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Purpose: Identifying comprehensively the evidence of neuroprotective effects of memantine for pre-
serving cognitive function in brain metastasis patients receiving whole brain radiotherapy (WBRT).
Methods: We searched randomized clinical trials (RCTs) analyzing the effects of memantine to pre-
serve cognitive function in patients with brain metastasis treated with WBRT, performed in some da-
tabases, including PubMed, Embase, and Cochrane Library. The protocol was registered at PROSPERO 
(CRD42023476632). We reported the selection process according to the Preferred Reporting Items for 
Systematic Review and Meta-Analysis guideline. The studies were appraised by using the revised Co-
chrane Risk of Bias tool for randomized trials (RoB 2.0).
Results: We included three RCTs that met the eligibility criteria. No high risk of bias was found. Two 
articles compared WBRT + memantine to WBRT + placebo, and the other one compared hippocampal 
avoidance (HA)-WBRT + memantine to WBRT + memantine. There was no significant difference in 
characteristics among groups of treatment arms. The differences in cognitive function deterioration 
between treatment arms began to appear four months after initiated the treatment. The risk of cog-
nitive failure was lower in patients receiving memantine compared to placebo. Moreover, combining 
HA-WBRT + memantine lowered the cognitive failure compared to standard WBRT + memantine. No 
article stated significant difference in quality of life (QoL) and survival outcomes in patients receiving 
memantine.
Conclusion: Although the evidence was still limited, memantine was reported to have the potential 
to mitigate radiation-induced cognitive dysfunction in patients with brain metastasis receiving WBRT. 
However, there was no evidence revealing the benefit of memantine for enhancing QoL and prolong-
ing survival.

Keywords: Brain neoplasm, Cognition, Memantine, Radiotherapy

Role of memantine to mitigate radiation-induced cognitive 
dysfunction in brain metastasis patient receiving whole brain 
radiotherapy: a systematic review
Yoga Dwi Oktavianda, Tiara Bunga Mayang Permata

Department of Radiotherapy, Faculty of Medicine Universitas Indonesia - Dr. Cipto Mangunkusumo Hospital, Jakarta, Indonesia

Received: April 4, 2024 
Revised: April 27, 2024 
Accepted: April 29, 2024 

Correspondence:
Yoga Dwi Oktavianda 
Department of Radiotherapy, Faculty 
of Medicine Universitas Indonesia - 
Dr. Cipto Mangunkusumo Hospital, Jl. 
Pangeran Diponegoro No.71, Kenari, 
Senen, Jakarta 10430, Indonesia. 
Tel: +6285730033720 
E-mail: yoga.dwi11@ui.ac.id  
ORCID: 
https://orcid.org/0000-0001-5003-6368

Original Article
pISSN 2234-1900 · eISSN 2234-3156

Radiat Oncol J 2024;42(4):281-294
https://doi.org/10.3857/roj.2024.00269

Introduction

Brain metastasis is one of the most frequent metastasis sites of 
primary solid tumors. The incidence reached 9%–17%, still in-
creased by the improved availability of diagnostic imaging to de-
tect earlier [1]. Lamba et al. [2] showed that 10%–40% of patients 
with solid tumors were susceptible to developing brain metastasis 
during the disease progression. The primary sites of brain metasta-

sis commonly originate from lung and breast cancer [1]. Unfortu-
nately, most patients with brain metastasis would survive for only 
less than 6 months [3]. In the advanced stage of cancer, systemic 
therapy is the essential backbone part of multimodal treatment 
[4,5]. However, some systemic therapies could not pass the blood-
brain barrier, specifically the blood-tumor barrier [4,5]. Therefore, 
radiation therapy still becomes the most considered modality to 
treat brain metastasis [6,7].
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Although the evolution of brain metastasis treatment favored 
the utilization of more advanced stereotactic techniques of radio-
therapy, whole brain radiotherapy (WBRT) is still widely used to 
treat patients with brain metastasis, especially for multiple brain 
metastasis lesions [6-9]. Delivering WBRT prolonged the survival of 
patients with brain metastasis [10,11]. However, there were some 
toxicities affecting brain tissue leading to the deterioration of cog-
nitive function, called radiation-induced cognitive decline (RICD). 
[12-14]. Brain irradiation induced the alteration of neurotransmit-
ter levels and receptors, including glutamate, impairing neuronal 
plasticity, which was involved in the memory and learning process 
[12,15]. Some approaches to mitigate the risk of RICD have been 
explored, both pharmacologic and non-pharmacologic treatments 
[13].

Memantine, a low-affinity N-methyl-D-aspartate (NMDA) re-
ceptor antagonist widely used for dementia patients, has the po-
tential to prevent RICD by inhibiting calcium ion influx, inflamma-
tion, and oxidative damage [13,16,17]. Moreover, memantine was 
reported as an effective, safe, yet relatively affordable drug [16]. It 
was also proven to improve the quality of life (QoL) in patients with 
dementia [18]. This rationale led memantine to be used as one of 
the alternatives for mitigating cognitive dysfunction caused by 
brain irradiation [12,13]. Nevertheless, some radiation oncologists 
were still skeptical about memantine effects [19]. Only a few of 
them recommended memantine in clinical practice.

This systematic review was conducted to investigate the poten-
tial effects of memantine for mitigating the risk of cognitive dys-
function and QoL impairment in brain metastasis patients induced 
by WBRT, with or without hippocampal avoidance (HA). This review 
also presents a comprehensive rationale for the administration of 
memantine and the practical utilization of memantine.

Materials and Methods

1.Strategy of literature searching
According to the Preferred Reporting of Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines, was performed a systematic 
review. The protocol of this systematic review was recorded at 
PROSPERO (CRD42023476632). The following information was the 
“PICO” that we used for this literature searching:

•  Population: brain metastasis patients receiving WBRT, with or 
without HA.

• Intervention: patients receiving memantine.
• Control: patients receiving placebo.
• Outcome: cognitive functions.
Article searching was performed in some online databases, in-

cluding PubMed, Embase, and Cochrane Library, on September 16, 

2023. We used advanced search and Boolean operators combining 
the keywords consisting of all synonyms of PICO (Supplementary 
Table S1).

2. Eligibility criteria
We included randomized-control trials and observational studies 
analyzing the benefit of memantine to protect cognitive function 
for brain metastasis patients receiving WBRT, with or without HA. 
Literature review, case report, clinical trial protocol, and conference 
proceeding; non-human studies; and the study was not in English 
were excluded.

3. Study selection
The title and abstract of the studies were screened by two inde-
pendent reviewers based on inclusion criteria to be assessed in full-
text. Full-text articles were assessed by two independent reviewers 
for eligibility. We assessed whether it evaluates the cognitive func-
tion and/or QoL in brain metastasis patients receiving WBRT, either 
with or without memantine. Disagreement between authors was 
resolved with discussion until a consensus was reached. Fig. 1 
shows the PRISMA flowchart of literature searching.

4. Data extraction
Data were extracted by reviewers. By using Microsoft Excel, the 
data was extracted by study citation (author and title) and charac-
teristics of the study (location, period, study design, sample size, 
demographic, and clinical characteristics of population). The prima-
ry outcomes were cognitive function and QoL, assessed by using 

Screened articles
(n=38)

Full-text reviewed 
articles (n=3)

Final included articles
(n=3)

Excluded articles did not meet the 
eligibility criteria (n=35)

Not assessing memantine (n=14) 
Narrative reviews (n = 8)
Clinical trial protocols (n = 6) 
Conference proceedings (n = 7)

Duplicated articles (n = 12)

PubMed (n = 13) Embase (n = 14) Cochrane library
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Fig. 1. The preferred reporting items for systematic reviews and me-
ta-analyses flowchart of literature searching.
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some neuro-cognitive assessment tools and health-related QoL as-
sessment tools. We also evaluated the overall survival as well as 
progression-free survival (PFS) of patients based on the groups of 
treatment arms.

5. Risk of Bias assessment
By using the revised Cochrane Risk of Bias for randomized trials 
(RoB 2.0) tool for randomized-control trials, we critically appraised 
the included articles. Study qualities were classified as low risk of 
bias, some concerns, and high risk of bias.

Results

After the literature search was completed, we deleted duplicate 
studies (n =  12), as well as studies that did not meet the eligibility 

criteria (n =  35). A total of three studies were included (Table 1). 
We used the RoB 2.0 tool to critically appraised the included arti-
cles (Supplementary Tables S2–4). There was no high risk of bias 
was found (Table 2).

1. Characteristics of the study participants
From the included studies, there were no significant differences 
between treatment groups regarding the demographic data of par-
ticipants (Table 3). The median age ranged from 59 to 62 years old, 
with more than half of the participants being female. Most of them 
were educated in grades 0–12, followed by college degrees and 
bachelor’s degrees [20-22].

In addition, Table 3 also showed that the clinical characteristics 
of participants were not significantly different. The participants in-
cluded in the studies were in the same condition, with Karnofsky 

Table 1. Characteristics of the included articles

Study, year Study design Country Intervention Control Outcome
Brown et al. [20], 

2020
Prospective multi-insti-

tutional RCT
USA and 

Canada
HA-WBRT 30 Gy in 10 

fx + memantinea)
Standard WBRT 30 Gy 

in 10 fx + memantin-
ea)

Primary: cognitive failure which was 
defined as cognitive decline in at 
least one of the cognitive tests 
(HVLT-R, COWA, TMT-A, and TMT-B)

Secondary: PFS, OS, toxicity, pa-
tient-reported symptoms, and HRQoL

Laack et al. [21], 
2019

RCT USA and 
Canada

WBRT 37.5 Gy in 15 fx 
+ memantinea)

WBRT 37.5 Gy in 15 fx 
+ placebo

HRQoL was measured by FACT-Br and 
MOS-C, related to cognitive changes, 
measured by HVLT-R, TMT, COWA, 
and self-report

Brown et al. [22], 
2013

Double-blind, RCT USA and 
Canada

WBRT 37.5 Gy in 15 fx 
+ memantinea)

WBRT 37.5 Gy in 15 fx 
+ placebo

Primary: cognitive function, including 
memory measured by HVLT-R delay 
recall

Secondary: time to cognitive failure, 
OS, PFS, and adverse events

USA, United States of America; HA, hippocampal avoidance; WBRT, whole brain radiotherapy; HVLT-R, Hopkins Verbal Learning Test - Revised; COWA, 
Controlled Oral Word Association; TMT-A, Trail Making Test part A; TMT-B, Trail Making Test part B; PFS, progression-free survival; OS, overall surviv-
al; HRQoL, health related quality of life; FACT-Br, Functional Assessment of Cancer Therapy - brain module; MOS-C, medical outcomes study – cogni-
tive functioning scale; RCT, randomized controlled trial; fx, fractions.
a)Memantine was given orally for 24 weeks with escalating doses during the initial 4 weeks: Week 1, 5 mg morning dose; Week 2, 5 mg morning and 
evening doses; Week 3, 10 mg morning dose + 5 mg evening dose; Week 4–24, 10 mg morning and evening doses.

Table 2. The risk of bias for each included study

Brown et al. [20], 2020 Laack et al. [21], 2019 Brown et al. [22], 2013
+ + + Randomization process

+ + ! Deviations from the intended interventions

+ + + Missing outcome data

+ ! + Measurement of the outcome

+ + + Selection of the reported result

+ ! ! Overall

+  Low risk

!  Some concerns

 High risk
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performance scale not below 70 and recursive partitioning analysis 
(RPA) class minimal 2. Most participants had no or minor symp-
toms of neurologic function. Lung and breast cancer were the most 
common primary site of the brain metastasis.

Besides, Table 4 showed the baseline distribution of outcome 
measures in each study. The outcome from Brown et al. [20] and 
Brown et al. [22] was neurocognitive functions, while the outcome 
from Laack et al. [21] was health-related QoL (HRQoL).

2. Neurocognitive outcomes between treatment arms
The comparison of the neurocognitive test results is shown in Table 
5. Two months after the treatment was initiated, there was no sig-
nificant difference in all neurocognitive test results between treat-
ment groups. The difference in test results began to be identified at 
four months. Brown et al. [22] showed that the declining score of 
Controlled Oral Word Association (COWA) assessing verbal fluency 
was significantly lower in the WBRT and memantine arm, com-

pared to WBRT and placebo arm. Moreover, Brown et al. [20] 
showed the deterioration rate in Trial Making Test (TMT) Part B 
score, which assessed executive function was significantly lower in 
HA-WBRT plus memantine compared to standard WBRT plus me-
mantine.

The difference in neurocognitive test results was mostly identi-
fied 6 months after the treatment started. The study by Brown et 
al. [22] showed significant differences in median decline for Hop-
kins Verbal Learning Test-Revised (HVLT-R) delayed recognition, 
TMT Part A, and Clinical Trial Battery (CTB) composite, favoring 
WBRT plus memantine arm. Besides, Brown et al. [20] showed a 
significant difference in the deterioration rate of HVLT-R total re-
call and HVLTR-delayed recognition, favoring HA-WBRT plus me-
mantine rather than standard WBRT plus memantine. There were 
no significant differences in other test results.

Nevertheless, Laack et al. [21] showed that the HRQoL associated 
with cognitive function was not significantly different between 

Table 3. Comparing characteristics of subjects in each study based on treatment arms

Characteristic
Brown et al. [20] Laack et al. [21] & Brown et al. [22] (under RTOG 0614 trial)

HA-WBRT + memantine  
(n =  261)

WBRT + memantine  
(n =  257)

WBRT + memantine  
(n =  256)

WBRT only  
(n =  252)

Age (yr) 62 (27–91) 61 (20–88) 60 (31–84) 59 (29–86)
Sex, male 111 (42.5) 108 (42.0) 115 (44.9) 107 (42.5)
Education
 No formal education 1 (0.4) 1 (0.4) NI NI
 Grade 0–12 112 (42.9) 110 (42.8) 164 (64.1) 165 (65.5)
 College or associate degree 71 (27.2) 68 (26.5) 49 (19.1) 44 (17.5)
 Bachelor’s degree 38 (14.6) 43 (16.7) 43 (16.8) 43 (17.1)
 Higher than a bachelor’s degree 30 (11.5) 22 (8.5) NI NI
 Not reported 9 (3.4) 13 (5.1) NI NI
Recursive partitioning analysis class
 1 33 (12.6) 38 (14.8) 114 (44.5) 112 (44.4)
 2 228 (87.4) 219 (85.2) 142 (55.5) 140 (55.6)
Karnofsky performance score >70 >70
 70 48 (18.4) 53 (20.6) NI NI
 80 81 (31.0) 75 (29.2) NI NI
 90 85 (32.6) 95 (37.0) NI NI
 100 47 (18.0) 34 (13.2) NI NI
Neurologic function status
 No symptoms 113 (43.3) 119 (46.3) 101 (39.5) 105 (41.7)
 Minor symptoms 92 (35.2) 86 (33.5) 115 (44.9) 98 (38.9)
 Moderate symptoms, fully active 24 (9.2) 27 (10.5) 26 (10.1) 29 (11.5)
 Moderate symptoms, not active 18 (6.9) 15 (5.8) 14 (5.5) 19 (7.5)
 Severe symptoms NI NI 0 (0) 1 (0.4)
 Unknown 14 (5.4) 10 (3.9) NI NI
Primary disease site
 Breast 51 (19.5) 45 (17.5) 32 (12.5) 43 (17.1)
 Colorectal 5 (1.9) 8 (3.1) 3 (1.2) 2 (0.8)
 Lung 156 (59.8) 151 (58.8) 181 (70.7) 174 (69.0)
 Other 49 (18.8) 53 (20.6) 40 (15.6) 33 (13.1)
Values are presented as median (range) or number (%).
HA, hippocampal avoidance; WBRT, whole brain radiotherapy; RTOG, Radiation Therapy Oncology Group; NI, no information.
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Table 4. Baseline distribution on outcome measures in each study based on treatment arms

Outcome
WBRT only WBRT + memantine HA-WBRT + memantine

Brown et al. [22]  
(n =  252; median)

Laack et al. [21]  
(n =  199; median)

Brown et al. [22]  
(n =  256; median)

Laack et al. [21]  
(n =  203; median)

Brown et al. [20]  
(n =  257; mean)

Brown et al. [20]  
(n =  261; mean)

HVLT-R total recall -1.7 NI -1.5 NI -1.29 (1.28) -1.31 (1.26)
HVLT-R delayed recognition -0.6 NI -0.6 NI -0.72 (1.55) -0.64 (1.39)
HVLT-R delayed recall -1.6 NI -1.5 NI -1.29 (1.60) -1.17 (1.35)
COWA -1.0 NI -1.0 NI -0.82 (1.20) -0.82 (1.16)
TMT-A (s) -1.1 NI -1.3 NI -1.21 (2.49) -1.29 (2.47)
TMT-B (s) -1.5 NI -2.0 NI -3.49 (8.82) -3.18 (5.69)
CTB composite -1.4 NI -1.5 NI -1.46 (2.08) -1.40 (1.62)
FACT-Br total NI 135.0 (69.0–184.0) NI 134.0 (65.8–187.0) NI NI
FACT-Br brain cancer sub-

scale
NI 61.0 (31.0–85.0) NI 61.0 (21.8–88.4) NI NI

FACT-Br physical wellbeing NI 21.0 (1.0–28.0) NI 22.0 (0–28.0) NI NI
FACT-Br emotional wellbe-

ing
NI 16.0 (0–24.0) NI 16.0 (0–24.0) NI NI

FACT-Br functional wellbe-
ing

NI 16.0 (0–28.0) NI 16.0 (0–28.0) NI NI

FACT-Br social/family well-
being

NI 24.0 (5.8–28.0) NI 24.5 (0–28.0) NI NI

MOS-C NI 80.0 (10.0–100.0) NI 83.3 (0–100.0) NI NI
WBRT, whole brain radiotherapy; HA, hippocampal avoidance; HVLT-R, Hopkins Verbal Learning Test - Revised; COWA, Controlled Oral Word Associa-
tion; TMT-A, Trail Making Test part A; TMT-B, Trail Making Test part B; CTB, Clinical Trial Battery; FACT-Br, functional Assessment of Cancer Therapy - 
brain module; MOS-C, Medical Outcomes Study - cognitive functioning scale; NI, no information.

Table 5. Comparing neurocognitive test results between treatment arms based on time interval

Outcome
WBRT only WBRT + memantine HA-WBRT + memantine

Brown et al. [22]  
(median decline)

Brown et al. [22]  
(median decline)

Brown et al. [20],  
(deterioration rate, %)

Brown et al. [20],  
(deterioration rate, %)

2 months
 HVLT-R total recall -0.62 -0.47 34.2 34.9
 HVLT-R delayed recognition -0.71 0 37.2 36.5
 HVLT-R delayed recall -0.72 -0.36 34.5 32.8
 COWA -0.31 -0.11 16.8 16.4
 TMT-A (s) -0.10 0 31.8 31.5
 TMT-B (s) -0.35 0 37.7 39.2
 CTB composite -0.48 -0.29 56.1 50.4
4 months
 HVLT-R total recall -0.62 -0.62 34.9 29.0
 HVLT-R delayed recognition 0 0 25.0 14.0
 HVLT-R delayed recall -0.71 -0.92 32.4 24.7
 COWA -0.42* -0.05* 12.1 10.5
 TMT-A (s) -0.29 -0.20 24.1 20.4
 TMT-B (s) -0.59 -0.39 40.4* 23.3*
 CTB composite -0.45 -0.34 42.5 31.5
6 months
 HVLT-R total recall -0.42 -0.23 24.7* 11.5*
 HVLT-R delayed recognition -0.72* 0* 33.3* 16.4*
 HVLT-R delayed recall -0.89 0 29.3 21.3
 COWA -0.16 -0.10 5.3 11.5
 TMT-A (s) -0.37* 0.08* 27.3 16.4
 TMT-B (s) -0.49 -0.45 35.6 21.7
 CTB composite -0.41* -0.03* 41.3 29.5
WBRT, whole brain radiotherapy; HA, hippocampal avoidance; HVLT-R, Hopkins Verbal Learning Test - Revised; COWA, Controlled Oral Word Associa-
tion; TMT-A, Trail Making Test part A; TMT-B, Trail Making Test part B; CTB, Clinical Trial Battery.
*p < 0.05, statistically different between two groups.
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WBRT plus memantine and WBRT plus placebo. The study showed 
that cognitive function evaluated by CTB composite was signifi-
cantly correlated to the change of the Functional Assessment of 
Cancer Therapy-brain module (FACT-Br) at all time periods and the 
change of the Medical Outcomes Study - cognitive functioning 
scale (MOS-C) at 2 months and a year [21] (Table 6).

The first cognitive failure on any of the tests defined the interval 
time to cognitive function failure. Fig. 2 shows the interval time 
trends of cognitive function failure based on the study by Brown et 
al. [22] and Brown et al. [22]. Brown et al. [22] significantly favored 

the memantine arm in terms of the estimation interval time to 
cognitive failure (hazard ratio [HR] =  0.78: 95% confidence inter-
val [CI], 0.62–0.99; p =  0.01). Besides, Brown et al. [20] showed 
that the group of HA-WBRT and memantine had significantly low-
er cognitive function failure risk than the standard WBRT and me-
mantine (HR =  0.76: 95% CI, 0.60–0.98; p =  0.03).

3. Survival outcomes between treatment arms
Table 7 compared the survival outcome between patients receiving 
WBRT only, WBRT plus memantine, and HA-WBRT plus memantine. 

Table 6. Correlations between health-related quality of life and cognitive function [21]

Correlation between CTB composite score with:
FACT-Br brain cancer subscale ∆FACT-Br brain cancer subscale MOS-C ∆MOS-C

2 months 0.35 (p <  0.001) 0.20 (p =  0.003) 0.25 (p <  0.001) 0.21 (p =  0.003)
4 months 0.47 (p <  0.001) 0.31 (p <  0.001) 0.23 (p =  0.004) 0.10 (p =  0.261)
6 months 0.38 (p <  0.001) 0.32 (p <  0.001) 0.18 (p =  0.043) 0.16 (p =  0.078)
12 months 0.39 (p <  0.001) 0.27 (p =  0.027) 0.20 (p =  0.093) 0.36 (p =  0.003)

CTB, Clinical Trial Battery; FACT-Br, Functional Assessment of Cancer Therapy - brain module; MOS-C, Medical Outcomes Study - cognitive function-
ing scale; Δ, changes.
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Table 7. Overall survival and progression-free survival according to the treatment arms

Outcome WBRT only WBRT + memantine HA-WBRT + memantine HR (95% CI) p-value
Median overall survival (month)
 Brown et al. [22] 7.8 6.7 NA 1.06 (0.86–1.31) 0.28
 Brown et al. [20] NA 7.6 6.3 1.13 (0.90–1.41) 0.31
Median progression-free survival (month)
 Brown et al. [22] 5.5 4.7 NA 1.06 (0.87–1.30) 0.27
 Brown et al. [20] NA 5.3 5.0 1.14 (0.93–1.41) 0.21
WBRT, whole brain radiotherapy; HA, hippocampal avoidance; HR, hazard ratio; CI, confident interval; NA, not applicable.

Based on the study by Brown et al. [22], there were no significant 
differences in overall survival and PFS between patients receiving 
memantine and patients receiving placebo. Moreover, Brown et al. 
[20] also showed that both of overall survival and PFS of the group 
receiving HA-WBRT plus memantine was not significantly different 
from standard WBRT plus memantine.

Discussion and Conclusion

WBRT is still widely applied as a standard of care for multiple brain 
metastasis patients [6,7,9]. Although the current evolution of brain 
metastasis management was favoring the advanced radiotherapy 
techniques, such as stereotactic radiosurgery (SRS) [6,7,9] a me-
ta-analysis by Khan et al. [8] revealed that WBRT plus SRS had sig-
nificantly better brain tumor control compared to WBRT only or 
SRS only. However, there was no significant difference in overall 
survival and toxicities between WBRT plus SRS, WBRT only, and 
SRS only.

The deterioration of cognitive abilities is one of the late effects 
of radiotherapy on the brain, commonly called RICD [13,14,23]. 
RICD occurred in more than 30% of patients who were alive at 4 
months after brain irradiation, rising to 50%–90% of patients sur-
viving more than 6 months after irradiation [13,14]. The impair-
ment of cognitive functions included the deficit in memory, atten-
tion, and executive functions.

Recent studies have elaborated on the effects of irradiation in 
brain tissues up to the molecular and cellular levels. Balentova et 
al. [14] stated that irradiation initiated direct and indirect effects in 
brain tissues, including the activation of transcription factors signal 
transduction, as well as the impairment of vascular, glial cells, neu-
rogenesis, and neural functions. Moreover, Cramer et al. [13] stated 
that RICD was related to the components of radiation-induced 
brain injury (RIBI), including microvascular alterations, demyelin-
ation, neuron and brain parenchymal cell damage, stem-cell atten-
uation, and microenvironment changes in the brain [13,23,24]. Ox-
idative stress and inflammation also played a crucial role in RIBI 
[13,14,23]. By the time after WBRT, vascular permeability of tumors 
and normal-appearing white matter in the brain tended to in-

crease, detected by dynamic contrast-enhanced magnetic reso-
nance imaging (DCE-MRI), suggesting that WBRT induced vascular 
injury [25]. Neuroanatomical theory believes that different regions 
of the brain are also related to the different clinical presentations 
of cognitive dysfunction, and each structure has different con-
straints of radiation dose [14,23,24].

Based on the clinical presentation onset, RIBI was divided into 
three categories, including acute, subacute, and late symptoms 
[12,14]. Acute symptoms occurred during radiation until days after 
irradiation, characterized by headache, nausea, and vomiting due 
to the rise of intracranial pressure. Subacute symptoms occurred 
12 weeks after irradiation, usually related to encephalopathy lead-
ing to somnolence and declining pre-existing deficits. Radio-necro-
sis, leukoencephalopathy, vascular abnormalities, calcification, and 
brain tissue abnormalities might be progressive and irreversible 
[14,23]. Six months to years after irradiation, late symptoms usual-
ly appeared to be mild to severe neurocognitive dysfunctions 
[12,14]. Some treatment strategies to prevent the risk of cognitive 
deficit included SRS, HA, and pharmacologic treatments, such as 
memantine [13,24]. Therefore, serial neurocognitive function eval-
uations were recommended for patients to identify the deteriora-
tion of cognitive functions and decide the management approach 
for patients.

The neurocognitive evaluations were ideally performed at the 
time of diagnosis and before the initiation of treatments to be 
baseline data [13,24]. It is suggested to be followed by serial evalu-
ations to identify the progress of the disease and the benefit of 
therapies. Neurocognitive evaluation should be performed compre-
hensively to assess all contributing factors related to cognitive 
function.

Recent clinical trials used neuropsychological tests to assess 
cognitive domains, such as executive function, memory, learning, 
attention, and verbal fluency [24]. Some neurocognitive tests were 
performed to assess the trend of cognitive failure in patients re-
ceiving WBRT, including the HVLT-R, COWA, TMT Part A, as well as 
TMT Part B. The mean of a standardized score of HVLT-R, COWA, 
and TMT was used to measure the CTB, which was currently in use 
for clinical trials of brain tumor patients [26].
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HVLT-R was used to evaluate multiple aspects of verbal learn-
ing and memory, containing 12 words, which included three se-
mantic categories [13,27]. It consisted of total recall, delayed re-
call, and delayed recognition, with six alternate forms that rela-
tively had more brief list length, word composition, and test 
length [27,28]. HVLT-R consisted of a list of word memorization 
to evaluate immediate recall after memorization and after 20 
minutes delay abilities [29].

The TMT primarily assesses motor speed and visual attention and 
is divided into Part A and Part B [30]. TMT-A, referred to as an at-
tention test, gave a task to quickly draw lines connecting 25 con-
nective numbers [13,30]. The performance time of TMT-A was re-
lated to the bilateral superior parietal lobules [31]. Meanwhile, 
TMT-B measured executive function by drawing the lines alternat-
ing between numbers and letters. TMT-B had more difficult cogni-
tive tasks requiring increased demands of motor speech and visual 
search.

COWA is commonly used to measure semantic and phonemic 
verbal fluency [13]. Moreover, the score was correlated to executive 
function, verbal learning, working memory, and vocabulary [32,33]. 
The participants were required to make verbal associations to dif-
ferent letters of the alphabet by giving as many words as possible, 
beginning with a given letter in a specified timeframe, typically 60 
seconds [34].

Besides, cognitive dysfunction also affects the QoL of patients. 
For cancer patients, the FACT was a good psychometric instrument 
used to assess HRQoL [35]. FACT-Br was one of the most used 
questionnaires established for brain tumor patients, containing 50 
items evaluating five scales of QoL, including physical wellbeing, 
emotional wellbeing, social wellbeing, functional wellbeing, and 
disease-specific concerns [36,37]. Thavarajah et al. [37] revealed 
that combining FACT-G and FACT-Br in brain metastasis patients 
had successfully undergone psychometric validation to assess their 
QoL. In addition, the MOS-C was a valid 6-item score representing 
cognitive dysfunctions, including in memory, confusion, reasoning, 
and attention/concentration aspects, over the previous four weeks, 
which was useful in the general population [38,39].

Besides, one of the effects induced by brain radiation is the mi-
croenvironment changes in the brain, including altered neurotrans-
mitter levels and receptors [15,40,41]. Franco-Perez et al. [15] 
found that WBRT reduced inhibitory neurotransmitters in the hy-
pothalamus but excess excitatory neurotransmitters in the prefron-
tal cortex. Neurochemical imbalance also happened after irradia-
tion, indicated by increasing the ratio of glutamate/gamma-ami-
nobutyric acid in the hypothalamus as well as the ratio of gluta-
mine/glutamate in the prefrontal cortex. Increased serum gluta-
mate levels leading to glutamate excitotoxicity in brain metastasis 

patients receiving irradiation was also identified by the study by 
Gagliardi et al. [41]. Moreover, Sanchez et al. [40] also reported 
that brain irradiation increased glutamate uptake as the response 
of neurons. Not only caused by irradiation, but tumor cells also re-
lease glutamate, triggering excitotoxic death to surrounding neu-
rons, giving spaces for tumor growth [42].

The over-expression of glutamate, one of the main neurotrans-
mitters in the central nervous system, plays a key role in neuronal 
degeneration [12]. Glutamate activates neuronal receptors and ini-
tiates excitatory intracellular signals, whose receptors were divided 
into metabotropic (G-protein coupled) and ionotropic (ligand-gated 
ion channels) receptors [12,43]. Glutamate plays an essential role 
in neuronal plasticity involved in memory and learning processes 
[12,13]. Exaggerate level of glutamate inflects the NMDA receptors 
activation [12]. The NMDA receptors are voltage-gated glutamate 
receptors, allowing calcium and sodium influx into brain cells, both 
of neuronal and glial cells, in synaptic plasticity [13]. Therefore, the 
excessive level of glutamate leads to the disequilibrium of intracel-
lular calcium levels, triggering excitotoxicity and apoptotic death 
[12,16]. Neuro-inflammatory process triggered by the glutamater-
gic excitotoxicity was identified in neurodegenerative disease.

This pathogenesis basis led to the fundamental rationale for the 
use of NMDA receptor antagonists to mitigate cognitive dysfunc-
tion. Memantine, a low-affinity voltage-dependent NMDA receptor 
antagonist, was first found in the late 1960s as an antidiabetic 
drug but was reported inadequate for the initial purpose. Currently, 
memantine has been widely used as one of the standard treat-
ments for dementia since the approval from the United States (US) 
Food and Drug Administration [12,13,44]. NMDA receptor antago-
nists stimulate dopaminergic transmission, showing neuroprotec-
tive effects. Memantine would bind to NMDA receptors, inhibiting 
calcium ion influx, which altered synaptic plasticity. Memantine 
also repairs brain inflammation and oxidative damage [45].

Memantine, a drug with a low plasma binding fraction (45%), 
has an onset of action occurring after 3 to 7 hours with a half-life 
of 60 to 80 hours [16,17]. Memantine is absorbed orally and me-
tabolized in the liver. It would be excreted in unchanged form via 
the urinary system. Food ingestion does not affect the absorption. 
The pharmacokinetic pattern of memantine would be linearly 
reached in around three weeks.

Patients with brain metastasis commonly received WBRT with 
the range dose of 30–40 Gy in 15–20 fractions [46,47]. The trials 
included in this study administered memantine no later than the 
third fraction of WBRT [20-22]. The dose of memantine was esca-
lated gradually over the first four weeks, administered orally for 24 
weeks [13,20-22,48]. In the first week, the patients received a sin-
gle morning dose of 5 mg, followed by an evening dose of 5 mg 
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during the second week. In the third week, the morning dose in-
creased to 10 mg, followed by the increase of the evening dose to 
10 mg in the fourth week until the administration stopped after 24 
weeks. Meanwhile, if the prescribed memantine was the extend-
ed-release drug, the dose became the multiplication of 7 mg. The 
patients would receive the total dose of 28 mg daily since the 
fourth week of administration.

Nevertheless, there are some considerations for some special 
populations, including patients with renal dysfunction, hepatic 
failure, and pediatric [48]. The trial by Brown et al. [22] lowered 
the total dose of 20 mg to 10 mg daily for patients with declined 
creatinine clearance under 30 mL/min and stopped if the creati-
nine clearance level was less than 5 mL/min. Weekly recheck of 
laboratory results was recommended for the patients. For patients 
with hepatic mild to moderate impairment, the dosage adjust-
ment was not necessary because the hepatic cytochrome P450 
system was not related to memantine metabolism [17,48]. How-
ever, there was a caution if the hepatic function was impaired 
severely. For pediatric, the efficacy and safety of memantine have 
not been established yet.

This review explained about the differences in cognitive function 
status and QoL between patients receiving standard WBRT only, 
standard WBRT with memantine, and HA-WBRT with memantine. 
The results of included studies reported that the effects of meman-
tine in preventing neurocognitive dysfunction were observed in 
some neurocognitive assessment tools four months after the treat-
ment was conducted [22]. Some studies reported that memantine 
commonly took up to three months to work fully, but it varied indi-
vidually [49]. Orgogozo et al. [50] showed that memantine im-
proved cognitive function in patients with mild–moderate demen-
tia after 28 weeks; meanwhile, no significant difference was found 
at 12 weeks between memantine and placebo. Fukui et al. [51] also 
reported that the Apathy Scale in patients with Alzheimer’s disease 
was identified at 3 and 9 months. Bakchine et al. [52] also stated 
that memantine significantly improved the condition of Alzheimer’s 
disease at Week 12. In addition, neurocognitive dysfunction usually 
occurred as a late symptom of RICD, which appeared after more 
than 6 months subsequent to brain irradiation [12,14]. A pilot 
study by Wong et al. [25], under the Radiation Therapy Oncology 
Group 0614 trial, reported that memantine reduced the changes of 
normal-appearing white matter after WBRT which was assessed by 
using DCE-MRI. It suggested that memantine prevent brain vascu-
lature injuries following WBRT.

Some articles reported that the utilization of memantine delayed 
cognitive failure, and adding HA in WBRT led to better outcomes in 
cognitive function [20,22]. Brown et al. [22] reported that the radi-
ation dose in the bilateral hippocampi was constrained to achieve 

Dmax less than 16 Gy and D100% less than 9 Gy. The hippocampus 
played an essential role in bridging the external stimuli and pro-
ducing perception in the spatial and temporal domains [53]. Neu-
ronal atrophy in the hippocampus was also related to the develop-
ment of dementia, both in neurodegenerative and cerebrovascular 
diseases [54]. Therefore, Gondi et al. [55] showed that the equiva-
lent dose in 2-Gy fractions to 40% of hippocampus more than 7.3 
Gy was related to long-term impairment of cognitive function, es-
pecially the delayed recall domain.

However, there was no evidence that stated memantine im-
proved the HRQoL of the patients receiving WBRT [21]. Although 
HRQoL was correlated with cognitive function, it could not reflect-
ed in the measurable decline in HRQoL. It was supported by the 
study by Corn et al. [56], showing the decline of neurocognitive 
function in brain metastasis patients receiving WBRT, but their QoL 
remained stable during treatment and follow-up. Bitterlich et al. 
[57] and Fernandez et al. [58] also indicated that brain irradiation 
affected the decline of the QoL status of the patients relatively 
constant, while there was a significant decline in cognitive func-
tion. Laack et al. [21] stated that the HRQoL decline possibly oc-
curred at a delayed event in the lives of the patients. However, it 
was the study by Larsson et al. [18], which reported the effects of 
memantine in improving QoL in Lewy body dementias. Thus, it was 
possible that memantine did not affect HRQoL because its deterio-
ration caused by WBRT was relatively low.

In addition, this review also identified the differences in survival 
outcome between patients receiving standard WBRT only, standard 
WBRT with memantine, and HA-WBRT with memantine. The sur-
vival of patients with brain metastasis was mostly less than 6 
months [3]. Suteu et al. [59] reported that the median survival of 
brain metastasis patients was 4.43 months. A study by Trikhirhis-
thit et al. [10] reported that the median survival time of brain met-
astatic non-small cell lung cancer patients was 4.4 months, includ-
ing 5.1 months for patients receiving optimal supportive care (OSC) 
plus WBRT and 2.3 months for patients treated by OSC only. Renz 
et al. [11] also reported the median survival in small cell lung can-
cer patients with brain metastasis was improved with WBRT.

In addition, there were some contributing factors of WBRT ef-
fects on the survival of brain metastasis patients that needed to be 
explored. Some prognostic indices were established to predict the 
survival rate of patients, sometimes used to determine the treat-
ment approaches for the patients [3]. Most of the indices basically 
consisted of performance status, age, other metastasis, primary tu-
mor control, and brain metastasis characteristics. Some prognostic 
indices commonly used included RPA, scoring index for radiosur-
gery, Rotterdam score, Graded Prognostic Assessment, modi-
fied-Rades index, Basic Score for Brain Metastases, and nomogram 
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tool. Li et al. [60] revealed that tumor shrinkage response after 
WBRT was correlated with better survival. The median survival of 
good responders was ten months, while poor responders were eight 
months. Suteu et al. [59] also reported the number of brain meta-
static lesions related to the 1-year overall survival.

The included studies revealed that no significant difference was 
found in survival outcome between patients receiving WBRT only, 
WBRT with memantine, and HA-WBRT with memantine [20,22]. 
Some studies reported that most radiation oncologists did not rec-
ommend the use of memantine in patients with poor performance 
status and worse life expectancy [13,19] Nevertheless, the main 
purpose of giving memantine was not to prolong the life expectan-
cy of the patients but to mitigate cognitive dysfunction induced by 
WBRT.

Despite the benefit of memantine and HA, in patients receiving 
WBRT was reported, the utilization of memantine as well as HA 
was still limited. Chilukuri et al. [16] stated that memantine was a 
simple, beneficial, safe, and relatively inexpensive treatment miti-
gating neurocognitive dysfunction related to WBRT. However, the 
survey by Slade et al. [19] showed that only 17% of radiation on-
cologists recommended memantine for more than half of their 
WBRT patients, whereas 64% of them did not suggest memantine 
for their patients. Moreover, most of them did not recommend it 
because the patients had poor performance status and limited life 
expectancy (43%), followed by the unimpressive results of the trial 
(21%) and the cost of medication (13%). Cramer et al. [13] stated 
that they did not routinely offer memantine for patients with poor 
performance status or who had a relatively worse prognosis.

In addition, Slade et al. [19] also reported that more than half of 
radiation oncologists considered not using HA among WBRT pa-
tients because of the results of the phase II trial. The most common 
reasons were increased cost and limited insurance coverage, fol-
lowed by the necessity of MRI and thin-slice CT scans, higher sup-
port of dosimetry and medical physics, and longer time consump-
tion. Nevertheless, most radiation oncologists encouraged further 
exploration regarding the benefit of memantine and the validation 
of HA in patients receiving WBRT purposing into a phase III trial.

Since the trials of memantine and HA had been more explored, 
these approaches became more widely used in clinical practice. A 
survey by Jairam et al. [61] showed that most radiation oncologists 
in the US recommended the use of memantine (79.6%), HA-WBRT 
(72.7%), and both (63.1%) in patients receiving WBRT. Limited evi-
dence concerning the adverse effects was the most common rea-
son for not recommending memantine. Meanwhile, the most com-
mon reason for not using HA-WBRT was the necessity of higher 
treatment planning support and treatment delay. Jairam et al. [61] 
also stated that radiation oncologists with fewer years of practice 

were more likely to give memantine; meanwhile, HA-WBRT was 
more likely utilized by the central nervous system sub-specialists 
and radiation oncologists working in academic hospitals.

Nevertheless, there are some concerns regarding the adverse ef-
fects and contraindications of memantine. Common adverse effects 
of memantine included headaches, dizziness, drowsiness, confu-
sion, irritability, and constipation [13,48]. In Alzheimer’s disease, 
the discontinuation of memantine due to adverse effects was not 
significantly different compared to placebo [44,62]. The most com-
mon adverse effects in patients receiving WBRT and memantine 
were alopecia, fatigue, nausea, and headache [22]. Brown et al. [22] 
reported that no significant difference in grade 3–4 toxicities was 
found between the memantine arm and placebo arm. There were 
14% of patients who had grade 3–4 toxicities associated to treat-
ment, whereas there were no grade 5 toxicities reported in the 
study. In addition, Brown et al. [20] also reported that there was no 
significant difference in grade more than three toxicities between 
patients receiving standard WBRT with memantine and HA-WBRT 
with memantine arms, either related to treatment or not.

Patients with hypersensitivity to memantine were contraindicat-
ed [48]. Moreover, there were some precautions before giving me-
mantine to the patients, including genitourinary conditions, cardio-
vascular disease, and hepatic dysfunction.

Currently, we identified six clinical trials that assessed the role of 
memantine in mitigating cognitive functions for patients with 
brain metastasis receiving radiotherapy, presented in Table 8. Of 
these six trials, five trials were phase III, and one trial was phase II. 
Five trials were conducted in the US, while others were conducted 
in Asia. The initiation of trials ranged from 2007 to 2022.

This study might have some limitations. A limited number of 
clinical trials was the major limitation of this study. A wide varia-
tion of variables to assess cognitive function restricted us from 
continuing our study into a meta-analysis. Some trials also had 
some concerns regarding the risk of bias. Moreover, there were 
some confounding factors related to cognitive function that should 
be explored, such as the number, size, and location of brain metas-
tasis lesions, as well as the dosimetry of WBRT. Therefore, more tri-
als should explore the benefit of memantine for patients with brain 
metastasis receiving WBRT in the future.

In conclusion, this review revealed that memantine had a poten-
tial effect of preserving cognitive function in patients with brain 
metastasis receiving WBRT. The neuroprotective effects commonly 
appeared four months after the treatment was initiated. The utili-
zation of memantine also delayed the cognitive failure caused by 
brain irradiation. Furthermore, adding memantine with HA could 
provide more optimal preservation of cognitive functions. However, 
the benefit of memantine for improving both of QoL and survival 
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Table 8. Registered clinical trials evaluating the role of memantine to preserve neurocognitive functions among brain metastasis patients

Trial Registry Number Phase Country Year Title Intervention Control Objectives
NCT00566852 Phase III USA and 

Canada
2007 Memantine in preventing 

side effects in patients 
undergoing whole-brain 
radiation therapy for 
brain metastases from 
solid tumors

WBRT 37.5 Gy 
+ memantine

WBRT 37.5 Gy + 
placebo

 Cognitive function, especially 
memory: HVLT-delayed recall

 Time to neurocognitive failure 
measured by CTB (HVLT-R, 
COWA, TMT-A, TMT-B, MOS, 
MMSE); quality of life mea-
sured by FACT-Br; PFS; OS; 
adverse events

 Time frame: 12 months
NCT02360215 Phase III USA and 

Canada
2015 Memantine hydrochloride 

and whole-brain radio-
therapy with or without 
hippocampal avoidance 
in reducing neurocogni-
tive decline in patients 
with brain metastases

HA-WBRT 30 
Gy + meman-
tine

Standard WBRT 
30 Gy + me-
mantine

 Time to neurocognitive failure: 
HVLT-R, COWA, TMT-A, and 
TMT-B

 Symptom burden measured by 
MDASI-BT; survival and cost 
analysis measured by EQ-5D-
5L; PFS; OS; adverse events

 Time frame: 12 months
NCT04588246 Phase III USA 2020 Testing the addition of 

whole brain radiothera-
py using a technique 
that avoids the hippo-
campus to stereotactic 
radiosurgery in people 
with cancer that has 
spread to the brain and 
come back in other areas 
of the brain after earlier 
stereotactic radiosurgery

HA-WBRT 30 
Gy + salvage 
SRS + me-
mantine

Salvage SRS  Neurologic death interval time, 
evaluated by Gray’s test

 OS; intracranial PFS; brain me-
tastasis velocity; cognitive 
abilities by PROMIS; symptom 
burden by MDASI-BT; health 
status by EQ-5D-5L; adverse 
events

 Time frame: up to 3 years

NCT04801342 Phase II Taiwan 2021 Neurocognitive outcome 
of bilateral or unilateral 
hippocampal avoidance 
WBRT with memantine 
for brain metastases

Unilateral HA-
WBRT 30 Gy 
+ memantine

Bilateral HA-
WBRT 30 Gy + 
memantine

 Neurocognitive function: 
HVLT-R, TMT-A, TMT-B, 
COWA, CTB Quality of life

 Cognitive functioning: FACT
 Acute and late toxicities
 Time frame: 6 months

NCT04804644 Phase III USA and 
Canada

2021 Testing if dose radiation 
only to the sites of brain 
cancer compared to 
whole brain radiation 
that avoids the hippo-
campus is better at pre-
venting loss of memory 
and thinking ability

SRS HA-WBRT 30 Gy 
+ memantine

 Time to neurocognitive failure: 
RCI on HVLT-R, COWA, TMT-A, 
and TMT-B

 Preservation of neurocognitive 
function; perceived difficulties 
in cognition measured by 
PROMIS; symptom burden by 
MDASI-BT; OS; time to neuro-
logic death by Gray’s test; sal-
vage procedures; adverse 
events

 Time frame: 12 months
CTRI/2022/01/039599 Phase III India 2022 Randomized study on me-

mantine for prevention 
of cognitive impairment 
in brain metastasis pa-
tients

WBRT +  
memantine

WBRT + placebo  Cognitive function
 Quality of life, safety, and toler-

ability
 Time frame: 6 months

WBRT, whole brain radiotherapy; USA, United States of America; HA, hippocampal avoidance; CTB, Clinical Trial Battery; HVLT-R, Hopkins Verbal 
Learning Test - Revised; COWA, Controlled Oral Word Association; TMT-A, Trail Making Test part A; TMT-B, Trail Making Test part B; MOS-C, Medical 
Outcomes Study - cognitive functioning scale; MMSE, Mini-Mental State Examination; FACT-Br, Functional Assessment of Cancer Therapy – brain 
module; OS, overall survival; PFS, progression-free survival; PROMIS, patient-reported outcomes measurement information system; MDASI-BT, MD 
Anderson Symptom Inventory - brain tumor; EQ-5D-5L, EuroQol-5 dimension 5-level; RCI, Reliable Change Index; SRS, stereotactic radiosurgery.

outcomes has not been proven.
Since the evidence of better cognitive preservation in WBRT pa-

tients receiving memantine had been proven, the application of 
memantine was more widely utilized in clinical practices since it 
was a simple, safe, and relatively affordable drug. Nonetheless, the 

trials about the efficacy and safety of memantine were still limited, 
both in numbers and population diversity. Thus, further controlled 
trials in diverse populations were necessary to strengthen the evi-
dence, providing recommendations for a standardized guideline for 
brain metastasis patient’s treatment approach. Combining meman-
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tine with other approaches to preserve neurocognitive function in 
patients receiving brain irradiation was a promising idea for further 
research.
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