these concerns, WBRT or
CSI were the most commonly attempted radiation fields in
published reports [26-28]. In our cohort, all 14 patients with
non-metastatic S/SS+BG/T bifocal germinoma receiving
WBRT were disease-free during the last visit. Based on our
findings, WBRT could be considered as optimal radiation
field in this population until new evidence emerges, while
WVI should be optimal for patients with non-metastatic S/
SS+PG bifocal germinoma.

As it was shown in our cohort, at the time of treatment fail-
ure, 3/4 relapses were located in the spinal area. Addition-
ally, out of six patients who relapsed after limited-field radia-
tion in the published data, four had spinal failure. Review
of baseline evaluation revealed that CSF cytology and spinal
MRI were not available for some patients. In our cohort, one
patient with spinal failure did not receive CSF examination
at diagnosis due to higher intracranial pressure. Therefore,
full evaluation of spinal status seems more important in
patients with bifocal germinoma, especially when limited-
field radiation was considered. Furthermore, we also noticed
that, some patients from the literature cohort were diagnosed
clinically. A few physicians empirically treated patients with
typical bifocal radiological presentations and negative tumor
markers as germinoma patients. However, although rare,
o-fetoprotein-negative NGGCTs do exist. Since the treat-
ment strategy is totally different between germinoma and
NGGCTs, empirical treatment would be problematic. Thus,
histology is strongly recommended, especially in patients
with negative tumor markers.

Since the onset of germinoma occurs near puberty, HRQOL
is always a concern in long-term survivors. Data from our
series showed that the HRQOL of patients surviving > 5
years was better. Another study conducted in brain tumor
patients receiving proton therapy showed similar results,
which HRQOL improving was documented during follow-
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up [29]. Besides, we also found that patients with BG/T
involvement had lower scores, especially in social and school
domains. This finding was also indicated in other stud-
ies, which found that patients with BG/T germ cell tumors
had worse HRQOL compared with patients with S/SS or
PG germ cell tumors. In terms of treatment, some reports
indicated that CSI led to lower PedsQL score and more
severe neurocognitive impairments compared with limited-
field radiations such as FR or WVI [29,30]. Unfortunately,
this difference was not validated in our cohort, which
may be attributed to WBRT application. However, given
that the more extended treatment volume correlates with
the higher probability of late-effects that patients encounter,
the application of CSI should be confined where possible.

Allin all, in the current study, we compared CSI and other
limited-field radiation types in patients with non-metastatic
bifocal germinoma. Based on the data both from our insti-
tute and published literature, CSI showed no advantage in
terms of disease control and survival compared with WVI
or WBRT. Thus, it is conceivable that CSI may be replaced
by limited-field radiation. Furthermore, the HRQOL of this
cohort is generally poor, especially for patients with BG/T
involvement.

However, limitations do exist. Limited number of cases
is still the main obstacle before the convincible conclusions.

Although we recruited data from the literature, the inconsist-
ence of screening, diagnosis, and treatments among authors
should be concerned. Thus, multicenter study with unified
regimen is warranted for the future investigation.
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