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abstract

PURPOSE Radiation dose to the neuroregenerative zone of the hippocampus has been found to be associated
with cognitive toxicity. Hippocampal avoidance (HA) using intensity-modulated radiotherapy during whole-brain
radiotherapy (WBRT) is hypothesized to preserve cognition.

METHODS This phase III trial enrolled adult patients with brain metastases to HA-WBRT plus memantine or
WBRT plus memantine. The primary end point was time to cognitive function failure, defined as decline using
the reliable change index on at least one of the cognitive tests. Secondary end points included overall survival
(OS), intracranial progression-free survival (PFS), toxicity, and patient-reported symptom burden.

RESULTS Between July 2015 and March 2018, 518 patients were randomly assigned. Median follow-up for alive
patients was 7.9 months. Risk of cognitive failure was significantly lower after HA-WBRT plus memantine versus
WBRT plus memantine (adjusted hazard ratio, 0.74; 95% CI, 0.58 to 0.95; P = .02). This difference was
attributable to less deterioration in executive function at 4 months (23.3% v 40.4%; P = .01) and learning and
memory at 6 months (11.5% v 24.7% [P = .049] and 16.4% v 33.3% [P = .02], respectively). Treatment arms
did not differ significantly in OS, intracranial PFS, or toxicity. At 6 months, using all data, patients who received
HA-WBRT plus memantine reported less fatigue (P = .04), less difficulty with remembering things (P = .01), and
less difficulty with speaking (P = .049) and using imputed data, less interference of neurologic symptoms in daily
activities (P = .008) and fewer cognitive symptoms (P = .01).

CONCLUSION HA-WBRT plus memantine better preserves cognitive function and patient-reported symptoms,
with no difference in intracranial PFS and OS, and should be considered a standard of care for patients with good
performance status who plan to receive WBRT for brain metastases with no metastases in the HA region.

J Clin Oncol 38:1019-1029. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Brain metastases have a substantial impact on pa-
tients and the health care system because up to 30%
of patients with cancer will develop brain metastases.1

Whole-brain radiotherapy (WBRT) remains an im-
portant treatment modality in the majority of patients
with brain metastases because it palliates symptoms,
significantly improves intracranial control, and di-
minishes the chance of death as a result of neurologic
causes.2-4 However, the majority of patients experi-
ence cognitive deterioration after WBRT, which raises
concerns about the toxicity of WBRT.5

Investigations into the cognitive toxicity of brain irra-
diation have revealed mechanisms and opportunities

to prevent these adverse effects of WBRT. Memantine
is an N-methyl-D-aspartate (NMDA) receptor antago-
nist that blocks pathologic excessive stimulation of
NMDA receptors and has been shown to be beneficial
in dementia and neuroprotective in preclinical models
of brain irradiation.6,7 In a placebo-controlled phase III
trial, prophylactic memantine during and after WBRT
demonstrated better preservation of cognitive function
with the secondary end point time to cognitive decline
and was well tolerated with adverse events rates similar
to placebo, establishing memantine as a standard of
care for patients with better prognosis receiving WBRT.8

Preclinical and clinical studies have suggested that
relatively low doses of radiation received by the neural
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stem cells within the subgranular zone of the hippocampal
dentate gyrusmay contribute to radiotherapy (RT)–induced
cognitive toxicity.9,10 Our research group developed tech-
niques using intensity-modulated RT (IMRT) to deliver
therapeutic doses of WBRT while limiting radiation dose to
the bilateral hippocampal dentate gyri (hippocampal
avoidance [HA]; Fig 1) and hypothesized that HA would
prevent WBRT-associated cognitive toxicity.11,12 In a multi-
institution phase II trial, HA-WBRT for patients with brain
metastases was associated with highly promising preser-
vation of memory and quality of life (QOL) compared with
historical controls.13 To validate the hypothesis that con-
formal avoidance of the hippocampal neural stem cells
using IMRT improves cognitive outcomes, NRG CC001
(ClinicalTrials.gov identifier: NCT02360215), a prospective
multi-institutional randomized phase III trial, investigated
the role of WBRT plus memantine with or without HA in
patients with brain metastases.

METHODS

Trial Patients

Adult patients ($ 18 years of age) with brain metastases
outside a 5-mm margin around either hippocampus were
eligible. Eligibility criteria included Karnofsky performance
score $ 70 and pathologically proven diagnosis of solid
tumor malignancy. Prior resection of brain metastases or
radiosurgery was allowed. Exclusion criteria included ra-
diographic evidence of hydrocephalus or other architec-
tural distortion of the ventricular system, leptomeningeal
metastases, planned cytotoxic chemotherapy during
WBRT, prior WBRT, allergy to memantine, or current use of
other NMDA antagonists. The complete eligibility criteria

are provided in the trial protocol (Data Supplement, online
only). Institutional review board approval was required. All
patients were required to provide informed consent.

Trial Design and Treatment

Patients were stratified according to recursive partitioning
analysis class (1 v 2) and prior therapy (none v radiosurgery
or surgical resection) and randomly assigned, using
a permuted block procedure, to WBRT plus memantine or
HA-WBRT plus memantine.14,15 In both study arms,
memantine for twice-daily dosing was prescribed as fol-
lows: 5-mg morning dose week 1, 5 mg twice a day week 2,
morning dose 10 mg and evening dose 5 mg week 3, and
10 mg twice a day weeks 4-24.8 Extended-release for-
mulation was prescribed as follows: 7-mg daily dose week
1, 14-mg daily dose week 2, 21-mg daily dose week 3, and
28-mg daily dose weeks 4-24. For both study arms, the
prescribed WBRT dose was 30 Gy in 10 fractions. Hip-
pocampal contouring and HA-WBRT planning directives
have been previously described,11,13 with bilateral hippo-
campal contours manually generated on the fused thin-
slice magnetic resonance imaging (MRI)-computed
tomography image set and expanded by 5 mm to generate
the HA region. The planning target volume (PTV) was
defined as the whole-brain parenchyma, excluding the HA
region; no setup margin was added to the PTV. IMRT was
used to deliver the conformal RT plan for patients treated
with HA-WBRT (Table 1; for protocol details, see the Data
Supplement). Before enrolling patients in this trial, all
participating sites completed a credentialing exercise in
which they would generate an HA-WBRT treatment plan on
a sample case that would be reviewed centrally. For the first
patient planned for HA-WBRT by a radiation oncologist,

HA-WBRT

WBRT

8 Gy 8 Gy

30 Gy
30 Gy

30 Gy 30 Gy

A

B

FIG 1. Several-fold re-
duction in radiation dose to
hippocampi (yellow) using
(A) hippocampal avoidant
whole-brain radiotherapy
(HA-WBRT) v (B) conven-
tional WBRT.
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rapid central review of hippocampal contours and HA-
WBRT planning was conducted in real time before initiation
of treatment. If the initial plan was deemed acceptable,
subsequent treatment plans were reviewed post-treatment
in a timely manner to provide close monitoring, assessment
of plan quality, and ongoing feedback (Data Supplement).

Assessments

Before random assignment, each patient underwent a
baseline evaluation that consisted of history and physical
examination, neurologic examination, performance status,
and thin-slice MRI and completed cognitive testing and
measures of patient-reported QOL and symptom burden.
All baseline evaluations along with an assessment of ad-
verse events were repeated at month 2, 4, 6, and 12. The
cognitive testing was administered by a trained, certified
member of the site study team (Data Supplement). The
same validated battery of cognitive tests used in the prior
memantine trial was administered in this trial to assess
learning and memory (Hopkins Verbal Learning Test-
Revised [HVLT-R]), verbal fluency (Controlled Oral Word
Association), processing speed (Trail Making Test [TMT]
Part A), and executive function (TMT Part B [TMT-B]).8,16,17

QOL and symptom burden were assessed by the EQ-5D-5L
and the MD Anderson Symptom Inventory-Brain Tumor
(MDASI-BT) module, respectively.18,19 For the index and
visual analog scale scores from the EQ-5D-5L, higher
scores indicate better QOL, while for the MDASI-BT factors
symptom severity and symptom interference, higher scores
indicate increased symptoms. All treatment-related toxic-
ities and adverse events were recorded according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events (version 4.0).

End Points

The primary end point was time to cognitive failure, defined
as cognitive decline determined by the reliable change
index on at least one of the cognitive tests.8 Patients and
clinicians were not blinded to treatment assignment, al-
though the neurocognitive chair who scored the cognitive
tests was blinded to treatment assignment. Secondary end

points included intracranial progression-free survival (PFS),
overall survival (OS), toxicity, patient-reported symptoms
(focusing on symptom severity, symptom interference,
neurologic factor, and cognitive factor subscale scores as
well as fatigue, neurologic factor items, and cognitive factor
items), QOL, and cognitive function asmeasured separately
on the individual cognitive tests and the Clinical Trial
Battery composite score.8

Statistical Analysis

Because of the competing risk of death, the method de-
scribed by Pintilie20 was used to estimate sample size for
the primary end point using data from NRG Oncology’s
RTOG 0614. The memantine arm showed a cognitive
failure rate of 53.8% at 6 months (corresponding to
amonthly hazard of 0.198 by Pintilie’s method) and a death
rate (as a competing risk) of 30.7% (corresponding to
a monthly hazard of 0.113). It was assumed that there was
an 11% absolute reduction in cognitive failure (monthly
hazard rate of 0.129) and a similar death rate using HA-
WBRT, resulting in a hazard ratio (HR) of 0.65. Using a two-
sided a = .05, 230 events were required to achieve 90%
statistical power using Pintilie’s method. The probability of
cognitive failure, provided that some failures may not be
observed because of death, was calculated over a 63-
month study (57 months for accrual and 6 months of
additional follow-up) as 60.1%, resulting in a total sample
size of 382 patients. The target accrual was inflated by 25%
to account for noncompliant patients.

A key secondary end point of interest, symptom severity (a
subscale of MDASI-BT), had 80% statistical power to de-
tect a moderate effect size of 0.5 with a two-sided type I
error of 0.05. The analysis was conducted on all randomly
assigned patients on an intention-to-treat basis. The cu-
mulative incidence approach was used to estimate the
median time to cognitive failure to account for the com-
peting risk of death. Gray’s test was used to test for a sta-
tistically significant difference in the distribution of cognitive
failure times.21 OS and intracranial PFS were estimated
using the Kaplan-Meier method, and differences between

TABLE 1. Radiotherapy Planning

Name of Structure
Dosimetric
Parameter Per Protocol Notes

PTV_3000 D2% # 37.5 Gy Dose to hottest 2% of PTV_3000

D98% $ 25 Gy Dose to 98% of PTV_3000

V30Gy $ 95 % Volume receiving prescription dose of 30 Gy

Bilateral hippocampia D100% # 9 Gy Dose to 100% of bilateral hippocampi

Dmax # 16 Gy Dose to hottest 0.03-cc volume of bilateral hippocampi

Optic nerve (left side) Dmax # 30 Gy Dose to hottest 0.03-cc volume of optic nerve (left side)

Optic nerve (right side) Dmax # 30 Gy Dose to hottest 0.03-cc volume of optic nerve (right side)

Optic chiasm Dmax # 30 Gy Dose to hottest 0.03-cc volume of optic chiasm

Abbreviations: D, dose; PTV, planning target volume.
aThere are no specified dose parameters for the hippocampal avoidance region because this region represents a transition region for dosing.
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treatment arms were tested using the log-rank test.22,23 OS
and intracranial PFS were measured from the date of
random assignment to the date of intracranial progression
for intracranial PFS only, death, or the last follow-up date on
which the patient was reported alive. Adjusted and un-
adjusted Cox proportional hazards models were used to
obtain HRs and 95% CIs for OS and intracranial PFS, while
cause-specific Coxmodels were used for cognitive failure.24

Between-arm comparisons of categorical variables, such as
cognitive deterioration and adverse events, were tested
using x2 tests. Change from baseline scores for QOL and
symptom items were compared between arms using
a t test. Trends across time on theMDASI-BT weremodeled
with mixed-effects models using maximum likelihood es-
timation. Covariates consisting of baseline score, age,
stratification factors, and interaction terms were considered
for each model, with differences at 6 months tested using
a t test. Individual MDASI-BT items were compared be-
tween arms for cognitive and neurologic factors, if the factor
score was significantly different between arms, and for
fatigue. As a sensitivity analysis because of missing data,
models were run using imputed data for alive patients with
consent who were missing symptom data. Multiple impu-
tation used a Markov chain Monte Carlo method with 20
iterations. The 6-month tests were two-sided using an
overall significance level of .05 as Hochberg’s procedure
was used to adjust for multiplicity.25

RESULTS

Study Patients

Between July 13, 2015, and March 12, 2018, 518 patients
were randomly assigned to WBRT plus memantine or HA-
WBRT plus memantine at 112 participating institutions in
the United States and Canada (Fig 2). Twenty-seven pa-
tients were found to be ineligible (11 in the WBRT plus
memantine arm and 16 in the HA-WBRT plus memantine
arm) most commonly because of incomplete prerandom-
ization cognitive assessment. Baseline characteristics, in-
cluding baseline cognitive function, were well balanced
between the study arms (Table 2). Median age was
61.5 years (range, 20-91 years), and the majority of patients
had primary lung cancer (57.7%). The median follow-up for
alive patients was 7.9 months (range, 0-15.6 months).
Compliance rates for cognitive testing and patient-reported
outcomes are provided in the Data Supplement.

Treatment Outcomes

Primary analysis and cognitive outcomes. Cognitive failure
risk was significantly lower in the HA-WBRT plus mem-
antine arm compared with the WBRT plus memantine arm
(HR, 0.76; 95% CI, 0.60 to 0.98; P = .03; Fig 3; Data
Supplement). The unadjusted cause-specific treat-
ment effect was significant (HR, 0.76; 95% CI, 0.60 to
0.98; P = .03; Data Supplement). In the adjusted cause-
specific analysis, the treatment effect was even more

pronounced in favor of HA-WBRT plus memantine (HR,
0.74; 95% CI, 0.58 to 0.95; P = .02; Table 3).

Analysis of each cognitive test separately revealed no dif-
ference in cognitive deterioration rates between arms at
2 months (Data Supplement), while the HA-WBRT plus
memantine arm was less likely to have deterioration in
TMT-B at 4 months (23.3% v 40.4%, respectively; P = .01;
Data Supplement) and HVLT-R total recall and delayed
recognition at 6 months (11.5% v 24.7% [P = .049] and
16.4% v 33.3% [P = .02], respectively; Data Supplement).
Although no significant treatment effects were seen,
analysis of cognitive test standardized scores demon-
strated better cognitive outcomes over time in all cognitive
domains in the HA-WBRT plus memantine arm (Data
Supplement).

Symptom burden and QOL. Mixed-effects modeling for
symptom severity showed significant interaction between
treatment arm and time, with the between-arm difference
favoring HA-WBRT plus memantine with longer follow-up
(estimates, 20.10; P = .03; Data Supplement). Symptom
interference, cognitive factor, and neurologic factor did
not show any significant treatment effects (Data Sup-
plement). After imputation, the symptom severity treat-
ment arm-by-time interaction effect remained (estimate,
20.11; P = .04), and HA-WBRT plus memantine was
significantly associated with fewer cognitive symptoms
(estimate, 20.33; P = .022).

After applyingHochberg’smultiplicity adjustment on imputed
data, both symptom interference and cognitive factor showed
significant between-arm differences at 6 months (Table 4).
Specifically, patients in the HA-WBRT plus memantine arm
experienced less symptom interference and fewer cognitive
symptoms at 6 months (estimate, 21.02 [P = .008] and
20.63 [P = .01], respectively). Symptom severity and neu-
rologic factor did not show a significant treatment effect at
6 months (estimate, 20.37 [P = .19] and 20.22 [P = .45],
respectively; Table 4).

Cognitive factor differences at 6 months were driven primarily
by two items: problems with remembering things and diffi-
culty speaking. At 6 months, patients in the HA-WBRT plus
memantine arm reported less difficulty with remembering
things (mean, 0.16 v 1.29; P = .01) and less difficulty
speaking (mean,20.20 v 0.45; P = .049) compared with the
WBRT plus memantine arm. Greater improvement in fatigue
at 6 months was reported in the HA-WBRT plus memantine
arm compared with the WBRT plus memantine arm (mean,
0.93 v 20.16; P = .04). No differences were seen between
study arms at baseline or over time for the EQ-5D-5L (Data
Supplement).

Survival, intracranial progression, and toxicity. There was
no difference between the HA-WBRT plus memantine and
WBRT plus memantine arms in terms of OS (median, 6.3 v
7.6 months, respectively; HR, 1.13; 95% CI, 0.90 to 1.41;
P = 0.31; Data Supplement), intracranial PFS (median,
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5.0 v 5.3 months, respectively; HR, 1.14; 95% CI, 0.93 to
1.41; P = .21; Data Supplement), or percentage of de-
ceased patients at each cognitive testing time point (Data
Supplement). Relapses in the HA region were 11 in the

HA-WBRT plus memantine arm v 16 in the WBRT plus
memantine arm. There was no difference in grade $ 3
toxicity between the WBRT plus memantine and HA-
WBRT plus memantine arms with regard to attribution

Enrollment

Randomly assigned
(N = 518)

Allocation

Treatment

Analysis

Allocated to HA-WBRT + memantine
(n = 261)

Analyzable for primary end point
2 months
  Completed HVLT-R
  Died
  Withdrew consent
  Did not complete HVLT-R
4 months
  Completed HVLT-R
  Died
  Withdrew consent
  Did not complete HVLT-R
6 months
  Completed HVLT-R
  Died
  Withdrew consent
 Did not complete HVLT-R
  Not in study 6 months
12 months
  Completed HVLT-R
  Died
  Withdrew consent
  Did not complete HVLT-R
  Not in study 12 months

(n = 261)

(n = 142)
(n = 65)
(n = 18)
(n = 36)

(n = 99)
(n = 105)
(n = 21)
(n = 36)

(n = 69)
(n = 127)
(n = 21)
(n = 40)

(n = 4)

(n = 35)
(n = 153)
(n = 24)
(n = 29)
(n = 20)

Did not receive allocated intervention
  Did not receive concurrent memantine
  Did not receive adjuvant memantine
  Did not receive protocol RT
Concurrent memantine reviews
  Per protocol/acceptable variation
  Unacceptable variation
  Not evaluable
Adjuvant memantine reviews
  Per protocol/acceptable variation
 Unacceptable variation
 Not evaluable
RT reviews
  Per protocol/acceptable variation
  Unacceptable variation
  Incomplete RT/not evaluable/ineligible

(n = 28)
(n = 6)
(n = 7)

(n = 18)

(n = 227)
(n = 1)
(n = 1)

(n = 192)
(n = 11)
(n = 32)

(n = 215)
(n = 6)

(n = 40)

Allocated to WBRT + memantine
(n = 257)

Analyzable for primary end point
2 months
  Completed HVLT-R
  Died
  Withdrew consent
  Did not complete HVLT-R
4 months
  Completed HVLT-R
  Died
  Withdrew consent
  Did not complete HVLT-R
6 months
  Completed HVLT-R
  Died
  Withdrew consent
  Did not complete HVLT-R
  Not in study 6 months
12 months
  Completed HVLT-R
  Died
  Withdrew consent
  Did not complete HVLT-R
  Not in study 12 months

(n = 257)

(n = 156)
(n = 51)
(n = 19)
(n = 31)

(n = 112)
(n = 93)
(n = 23)
(n = 29)

(n = 90)
(n = 110)
(n = 24)
(n = 30)
(n = 3)

(n = 46)
(n = 141)
(n = 26)
(n = 24)
(n = 20)

Did not receive allocated intervention
  Did not receive concurrent memantine
  Did not receive adjuvant memantine
  Did not receive protocol RT
Concurrent memantine reviews
  Per protocol/acceptable variation
  Unacceptable variation
  Not evaluable
Adjuvant memantine reviews
  Per protocol/acceptable variation
 Unacceptable variation
  Not evaluable
Radiation therapy reviews
  Per protocol/acceptable variation
  Unacceptable variation
  Incomplete RT/not evaluable/ineligible

(n = 8)
(n = 1)
(n = 3)
(n = 4)

(n = 242)
(n = 1)
(n = 3)

(n = 206)
(n = 8)

(n = 28)

(n = 224)
(n = 0)

(n = 33)

FIG 2. CONSORT diagram. HA, hippocampal avoidance; HVLT-R, Hopkins Verbal Learning Test-Revised; RT, radiotherapy; WBRT, whole-brain
radiotherapy.
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TABLE 2. Pretreatment Characteristics for All Randomly Assigned Patients

Characteristic
WBRT Plus Memantine,

No. (%)
HA-WBRT Plus Memantine,

No. (%) P a

No. of patients 257 261

Age, years .66

Mean (SD) 61.1 (11.4) 61.6 (11.7)

Median 61 62

Minimum-maximum 20-88 27-91

Q1-Q3 56-69 55-69

Sex .91b

Male 108 (42.0) 111 (42.5)

Female 149 (58.0) 150 (57.5)

Race (white v other)

American Indian/Alaska Native 1 (0.4) 2 (0.8)

Asian 4 (1.6) 3 (1.1)

Black or African American 23 (8.9) 29 (11.1)

White 206 (80.2) 205 (78.5)

Unknown 22 (8.6) 18 (6.9)

Not reported 1 (0.4) 4 (1.5)

Ethnicity .29b

Hispanic or Latino 5 (1.9) 9 (3.4)

Not Hispanic or Latino 231 (89.9) 229 (87.7)

Unknown 21 (8.2) 23 (8.8)

Primary tumor (lung v other) .81b

Bone 1 (0.4) 1 (0.4)

Breast 45 (17.5) 51 (19.5)

Colon 6 (2.3) 4 (1.5)

Esophagus 7 (2.7) 6 (2.3)

Gastroesophageal junction 1 (0.4) 1 (0.4)

Kidney 8 (3.1) 5 (1.9)

Lung 151 (58.8) 156 (59.8)

Ovary 3 (1.2) 3 (1.1)

Skin 7 (2.7) 15 (5.7)

Anal 2 (0.8) 1 (0.4)

Pancreas 1 (0.4) 1 (0.4)

Other 25 (9.7) 17 (6.5)

Karnofsky performance score .38b

70 53 (20.6) 48 (18.4)

80 75 (29.2) 81 (31.0)

90 95 (37.0) 85 (32.6)

100 34 (13.2) 47 (18.0)

Neurologic function status .83b

No neurologic symptoms: fully active at home/work without assistance 119 (46.3) 113 (43.3)

Minor neurologic symptoms: fully active at home/work without assistance 86 (33.5) 92 (35.2)

Moderate neurologic symptoms: fully active at home/work, but requires assistance 27 (10.5) 24 (9.2)

Moderate neurologic symptoms: less than fully active at home/work and requires assistance 15 (5.8) 18 (6.9)

(continued on following page)
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TABLE 2. Pretreatment Characteristics for All Randomly Assigned Patients (continued)

Characteristic
WBRT Plus Memantine,

No. (%)
HA-WBRT Plus Memantine,

No. (%) P a

Unknown 9 (3.5) 13 (5.0)

Not reported 1 (0.4) 1 (0.4)

RPA classc .48b

1 38 (14.8) 33 (12.6)

2 219 (85.2) 228 (87.4)

Prior radiosurgeryc .99b

No 197 (76.7) 200 (76.6)

Yes 60 (23.3) 61 (23.4)

Prior surgical resectionc .54b

No 189 (73.5) 198 (75.9)

Yes 68 (26.5) 63 (24.1)

Metastases .89b

Brain 98 (38.1) 98 (37.5)

Brain and other sites 159 (61.9) 163 (62.5)

Education (. high school v # high school) .88b

No formal education 1 (0.4) 1 (0.4)

Kindergarten-8th grade 9 (3.5) 5 (1.9)

9th-11th grade 15 (5.8) 22 (8.4)

High school graduate (including equivalency) 86 (33.5) 85 (32.6)

Some college or associate’s degree 68 (26.5) 71 (27.2)

Bachelor’s degree 43 (16.7) 38 (14.6)

Master’s degree 17 (6.6) 22 (8.4)

Doctoral or professional degree 5 (1.9) 8 (3.1)

Not reported 13 (5.1) 9 (3.4)

Cognitive test, mean z score (SD)

HVLT-R total recall 21.29 (1.28) 21.31 (1.26) .87

HVLT-R delayed recall 21.29 (1.60) 21.17 (1.35) .37

HVLT-R delayed recognition 20.72 (1.55) 20.64 (1.39) .58

TMT-A, seconds 21.21 (2.49) 21.29 (2.47) .74

TMT-B, seconds 23.49 (8.82) 23.18 (5.69) .63

COWA 20.82 (1.20) 20.82 (1.16) .94

CTB composite 21.46 (2.08) 21.40 (1.62) .70

MDASI-BT factors, mean raw score (SD)

Symptom severity 1.97 (1.58) 1.90 (1.45) .60

Symptom interference 2.73 (2.44) 2.74 (2.54) .60

Cognitive factor 1.56 (1.77) 1.64 (1.87) .63

Neurologic factor 1.97 (2.05) 1.99 (1.97) .89

MDASI-BT Items, mean raw score (SD)

Fatigue 3.88 (2.94) 3.71 (2.85) .51

Difficulty understanding 1.28 (2.06) 1.27 (2.11) .96

Problem with remembering things 2.31 (2.44) 2.23 (2.38) .74

Difficulty speaking 1.13 (1.90) 1.32 (2.17) .30

Difficulty concentrating 1.52 (2.06) 1.72 (2.27) .30

(continued on following page)
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(61.7% v 58.8%, respectively;P= .53) or related to treatment
(20.3% v 19.4%, respectively; P = .83; Data Supplement).

DISCUSSION

This phase III trial provides confirmation that conformal
avoidance of the hippocampal neuroregenerative stem-cell
niche using IMRT during WBRT better preserves cognitive
function and patient-reported symptoms, while observing
no difference between treatment arms in toxicity, intra-
cranial PFS, or OS, in patients with brain metastases. With
these findings, HA-WBRT plus memantine should be
considered a standard of care for patients with good per-
formance status with brain metastases, but no metastases
in the HA region, who plan to receive WBRT. These findings
affect the estimated 200,000 patients per year who receive

WBRT in the United States alone and potentially the design
of RT for primary brain tumors, although additional clinical
studies in these patient populations are needed.10,26

To our knowledge, this trial provides the first definitive
clinical evidence that the hippocampal neuroregenerative
niche is important to pathophysiology of RT-induced
cognitive decline and builds on extensive preclinical
work and prior clinical studies.9,10,12,13,27,28 This trial’s ob-
servation of better preservation of cognitive domains after
HA supports the hypothesis of hippocampal stem-cell ra-
diosensitivity because HA uses IMRT to generate a several-
fold reduction in radiation dose delivered to the mitotically
active neural stem cells located in the hippocampal dentate
gyrus and thereby permits better conservation of hippo-
campal neurogenesis (Fig 1). Of note, there were fewer HA

TABLE 2. Pretreatment Characteristics for All Randomly Assigned Patients (continued)

Characteristic
WBRT Plus Memantine,

No. (%)
HA-WBRT Plus Memantine,

No. (%) P a

Numbness or tingling 1.71 (2.51) 1.71 (2.56) .97

Pain 2.80 (3.10) 2.75 (3.05) .87

Weakness on one side of the body 1.39 (2.34) 1.52 (2.60) .55

Abbreviations: COWA, Controlled Oral Word Association; CTB, Clinical Trial Battery; HA, hippocampal avoidance; HVLT-R, Hopkins Verbal Learning Test-
Revised; MDASI-BT, MD Anderson Symptom Inventory-Brain Tumor; Q, quartile; RPA, recursive partitioning analysis; SD, standard deviation; TMT-A, Trail
Making Test Part A; TMT-B, Trail Making Test Part B; WBRT, whole-brain radiotherapy.

aTwo-sided t test.
bx2 test.
cStratification factor.
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regional relapses in the HA-WBRT plus memantine arm.
Because the HA region accounts for only 2% of the whole-
brain parenchyma, development of metastases in the HA
region is an uncommon event, and evaluation of differ-
ences between study arms for such a rare event would
require a substantially larger trial.11-13

In the current trial, the benefit of HA-WBRT emerges
robustly with $ 4 months follow-up. For patients with life
spans much shorter than 4 months, prior trials have
shown that the predominant impact on cognition is likely
deterioration as a result of disease progression or other
factors that contribute to shorter survival.5,13 Therefore, it
seems reasonable to forego HA during WBRT in patients
with survival expected to be , 4 months.18 To aid in
decision making, prognostic systems have been devel-
oped to provide survival time estimates for patients with
brain metastases.29

Given the potential for symptoms and impaired function
from uncontrolled brain metastases, one of the intents of
brain metastases management is palliation through the
prevention and/or improvement of neurologic signs and
symptoms. Within this context, the current trial’s demon-
stration of better preservation of patient-reported cognition
and symptom interference and specific symptoms, in-
cluding difficulty speaking, difficulty with remembering,
and fatigue, emphasizes the importance of HA-WBRT in
achieving the palliative objectives of brain metastasis
management. These findings specific to patient-reported
overall cognitive symptom burden and preservation of

memory and speech meaningfully complement the cog-
nitive preservation findings on objective cognitive tests and
the cognition-specific rationale for HA.

The results of this trial also contribute to the evolving debate
over whether stereotactic radiosurgery (SRS) and/or WBRT
are the optimal approaches to the management of brain
metastases. Prior randomized trials that demonstrated
more-favorable cognitive outcomes with SRS in lieu of
WBRT for 1-3 brain metastases did not include modern
cognitive preservation strategies of prophylactic memantine
or HA.5,30 This paradigm remains the subject of ongoing
(ClinicalTrials.gov identifier: NCT03550391) and planned
phase III trials of SRS compared with HA-WBRT plus
memantine and will continue to evolve as newer systemic
and immunotherapy agents improve survival and demon-
strate activity in brain metastases.

Consistent with the majority of clinical trials that have
evaluated different forms of RT, in the current trial, par-
ticipants were not blinded to treatment. Because delivery of
HA-WBRT and standard WBRT are significantly different, it
would be logistically difficult to keep the patient blinded to
treatment. In addition, because only the trial participant is
kept in ignorance in the process of masking treatment
assignment, it raises ethical issues because the treatment
team needs to engage in active deception.31 Finally, al-
though lack of blinding could potentially have an impact on
patient-reported outcomes, it is not expected to have any
meaningful impact on the objective cognitive assessment
battery results.32

In conclusion, use of HA during WBRT with memantine
effectively spares the hippocampal neuroregenerative
niche to better preserve cognitive function and patient-
reported symptoms. No differences were observed in
toxicity, intracranial PFS, or OS compared with standard
WBRT and memantine.

TABLE 3. Time-to-Cognitive Failure Multivariable Cox Proportional
Hazards Model
Variable HR 95% CI P

Age (# 61 v . 61 [RL]) 0.635 0.479 to 0.842 .0016

RPA class (1 v 2 [RL]) 1.182 0.802 to 1.741 .4000

Prior radiosurgery
(no v yes [RL])

0.813 0.616 to 1.075 .1500

Prior surgical resection
(no v yes [RL])

1.133 0.860 to 1.493 .3700

Metastasis (brain v brain
and other sites [RL])

1.197 0.887 to 1.616 .2400

Treatment arm (HA-WBRT plus
memantine v WBRT plus
memantine [RL])

0.745 0.582 to 0.954 .0200a

NOTE. Boldface indicates significance at P , .05.
Abbreviations: HA, hippocampal avoidance; HR, hazard ratio; RL,

reference level; RPA, recursive partitioning analysis; WBRT, whole
brain radiotherapy.

aThere was no significant effect of an interaction between age
and treatment arm (ie, effect of treatment did not differ by age).
Patients lost to cognitive failure of total, 259 of 518; patients lost to
death, 105.

TABLE 4. Test of Treatment Arm Difference at 6 Months

Variable

Complete Data Imputed Data

Estimate P No. Estimate P No.a

Symptom severity 20.36 .16 306 20.37 .190 366

Symptom interference 20.93 .01 305 21.02 .008 366

Cognitive factor 20.50 .03 306 20.63 .010 366

Neurologic factor 20.16 .54 306 20.22 .450 366

NOTE. Tests were conducted within the longitudinal model
framework. Using Hochberg’s procedure for interference, cognitive
factor, and neurologic factor (because symptom burden was the
primary patient-reported outcome end point powered with a type I error
of 0.05), the significance levels for the smallest to largest P values are
0.0167, 0.033, and 0.050.

aThere were 366 patients used in a single imputation, with 20
imputations per model.
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