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Abstract

Background: Melanoma brain metastases (MBM) often cause morbidity and mortality for stage IV melanoma
patients. An ongoing randomised phase III trial (NCT01503827 – WBRT-Mel) evaluates the role of adjuvant whole
brain radiotherapy (WBRT) following local treatment of MBM. Hippocampal avoidance during WBRT (HA-WBRT) has
shown memory and neurocognitive function (NCF) preservation in the RTOG-0933 phase II study. This study
assessed the quality assurance of HA-WBRT within the WBRT-Mel trial according to RTOG-0933 study criteria.

Methods: Hippocampal avoidance was allowed in approved centres with intensity-modulated radiotherapy
capability. Patients treated by HA-WBRT were not randomized within the WBRT arm. The RTOG 0933 contouring
Atlas was used to contour hippocampi. In the trial co-ordinating centre, patients were treated with volumetric
modulated arc therapy using complementary arcs; similar techniques were used at other sites. Dosimetric data
were extracted retrospectively and analysed in accordance with RTOG 0933 study constraints criteria.

Results: Among the 215 patients accrued to the WBRT-Mel study between April 2009 and September 2017, 107 were
randomized to the WBRT arm, 22 were treated by HA-WBRT in 4 centers. Eighteen patients were treated in the same
centre. The median age was 65 years. The commonest (91%) HA-WBRT schema was 30 Gy in 10 fractions. Prior to HA-
WBRT, 10 patients had been treated by surgery alone, six by radiosurgery alone, four by surgery and radiosurgery and
two exclusively by simultaneous integrated boost concurrent to HA-WBRT. Twenty patients were treated with intention
to spare both hippocampi and two patients had MBM close to one hippocampus and were treated with intention to
spare the contralateral hippocampus. According to RTOG-0933 study criteria, 18 patients (82%) were treated within
constraints and four patients (18%) had unacceptable deviation in just one hippocampus.

Conclusions: This dosimetric quality assurance study shows good compliance (82%) according to RTOG-0933 study
dosimetric constraints. Indeed, all patients respected RTOG hippocampal avoidance constraints on at least one
hippocampus. In the futureanalysis of the WBRT-Mel trial, the NCF of patients on the observation arm, WBRT arm and
with HA-WBRT arm will be compared.

Keywords: Radiotherapy, Whole brain radiotherapy, Trial, Quality assurance, Intensity-modulated radiotherapy,
Hippocampal avoidance

* Correspondence: Gerald.fogarty@cancer.com.au
1Melanoma Institute Australia, The University of Sydney, NSW, North Sydney,
Australia
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Martinage et al. Radiation Oncology  (2018) 13:132 
https://doi.org/10.1186/s13014-018-1077-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-018-1077-z&domain=pdf
mailto:Gerald.fogarty@cancer.com.au
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Melanoma brain metastases (MBM) often cause morbidity
and mortality for patients with stage 4 melanoma [1–7].
The treatment landscape has changed recently with effect-
ive systemic therapy that can cross the blood brain barrier
[8–11], new surgery and radiotherapy treatment tech-
niques, such as better minimally invasive surgery, stereo-
tactic radiosurgery and intensity-modulated radiotherapy
(IMRT). As a result, these patients are now living longer,
often requiring repeated interventions for MBM. Conse-
quently the long-term effects of radiotherapy treatment
on and neurocognitive function and quality of life have be-
come even more important [12, 13].
Prior to this changing landscape, a phase III randomized

trial (RCT) was started in 2009 to compare whole brain
radiotherapy (WBRT) with observation following local treat-
ment (surgery or radiosurgery) of 1–3 MBM (ClinicalTrials.
gov identifier: NCT01503827 – WBRT-Mel trial). The pri-
mary endpoint of the trial was 12-month intracranial control,
with secondary endpoints including neurocognitive function
(NCF) and quality of life. Inclusion criteria have been previ-
ously detailed [14]. Previous data had shown that cells of the
hippocampus are especially sensitive to even low doses of ra-
diation [15]. Concurrently, it was found that the hippocam-
pus in oligometastatic disease was relatively spared from
metastasis [16–18] and the IMRT technique has been devel-
oped to spare the hippocampus during WBRT to preserve
the NCF [19–21]. An RTOG phase II trial showed that hip-
pocampal avoidance during WBRT (HA-WBRT) could min-
imise the neurocognitive decline at six months compared to
historical controls [13]. With these new data, the
WBRT-Mel protocol was modified in 2013 to allow
HA-WBRT for those randomized to the WBRT arm. The
WBRT-Mel completed its accrual of 215 patients in Septem-
ber 2017. The plan is to analyse the NCF endpoints in the
three treatment cohorts: observation, HA-WBRT and non
HA-WBRT.
The validity of the results from this cohort depend on

whether the hippocampi of these patients have been
spared according to the RTOG 0933 phase II trial [13].
These dosimetric criteria for hippocampal sparing from
quality assurance of the RTOG-0933 study are summa-
rized in Table 1 [22]. The most important criteria in this

Table 1 for the quality assurance of hippocampal avoid-
ance are D100% and Dmax for each hippocampus. Dx%
and Vy represent respectively the dose received by x %
and the volume received by y Gy of specified structure.
This study reports the radiotherapy quality assurance of
patients treated with HA-WBRT on the WBRT-Mel trial.

Methods
Population
The WBRT-Mel Trial and protocol amendment to include
HA-WBRT were approved by relevant ethics committees
and the data safety monitoring committee. Patients
treated by HA-WBRT were stratified but not randomized
within the WBRT arm of the trial.

HA-WBRT planning technique
Patients were immobilised with a thermoplastic mask in a
neutral head position. A non-contrast planning CT was ac-
quired at 1 mm slice thickness and fused with the diagnostic
MRI scan. The radiation oncologist contoured the right and
left hippocampi on the fused MRI-CT image set with
T1-weighted MRI axial sequences using the contouring
Atlas of the RTOG 0933 trial [23]. Hippocampal avoidance
regions were generated by three-dimensionally expanding
the hippocampal contours by 5 mm. The planning target
volume (PTV) was defined as the whole-brain parenchyma
excluding the hippocampal avoidance regions [22]. Other or-
gans at risk (optic nerves, chiasm, eyes and lenses) were con-
toured. Patients were planned and treated on different
platforms. In the trial co-ordinating center, patients were
planned with Eclipse (version 11.0.47) radiotherapy treat-
ment planning system (Varian), treated with a Varian 21iX
linear accelerator (RapidArc) using two complementary arcs.

Statistical analysis
Data collected included hippocampal volumes, hippocam-
pal maximum dose, hippocampal minimum dose
(D100%), Hippocampus volume receiving 10 Gy (V10Gy)
and dose to 40 and 50% of the hippocampus (D40% and
D50%, respectively). For patients with another schema of
treatment other than 30 Gy in 10 fractions, the equivalent
dose assuming an α/β ratio of 2.0 for hippocampus was
calculated [24] by iLQ (v2.0). All volumes measured at the

Table 1 HA-WBRT Planning acceptability defined by RTOG 0933

Parameter Per Protocol Acceptable Variation Unacceptable Deviation

HA-WBRT IMRT Planning PTV D2%≤ 37.5 Gy
D98%≥ 25 Gy

37.5Gy < D2%≤ 40Gy
D98% < 25 Gy

V30 < 90%
D2% > 40 Gy

Hippocampus D100%≤ 9 Gy
Dmax ≤16Gy

D100%≤ 10 Gy
Dmax ≤17 Gy

D100% > 10 Gy
Dmax > 17 Gy

Optic nerves and chiasm Dmax ≤37.5Gy Dmax ≤37.5Gy Dmax > 37.5Gy

Unscheduled Break Days 0 break days 1–3 break days > 3 break days

Dmax Maximum dose, HA-WBRT Hippocampal avoidance during whole brain radiotherapy, IMRT Intensity-modulated radiotherapy, PTV Planning target volume
[13, 22]. Dx% and Vy represent respectively the dose received by x % and the volume received by y Gy of specified structure
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patient level were summarized by their median (range)
and stratified by whether or not patients had unacceptable
deviation (UD) or not, according to RTOG 0933
constraints criteria. Volume difference between the two
groups UD versus no UD was tested through the
Wilcoxon rank test. All tests were two sided with a
nominal p value of 0.05.

Results
Patient characteristics
Among the 215 patients accrued to the WBRT-Mel study
between April 2009 and September 2017, a total of 107
patients were randomized to the WBRT arm and 22 of
them were treated with HA-WBRT. The median age of
these 22 patients was 65 years at randomisation (range

Table 2 Patient and volume characteristics

HA-WBRT
(n = 22)

Bilateral HA-WBRT
(n = 20)

Unilateral (right)
HA-WBRT (n = 2)

Female 5 (23%) 5 (25%) 0

Male 17 (77%) 15 (75%) 2 (100%)

Median age (years) 65 (27–88) 65 (27–88) 69 (61–76)

≤ 65 years 11 (50%) 10 (50%) 1 (50%)

> 65 years 11 (50%) 10 (50%) 1 (50%)

Number of MBM:

1 MBM 13 (59%) 12 (60%) 1 (50%)

2 MBM 7 (32%) 6 (30%) 1 (50%)

3 MBM 2 (9%) 2 (10%) 0

First treatment of MBM:

Surgery only 10 (45%) 9 (45%) 1 (50%)

SRS only 6 (27%) 5 (25%) 1 (50%)

Surgery and SRS 4 (18%) 4 (20%) 0

Exclusive SIB concurrent with HA-WBRT 2 (9%) 2 (10%) 0

SRS:

Median volume (cm3) 2.07 (0.04–42.6) 3.01 (0.04–42.6) 0.96 (0.96)

Median dose (Gy) 20 (14–22) 20 (14–22) 16 (16)

Volumes (cm3):

PTV volume 1434.8 1412.7 1516.9

Median (Range) (1177–1640) (1177–1640) (1488–1545)

R hippocampus volume 2.27 2.27 2.54

Median (Range) (0.9–5.66) (0.90–5.66) (1.80–3.27)

L hippocampus volume 2.02 1.96 2.58

Median (Range) (1.01–4.45) (1.01–4.45) (2.58)

Volume of 2 hippocampus 4.47 4.38 5.85

Median (Range) (2.28–9.98) (2.28–9.98) (5.85)

Sparing volume of 2 hippocampus 29.52 28.53 34.77

Median (Range) (13.4–49.4) (13.4–49.4) (34.7)

Details of the SIB treatment: n = 6 n = 5 n = 1

1 MBM 3 (50%) 3 (60%) 0

2 MBM 2 (33%) 1 (20%) 1

3 MBM 1 (17%) 1 (20%) 0

Median volume (cm3) 5.71 (0.54–29.9) 5.71 (0.74–29.9) 6.26 (0.54–11.97)

Median dose (Gy) 49.5 (40–50.4) 47.3 (40–50.4) 50 (50)

Median distance to nearest hippocampus (cm) 2.8 (0–5.0) 3.8 (2.0–5.0) 0.3 (0–0.6)

Bilateral/Unilateral HA-WBRT: Patients treated with intention to spare bilateral/unilateral hippocampus, HA-WBRT Hippocampal avoidance during whole brain
radiotherapy, Hippo Hippocampus, MBM Melanoma brain metastases, PTV Planning target volume, SIB Simultaneous integrated boost, SRS Stereotactic
radiosurgery, WBRT Whole brain radiotherapy
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27–88, Table 2). Prior to HA-WBRT, 10 patients had been
treated by surgery only, six by stereotactic radiosurgery
(SRS) only, four by surgery and SRS (two for the same le-
sion and two for another metastasis) and two by simultan-
eous integrated boost (SIB) concurrent with HA-WBRT.
SIB during HA-WBRT was performed for six patients (3
to untreated lesions only, 1 to surgical cavity only and 2 to
untreated lesions and surgical cavity).
HA-WBRT was delivered in four centers. Eighteen pa-

tients (82%) were enrolled by the Melanoma Institute
Australia and treated at the Mater hospital, GenesisCare.
The commonest fractionation of adjuvant WBRT was
30 Gy in 10 fractions, delivered to 20 patients (91%). One
patient was treated to 30 Gy in 12 fractions with three SIB
areas to 50.4 Gy. The second patient was treated to a
whole brain dose of 32.4 Gy in 15 fractions with SIB area
to 49.5 Gy.
Twenty patients (91%) were treated with intention to

spare both hippocampi and two patients (9%) had MBM
very close to the hippocampus (0 and 6.5 mm from the
left hippocampus) and were treated with intention to
spare the contralateral hippocampus only (Fig. 1). One
patient had MBM inside the left hippocampus treated by
SRS and the second had MBM of 0.54 cm3 inside a
6.5 mm margin around the left hippocampus, treated by
SIB (50 Gy in 10 fractions).

Critical structure constraints analysis according to RTOG
0933 criteria
According to RTOG constraints criteria, 22 (100%) were
within hippocampal avoidance constraints on a minimum
of one hippocampus. Eighteen patients (81%) respected
these constraints and four patients (19%) respected them

on one hippocampus. Characteristics of patients and pa-
tient volumes with and without UD are compared in
Table 3. At baseline, patients’ characteristics were similar,
however patients with UD had significantly greater left hip-
pocampal volume, total hippocampi volume and sparing
volume of left hippocampus than patients without UD. The
summary of acceptable variation (AV) and UD are pre-
sented in Table 4. Four patients (18%) had UD on one
hippocampus and their treatment plans are detailed in
Table 5. The two first patients with UD on one hippocam-
pus were treated before the results of RTOG 0933. The
third patient had hippocampus Dmax of 17.24 Gy and the
fourth patient had hippocampus D100% of 10.33 Gy.
The hippocampi D40% median was calculated in 2 Gy

equivalent and was 7.16 Gy (range 6.2 to 9.26 Gy) with
α/β ratio of 2.0 Gy for hippocampi. All patients were
treated with less than 3 break days and had optic nerve/
chiasm Dmax less than 37.5 Gy.

Discussion
In this dosimetric audit of HA-WBRT of the
WBRT-Mel study, all 22 patients (100%) respected
RTOG 0933 hippocampal avoidance constraints of at
least one hippocampus. Eighteen patients (82%) had
no unacceptable deviation and of these, 16 (73%)
were treated within these constraints on both hippo-
campi and two (9%) were planned to have sparing of
one hippocampus. Four patients (18%) had unaccept-
able deviation on one hippocampus and none had
unacceptable deviation on both hippocampi. Our re-
sults are similar to the quality assurance report of
phase II RTOG 0933 trial. In the RTOG0933 trial,
82 cases were reviewed prior to treatment, 21 cases

Fig. 1 QA HA-WBRTMel Study Flowchart. HA-WBRT: Hippocampal Avoidance during Whole Brain Radiotherapy; QA: Quality Assurance; UD:
Unacceptable Deviation
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(25%) had UD. Ten cases (12%) had UD of IMRT
planning, five (6%) of them had UD of both contour-
ing and IMRT planning and 11 cases (13%) had UD
of contouring only [22].
Two other smaller studies [25, 26] showed very

high compliance (100%) according to RTOG con-
straints [22]. Some recent dosimetric studies, each
with about 10 cases, investigated the dosimetric
feasibility of HA-WBRT according to RTOG con-
straints and showed excellent compliance (100%)
[27–32]. Some of them had realized a dose reduction
to other organs at risk at the same time. Our

compliance remains high quality despite these devia-
tions. The first two patients treated with HA-WBRT
both had UD, demonstrating a learning curve for the
radiation oncologists.
It has been shown that unilateral hippocampal avoid-

ance during WBRT can also mitigate cognitive decline,
formation of memory, verbal memory, similar to bilat-
eral HA-WBRT [33–36]. Furthermore, meta-analysis of
33 studies, which evaluated memory before and after
resection of left or right anterior temporal lobe for tem-
poral lobe epilepsy has observed difference in verbal
memory function after resection from the left or right

Table 3 Patient, treatment and volume characteristics in patients with and without unacceptable deviation (UD)

Variable Patients without UD
(n = 18)

Patient with UD
(n = 4)

p-value*

Gender

Female 4/18 (22%) 1/4 (25%) 1.000

Male 14/18 (78%) 3/4 (75%) 1.000

Median age at randomization (range) 68 (37–88) 48 (27–73) 0.121

Surgery

No 6/18 (33%) 2/4 (50%) 0.602

Yes 12/18 (67%) 2/4 (50%)

Number of lesions treated by surgery

1 11/12 (92%) 1/2 (50%)

2 1/12 (8%) 1/2 (50%)

SRS

No 10/18 (56%) 2/4 (50%) 1.000

Yes 8/18 (44%) 2/4 (50%) 1.000

Number of lesions treated by SRS

1 6/8 (75%) 1/2 (50%)

2 2/8 (25%) 1/2 (50%)

Simultaneous Integrated Boost

No 13/18 (72%) 3/4 (75%) 1.000

Yes 5/18 (28%) 1/4 (25%)

Number of SIB treatment

1 2/5 (40%) 1/1 (100%)

2 2/5 (40%) 0

3 1/5 (20%) 0

Right hippocampus:

Volume (cm3) 2.0 (0.9–3.9) 3.8 (2.1–5.7) 0.052

Avoidance Volume (cm3) 13.6 (6.8–20.7) 17.0 (15.4–27.9) 0.080

Left hippocampus:

Volume (cm3) 1.9 (1.0–3.3) 4.1 (2.4–4.5) 0.004

Avoidance Volume (cm3) 13.3 (6.7–20.3) 17.5 (15.3–21.5) 0.035

Both hippocampi:

Volume (cm3) 4.0 (2.3–7.2) 7.9 (4.5–10.0) 0.013

Avoidance volume (cm3) 26.7 (13.5–41.0) 34.0 (31.7–49.4) 0.061

*Based on Wilcoxon rank-sum test or Fisher exact test as appropriate. SIB Simultaneous Integrated Boost, SRS Stereotactic Radiosurgery
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temporal lobe [37]. It is important to note that in
RTOG 0933, patients with hippocampal or peri hippo-
campal metastases were not eligible. The trial still had
25% of cases with UD, and yet still showed a signifi-
cantly superior result in terms of NCF preservation
when compared to historical controls. In the light of
our literature review we therefore feel comfortable in
the future analysis of the NCF for the WBRT-Mel trial
in assuming thatthose who had unilateral HA-WBRT
will be assumed to have hippocampal avoidance ad-
equate for NCF preservation.
There are only a few prospective evaluations of

hippocampal radiation dose volume effect and memory
deficit [38–41]. Currently, two phases III randomized
trials are ongoing and evaluating HA-WBRT. At first,
NRG Oncology-CC001 (ClinicalTrials.gov identifier:
NCT02360215) assesses memantine hydrochloride and
WBRT with or without hippocampal sparing technique
in reducing neurocognitive decline. The second trial is
NRG Oncology-CC003 (ClinicalTrials.gov identifier:
NCT02635009) assessing WBRT with or without
HA-WBRT in treating patients with limited stage or ex-
tensive stage small cell lung cancer. Although the RTOG
0933 study has defined hippocampal avoidance dosimet-
ric constraints, detailed dose–volume analyses are vital

in guiding the clinician in striking the balance between
local tumor control and NCF preservation.
If the WBRTMel study and the other phase III study

about HA-WBRT show good clinical outcomes for
HA-WBRT, this technique could be more frequently used
in the management of brain metastases. This change in
practice could be implemented quickly as the majority of
radiation oncology department have access to IMRT in de-
veloped countries.
This quality assurance study has some limitations as

the limited sample size, these patients were accrued over
8.5 years and during this period, some innovation of
IMRT techniques appeared (7). The hippocampi vol-
umes were not reviewed and the Hausdorff distances
were not calculated. In its favour, this quality assurance
study found high reproducibility in prospective data as
82% of patients were treated in the same hospital and
73% by the same radiation oncologist.

Conclusions
This dosimetric quality assurance study of HA-WBRT from
the WBRTMel study shows good compliance (82%) accord-
ing to RTOG 0933 dosimetric constraints. Indeed, all
patients respected RTOG 0933 hippocampal avoidance
constraints of at least one hippocampus. Eighteen patients

Table 4 Summary of number of acceptable variation and/or unacceptable deviation according to RTOG dosimetric constraints
criteria [22]

Per protocol
Number (%)

AV
Number (%)

UD
Number (%)

Comment

R hippocampus (n = 22) 16 (73%) 3 (14%) 3 (14%)

L Hippocampus (n = 20) 17 (85%) 2 (10%) 1 (5%) 1 patient had AV on both hippocampi

Patients (n = 22) 16 (73%) 4 (18%) 4 (18%) 2 patients had UD on one hippocampus
and AV on the second hippocampus

Optic nerves (n = 22) 22 (100%) 0 0

Chiasm (n = 22) 22 (100%) 0 0

Unscheduled break 19 (86%) 3 (14%) 0

AV Acceptable variation, L Left, PTV Planning target volume, R Right, UD Unacceptable deviation

Table 5 Details of the dosimetric unacceptable deviations of HA-WBRT according to RTOG 0933 dosimetric constraints (22)

Patient Hippo UD Value Max value Excess over 0933
UD as percentage

Comments

1 Right Dmax
(> 17 Gy)

17.85 Gy 5.0% RT given prior to RTOG 0933
constraints being published

2 Right Dmin
(> 10 Gy)

10.4 Gy 4.0% RT given prior to RTOG 0933
constraints being published

3 Left Dmax
(> 17 Gy)

17.24 Gy 1.4% Multiple dosimetry has been
realized to decrease the Dmax
on left hippocampus. This patient
had D2%Left_hippo of 14.05 Gy

4 Right Dmin
(> 10 Gy)

10.33 Gy 3.3%

Dmax Maximum dose, Dmin Minimum dose, HA-WBRT Hippocampal avoidance during whole brain radiotherapy, Hippo Hippocampus, Max Maximum, MBM
Melanoma brain metastases, RT Radiotherapy, SIB Simultaneous integrated boost, SRS Radiosurgery, UD Unacceptable deviation (22)
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(82%) had no unacceptable deviation, with 16 (73%) of these
treated with these constraints on both hippocampi and two
(9%) planned to have sparing of one hippocampus. Four pa-
tients (18%) had IMRT planning unacceptable deviation on
one hippocampus. On the basis of these data, the future
comparison of the NCF of patients in the observation arm,
non-HA-WBRT arm and HA-WBRT will provide an accur-
ate assessment of radiation therapy on NCF.
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