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Abstract
With improvements in survival for good performance status patients and in speciﬁc molecular subtypes of glioblastoma, some patients will survive to develop
signiﬁcant neurocognitive dysfunction. This retrospective planning study quantiﬁed hippocampal radiation doses in patients with glioblastoma receiving radical
chemo-radiotherapy and compared this with the radiation doses that showed clinical correlation with neurocognitive dysfunction, and evaluated the potential
for clinically meaningful hippocampal dose reduction using helical TomoTherapyÒ.
Ó 2017 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction
Neurocognitive dysfunction (NCD) is an emerging survivorship issue in glioblastoma, as there has been an
improvement in prognosis [1] and this is particularly relevant in patients with speciﬁc molecular subtypes who are
expected to live longer [2,3]. Neurocognitive function relates to multiple pathways in the brain [4], but the principal
effects of radiotherapy are on short-term memory and ﬁne
motor control. Loss of short-term memory is an early
delayed radiation effect [5] and manifests as early as 4
months after radiotherapy [6] and with further improvements in survival is a realistic possibility for glioblastoma
patients, the actuarial risk of a patient developing NCD is
signiﬁcant. There is conﬂicting evidence for a radiation dose
volume effect for NCD in adults [7e9]. There are few
established hippocampal dose volume histogram (DVH)based constraints for hippocampal avoidance radiotherapy
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[8,9], which can be achieved in some glioblastoma patients
with hippocampal avoidance planning [10]. The purpose of
this study was to evaluate hippocampal radiation doses in a
cohort of glioblastoma patients and compare them with
radiation doses that showed a clinical correlation with NCD
outcomes [8,11], perform hippocampal volumetric analysis
and determine whether clinically relevant hippocampal
avoidance radiotherapy would be feasible in glioblastoma.

Materials and Methods
Radiotherapy plan details of 25 consecutive glioblastoma
patients treated with helical intensity-modulated radiotherapy (Tomotherapy HI-ARTÒ, Accuray, USA) between
October 2011 and December 2013 were obtained from
institutional data archives. No speciﬁc selection criteria
were used and local radiotherapy review board permission
was obtained. Patients were immobilised with a thermoplastic beam direction shell. Radiotherapy planning
computed tomography (slice thickness 3 mm) and magnetic
resonance imaging scans were co-registered. T1 sequences
with gadolinium were used to delineate the gross tumour
volume (GTV). Margins (25 mm and 15 mm) were added to
the GTV for 54 Gy and 60 Gy clinical target volumes (CTV)
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and a 5 mm margin was added to CTVs for planning target
volumes (PTV). The lens, optic pathway, pituitary gland,
brainstem and cochlea were outlined as organs at risk. A
simultaneous integrated boost technique was used to
deliver 60 Gy in 30 fractions, ﬁve fractions per week using
daily image guidance with positional correction and
temozolomide chemotherapy was administered as per
protocol [1].
Hippocampal image segmentation was carried out and a
margin (5 mm) for the planning risk volume was added
according to the RTOG 0933 trial protocol [12] and was
veriﬁed by a neuroradiologist. Composite hippocampal
planning risk volumes (HC-PRV) were created by combining
the right and left hippocampal planning risk volumes
(Figure 1A, B). The original clinical treatment dosimetry
plans were overlaid to obtain hippocampal radiation dose
statistics. Four patients, each one representing a cerebral
lobe and one representing the posterior cranial fossa, were
planned for hippocampal avoidance. The PTV coverage was
not compromised and organs at risk dose constraints were
not modiﬁed. The hippocampal avoidance plans were
optimised using the following DVH-based parameters [8,9]
to ascertain the feasibility of hippocampal avoidance

planning; hippocampal maximum dose 3 Gy and HC-PRV
V20 Gy < 20%, V7.3 Gy and V14.9 Gy < 40 % (Figure 1C,
D). A data analysis was carried out using SPSS (IBM, USA)
and graphs were generated with GraphPad Prism.

Results
In total there were 24 evaluable patients, as in one patient both hippocampi were within the PTV. The mean time
taken for hippocampal image segmentation was 14.5 min.
Fourteen tumours were located in temporal lobes and eight
were in frontal lobes. One tumour arose from the parietal
lobe and one from the posterior cranial fossa. The mean HCPRV maximum dose was 54.7 Gy, which was higher than the
threshold dose of 12.6 Gy above which a detrimental effect
on neurocognitive function was observed [11]. The mean
minimum and mean HC-PRV doses were 24.15 and 38.62
Gy, respectively.
DVH analysis showed that HC-PRV-based parameters
D10, D40, D50, D80 and D100 doses were above the
threshold doses that showed a signiﬁcant clinical correlation with NCD [8,11] for all patients (Figure 2).

Fig 1. (A, B) Hippocampal contouring. Contour lines; pink, composite hippocampal planning risk volume (HC-PRV); red, left hippocampus;
green, right hippocampus; blue and red, planning target volumes (PTV) 60 and 54. (C, D) Radiation doses shown in colour wash for original
treatment plan (C) and hippocampal avoidance (D) for a right temporal tumour. Contour lines; light green, left hippocampus; dark green, HCPRV; dark and light blue, PTV 60 and 54.
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Fig 2. Comparison of dose volume histogram-based composite hippocampal planning risk volume (HC-PRV) parameters of the study population
with the hippocampal dose volume histogram-based parameters that showed a clinical correlation with neurocognitive dysfunction. D10, D40,
D50, D80 and D100, radiation doses received by 10%, 40%, 50%, 80% and 100% of HC-PRVs.

Volumetric analysis (Table 1) showed that the overlapping volumes between HC-PRV and PTV54 were
minimal.
The results of hippocampal avoidance plans of four patients were compared with the original treatment plans for
clinically correlated DVH parameters (Table 2). There was
no clinically meaningful dose reduction in the maximum
HC-PRV and D10 doses in all four patients and for any DVH
parameter for the posterior fossa tumour. However, for all
other three tumours, D80 and D100 doses were reduced to
below threshold doses, and there were mixed results for
D40 and D50 parameters.
Table 1
Volumetric analysis of composite hippocampal planning risk volume (HC-PRV). Group 1, only contralateral HC-PRVs were outside
the planning target volumes (PTVs); group 2, both HC-PRVs were
outside the PTVs

Number of patients
Mean HC-PRV
Mean PTV54
HC-PRV and PTV54
overlapping volume

Group 1

Group 2

17
23.85 cm3
410.13 cm3
1.55 cm3

7
44.94 cm3
432.81 cm3
9.34 cm3

Discussion
Preservation of neurocognitive function, which was
observed with hippocampal avoidance in brain metastasis
[9,13], could be achieved in glioblastoma patients with
hippocampal avoidance. However, large target volumes and
its proximity to hippocampi, and high tumour prescription
doses in glioblastoma are challenging.
A clinical correlation between hippocampal radiation
doses and NCD was reported when the hippocampal
maximum dose was more than 12.6 Gy, a hippocampal
volume of 40% (D40) received 7.3 Gy or more and 14.9 Gy [8]
and also when hippocampal maximum, D10, D50, D80 and
D100 radiation doses were >12.6 Gy, >8.81 Gy, >7.45 Gy,
>6.8 Gy and >5.83 Gy, respectively [11]. In another study,
the required HC-PRV V20 and the hippocampal V3 constraints were less than 20% [9]. In our study, these DVH
parameters could not be achieved with all clinical treatment
plans and the central location of the hippocampal avoidance complex and the large CTV volumes make it difﬁcult to
reduce the hippocampal doses. Reduced CTV and PTV
margins could help to achieve the reduction of hippocampal
doses [14] and this might be the only way to achieve the
above DVH parameters.
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However, these radiation doses with a clinical correlation
with NCD were based only on a small number of patients,
and therefore it is essential to generate data from a large
number of patients and for a range of radiation doses, which
will help to guide hippocampal avoidance planning in
glioblastoma, and also in low grade glial tumours. Several
such studies are now being conducted or in the planning
stage in the treatment of brain metastasis, meningioma,
pituitary adenoma and small cell lung cancer [15]. Alternatively, an imaging correlate for subclinical hippocampal
injury would have great utility in determining dose and
volume response [16].
Several planning studies have suggested the feasibility of
hippocampal avoidance in a variety of clinical settings. In
our study, despite higher tumour prescription doses, with
hippocampal avoidance, the mean hippocampal doses were
below the 12.5 Gy and 14.3 Gy that were achieved for
prophylactic cranial irradiation and whole brain radiotherapy [17] for two patients. Hippocampal avoidance
reduced radiation doses to the cryptic neural structures by
11% [18] and also a reduction in the radiation dose to the
contralateral hippocampus in high grade gliomas [19] and
in glioblastoma [20]; with partial brain radiotherapy there
was a reduction of up to 56.8% in the limbic system radiation doses [21]. Our study showed that it was possible to
reduce radiation doses below some clinically relevant hippocampal doses in speciﬁc anatomical locations, which
could potentially preserve neurocognitive function in some
glioblastoma patients. The risk of glioblastoma relapse is
higher near the hippocampal region [22], which poses
another challenge for hippocampal avoidance and, therefore, caution is needed when selecting patients.

Conclusions
Our study showed that we could not routinely achieve
adequate hippocampal sparing according to the current
published evidence in glioblastoma with current CTV/PTV
margins. Prospective clinical data correlating hippocampal
radiation doses to NCD are needed to establish suitable
hippocampus threshold doses for hippocampal avoidance
planning purposes, and to realise the beneﬁts of this
technique.
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Comparison of composite hippocampal planning risk volume (HC-PRV) dose volume histogram parameters between clinical treatment and hippocampal avoidance plans

4

[1] Stupp R, Hegt ME, Mason WP, van den Bent MJ, Taphoorn MJ,
Janker RC, et al. Effects of radiotherapy with concomitant and
adjuvant temozolomide versus radiotherapy alone on survival
in glioblastoma in a randomised phase III study: 5-year
analysis of the EORTC-NCIC trial. Lancet Oncol 2009;10(5):
459e466.
[2] Hartmann C, Henschel B, Simon M, Westphal M, Schackert G,
Tonn JC, et al. Long-term survival in primary glioblastoma
with versus without isocitrate dehydrogenase mutations. Clin
Cancer Res 2013;19(18):5146.
[3] Felsberg J, Rapp M, Leser S, Zimmers R, Stummer W,
Goeppert M, et al. Prognostic signiﬁcance of molecular

Please cite this article in press as: Thippu Jayaprakash K, et al., Feasibility of Hippocampal Avoidance Radiotherapy for Glioblastoma, Clinical
Oncology (2017), http://dx.doi.org/10.1016/j.clon.2017.06.010

K. Thippu Jayaprakash et al. / Clinical Oncology xxx (2017) 1e5

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

markers and extent of resection in primary glioblastoma patients. Clin Cancer Res 2009;15(21):6683.
Greene-Schloesser D, Moore E, Robbins ME. Molecular pathways: radiation-induced cognitive impairment. Clin Cancer
Res 2013;19(9):2294e2300.
Armstrong C, Ruffer J, Corn B, DeVries K, Mollman J. Biphasic
patterns of memory deﬁcits following moderate-dose partialbrain irradiation: neuropsychologic outcome and proposed
mechanisms. J Clin Oncol 1995;13(9):2263e2271.
Gondi V, Tome WA, Mehta MP. Why avoid the hippocampus?
A comprehensive review. Radiother Oncol 2010;97(3):
370e376.
Brummelman P, Sattler MG, Meiners LC, Elderson MF,
Dullaart RP, van den Berg G, et al. Cognitive performance after
postoperative pituitary radiotherapy: a dosimetric study of
the hippocampus and the prefrontal cortex. Eur J Endocrinol
2012;166(2):171e179.
Gondi V, Hermann BP, Mehta MP, Tome WA. Hippocampal
dosimetry predicts neurocognitive function impairment after
fractionated stereotactic radiotherapy for benign or low-grade
adult brain tumors. Int J Radiat Oncol Biol Phys 2013;85(2):
348e354.
Gondi V, Pugh SL, Tome WA, Caine C, Corn B, Kanner A, et al.
Preservation of memory with conformal avoidance of the
hippocampal neural stem-cell compartment during wholebrain radiotherapy for brain metastases (RTOG 0933): a
phase II multi-institutional trial. J Clin Oncol 2014;32(34):
3810e3816.
Thippu Jayaprakash K, Jena R, Wildschut K. EP-1647: feasibility of hippocampal sparing radiation therapy for glioblastoma using helical Tomotherapy. Radiother Oncol 2016;119:
S769eS770.
Tsai PF, Yang CC, Chuang CC, Huang TY, Wu YM, Pai PC, et al.
Hippocampal dosimetry correlates with the change in neurocognitive function after hippocampal sparing during whole
brain radiotherapy: a prospective study. Radiat Oncol 2015;10:
253.
Hippocampal contouring: a contouring atlas for RTOG 0933.
Available at: http://www.rtog.org/CoreLab/ContouringAtlases/
HippocampalSparing.aspx (assessed June 2016).

5

[13] Lin SY, Yang CC, Wu YM, Tseng CK, Wei KC, Chu YC, et al.
Evaluating the impact of hippocampal sparing during whole
brain radiotherapy on neurocognitive functions: a preliminary report of a prospective phase II study. Biomed J 2015;
38(5):439e449.
[14] Ali AN, Ogunleye T, Hardy CW, Shu HK, Curran WJ, Crocker IR.
Improved hippocampal dose with reduced margin radiotherapy for glioblastoma multiforme. Radiat Oncol 2014;9:20.
[15] https://clinicaltrials.gov/ct2/results?term¼Hippocampus
þsparingþradiotherapy&Search¼Search (assessed June 2016).
[16] Pospisil P, Kazda T, Hynkova L, Gulik M, Dobiaskova M,
Burkon P, et al. Post-WBRT cognitive impairment and hippocampal neuronal depletion measured by in vivo metabolic MR
spectroscopy: results of prospective investigational study.
Radiother Oncol 2017;122(3):373e379.
[17] Marsh JC, Gielda BT, Hegrskovic AM, Wendt JA, Turian JV.
Sparing of the hippocampus and limbic circuit during whole
brain radiation therapy: a dosimetric study using helical
tomotherapy. J Med Imaging Radiat Oncol 2010;54(4):
375e382.
[18] Weksberg DC, Bilton SD, Chang EL. Use of a deformable atlas
to identify cryptic critical structures in the treatment of
glioblastoma multiforme. PLoS One 2012;7(3):e32098.
[19] Canyilmaz E, Uslu GDH, Colak F, Hazeral B, Haciislamoglu E,
Zengin AY, et al. Comparison of dose distributions hippocampus in high grade gliomas irradiation with linac-based
IMRT and volumetric arc therapy: a dosimetric study.
SpringerPlus 2015;4(1):114.
[20] Hofmaier J, Kantz S, Sohn M, Dohm OS, Bachle S, Alber M,
et al. Hippocampal sparing radiotherapy for glioblastoma
patients: a planning study using volumetric modulated arc
therapy. Radiat Oncol 2016;11(1):118.
[21] Marsh JC, Godbole R, Diaz AZ, Gielda BT, Turian JV. Sparing of
the hippocampus, limbic circuit and neural stem cell
compartment during partial brain radiotherapy for glioma: a
dosimetric feasibility study. J Med Imaging Radiat Oncol 2011;
55(4):442e449.
[22] Chen L, Chaichana KL, Kleinberg L, Ye X, Quinones-Hinojosa A,
Redmond K. Glioblastoma recurrence patterns near neural
stem cell regions. Radiother Oncol 2015;116(2):294e300.

Please cite this article in press as: Thippu Jayaprakash K, et al., Feasibility of Hippocampal Avoidance Radiotherapy for Glioblastoma, Clinical
Oncology (2017), http://dx.doi.org/10.1016/j.clon.2017.06.010

