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Introduction

Intracranial germ cell tumours are rare brain tumours occur-
ring mainly in children and young adults. The tumours can
be histologically divided into pure germinoma, representing
the majority of intracranial germ cell tumours, and nongermi-
nomatous germ cell tumours (NGGCTs). The latter group
includes embryonal carcinoma, choriocarcinoma, yolk sac
tumours as well as teratomas that consist of mature and
immature teratoma and malignant transformed teratoma [1–
4]. NGGCTs can present with mixed nongerminomatous his-
tologies and can also include pure germinoma components
[4–6]. A diagnosis of NGGCT can be made without histo-
logical confirmation if the serum or cerebrospinal fluid alpha
fetoprotein (AFP) and/or human chorionic gonadotropin
(HCG) is elevated [2–4,7,8]. While pure germinomas are very
sensitive to both chemotherapy and radiotherapy (RT) and
have an excellent prognosis, NGGCTs are less responsive to
treatment [9].

RT is essential for the treatment of all intracranial germ
cell tumours [4], regardless of histology or degree of dissem-
ination. Modern RT treatment techniques include photon
treatments like intensity modulation RT (IMRT) and volumet-
ric modulated arc therapy (VMAT), or proton therapy [4,10–
14]. While craniospinal irradiation (CSI) has been used previ-
ously, RT to the whole ventricular system (WVS) has recently
emerged as the standard RT volume for localised pure germi-
noma [4,9,15]. Relatively low doses in the range of 18–24Gy
seem to be sufficient to treat microscopic pure germinoma
[16–20].

For localised NGGCTs, there is no international consensus
on the optimal target volume for RT target volumes, i.e.
whether the CSI or WVS should be included vs. targeting the
primary site only [4]. In the American and Japanese treat-
ment protocols, the WVS is often included either through
CSI, whole brain irradiation or in a WVS target [9]. In the

European studies, such as SIOP-CNS-GCT-96 [21] and SIOP
CNS GCT II [22], localised non-high risk NGGCTs were treated
with chemotherapy followed by focal RT to the tumour bed,
but without including intentionally the WVS. As NGGCTs
often harbour pure germinoma components, the WVS might
be important to treat in the context of having been recog-
nised as target volume in the RT treatment of pure germi-
noma. However, due to the close proximity of the WVS to
typical NGGCT sites, the WVS often receives some incidental
radiation dose. This low dose may be sufficient for eradica-
tion of microscopic tumours, especially for radiosensitive
pure germinoma components.

The Children’s Oncology Group (COG) phase II study
ACNS1123 for localised NGGCT, in which the WVS and the
tumour bed were part of the target volume, suggested the
spine as the site of early recurrence, it is not clear whether
the excess recurrence is a reflection of inadequate staging
before RT or aggressive biology of the tumour [23]. While
studies of patterns of failure in NGGCTs correlating in detail
the RT dose to relapses can provide insights on the appropri-
ate RT volumes, the matter remains still unresolved, as stud-
ies reporting on tumour bed irradiation only, often are
lacking dosimetric data and clear definitions of what repre-
sents a locoregional or distant failure [21,24]. In this context,
we performed a dose planning study to evaluate the extent
of incidental irradiation to the WVS when using different RT
techniques for the focal treatment of NGGCTs.

Materials and methods

Anonymized data from five patients with NGGCTs previously
treated with a combination of chemotherapy and passive
scattering proton RT were included in this study. Two
patients were originally treated with CSI followed by a boost
to the tumour bed, and three patients had received focal RT
to the tumour bed.
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For the purpose of this planning study, the two CSI
patients were replanned for focal RT by applying the original
boost plans to the tumour bed but by modifying the total
dose to 54Gy (RBE) in 30 fractions. For the three patients
treated with focal RT only, the original proton plans were
used in the analysis. Treatments were delivered using passive
scattering proton therapy and consisted of three fields, of
which at least one was non-coplanar. In the original plans,
the clinical target volume (CTV) of the tumour bed had been
delineated and a 3mm margin (three patients) or a 5mm
margin (two patients) was used to generate the planning tar-
get volume (PTV). The prescription dose was 54Gy (RBE) to
the PTV in 30 fractions.

For all five patients, four additional photon plans were
generated: a five coplanar field intensity modulated RT plan
(5 F-IMRT), a non-coplanar seven field intensity modulated RT
plan (7 F-IMRT), a two coplanar arc volumetric modulated arc
therapy (VMAT) plan and a TomoTherapyVR plan (TOMO). 5 F-
IMRT, 7 F-IMRT and VMAT were optimised using Eclipse treat-
ment planning system (version 11.0.31, Varian Medical
System, Palo Alto, CA, USA), while the TOMO plans were cre-
ated using the Hi-ART System v4.2.2 (Accuray Incorporated
Sunnyvale, CA). Thus, five focal RT plans with equivalent PTV
coverage were available for analysis: a 5 F-IMRT, a 7 F-IMRT, a
VMAT, a TOMO and a proton plan. The WVS was delineated

in the structure sets according to an online available atlas
developed by the COG [25].

The dose delivered to 98% of the WVS (D98%), the WVS
volume receiving 20Gy (V20Gy), the WVS mean dose
(Dmean) as well as Dmean to the whole brain when the PTV
and WVS were subtracted (Brain-PTV-WVS) were analysed.
Because the study only included five cases, no statistical sig-
nificance analysis of the differences between the techniques
was performed.

Results

The mean PTV volume was 65.9 cm3 [range 25.8–106.4 cm3].
Two tumours were in the pineal region, one in the suprasel-
lar region and two were bifocal disease. The tumour size and
location of the different cases are summarised in Table 1 in
the Supplementary Material. An illustrative example of the
dose distribution at the 95% (51.3 Gy) and 20Gy isodose
generated by the different techniques is shown in Figure 1,
highlighting the similar target coverage and the reduced
low/intermediate-dose bath of proton vs. photon techniques.

The mean D98% to the WVS was 2.9 Gy [1.0�6.5 Gy] for
5 F-IMRT, 6.8 Gy [1.6�12.8 Gy] for 7 F-IMRT, 2.9 Gy [1.1�6.8 Gy]
for VMAT, 9.3 Gy [1.4–24Gy] for TOMO and 0.1 Gy [0�0.2 Gy]
for protons (Figure 2).

Figure 1. Dose distribution for one example patient (Case 3), illustrating the five different techniques. Black line: planning target volume (PTV); light orange line:
whole ventricular system. (1a) dose colour wash at 95% target coverage isodose (51.3 Gy); (1b) dose colour wash at 20 Gy.
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The mean WVS V20Gy was 73.1% [range 57.5�91.1%] for
5 F-IMRT, 81.7% [73.4�90.3%] for 7 F-IMRT, 74.7%
[59.2�92.5%] for VMAT, 87% [71.1�99.8%] for TOMO and
68% [55.4�80.3%] for protons (Figure 2). The mean WVS
Dmean was 35.2 Gy [27.4�42.2 Gy] for 5 F-IMRT, 37.4 Gy
[33�42.8 Gy] for 7 F-IMRT, 34.8 Gy [27.3�41.2 Gy] for VMAT,
39.7 Gy [34.1–46.7 Gy] for TOMO and 34.5 Gy [27.8�42.3 Gy]
for protons (Figure 2). The mean Brain-PTV-WVS Dmean was
12.9 Gy [10.2�15.6 Gy] for 5 F-IMRT, 13.6 Gy [11.8�16.1 Gy] for
7 F-IMRT, 12.4 Gy [9.7�15.2 Gy] for VMAT, 16.5 Gy
[13.0�21.4 Gy] for TOMO and 8.3 Gy [6.5�11.7 Gy] for protons
(Supplementary Figure 1). The full dose volume histograms
(DVHs) of the WVS for the five individual cases planned with
the five different techniques can be seen in Supplementary
Figure 2.

Discussion

In this study, we evaluated the dose delivered to the WVS
during tumour bed irradiation with different radiotherapy
techniques in NGGCT irradiation. Our data indicate that the
modern photon-RT techniques often irradiated a larger vol-
ume of the WVS than the proton plans with the same target
volumes.

Historically, irradiation of the WVS as the standard RT vol-
ume for localised pure germinoma was established following
pattern of failure studies showing recurrences occurring pre-
dominantly in the WVS when treated with focal RT to the
primary site [20,26–28]. Studies also showed that doses as
low as 18Gy might be sufficient for eradication of micro-
scopic pure germinoma [18,19]. However, NGGCTs are a het-
erogeneous group of tumours and it is not clear to what
extent the different subtypes disseminate to the WVS. In the
ACNS1123 trial, WVS RT for pure germinoma was delivered
with 18Gy, but WVS RT for NGGCT was planned to 30.6 Gy
[19]. Often the specific NGGCT histology of the individual
patient is even not known as many cases are only diagnosed
on the basis of elevated tumour markers. The mixed NGGCTs
harbouring pure germinoma components are usually not
separately identified and may therefore contribute further to
the difficulties to associate patterns of failure to different

subtypes that would allow optimisation of RT doses and
volumes.

Our study demonstrates that some modern photon-RT
techniques cover the WVS to a large extent, while targeting
only the tumour bed, with doses that can potentially eradi-
cate microscopic disease of pure germinoma. Indeed, the
TOMO plans showed good WVS coverage even at the 20Gy
isodose level for three of the cases. Also the 7 F-IMRT cov-
ered with 20Gy at least 75% of the WVS in all patients. The
WVS coverage was less with the coplanar 5 F-IMRT and
VMAT, where the difference compared to the proton plans
was less pronounced. The WVS was consistently better cov-
ered by the photon plans compared to the proton plans.

The European Proton Therapy Network (EPTN) has
recently published an updated atlas of brain structures that
also includes the ventricular system [29]. The COG atlas [25]
used in our study was the only atlas available at the time of
delineation and differs from the EPTN atlas by including into
the WVS volume the pineal-, suprasellar-, and, in case of
third ventriculostomy, the prepontine cisterns.

Several studies have analysed the pattern of relapse after
treatment for localised NGGCT with chemotherapy and RT
only to the tumour bed: In the SIOP-96 study, 27 of the 116
treated patients presented with a recurrence. Fourteen
patients had a locoregional relapse (two involving the ven-
tricles), six had a locoregional and distant relapse (four in the
ventricles), and seven were reported as distant relapse (three
in the ventricles) [21]. A study at the Mayo-Clinic included
focal RT for 25 patients with localised NGGCT, where twelve
patients developed recurrences, four were local, three in the
ventricles, four in the spine and one in an unknown loca-
tion [30].

In contrast, the COG ACSNS1123 study aimed to investi-
gate the outcome of localised NGGCT treated with chemo-
therapy followed by RT targeting the tumour bed and the
WVS. The study had to be closed prematurely because more
recurrences than expected were observed [31]. A pattern of
failure analysis showed tumour recurrence in eight out of 66
patients. All eight had recurrences in the spine. Two of these
eight patients had additional areas of recurrence: one had
leptomeningeal dissemination involving the brain, and

Figure 2. Dose data for the whole ventricular system (WVS) per patient and per technique. D98%: dose covering 98% of the WVS volume; V20Gy: WVS volume
receiving 20 Gy; Dmean: mean dose received by the WVS.
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another presented with locoregional recurrence extending
into the ventricles [23].

A recent pooled analysis of five international cooperative
protocols about the pattern of failure of NGGCTs could not
find an association between the development of recurrences
outside the radiation field and whether a focal/WVS or CSI
irradiation had been used. However, detailed RT dose data of
the recurrences and the dose threshold to define the limits
of the radiation fields were not presented in this ana-
lysis [24].

Although our study was only performed for five cases, we
can assume the target location of the primary tumours
(including suprasellar, pineal gland and bifocal locations) to
be representative for the most common locations of NGGCTs
in Europe and North America [2,9], even though rarer loca-
tions such as the basal ganglia and the thalamic region have
not been investigated. Interestingly, the smallest and largest
PTV were bifocal tumours.

In all of our cases the dose received by the Brain-PTV-
WVS volume was lower using proton therapy than modern
photon radiotherapy techniques, thus demonstrating the
conformality and the brain sparing potential of proton treat-
ment in comparison with other modern RT. However, while
adopting high precision techniques such as proton therapy
to spare normal brain tissue, it is significantly more import-
ant to accurately define the CTV to prevent marginal recur-
rences, which would compromise the chance of cure.

This virtual dose planning study has the drawback, that
the generated treatment plans were representing plans as
we would use in our clinics. In other institutions, different
conformal photon or proton techniques could be used.

The appropriate RT target for treatment of NGGCTs is yet
to be defined. We demonstrated that some modern photon
techniques can incidentally irradiate the WVS to a potentially
therapeutic dose. Pattern of failure studies for NGGCTs
should therefore detail the dose received by the WVS and by
the tumour bed as well as by the recurrences to clarify the
role of focal or WVS irradiation for local control of NGGCT
tumours. In addition, it would be interesting to study
whether patients treated with tumour bed irradiation using
proton therapy have a higher risk of ventricular relapses
compared to those treated with photon therapy.
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