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Optimal treatment approach for intracranial 2
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analysis
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Abstract
Background To determine the optimal treatment modality for intracranial germinoma (IG).

Materials and methods A search of Medline, Embase, Web of Science and Cochrane Library was conducted up to
April, 2024. Pooled risk ratio (RR) and 95% confidence interval (Cl) were calculated. Subgroup analysis was applied
according to radiotherapy (RT) alone or with chemotherapy (CTx).

Results Total 37 studies were included in systematic review. Most IG patients were treated with biopsy or resection
followed by RT with or without CTx. Prognosis of IG patients with different surgical resection is similar. Meta-analyses
demonstrated focal field RT were with higher recurrence rate compared with craniospinal irradiation (CSI) [RR =
7.128,95% Cl (5.083, 9.995)], whole-brain RT (WBRT) [RR = 4.094, 95% Cl (2.923, 5.735)] or whole-ventricle RT (WVRT)
[RR=3.361,95% Cl (2.126, 5.312)]; both WBRT and WVRT were also with higher recurrence compared with CSI; but
no significant difference in recurrence and mortality between WVRT and WBRT. Total 24 studies reported treatment-
related acute and/or late toxicity, combination CTx increased acute toxic, and expanded RT field and/or dose
increased late toxicity.

Conclusion Based on our findings, focal field RT is not recommended regardless of whether combined with CTx
for intracranial pure germinoma. Although CSl is associated with better local control than other reduced-field RT,
considering the potential toxicity and pattern of relapse, whole ventricles irradiation is more reasonable for localized
or nonmetastatic germinoma. Reduced-dose CSI with or without chemotherapy is effective in metastatic or
disseminated IG.

Keywords Intracranial germinoma, Surgical resection, Radiotherapy, Chemotherapy, Meta-analysis

Zhirui Zhou, Jiabing Liu, and Qi Yue contributed equally to this
work.

*Correspondence:
Zhirui Zhou
zzr3711@163.com

Yang Wang
Janetcyj@163.com

Ying Mao
maoying@fudan.edu.cn

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-024-13323-1&domain=pdf&date_stamp=2025-1-7

Zhou et al. BMC Cancer (2025) 25:26

Introduction

Intracranial germinoma (IG) is a rare tumor of the central
nervous system (CNS) that occurs worldwide. The inci-
dence of germinomas has been considered to be higher
in East Asia than in Western countries, but a recent study
has shown that the incidence of these tumors is similar
between Japan and the United States [1]. Intracranial
germinomas most commonly occur in childhood and
adolescence, with 35-40% of cases occurring before the
age of 14 years and 90% of patients diagnosed before the
age of 20 years [1]. Sellar, pineal gland, and basal ganglia
regions are the most commonly involved areas of germi-
nomas. IG are highly radiosensitive and chemosensitive,
with a tendency to spread via cerebrospinal fluid (CSF)
[2]. In recent decades, radiotherapy and/or chemother-
apy plays an important role in IG treatment. Owing to
the high sensitivity of germinoma to radiotherapy, the
5-year overall survival rate is more than 90% [2, 3].

Although radiotherapy is essential to the management
of intracranial germ cell tumors, the ideal radiation field
and dose remain controversial. To date, various treat-
ments, such as whole ventricle (WV) or whole brain
radiotherapy (WBRT) or craniospinal irradiation (CSI)
alone, chemotherapy (CTx) followed by focal RT/WVRT/
WBRT/CSI, have been applied per physicians’ discre-
tion [4, 5]. CSI used to be the standard of care, with this
treatment approach, the majority of patients have been
cured. Concerns have long been raised about the poten-
tial adverse effects of CSI [6], many studies have explored
reduced-field irradiation and showed that CSI could be
spared in patients with localized IG with chemotherapy
support [7, 8]. A multi-institutional retrospective study,
comparing the patterns of treatment and reporting clini-
cal outcomes from the various intervention strategies,
showing that focal field RT having the worst outcome,
whereas chemotherapy usage had no impact on survival
[9]. To further define the optimal treatment volume, a
study on relapse patterns after focal RT was conducted
in patients with localized intracranial germinoma [10].
Results from these studies showed that in patients with
sellar or pineal gland germinoma, the periventricular
areas were at risk of recurrence, which warranted the use
of whole-ventricle irradiation.

However, areas of controversies and literature gaps still
exist. Optimal treatment approach for intracranial ger-
minoma, such as surgical resection method, radiother-
apy volume, dose, and the necessity for adjuvant CTx,
remain unclear. Here, we aimed to investigate the pattern
of disease relapse and determine the optimal treatment
strategy for IG by analyzing patient outcomes for various
approaches. This study mainly answers two questions: is
there any difference in recurrence rate among different
radiotherapy volume? Does combination chemotherapy
exempt craniospinal irradiation? To our knowledge, this
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systematic review and meta-analysis involves the largest
number of studies and intracranial germinoma patients,
represents the highest level of evidence available regard-
ing the efficacy and safety of different treatment modali-
ties for IG. Our report may suggest that future directions
for the choice of optimal treatment approach for intra-
cranial germinoma.

Materials and methods

Study eligibility

This study was conducted following a protocol and
adhered to the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) updated state-
ment [11] and Assessing the Methodological Quality
of Systematic Reviews (AMSTAR) guideline [12]. This
systematic review was registered in PROSPERO (No.
CRD42024540172). Two reviewers worked indepen-
dently to identify original study eligible for further review
by screening abstract and title. Disagreement was settled
by consensus, otherwise one more author was added to
reach the consensus.

Inclusion criteria were as follows: (1) patients with his-
tologically proven intracranial pure germinoma. Patients
with a clinical diagnosis based on neuroimaging charac-
teristics and response to RT were allowed to be included,
alpha-fetoprotein (AFP) levels had to be < 25 ng/mL and
human chorionic gonadotropin (HCG) levels <50 IU/L
to treat for germinomas; (2) radiotherapy with or without
chemotherapy was as first-line treatment; (3) prospective
or retrospective controlled studies were enrolled; (4) at
least two of these four RT volumes (Focal, WV, WB, CSI
with or without boost to primary lesion) were included
in the study; (5) the main outcome of interest focus on
relapse and death events; (6) for duplicate articles, only
the one with largest patient samples and/or recently pub-
lished was included; (7) sample size of intracranial germi-
noma more than 20.

Exclusion criteria were as following: (1) non-germi-
nomatous germ cell tumors (NGGCT); (2) uncontrolled
studies, such case report, case series, etc.; (3) given infor-
mation was insufficient to extract the required data; (4)
non-original study, such as review, survey, etc.; (5) con-
ventional fraction dose less than 1.5 Gy per fraction,
hypofractionated radiotherapy or radiosurgery.

Search strategy

A search of Medline, Embase, Web of Science, and
Cochrane Library was conducted from database con-
struction to April, 2024. MeSH or Emtree terms com-
bined free terms were used: “central nerve system’
“intracranial germinoma’, “germinoma’; “germinomatous’,
“surgery’, “resection’, “chemotherapy’, “chemoradio-
therapy’, “radiotherapy’, “radiation therapy’, “irradiation’,
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“radiotherapy field’, “focal radiotherapy’, “whole ventricle



Zhou et al. BMC Cancer (2025) 25:26

” o« » o«

radiotherapy’, “whole brain radiotherapy’, “craniospinal
irradiation” References of included studies were used to
locate potentially eligible articles. Furthermore, abstracts
published in major academic conferences were checked.
Research works were conducted independently by two
reviewers first, and then the full articles chosen valuable
were carefully reviewed. No language restrictions were
applied.

Data extraction

Following information was extracted from each article:
participant’s eligibility, study design, baseline character-
istics, radiotherapy, chemotherapy, surgical resection,
duration of follow up, number of events and patients in
each intervention group, sample size, etc. Outcomes
regard to recurrence, mortality events and acute/late tox-
icity. If the results were reported in multiple publications,
we would extract the data from all the publications.

Risk of bias assessment

Non-randomized controlled trials were evaluated accord-
ing to the Methodological Index for non-Randomized
Studies (MINORS) [13] and Risk Of Bias In Non-ran-
domized Studies of Interventions (ROBINS-I) [14].

Statistical analysis

All statistical analyses were performed using StataMP
13.1 (StataCorp, Texas, USA). Dichotomous data using
pooled risk ratio (RR) and 95% confidence intervals (CI)
was calculated. Cochran’s Q-test was used for testing
heterogeneity between studies. If heterogeneity was not
present (P> 0.10, < 50%), both fixed-effect model
(Mantel-Haenzel method) and random-effect model
(DerSimonian&Laird method) were adopted for analy-
sis, otherwise, random-effect model would be employed.
In order to further explore the difference of prognosis
between different radiation fields in radiotherapy alone
or combined with chemotherapy, then we performed
subgroup analysis according to these two kinds of treat-
ment strategies. In the case of excessive heterogeneity,
descriptive analysis rather than meta-analysis would be
employed. For studies where no events were observed in
one arm, add a fixed value 0.5 to zero cell; exclude stud-
ies from the meta-analysis where there are no events in
both arms. P value < 0.05 was defined as statistically
significant.

Results

Study selection and baseline characteristics

Finally, 54 full-text from 37 studies [7, 9, 15-49] (3 pro-
spective and 34 retrospective studies), total 3163 1G
patients, met the inclusion criteria and were included in
systematic review; 53 full-text from 36 studies [7, 9, 15—
17, 19-49], total 2951 intracranial germinoma patients,
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were finally included in meta-analysis. The PRISMA flow
diagram was shown in Fig. 1. Baseline characteristics of
the included studies were summarized in Table 1.

Risk of bias assessment

All 37 studies were evaluated according to the MINORS
index and ROBINS-I assessment tool, the scores and risk
level were showed in Supplementary Table 1. The main
limitations of included studies were as following: only
three studies were prospective studies, and the rest were
retrospective studies; most of the included studies did
not control for confounding factors, such as location of
the lesion and presence or absence of metastasis, thus,
there was a possibility of selection bias.

Surgical resection

Most patients were treated with biopsy followed by RT
with or without CTx, and some patients treated with
resection followed by RT with or without CTx. Among
them, a very small number of patients can achieve gross
total resection (Table 1). This systematic review showed
that pure germinoma have good prognosis and the 5-year
overall survival rate is more than 90%; prognosis of
patients with different surgical resection methods is simi-
lar (Table 1). Given the high sensitivity of the IG disease
to radiotherapy and/or chemotherapy, the good progno-
sis, and the fact that the disease is often located near the
midline, it is difficult to achieve safe gross total resection.

Meta-analysis of different radiation volume

Recurrence in full-set

Thirty studies with 1512 patients assessed the recur-
rence rate of focal RT vs. CSI. Pooled RR indicated focal
RT were with higher recurrence compared with CSI
[RR=7.128, 95% CI (5.083, 9.995), P=0.000] (Fig. 2A).
Nineteen studies with 1061 patients were included in
meta-analysis to calculate recurrence rate of WVRT vs.
CSI. Pooled RR indicated that WVRT were with higher
recurrence in comparison with CSI [RR=2.771, 95% CI
(1.375, 5.584), P=0.004] (Fig. 2B). Thirty studies with
1530 IG patients assessed the recurrence rate of WBRT
vs. CSI. Pooled RR manifested WBRT were with higher
recurrence compared with CSI [RR=2.397, 95% CI
(1.388, 4.140), P=0.002] (Fig. 2C). Nineteen studies with
778 patients were included in meta-analysis to calculate
recurrence rate of focal RT vs. WVRT. Pooled RR indi-
cated that focal field RT were with higher recurrence
in comparison with WVRT [RR=3.361, 95% CI (2.126,
5.312), P=0.000] (Fig. 2D). Twenty-six studies with 915
patients were included in meta-analysis to evaluate recur-
rence rate of focal RT vs. WBRT. Pooled RR also indicated
that focal field RT were with higher recurrence in com-
parison with WBRT [RR=4.094, 95% CI (2.923, 5.735),
P=0.000] (Fig. 2E). Nineteen studies with 730 patients
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Fig. 1 Flowchart depicting study selection

were included in meta-analysis to evaluate recurrence of
WVRT vs. WBRT. Pooled RR manifested no significant
difference between WVRT and WBRT [RR=1.444, 95%
CI (0.796, 2.619), P=0.227] (Fig. 2F). In these meta-anal-
yses, no obvious heterogeneity was found, both random
and fixed effect model were employed, and more detailed
meta-analyses results were shown in Table 2.

Mortality in full-set

Twenty-three studies with 1204 patients assessed the
mortality of focal RT vs. CSI. Pooled RR manifested
focal RT were with higher mortality compared with CSI
[RR=3.134, 95% CI (1.804, 5.446), P=0.000] (Fig. 3A).
Seventeen studies with 838 patients were included into
this meta-analysis to calculate mortality of WVRT wvs.
CSI. Pooled RR indicated that no significant difference
between WVRT and CSI [RR=1.311, 95% CI (0.425,
4.047), P=0.638] (Fig. 3B). Twenty-two studies with
1046 patients assessed the mortality of WBRT vs. CSI.

Pooled RR showed that there was borderline significant
difference between WBRT and CSI [RR=2.103, 95%
CI (0.980, 4.514), P=0.056] (Fig. 3C). Seventeen stud-
ies with 692 patients were included in meta-analysis to
calculate mortality of focal RT vs. WVRT. Pooled RR
indicated that focal field RT were with higher mortality
compared with WVRT [RR=2.559, 95% CI (1.263, 5.185),
P=0.009] (Fig. 3D). Twenty-one studies with 708 patients
were included in this meta-analysis to evaluate mortal-
ity of focal RT vs. WBRT. Pooled RR also indicated that
focal RT were with higher mortality in the comparison
with WBRT [RR=2.635, 95% CI (1.504, 4.614), P=0.001]
(Fig. 3E). Seventeen studies with 515 IG patients were
included in the meta-analysis to evaluate mortality of
WVRT vs. WBRT. Pooled RR manifested no significant
difference between WVRT and WBRT [RR=0.533, 95%
CI (0.184, 1.541), P=0.245] (Fig. 3F). In these meta-
analyses, no obvious heterogeneity was found (except
for WVRT vs. CSI, ’=51.6%, 7°= 1.4156), the random
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Fig. 2 Results of meta-analyses regarding recurrence rate of intracranial germinoma in full-set. A: Meta-analysis of focal radiotherapy (RT) vs. craniospinal
irradiation (CSI); B: Meta-analysis of whole-ventricle radiotherapy (WVRT) vs. CSI; C: Meta-analysis of whole-brain radiotherapy (WBRT) vs. CSI; D: Meta-
analysis of focal RT vs. WVRT; E: Meta-analysis of focal RT vs. WBRT; F: Meta-analysis of WVRT vs. WBRT
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Table 2 Meta-analyses of recurrence rate and mortality in full-set
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Comparisons Sta- Relapse

Death

tistic  Events/Total(N)
Model

RR, 95% Cl P
value

1?72

Events/Total(N) RR, 95% Cl P 2/ 7?2

value

Focal RTvs.CSI D+L  135/450 vs.

pooled 34/1062

RR

M-H 7.381(5.234,10.410)

pooled

RR

D+L 38/485 vs.

pooled 21/576

RR

M-H 2.134(1.337,3.406)

pooled

RR

D+L  45/598 vs.

pooled 33/932

RR

M-H 2.175(1.390,3.404)

pooled

RR

D+L  81/241 vs.

pooled 40/537

RR

M-H 4.362(3.082,6.174)

pooled

RR

D+L 124/347 vs.

pooled 41/568

RR

M-H 4.216(2.985,5.955)

pooled

RR

WVRTvs. WBRT D+L
pooled
RR
M-H 1.288(0.743,2.233)
pooled
RR

7.128(5.083,9.995) <
0.001

WVRT vs. CSI 2.771(1.375,5.584)  0.004

WBRT vs. CSI 2.397(1.388,4.140)  0.002

Focal RT vs.
WVRT

3361(21265312) <
0.001

Focal RT vs.
WBRT

4.094(2.9235.735) <
0.001

36/493 vs.
17/237

1.444(0.796,2.619) 0.227

0%/0.0000

32.7%/0.5128

14.3%/0.1927

2.1%/0.1866 21/239 vs.

0.09%/0.0000

3.8%/0.0418

37/380 vs.
22/824

3.134(1.804,5.446) <
0.001

2.3%/0.0329

2.932(1.789,4.804)

10/401 vs.
16/437

1.311(04254.047) 0.638 51.6%/1.4156
0.820(0.434,1.547)

15/417 vs.
17/629

2.103(0.980,4.514) 0.056 0.0%/0.0000

1.817(0.889,3.714)

2.559(1.263,5.185) 0.009 4.19%/0.0666

11/453

2.800(1.556,5.037)

35/300 vs.
15/408

2.635(1.504,4.614) 0.001 0.0%/0.0000
2.748(1.606,4.703)
9/424 vs.3/91

0.533(0.184,1.541) 0.245 0.0%/0.0000

0.567(0.217,1.482)

CSl: craniospinal irradiation; WBRT: whole-brain radiotherapy; WVRT: whole-ventricle radiotherapy; RR: risk ratio

and fixed effect model were both employed, and more
detailed meta-analyses results were shown in Table 2.

Recurrence in RT alone subset

We systematically evaluate recurrence in RT alone sub-
set. Four studies with 236 IG patients assessed the relapse
rate of focal RT vs. CSI. Pooled RR manifested that focal
field RT were with higher recurrence in comparison with
CSI [RR=14.469, 95% CI (6.293, 33.265), P=0.000]. Only
two studies with 111 IG patients were included in this
meta-analysis to calculate relapse rate of WVRT vs. CSL
Pooled RR indicated WVRT were with higher recurrence
compared with CSI [RR=9.618, 95% CI (2.932, 31.552),
P=0.000]. Six studies with 395 IG patients assessed the
relapse rate of WBRT vs. CSIL. Pooled RR indicated that
WBRT were with higher recurrence in comparison
with CSI [RR=5.989, 95% CI (1.347, 26.625), P=0.019,

F=62.1%]. Only two studies with 19 IG patients were
included in this meta-analysis to calculate relapse rate of
focal RT vs. WVRT. Pooled RR showed that no signifi-
cant difference between focal RT and WVRT [RR=1.761,
95% CI (0.838, 3.701), P=0.135]. Four studies with 141
IG patients were included in meta-analysis to evaluate
recurrence rate of focal RT vs. WBRT. Pooled RR also
indicated focal field RT were with higher recurrence
compared with WBRT [RR=4.102, 95% CI (1.945, 8.650),
P=0.000]. Only two studies with 76 IG patients were
included in this meta-analysis to evaluate relapse rate of
WVRT vs. WBRT. Pooled RR manifested no significant
difference between WVRT and WBRT [RR=3.117, 95%
CI (0.303, 32.023), P=0.339]. In these meta-analyses, no
obvious heterogeneity was found (except for WBRT vs.
CSI, P=62.1%, 72=1.3962), the random and fixed effect
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Fig. 3 Results of meta-analyses regarding mortality of intracranial germinoma in full-set. A: Meta-analysis of focal radiotherapy (RT) vs. craniospinal

irradiation (CSI); B: Meta-analysis of whole-ventricle radiotherapy (WVRT) vs. CSI; C: Meta-analysis of whole-brain radiotherapy (WBRT) vs. CS

analysis of focal RT vs. WVRT; E: Meta-analysis of focal RT vs. WBRT; F: Meta-analysis of WVRT vs. WBRT

; D: Meta-
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model were both employed, and more detailed meta-
analyses results were shown in Table 3.

Mortality in RT alone subset

Three studies with 174 patients assessed mortality rate
of focal RT vs. CSI in RT alone subset. Pooled RR indi-
cated that focal RT was with higher mortality compared
with CSI [RR=10.589, 95% CI (2.831, 39.603), P=0.000].
Only one study with 53 IG patients evaluated mortality
of WVRT vs. CSI, indicated that no significant differ-
ence between WVRT and CSI [RR=3.286, 95% CI (0.341,
31.643), P=0.303]. Three studies with 189 IG patients
assessed mortality of WBRT vs. CSI. Pooled RR indi-
cated that WBRT was with higher mortality than CSI
[RR=9.043, 95% CI (1.981, 41.283), P=0.004]. Only one
study with 11 patients evaluated mortality of focal RT
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vs. WVRT, indicated that no difference between focal
RT and WVRT [RR=3.500, 95% CI (0.445, 27.524),
P=0.234]. Three studies with 73 IG patients were
included in the meta-analysis to evaluated mortality of
focal RT vs. WBRT. Pooled RR indicated that no differ-
ence between focal RT and WBRT [RR=1.830, 95% CI
(0.583, 5.741), P=0.301]. Only one study with 12 patients
evaluated mortality of WVRT vs. WBRT, manifested no
significant difference between WVRT and WBRT group
[RR=0.357, 95% CI (0.043, 2.941), P=0.338]. In these
meta-analyses, no obvious heterogeneity was found, both
random and fixed effect model were employed, and more
detailed pooled results were shown in Table 3.

Table 3 Meta-analyses of recurrence rate and mortality in RT alone subset

Comparisons Sta- Relapse

Death

tistic
Model

Events/Total(N) RR, 95% Cl P

value

1?72

RR, 95% CI P 2/ r?2

value

Events/
Total(N)

Focal RTvs.CSI D+L
pooled
RR
M-H 16.876(6.658,42.779)
pooled
RR
D+L
pooled
RR
M-H 9.710(2.757,34.197)
pooled
RR
D+L
pooled
RR
M-H 4.051(1.871,8.770)
pooled
RR
D+L
pooled
RR
M-H 1.679(0.800,3.526)
pooled
RR
D+L
pooled
RR
M-H 4.200(2.092,8431)
pooled
RR
WVRT vs. WBRT D+L
pooled
RR
M-H 1.760(0.621,4.987)
pooled
RR

17/35 vs. 5/201 14.469(6.293,33.265) <

0.001

WVRT vs. CSI 4/9 vs.5/102 9.618(2.932,31.552)  <0.001

WBRT vs. CSI 11/117 vs.7/278  5.989(1.347,26.625) 0.019

Focal RT vs.
WVRT

7/10vs. 4/9 1.761(0.8383.701)  0.135

Focal RT vs.
WBRT

17/35vs.8/106  4.102(1.945,8.650) <0.001

4/9 vs.5/67 3.117(0.303,32.023)  0.339

0.09%/0.0000

0.09%/0.0000

2.1%/1.3962 3/44 vs. 2/145

0.09%/0.0000

17.5%/0.1052 5/29 vs. 3/44

76.9%/2.1810 1/7vs.2/5

5/29vs.2/145 10.589(2.831,39.603) <0.001 0.0%/0.0000

9.610(2.532,36.481)
1/7 vs. 2/46 3.286(0.341,31.643) 0303 /
3.286(0.341,31.643)
9.043(1.981,41.283) 0.004  0.0%/0.0000

8.933(1.757,45.417)
2/4vs.1/7 3.500(0.445,27.524) 0234 /
3.500(0.445,27.524)
1.830(0.583,5.741) 0301  0.0%/0.0000
2.104(0.662,6.693)
0.357(0.043,2.941)

0338 /

0.357(0.043,2.941)

CSl: craniospinal irradiation; WBRT: whole-brain radiotherapy; WVRT: whole-ventricle radiotherapy; RR: risk ratio
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Table 4 Meta-analyses of recurrence rate and mortality in CTx plus RT subset

Comparisons Sta- Relapse

Death

tistic
Model

Events/Total(N) RR,95% Cl P

value

1?72

RR,95% CI P 12 T2

value

Events/
Total(N)

Focal RTvs.CSI D+L
pooled
RR
M-H 11.825(4.802,29.119)
pooled
RR
D+L
pooled
RR
M-H 0.868(0.226,3.333)
pooled
RR
D+L
pooled
RR
M-H 1.244(0.278,5.573)
pooled
RR
D+L
pooled
RR
M-H 5.759(3.214,10.317)
pooled
RR
D+L
pooled
RR
M-H 7.426(3.844,14.345)
pooled
RR
WVRTvs. WBRT D+L
pooled
RR
M-H 0.335(0.040,2.792)
pooled
RR

41/119vs.1/201  12.368(5.046,30.314) <0.001

WVRT vs. CSI 3/135vs. 2/141 0.871(0.187,4.053)  0.861

WBRT vs. CSI 5/181vs.2/198  1.306(0.286,5.961)  0.730

Focal RT vs.
WVRT

37/119 vs.
12/249

4.643(2.546,8468)  <0.001

Focal RT vs.
WBRT

37/99vs.5/178  8.183(4.111,16.287)  <0.001

2/141vs.0/18 0.331(0.039,2.786) 0309

0.0%/0.0000 10/88 vs.0/148

0.0%/0.0000 1/79 vs. 1/90

0.0%/0.0000 6/175 vs. 1/145

0.09%/0.0000 5/82vs.2/159

0.0%/0.0000 10/68 vs.6/172 4.639(1.882,11.431)

0.0%/0.0000 1/85 vs.0/14

13.270(2.361,74.582) 0.003  0.0%/0.0000
10.623(1.642,68.725)
0419(0.047,3.697) 0433 0.0%/0.0000
0.394(0.054,2.857)
1.127(0.199,6.384)  0.893  0.0%/0.0000
1.169(0.212,6.445)
3.517(0.795,15.554)  0.097 15.3%/0.4391
3.561(1.235,10.265)

0.001  0.0%/0.0000
4.658(1.878,11.553)

0.555 /

0.409(0.021,7.931)

0.409(0.021,7.931)

CSl: craniospinal irradiation; WBRT: whole-brain radiotherapy; WVRT: whole-ventricle radiotherapy; RR: risk ratio

Recurrence in CTx plus RT subset

We systematically evaluate recurrence in CTx + RT sub-
set. Nine studies with 320 IG patients assessed the recur-
rence rate of focal RT vs. CSI. Pooled RR indicated that
focal RT were with higher recurrence compared with
CSI [RR=12.368, 95% CI (5.046, 30.314), P=0.000]. Six
studies with 276 1G patients were included to this meta-
analysis to calculate relapse of WVRT vs. CSI. Pooled RR
indicated that no significance between WVRT and CSI
[RR=0.871, 95% CI (0.187, 4.053), P=0.861]. Eight studies
with 379 IG patients assessed the relapse rate of WBRT
vs. CSI. Pooled RR manifested that no significant differ-
ence between WBRT and CSI [RR=1.306, 95% CI (0.286,
5.961), P=0.730]. Nine studies with 368 IG patients were
included in the meta-analysis to calculate recurrence rate
of focal RT vs. WVRT. Pooled RR indicated that focal
RT were with higher recurrence compared with WVRT

[RR=4.643, 95% CI (2.546, 8.468), P=0.000]. Eight stud-
ies with 277 IG patients were included in meta-analysis
to evaluate relapse rate of focal RT vs. WBRT. Pooled RR
also indicated focal RT were with higher recurrence com-
pared with WBRT [RR=8.183, 95% CI (4.111, 16.287),
P=0.000]. Five studies with 159 IG patients were included
into meta-analysis to evaluate relapse rate of WVRT vs.
WBRT. Pooled RR showed that there was no significant
difference between WVRT and WBRT [RR=0.331, 95%
CI (0.039, 2.786), P=0.309]. In these meta-analyses, no
obvious heterogeneity was found, the random and fixed
effect model were both employed, and more detailed
pooled results were shown in Table 4.
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Mortality in CTx plus RT subset

Seven studies with 236 IG patients assessed the mortality
of focal RT vs. CSI in CTx + RT subset. Pooled RR indi-
cated that focal RT was with higher mortality compared
with CSI [RR=13.270, 95% CI (2.361, 74.582), P=0.003].
Five studies with 169 patients evaluated mortality of
WVRT vs. CSIL. Pooled RR showed that no significant
difference between WVRT and CSI [RR=0.419, 95% CI
(0.047, 3.697), P=0.433]. Six studies with 320 IG patients
assessed the mortality of WBRT vs. CSIL. Pooled RR also
indicated no significant difference between WBRT and
CSI [RR=1.127, 95% CI (0.199, 6.384), P=0.893]. Seven
studies with 241 patients evaluated mortality of focal RT
vs. WVRT. Pooled RR manifested there was borderline
significance between focal RT and WVRT [RR=3.517,
95% CI (0.795, 15.554), P=0.097]. Six studies with 240 IG
patients were included in the meta-analysis to evaluated
mortality of focal RT vs. WBRT. Pooled RR indicated
focal RT was with higher mortality in comparison with
WBRT [RR=4.639, 95% CI (1.882, 11.431), P=0.001].
Four studies with 99 patients evaluated mortality of
WVRT vs. WBRT. RR manifested no significant differ-
ence between WVRT and WBRT arm [RR=0.409, 95%
CI (0.021, 7.931), P=0.555]. In these meta-analyses, no
obvious heterogeneity was found, the random and fixed
effect model were both employed, and more detailed
pooled results were shown in Table 4.

Toxicity

Twenty-four studies reported treatment-related acute
and/or late toxicity. Most studies only qualitatively
described toxicity, and it is difficult to quantitatively
pool the differences in toxicity rates between different
intervention approaches. To sum up, combination che-
motherapy increased acute toxic effects, such as acute
hematologic toxicities, nausea and vomiting; while
expanded RT fields and/or RT doses increased late toxic-
ity, such as neurocognitive dysfunctions, hormone defi-
ciency, school activity, and secondary malignancy. More
details were summarized in Supplementary Table 2.

Discussion

Main findings

This study has following main findings: Firstly, meta-
analyses manifested focal RT were with higher recur-
rence and mortality compared with CSI, WBRT or
WVRT, while CSI had the lowest recurrence rate in full-
set; WBRT and WVRT were also with higher recurrence
compared with CSI; no significant difference regarding
to mortality between WVRT and CSI; no significant dif-
ference in recurrence and mortality rate between WVRT
and WBRT. Secondly, Meta-analyses demonstrated focal
RT/WVRT/WBRT were with higher recurrence rate
compared with CSI in RT alone subset; either focal RT vs.

Page 19 of 23

WVRT or WVRT vs. WBRT, no significant difference in
recurrence. Meta-analyses indicated focal RT were with
higher recurrence compared with CSI, WBRT or WVRT
in CTx+RT subset; no significant difference regard-
ing to recurrence in any one of comparisons (WVRT vs.
CSL WBRT vs. CSI, WVRT vs. WBRT). Thirdly, combi-
nation chemotherapy increased acute toxic effects, and
expanded RT fields and/or higher doses increased acute
and late toxicity.

Strength of evidence

In this systematic review and meta-analysis, those treated
with focal RT had an excessively higher recurrence rate,
while CSI had the lowest recurrence rate. Focal field
radiotherapy has a higher spinal failure rate than CSI [9,
15-17, 22, 24]. This has also been confirmed by multiple
previously published studies [17, 22, 23, 25, 26]. Our
findings together with those of previous studies suggest
focal field RT is inappropriate for localized intracra-
nial germinoma, regardless of whether combined with
chemotherapy.

CSI has the lowest recurrence rate, so is this strat-
egy still necessary? According to a study performed by
Schoenfeld et al, RT alone with low-dose prophylac-
tic CSI cures almost all patients with germinoma, and
complications are rare [41]. In other studies, researchers
thought that spinal irradiation might be omitted. A mul-
ticenter study showed that spinal irradiation did not con-
tribute to favorable event-free survival in patients with
IG [43]. The study by Kanamori et al. also suggested that
CSI is unnecessary for germinoma patients with posi-
tive CSF cytology without spinal lesions on MR imag-
ing [27]. Rather than omit CSI, some studies have used
a milder approach that can be treated with reduced-dose
CSI alone for localized germinoma, and reduced-dose
CSI alone is effective in metastatic IG disease [7]. Hard-
enbergh et al. also suggested that CSI may be indicated
for patients with multiple or spine seeding [23]. In a
word, CSI is not necessary for localized intracranial ger-
minoma, considering the efficacy, toxicity, number and
spread of lesions, reduced-dose CSI alone with or with-
out CTx is effective in multiple or metastatic IG.

This meta-analysis demonstrated that WVRT or
WBRT were with higher recurrence rate compared with
CSI in RT alone, but no significant difference between
WVRT and WBRT; also no significant difference regard-
ing to recurrence in any one of comparisons (WVRT vs.
CSI, WBRT vs. CSI, WVRT vs. WBRT) in CTx + RT. Joo
et al. reported that WBRT or WVRT could be applied
to patients who show a complete response to chemo-
therapy [26]. Reduced field of radiation needs to encom-
pass the whole-ventricular for bifocal germinoma [45].
RT including whole-ventricle system decreased delayed
craniospinal relapses including dissemination, local, and
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distant recurrences even > 5 years after CR in patients
with intracranial germinoma [48]. WVRT or WBRT +
primary boost is a sufficient irradiation field for localized
IG, while patients with bifocal disease should undergo
CSI, especially when treated with RT alone. The results
of chemotherapy followed by reduced-dose RT are com-
parable to those of RT alone [35]. Based on the results of
our study and the discussion above, whole-ventricular or
whole-brain radiotherapy should be the preferred modal-
ity for localized lesions.

Some studies support the addition of chemotherapy to
radiotherapy for intracranial germinoma. Chemotherapy
followed by whole-ventricle radiotherapy, with or with-
out local boost, and with use of neuro-endoscopy results
in good disease-control without late complications in
germinoma patients [47]. Currently used upfront chemo-
therapy followed by reduced-dose/volume RT appears
acceptable, when whole-ventricle RT for pineal or supra-
sellar tumors and, at minimum, whole-brain RT for basal
ganglia/thalamus lesions are applied [30]. A previous
meta-analysis showed CRT strategy has a higher overall
survival and disease-free survival at 3 years than RT, but
the advantage of survival rates for CRT is eliminated or
even reversed at 5 years in the postoperative period [50].
All above results suggest that the addition of chemother-
apy may reduce RT volume and/or doses. However, some
studies have come to a different conclusion. The addi-
tional benefit of CTx in the treatment of IG seems mini-
mal, and RT-only approach with reduced target volume
and dose seems reasonable [16]. Focal RT with or with-
out CTx were associated with inferior control of IG and
a higher incidence of CTx-related toxicities. Adjustment
of the radiation volume to the whole ventricular system
without CTx is sufficient for treatment of non-dissemi-
nated IG, even with lower primary RT doses (< 36 Gy)
[17]. On the basis of our findings and those of previously
studies, we conclude that whole-ventricle or whole-brain
radiotherapy is adequate, regardless of whether com-
bined with chemotherapy.

This meta-analysis together with previous studies
showed that whole-ventricle irradiation with or without
boost at total dose of 36—40 Gy for primary lesion and
23.4 Gy for whole-ventricle system, using precise radia-
tion therapy of treatment planning, is appropriate as a
standard treatment for most localized intracranial germi-
noma. Adjustment of the radiation volume to the whole-
ventricular system without CTx is sufficient for treatment
of non-disseminated IG, even with lower RT doses (< 36
Gy) [17]. The radiation dose can also be further reduced
if chemotherapy is combined. A study showed that
upfront chemotherapy could be beneficial for the patients
with complete response to minimize the RT dose down
to 30 Gy [31]. In another study by Foo et al., excellent
5-year PES and OS were achieved with chemotherapy
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followed by radiotherapy of 23.4 Gy delivered without
primary tumor boost [20]. Due to the heterogeneity of
radiation doses reported by different included studies, it
was not feasible to quantitatively pooled results, recom-
mendations for radiation dose are summarized as fol-
lows: (1) for localized intracranial germinoma, 20-24 Gy
for whole-ventricle system and total dose up to 36-40 Gy
for primary sites is required; (2) for multiple or meta-
static IG, CSI at dose of 19.8-23.4 Gy and total dose up
to 39.6—45 Gy for primary lesions is effective.

This systematic review indicated that most of the sur-
viving patients are living an active, useful life, although
some patients have hypothalamic-pituitary dysfunction,
visual disturbance, or other neurological deficits. All of
the symptoms existed from the beginning and may not be
the sequalae of surgery and radiotherapy. QoL of surviv-
ing patients did not appear to differ significantly between
the locally-treated and the CSI groups. Karnofsky per-
formance status, educational achievement, and the abil-
ity to work were generally good, particularly in patients
with tumors that did not involve the neurohypophyseal
region. Because most complications, such as hormonal
deficiency and neurocognitive dysfunction, were docu-
mented before RT and newly diagnosed complications
after RT were infrequent, the treatment toxicity faced by
germinoma patients appears to be less than anticipated
[39]. Although radiotherapy rarely caused late adverse
effects in patients with adolescent- or adult-onset, in
some childhood-onset lesions, the radiation seems to
carry the risk of neurocognitive dysfunctions, which are
attributable to late adverse effects [25]. Pretreatment bio-
chemical abnormalities may indicate higher risk of post-
treatment pituitary insufficiency, and all patients should
receive careful endocrine follow-up [46].

Limitations

There are several limitations of this meta-analysis. Firstly,
all included studies were non-randomized, and most of
included studies were retrospective, and most of the
studies did not adjust for confounding factors, which
weaken the level of evidence based on the results drawn.
Secondly, due to the lack of stratification by local vs.
disseminated disease in the most included studies, the
meta-analysis included patients with both localized and
disseminated disease, thus, it is almost impossible to con-
duct a meta-analysis, and the results may therefore exag-
gerate the value of CSI in localized disease. It is hoped
that prospective controlled studies in the future need
to stratified intervention according to the presence or
absence of cerebrospinal fluid dissemination. Thirdly,
though the I in our study was low and acceptable, show-
ing no concerned statistical heterogeneity, it might result
from the high and similar cure rate of among different
groups. In fact, the choice of treatment strategy varied
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among different studies, including the radiation equip-
ment, technique and dose as well as the chemotherapy
regimen, increased the heterogeneity of the pooled
results. Fourthly, since the toxicity and QoL of different
treatment strategies were reported diversely, it was hard
to quantify and drew a pooled result. Thus, we could not
quantitatively compare the adverse effects of different
treatment modalities. Fifthly, the arms of some studies
overlapped in different comparisons of meta-analyses,
and this situation could still lead to Type I error infla-
tion. Therefore, limitations caused by multiple compari-
sons should be carefully considered when interpreting
the results. Nevertheless, our study represents the high-
est level of evidence available regarding the efficacy and
safety of different treatment modalities for intracranial
germinoma, and ultimately facilitates clinical decision
making.

Conclusion

In summary, long-term survival of IG patients treated
with radiotherapy is excellent. Based on the available
evidence and our findings, focal field RT is not recom-
mended due to its highest recurrence rate regardless of
whether combined with CTx for intracranial germinoma.
Although CSI with or without CTx is associated with bet-
ter local control than other reduced field RT, considering
the potential toxicity and the pattern of relapse, whole
ventricles irradiation field is more reasonable for local-
ized or nonmetastatic intracranial germinoma. Reduced-
dose CSI with or without CTx is effective in metastatic or
disseminated germinoma.
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