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Abstract
Whole-brain radiation therapy has been the standard form of treatment for advanced cancers, metastatic to the
brain. It has the advantage of easy availability and delivery, and effectiveness in offering relief from symptoms for
many suitable patients. Since most of these patients have poor outcomes and limited survival, oncologists in the
past had a nihilistic approach and as a result, the potential toxicities emerging from WBRT have been largely
neglected. With advances been made in neurosurgery, imaging, medical and radiation oncology, the results for
many patients have improved significantly, particularly for those having favorable prognostic factors. Hence, the use
of WBRT has come under scrutiny, due to its potential effect on the neurocognitive functions of the patient and their
quality of life. This review article attempts to investigate if the various Neurocognitive sparing radiotherapy
procedures can become a standard radiotherapy method for selected patients receiving whole brain radiotherapy for
metastatic disease.
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Introduction
Patients with brain tumor, both primary and metastatic, constitute a
large proportion of the patients receiving radiotherapy to the brain. Of
the 1.4 million newly diagnosed tumors in the United States, around
30% would develop metastasis to the brain at some point of time,
requiring Whole Brain Radiotherapy (WBRT) [1]. WBRT has proved
to be an important mode of treatment for primary malignant brain
tumors, tumors metastatic to the brain, childhood malignancies and as
prophylactic cranial radiation in some hematologic malignancies [2].
WBRT for patients with secondaries in the brain has a long history.
It was used for the first time during the 1950s [3], when any tumors
of the brain were thought to be associated with poor outcome and
limited survival. But with improvements in oncologic treatments,
patients with good prognostic factors have been seen to live longer.
Hence, there is now a growing concern regarding neurocognitive
toxicity after whole brain radiotherapy, especially in those patients
with expected longer survival. WBRT prolongs survival, improves
neurocognitive functions (NCF) but is paradoxically associated with
decline in memory, especially recall and delayed recall [4].
Increased use of small field Radiotherapy like Stereotactic
Radiosurgery (SRS) and Neurocognitive Sparing Radiotherapy (NSRT)
have been used as an attempt to improve the quality of life of these
patients by avoiding the neurocognitive domains of the brain.

Cranial Effects of Whole Brain Radiotherapy

delayed (up to 6 months) and late (after 6 months) [5]. The acute and
the delayed effects may occur due to radiation induced cerebral
oedema [6,7] and partly because of injury to the oligodendrocytes
causing some disruptions in the synthesis of myelin. Unlike acute and
delayed effects, the late effects are generally irreversible and progressive
[8].
The pathophysiology of late effects is explained by the impact of
radiotherapy on blood vessels of the brain or on the neuroglial cells
and their precursor stem cells. The effect on blood vessels leads to
ischemic events or bleeds years after WBRT, giving rise to the
possibility of progressive deterioration of NCF [9].
The hippocampus in the brain is responsible for the formation of
memory [10]. It is a structure, composed of the dentate gyrus and the
cornu and is situated in the inner part of the temporal lobes, just lateral
to the horns of the lateral ventricle.
It is a part of the limbic system, with its main function being
learning, consolidation and retrieval of information and formation of
new memories [11]. Radiation injury to the hippocampus, unilateral or
bilateral is known to alter these functions, resulting in a decline in the
ability of the patient to consolidate short-term with long-term memory
[12].
There are several other factors like the simultaneous use of
chemotherapy drugs, surgical intervention, use of other medications,
comorbidities, baseline neurocognitive dysfunction that may affect the
radiation effects to the normal brain parenchyma. Despite these
confounding factors, several radiological studies have shown diffuse
nonspecific changes in the white matter in all patients receiving WBRT
to doses more than or equal to 20 Gray(Gy) [13,14] (Figure 1).

The effects of radiation to the brain have been classified according to
the time of occurrence after radiotherapy, as acute (within 6 weeks),
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Figure 1: Planning for a typical hippocampus sparing radiotherapy.

Hippocampal Avoidance
Various methods have been employed to reduce the risk of post
radiotherapy, neurocognitive decline in patients undergoing brain
radiation. Memantine, which is an oral N-methyl-D-aspartate receptor
antagonist and a neuro protector, has been used concurrently with
WBRT. The RTOG 0614 trial, comparing WBRT with Memantine
versus WBRT and a placebo showed that patients treated with
Memantine had better cognitive function, with lesser decline in
memory, and delayed time to decline in cognitive functions [15,16]
(Figure 2).

Figure 2: Neurocognitive sparing radiotherapy in paediatric glioma.

Hippocampal Avoidance Radiation (HART)
As established in various studies, radiation induced damage to
neuronal progenitor cells in the sub granular zone of the hippocampi
may result in a rapid decline in cognitive functions in patients [17].
Hence it has been proposed that the conformal sparing of the
hippocampi during WBRT could result in preservation of NCFs
[18,19]. Using modern radiotherapy planning systems, the mean dose
of radiation to the neural stem-cell compartment of the hippocampus
can be reduced by 80%, while ensuring an adequate dose coverage and
homogeneity in the rest of the brain [20]. It has also been seen that the
incidence of recurrences within 5 mm of the hippocampi is very low.
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Hence the sparing of the hippocampi may be considered safe as far as
local recurrences are concerned [21]. Studies have shown that doses as
low as even less than 10 Gy can cause neurocognitive dysfunction [22].
The central location of hippocampus makes it quite challenging to
allow uniform dose delivery to the rest of the brain while avoiding the
hippocampus. To combat this, various methods have been used, like
MRI based contouring, conformal treatment with IMRT, volumetric
arc radiotherapy (VMAT) and helical tomotherapy (HT). Among the
various studies in Hippocampal sparing radiation therapy, Gondi et al
reviewed five patients with recurrences in the brain and treated with
WBRT where hippocampus and the avoidance region of 5 mm around
it were contoured. They generated IMRT and HT plans for a prescribed
dose of 30 Gy in 10 fractions and concluded that both techniques can
produce a good hippocampal sparing with adequate target coverage
and dose homogeneity. This pilot study was the basis of the phase II
RTOG 0933 trial.
Blomstrand et al. [23] conducted a planning study using bilateral
opposing fields, IMRT, Intensity Modulated Arc Therapy (IMAT) and
Intensity Modulated Proton Therapy (IMPT) for irradiating
medulloblastoma patients. The mean dose achieved to the
hippocampus was 88.3% in IMAT, 77.1% in IMRT and 42.3% in IMPT.
This study showed that chances of developing an impairment in
memory after a prescribed dose of 23.4 Gy was estimated at 47%, 44%,
41%, 33% with opposing fields, IMAT , IMRT and IMPT respectively
[23]. Tarnawsky et al. in their study of HA WBRT in ten patients of
lung cancer showed that even after decreasing the dose to NSC regions
and maintaining the prescribed PTV coverage, both IMRT and VMAT
were able to reduce the dose to NSC region by 45% and yet achieving
the prescribed dose to the rest of the brain [24].
RTOG0933 was a single-arm phase II study comparing HA-WBRT
for brain metastases with historical studies where patients have been
treated with WBRT without hippocampal avoidance. Of 113 patients
accrued, 42 could be evaluated at 4 months. Mean relative decline in
Hopkins Verbal Learning Test–Revised (HVLT-R) Delayed Recall (DR)
from baseline to 4 months was 7.0%, which was significantly lower in
comparison to the historical control (P<0.001). No decline in Quality
of life (QOL) scores was observed. Two grade 3 toxicities and no grade
4 to 5 toxicities were reported. Median survival was 6.8 months. The
trial concluded that it is possible to preserve memory and QOL by
conformal avoidance of the hippocampus during WBRT [25]. In
pediatric gliomas also significant reduction of both mean physical and
mean biological equivalent doses were achieved respectively by 56%
and 52.1% to the organs at risk (OAR) in comparison to plans in which
these structures were not spared. The scope of Hippocampal avoidance
radiotherapy has been studied in many situations NSCs compartments,
the limbic structures and the whole hippocampus were contoured as
OAR and included in the treatment plans by Marsh et al. [26] for
evaluating hippocampal sparing radiotherapy plans in gliomas in
children. Gutiérrez et al studied the feasibility of HA WBRT along with
simultaneous integrated boost (SIB) for treatment of brain metastasis
using helical tomotherapy [27].Recently there is a surge of interest to
integrate Stereotactic radiosurgery with WBRT to improve local
control. It is often possible to avoid hippocampus in both phases of
treatment, SRS and WBRT. This approach has been compared to the
WBRT+SIB and the latter has been found to be more effective in
reducing doses to the hippocampus for patients with up to 8
metastases, as evidenced by Prokic et al. [28].
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Problems and Challenges Associated With the Use Of
Hippocampal Avoidance Radiation

6.

Precise delineation of hippocampus to derive the neurocognitive
benefit versus the risk of intracranial disease progression is of prime
importance. Authors of the RTOG contouring atlas for hippocampal
sparing prefer contouring only the subgranular zone as it is the main
site where NSC niche is located. Moreover the need of IMRT to spare
hippocampus owing to the central location within the brain without
compromising the target coverage and homogeneity is likely to
increase the financial burden as well as the time taken during
treatment.

7.

Current Scenario
Phase II RTOG 0933 trial has shown a moderate amount of
effectiveness of HA WBRT but the use of the same in actual clinical
practice seems doubtful. A survey was done among 1933 radiation
oncologists of the US regarding the use of the modality, the reasons for
using or not using the same. The result showed that 56% of the
oncologists were not willing to employ HAWBRT based on a phase II
trial result. And that majority of them were in favour of conducting a
phase III trial for bringing HA WBRT into clinical practice [29].

On-going Trials
To validate the results of RTOG 0933, two large cooperative group
trials have been planned to evaluate if HA decreases the risk for
neurocognitive decline in patients undergoing WBRT. NRG (National
Surgical Adjuvant Breast and Bowel Project, Radiation Therapy
Oncology Group and Gynecologic Oncology Group) CC (Cancer
Control) 003, is a randomized phase II/III trial of PCI comparing
WBRT versus HA-WBRT in patients with both extensive and limitedstage small-cell lung cancer acquiring complete or partial response to
chemotherapy. The second study, NRG-CC001, is a randomized phase
III trial of HA-WBRT plus Memantine versus WBRT plus Memantine.
Both these studies may help us to understand if HA-WBRT is worth
the time and resources in today’s era of value-based medicine.

Conclusion
The aim of this review is to summarize the rationale and the
feasibility of sparing the hippocampus using various techniques for
whole brain irradiation. Conventional WBRT are still the preferred
modality of treatment for patients with multiple brain metastases and
hippocampal sparing is generally not practiced outside clinical trials.
Phase III studies are needed to understand not only the feasibility, but
also the benefits of this modality and further implementation will
depend on the results of these trials.
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