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When radiotherapy is used in the treatment of head and neck cancers, the brain commonly receives inci-
dental doses of radiotherapy with potential for neurocognitive changes and subsequent impact on quality
of life. This has not been widely investigated to date.

A systematic search of MEDLINE, EMBASE, Psycinfo Info and the Cochrane Central Register of Controlled
Trials (CENTRAL) electronic databases was conducted. Of 2077 records screened, 20 were eligible com-
prising 1308 patients. There were no randomised studies and 73.3% of included patients were from single
center studies. IMRT was delivered in 72.6% of patients, and chemotherapy used in 61%. There was con-
siderable heterogeneity in methods. Narrative synthesis was therefore carried out. Most studies demon-
strated inferior neurocognitive outcomes when compared to control groups at 12 months and beyond
radiotherapy. Commonly affected neurocognitive domains were memory and language which appeared
related to radiation dose to hippocampus, temporal lobe, and cerebellum. Magnetic Resonance Imaging
could be valuable in the detection of early microstructural and functional changes, which could be indica-
tive of future neurocognitive changes. In studies investigating quality of life, the presence of neurocogni-
tive impairment was associated with inferior quality of life outcomes.

(Chemo)radiotherapy for head and neck cancer appears to be associated with a risk of long-term neu-
rocognitive impairment. Few studies were identified, with substantial variation in methodology, thus
limiting conclusions. High quality large prospective head and neck cancer studies using standardised,
sensitive, and reliable neurocognitive tests are needed.
© 2023 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 188 (2023) 109863 This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Definitive radiotherapy (RT) +/- chemotherapy is a standard of
care for the treatment of head and neck cancer (HNC) patients
[1,2]. This is associated with potential for severe morbidity that
can impact on long term quality of life[3-5]. Epidemiologic change,
improved diagnostics and novel therapeutic modalities have trans-
lated to improved life expectancy|6,7]. With an increased focus on
survivorship, achieving a balance between tumour control and tox-
icity prevention has become a key challenge[1,8,9]. Neurocognitive
impairment can be a side effect of commonly used cancer treat-
ments, including RT when dose is delivered to the brain [10-13],
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and chemotherapy [14]. Neurocognitive functioning is a perfor-
mance outcome, and even subtle impairments may impact nega-
tively on quality of life (QOL) and day to day functioning [15,16].

The radiation dose delivered to the brain tissue in patients with
HNC is related to delivery technique, tumour site and consequently
target volume. Achieving acceptable dosimetric coverage of target
volumes adjacent to the skull base inevitably involves some dose
deposition in nearby brain tissues. This is well documented in
the treatment of nasopharynx cancer, for which temporal lobe
necrosis is a recognised toxicity[17]. However, for other head and
neck primary sites, treatment of retropharyngeal and/or retrosty-
loid lymph nodes is routinely required|[18], extending target vol-
umes towards the skull base. RT techniques also impact upon
dose to adjacent brain structures. In the era of 2D or 3D conformal
planning, this could involve high doses to nearby non-target brain
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tissue e.g temporal lobes in nasopharynx cancer. Intensity modu-
lated radiotherapy (IMRT) and volumetric modulated arc therapy
(VMAT) is now routinely used, which may deliver a low dose ‘bath’
to normal inferior regions of the brain[ 19] which has potential tox-
icity implications. For example, a phase 3 trial of IMRT versus con-
formal RT for parotid sparing for oropharynx cancer (PARSPORT
trial) reported an increased fatigue in the IMRT arm with a poten-
tial relation to incidental dose to the brainstem[20].

It has been hypothesised that radiation doses delivered to cen-
tral nervous system structures as part of curative-intent treatment
for HNC could have a long term detrimental impact upon neu-
rocognition in survivors[20,21].The impact of RT upon long term
neurocognition and the importance of this as a survivorship issue
remains uncertain. The study therefore aims to perform a system-
atic review and narrative synthesis regarding neurocognitive out-
comes following definitive (chemo)RT in HNC survivors.

Methods

Objectives

This systematic review primarily aims to address the neurocog-
nitive impact of RT with or without chemotherapy in the treatment
of non-metastatic HNC. Secondarily, it aims to evaluate the impact
of neurocognitive changes following such treatment on quality of
life in HNC survivors.

PRISMA guidelines for systematic reviews|[22] were used as a
template for the methodology. A comprehensive systematic search
strategy informed by an information specialist was used to query
MEDLINE, EMBASE and Pyschinfo electronic databases from incep-
tion until September 2022 (additional search strategy information
can be found in Supplementary Material). Review databases
(Cochrane Systematic Review Register and PROSPERO) and trial
registers were searched to identify any relevant on-going reviews
and trials.

Selection criteria

The inclusion criteria for study selection were studies published
in English, in full text and abstract form, reporting on neurocogni-
tion outcomes assessed using a screening tool or test battery or
self-reported, following radical RT with or without chemotherapy
in adult HNC patients. Studies that investigated potential associa-
tions between neurocognitive and MRI changes were also included.
Studies within which the target population formed a subset of a
wider sample (e.g., patients with multiple cancer types) were
excluded. Studies that included paediatric patients (<18 years),
case studies, review articles, conference abstracts, sample sizes
of < 20 patients (to mitigate limitations associated with very small
sample sizes) and studies that examined palliative RT or adjuvant
RT (to avoid the confounding effect of surgery) were excluded.

Data extraction

One reviewer (ZIE) conducted the database search and screened
titles and abstracts. Two reviewers (ZIE and FS) independently
reviewed full texts, with discordance between reviewers resolved
following arbitration by a third reviewer (LM). The quality of each
study was assessed using a quality appraisal tool for case series
[23]. Extracted data including the following, first author and coun-
try in which the study took place, study type (prospective or retro-
spective), single/multi-centre status, study period/date of
recruitment, number of patients, mean/median age, primary dis-
ease characteristics, primary treatment modalities, tools used to
assess neurocognition and domains of cognition assessed, timing

of neurocognitive assessment(s), structural changes on cross-
sectional imaging, and quality of life measurements.

Synthesis

A narrative synthesis method was adopted to summarise, incor-
porate, and interpret the findings of included studies. This was
considered appropriate given the significant heterogeneity in study
methodology and outcome measures. The process of synthesis
involved developing a preliminary synthesis, exploring relation-
ships between included studies and assessing strength of the evi-
dence, as guided by Popay et al[24].

Results

The systematic literature search identified 2077 unique records.
After screening title and abstract, 77 full text articles were
assessed, and 20 studies were included in the final analysis. A
PRISMA flowchart of the systematic review is presented in Fig. 1.

The quality of the evidence varied per study, as reflected in the
range of scores from the quality appraisal tool for case series stud-
ies (see Supplementary Material for summary of results). There-
fore, findings should be interpreted with caution and study
limitations should be considered.

Across the 20 included publications, a total of 1308 patients
were included. 19/20 studies exclusively studied patients treated
for nasopharyngeal cancer (NPC). Only one study included a
heterogenous group of HNC patients but excluding NPC patients
[25]. Sample sizes ranged from 22 to 146 patients and studies cov-
ered the period 1998-2021. IMRT (including VMAT) was used to
treat 72.6% of patients and 61% received chemotherapy. Baseline
patient and treatment characteristics are reported in Table 1. The
impact of neurocognitive deficits on quality of life was evaluated
in three studies.

A wide variety of tools were used for assessment of neurocogni-
tive function: the Montreal Cognitive Assessment (MoCA; n = 12
studies)[26-37], Mini Mental State Exam (MMSE; n = 4)
[17,32,38,39] and Wechsler Adult Intelligence Scale revised or edi-
tion III (WAIS- R/IIl; n = 4)[17,25,40,41]. In addition, four studies
used multiple tools[17,32,38,40]. Two studies used self-reported
measures of cognition as opposed to objective tests[26,42].

Different comparator groups have also been employed across
the different studies: 11 studies compared irradiated patients to
matched healthy controls at one or more time points and nine
studies compared irradiated NPC patients with other NPC patients,
including non-irradiated NPC patients (including within patient
comparisons before and after RT) or irradiated NPC patients at dif-
ferent time points. In addition, one study[26] used ‘cut-off’ scores
(score < 23 on the MoCA) to define neurocognitive impairment
(range 13-30, mean 23.7, SD 3.4), without comparison to any other
group.

Within these studies, 14 incorporated radiological imaging to
categorise patients according to the presence or absence of struc-
tural (necrosis, bleeds, atrophy, dilatation) or functional (blood
flow, nodal activity) brain changes following RT. These studies
compared neurocognitive function between groups or referenced
neurocognitive function to imaging changes. Multiple comparators
were used in two studies|[32,40].

Of the 20 studies, 11 performed longitudinal analysis, either
using patients as their own controls and assessing within patient
change over time (n = 4)[29,38,39,43] or in comparison to healthy
controls at each time point (n = 7) [25,27,30,33,35-37].

Compared to a healthy population, five studies[25,30,35,40,41]
observed inferior neurocognitive outcomes in irradiated NPC
patients when assessed at least 12 months after RT (Table 2). In
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Fig. 1. PRISMA diagram showing the inclusion and exclusion of papers in the review.

one study, compared to healthy controls (matched for age and edu-
cational level), irradiated NPC patients demonstrated worse perfor-
mance on most memory tests after a mean follow up of 28 months.
[40] In the single non-NPC study, composite global function in irra-
diated patients (calculated using the mean score across domains in
the test battery) progressively declined in the two years after
definitive treatment with (chemo)RT compared to healthy controls
(Cohen’s d effect sizes; mean [and 95% CI] — 0.38 [-0.55 to — 0.22],
—0.75[-0.92 to — 0.58] and — 1.06 [-1.26 to — 0.86]) at 6, 12 and
24 months, respectively|[25].

Nine studies (Table 3.) used non-irradiated NPC (yet to receive
RT) patients as a potentially more comparative population to irra-
diated NPC patients than the general population. Hsia et al [38] and
Wau et al[32], showed statistically significant differences between
these groups in neurocognition assessed with screening tools. Infe-
rior outcomes were observed in the irradiated groups, with statis-
tically significant mean score differences on the Cognitive Abilities
Screening Instrument (CASI; mean + SD: 88.9 + 8.19(non-irradi

ated) vs. 8593 + 8.02(irradiated), p < 0.033)[38], MoCA
(27.2 £ 2.2 (non-irradiated) vs. 21.8 + 5.3 (irradiated), p < 0.001)
[32] and MMSE (28.9 + 1.9 (non-irradiated) vs. 25.4 + 4.6 (irradi-
ated), p < 0.001)[32].

In total, 11 prospective studies including the one non-NPC
study, evaluated longitudinal changes in neurocognition (i.e.,
within patient comparisons over time or in comparison to healthy
controls at each time point). Ren et al[27] demonstrated alterations
in cerebral functional based on functional MRI, 24 hours after RT
compared to imaging pre-treatment, but no changes were
observed in neurocognition over this time. Similarly, Mo et al[43]
found no acute neurocognitive deficits following IMRT in a cohort
in whom neurocognition was assessed one week before and after
RT. In the subacute period (3-6 months post-RT), however,
patients who displayed significant intracranial volume changes
on imaging also manifested a rapid decline in neurocognitive func-
tion[30,33]. After the subacute period (6 months and beyond), Ma
et al observed significant correlations between functional brain
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Table 1
Patient characteristics.

Characteristics n = 1308 (n/

%)

Subsite
Nasopharynx 1228 (93.9%)
Oropharynx 61 (4.7%)
Hypopharynx 5 (0.4%)
Laryngeal 7 (0.5%)
Nasal cavity 2 (0.1%)
Unknown primary 5 (0.4%)
Stage
/1 74 (5.7%)
11/1v 496 (37.9%)
Unreported 780 (56.4%)
Radiotherapy Technique
IMRT (including VMAT) 950 (72.6%)
3D conformal planning (3DP) 239 (18.3%)
Tomotherapy 18 (1.4%)
Unreported 101 (7.7%)
Prescription dose to highest dose target (range) 66-80 Gy
Dose /fraction (range) 1.8-2.7 Gy
Use of chemotherapy
Radiotherapy alone 94 (7.2%)
Concurrent chemoradiotherapy therapy (CRT) 636 (48.6%)
Neoadjuvant/adjuvant chemotherapy + CRT 162 (12.4%)
Unreported 416 (31.8%)
completion 193 (14.9%)
< 3 months or pre-treatment 342 (26.1%)
3-6 months 139 (10.6%)
> 6-12 months 634 (48.4%)
> 12 months

connections on imaging and MoCA scores [34]. Most studies
(n=11) showed an increased rate of impaired neurocognitive func-
tioning at 12 months and beyond definitive RT, with deficits
increasing over time, including the non-NPC study, as detailed
above [25,27,29,30,33-36,38,39,44]. The risk of deterioration in
neurocognitive functioning was observed to extend into very
long-term survivorship (>10 years) in one study|[42].

Neurocognitive performance is typically conceptualised in
terms of functional domains and these domains are not indepen-
dent of each other [45]. For language function, Hua et al[41] found
performance of post-RT patients comparable to normal controls
and patients awaiting RT in mean scores across the 3 groups eval-
uated by token test (42.02 + 2.36 (post-RT patients) vs 42.29 + 1.72
(healthy controls) vs 41.48 + 3.09 (pre-RT patients), p = 0.46),
visual naming subtest (54.74 + 5.76 (post-RT) vs 54.86 + 5.4
(healthy controls) vs 54.0 £+ 4.99 (pre-RT), p = 0.81) and semantic
association (36.47 + 9.69 (post-RT) vs 37.96 + 7.91 (healthy con-
trols) vs 37.48 + 8.86(pre-RT), p = 0.80.This differs from the other
studies that examined language: Lam et al[40] reported lower
scores in patient groups than control group in WAIS-R tests of ver-
bal intelligence (p=<0.05 on digit span, difference in recall from the
third trial onward p=<0.05).This finding was attributed to possible
underlying semantic memory deficits[40]. Wu et al[32] also found
significant reduction in language subdomain mean scores on the
MoCA (2.9 + 0.3 (patients without radionecrosis) vs 2.3 + 1.0 (pa-
tients with radionecrosis), p=<0.001) and MMSE (8.8 * 0.5 vs
8.3 + 1.2, p=<0.001) compared to patients without cerebral
radionecrosis on imaging.

Impaired performance in memory in irradiated patients was
reported in all studies that assessed neurocognitive domains. Hua
et al[41] also found episodic memory test performance of normal
controls and non-irradiated NPC patients was superior to irradi-
ated NPC patients, reaching statistical significance in the Word
Sequence Learning [correct (healthy controls: 58.89 + 5.2 vs pre-

RT patients: 51.14 + 8.68 vs post-RT patients: 48.67 + 9.38, respec-
tively, p = 0.03] and recall[4.0 + 1.41 vs 3.11 + 1.71 vs 2.96 £ 1.76,
respectively, p = 0.02]) and figure memory subtest of the WMS-R
(7.23 + 1.44 vs 6.93 + 1.21 vs 6.33 + 1.59, respectively = 0.05)
[41]. Lam et al[40] evaluated working memory by using the digit
and visual span tests and episodic memory with the Rey auditory
and visual learning tests. Patients with temporal lobe injury had
lower scores on forward visual span compared to healthy controls
(one-way ANOVA, F3.39, df 2.67, p=<0.05). On the Rey auditory test
differences in recall became significant from the third trial onward
in patients with and without temporal lobe injury compared to
healthy controls (one-way ANOVA, p=<0.05) and on the Rey visual
learning test, again, patients with and without temporal lobe injury
performed worse (one-way ANOVA, p=<0.05)). Deficits after RT
were considered related to retrieval problems rather than encoding
strategies[40]. In addition, over time, verbal memory was better
preserved than visual memory[40].

Zer et al[25] converted neurocognitive test scores to age-
corrected z scores (patient deficit defined as —1.64 SD.) and found
comparable degrees of decline across all domains at 6 months
post-RT compared to healthy controls, but at 24 months more
patients demonstrated declines in specific domains, including ver-
bal memory (Cohen’s effect d = — 0.16; 95%CI — 0.33 to 0.02;d =
— 0.38; 95%CI — 0.64 to — 0.12; andd = - 0.53; 95%CI — 0.74
to — 0.32, measured at 6, 12 and 24 months, respectively).

Attention and processing speed have also been shown to be
impacted post-RT in HNC patients compared to healthy controls
and HNC patients without radiation related structural changes on
MRI. Zer et al. [25] reported a decline in these domains over time
(measured at 6, 12 and 24 months): intellectual capacity (Cohen’s
d = — 0.46; 95%CI — 0.64 to — 0.30; d = — 0.51; 95%CI — 0.72
to — 0.30; andd = — 0.70; 95%CI — 0.92 to — 0.49 respectively),
concentration (Cohen’s d = — 0.19; 95%CI, —0.37 to 0.00;d = — 0.
38;95%Cl — 0.55 to — 0.21; and d = — 0.54; 95%CI — 0.71 to — 0.37,
respectively) and executive function (Cohen’s d = — 0.14; 95%
Cl — 0.27 to — 0.00; d = — 0.34; 95%CI — 0.52 to — 0.16; and d =
— 0.43; 95%CI — 0.64 to — 0.22, respectively) post RT. Attention
was significantly worse compared to control group based on mean
MOCA scores (5.0 + 1.2 vs 5.7 £ 0.5, p=<0.001) and MMSE(3.6 £ 1.7
vs 4.3 £ 1.0, p = 0.002) in the study by Wu et al[32].

In three studies that examined patients treated for NPC, neu-
roimaging was used to identify groups for comparison of neurocog-
nitive function (e.g., those with and without structural brain
changes) and in seven studies neuroimaging was used to detect
significant and progressive RT-associated structural brain changes
following RT for NPC.

Lv et al[33] demonstrated a time-dependent pattern of atrophy
in the hippocampus and cerebellar subfields with elevated volume
losses associated with rapid decline in neurocognitive function on
the MoCA over 6 months(left hippocampus: r = 0.01,p = 0.017,
right hippocampus: r = 0.013, p = 0.002). Longitudinal dilation of
the ventricles was also found to correlate with longitudinal reduc-
tion of neurocognition (B coefficient= — 4.63, p = 0007). An
increased number of cerebral microbleeds, defined as haemor-
rhagic microvascular lesions or microangiopathy affecting the
function of the neurovascular unit was shown to result in neu-
rocognitive dysfunction as defined by scores < 26 on MoCA (odds
ratio 1.03, CI 1.01-1.04; p = 0.003)[28]. Selective and time-
dependent white matter atrophy in the right inferior temporal
gyrus was correlated with progressive neurocognitive impairment
demonstrated by decreasing MoCA scores (r = 0.53, p=<0.001)[35].
In a prospective study by Liu et al[39] of 86 patients with temporal
lobe necrosis with a median follow-up of 32 months, only 26
patients (30%) showed obvious neurocognitive dysfunction as
quantified by MMSE scores (<26). In all patients who displayed



Table 2
Studies with ‘healthy’ individuals as comparators (n = 11).

Study (Type of N receiving H &N subsite Radiotherapy Comparator group  MRI Follow-up interval |/ time to Tool to Neurocognitive function (NCF) outcome
study) intervention Technique neurocognitive assessment (and  assess
(radiotherapy) imaging if relevant) cognition

Hua et al, 1998 27 NPC 3-DP 35 age and Not reported Median 1.7 years (range 7 days to WAIS- R Neuropsychological impairments
[41] education matched 9 years) (p < 0.05) in auditory attention |
National Tai- healthy controls concentration, recent memory, immediate
wan Univer- and delayed verbal recall and immediate
sity Hospital visual recall, higher-order visuospatial
(retrospective) abilities, and bimanual dexterity following

RT

Cheung et al, 53 NPC 3-DP 31 age and 31/53 had Temporal lobe Unreported Cantonese- NCF of patients without TLN similar to
2000 [17] education matched necrosis (TLN) on MRI MMSE controls.
Queen Eliza- healthy controls WAIS-R Patients with TLN had memory and other
beth Hospital NCF impairments; verbal (p=<0.001) and
Hong Kong visual memory (range p=<0.001
(retrospective) to P = 0.03), language (range, p=<0.001

to p = 0.01), motor ability (p = 0.02),
planning (p = 0.02), cognitive ability

(p = 0.007), and abstract thinking (range
p = 0.009 to p = 0.04).

Lam et al, 2003 60 40 NPC 3-DP 20 NPC patients Cohort of 40 with CT or MRI ~ Mean interval from RT of 5.5 years  Chinese Both patient groups performed
[40] patients with without temporal evidence of temporal lobe (TLI) and 5.0 years (no TLI). WAIS-R significantly worse on most memory tests
Prince of CT or MRI lobe injury and 19 injury and 20 without Followed up for 28 months (range Rey compared to healthy controls.
Wales Hospi- evidence of healthy controls imaging evidence of TLI 11--42 months) auditory No significant difference between patient
tal Hong Kong temporal lobe matched for age and test groups with or without temporal lobe
(retrospective) injury educational level. Visual injury
learning
test
Shen et al, 2016 106 NPC IMRT (35.8%) 66 patients with At least 1 cerebral 5.3-6.5yrs MoCA Number of temporal cerebral microbleeds
[28] other diseases, no microbleeds (CMB) was independently associated with increased
Sun Yat-Sen RT or brain found in 98.7% in the likelihood of cognitive dysfunction in
University, pathology matched  radionecrosis (RN) group, in patients with RN. (OR 1.03; CI 1.01-1.04;
Guangzhou for age and 42.9% in the non-RN group, p = 0.003)
(retrospective) education. and in 21.2% in the control CMBs occurred most frequently (76.4%) in
group. temporal lobes, followed by cerebellum

(23.7%), basal ganglia (15.8%), occipital
lobe (10.5%), brain stem (9.2%), and frontal

lobe (3.9%)

Guo et al, 2018 63 NPC IMRT 20 age and Longitudinal MRI to monitor 6 months MoCA Longitudinal dilation of the ventricles
[36] education matched structural brain changes. MoCA and MRI carried out at correlated with longitudinal reduction of
Guangzhou healthy controls baseline (before RT), 3 and neurocognition in NPC patients (B
Medical 6 months after RT coefficient= — 4.63, p = 0007).

University Significant time-dependent decreases in
(prospective) volumes of total grey matter, & bilateral
temporal lobes

Zer et al, 2018 80 Hypopharynx  IMRT 40 age matched Unreported 24 months WAIS-III Significant differences in some domains
[25] (5) healthy control Neurocognitive assessments done (attention, verbal memory, executive
Princess Mar- Oropharynx at 4 time points: baseline (within function) in HNC patients, with deficits
garet, Toronto (61) 2 weeks prior to start of increasing over 2 years.

(prospective) Laryngeal (7) treatment), end of treatment Significantly Increased rate of impaired
Nasal Cavity (6 months after baseline), 12 and global neurocognitive functioning among
(2) Unknown 24 months after baseline patients (38%) at 24 months compared
Primary (5) with controls (0%)

Ren et al, 2019 22 NPC IMRT 20 age, gender and Longitudinal functional MRI 1 day before to 1 day after RT MoCA and  Cerebral functional alterations occur
[27] education matched functional  immediately after RT.

National Can- healthy control MRI No significant changes in MoCA in patients

(continued on next page)
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Table 2 (continued)

Study (Type of N receiving H &N subsite Radiotherapy Comparator group  MRI Follow-up interval / time to Tool to Neurocognitive function (NCF) outcome
study) intervention Technique neurocognitive nent (and
(radiotherapy) imaging if relevant) cognition
cer Hospital before and after RT compared to healthy
Beijing controls.
(prospective)

Lvetal, 2019 [33] 58 NPC IMRT (91.4%) 20 comparable MRI evidence of volume Longitudinally followed up; prior ~ MoCA High volume losses in the hippocampus
Sun Yat-sen Tomotherapy normal controls reduction in the hippocampal to RT, 3 and 6 months after RT and subfields (specific regions in
University (8.6%) and subfield region cerebellum) significantly associated with a
Cancer Center, rapid decline in neurocognitive function.
China Left hippocampus: Pearson’s correlation
(prospective) coefficient for volume loss and MoCA score

(r) = 0.01, p = 0.017, Right hippocampus:
r =0.013, p = 0.002, Hippocampal Left
Subfield r = 0.061p = 0.018, L Granular Cell
Layer r = 0.102p = 0.011, R Granular Cell
layer r = 0.158p = 0.022, Right Molecular
layer r = 0.285p = 0.002

Qui et al, 2021 146 NPC Unreported 19 comparable Longitudinal changes in 1 year MoCA RT-associated progressive diffusion
[30] normal control white matter on MRI Imaging and neurocognitive reduction in the left CAB correlated with
Guangzhou assessment at 4 time points; Pre- longitudinal atrophy of the ipsilateral
Medical RT and follow-up scans within 1- hippocampus (B coefficient = 1.15,
University 3 months, 6 months and 9- P = 0.033) and progressive cognitive
(prospective) 12 months after RT. impairment in NPC patients post-RT (B

coefficient 5.49, p = 0.048).

Lin et al, 2021 120 NPC IMRT (91.7%) 20 normal controls MRI evidence of white matter 12 months MoCA Selective and time-dependent white
[35] Tomotherapy volume alterations Followed up at 4 time points, matter atrophy of the right inferior
Guangzhou (8.3%) baseline (pre-RT), within temporal gyrus correlated with cognitive
Medical 3 months post-RT, 6 months post- decline over time (r = 0.53, p < 0.001).
University RT and 9-12 months post-RT
(prospective)

Fu et al, 2022[37] 36 NPC IMRT (91.7%) 15 age, gender and Longitudinal changes 12 months MoCA Altered nodal efficiency seen in bilateral

Sun Yat-sen
University
Cancer Center
(prospective)

Tomotherapy
(8.3%)

education matched
normal controls

of brain network seen after
RT

Followed up at baseline, within
3 months and 12 months post RT

frontal, temporal lobes and the right insula
displayed a “decrease-increase/recovery”
pattern over time.

Relationship between network measures
and MoCA scores was not established

No within subject or between subject
group significant differences in MoCA
scores
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Nasopharyngeal Cancer (NPC), Wechsler Adult Intelligence Scale -third edition (WAIS-III), Montreal Cognitive Assessment (MoCA), Temporal Lobe Necrosis (TLN), Mini Mental State Exam (MMSE), Neurocognitive function (NCF),
Wechsler Adult Intelligence Scale -Revised (WAIS-R), Cerebral Micro Bleeds (CMB), Wechsler Adult Intelligence Scale (WAIS-III), Cingulate Angular Bundle (CAB), Radiotherapy (RT), Intensity modulated radiotherapy (IMRT), 3D
conformal planning (3-DP). p value documented where reported.



Table 3

Studies using non-irradiated comparators (including within patient comparisons), irradiated patients at different time points and cut-off scores (n = 9).

Study (Type of N = receiving  H &N subsite Radiotherapy = Comparator group MRI Follow-up interval | Tool to assess  Neurocognitive function (NCF) outcome
study) intervention technique time to cognition
(radiotherapy) neurocognitive
assessment (and
imaging if relevant)

Hsia et al, 2010 30 NPC IMRT Pre-treatment baseline No temporal lobe Mean 18 months CASI 23/30 (76.7%) had significantly lower post-RT NCF
[38] NCF (i.e., within patient necrosis on follow-up (range 12— (combination  scores compared with pre-RT NCF scores (difference
Kaohsiung comparison) CT or MRI 26 months) of MMSE & in mean score on CASI 85.93 + 8.02 vs 88.9 + 8.19 5,
Hospital, Tai- Neurocognitive tests ~ Hasegawa p = 0.033)
wan at 1 day before RT Dementia
(prospective) and at least rating scale)

12 months after RT

Tang et al, 2012 46 46 NPC 3-DP 46 Irradiated NPC patients  Cohort of 46 with MRI Median 6 years MoCA Radiation injury was significantly associated with
[31] patients without radiation injury evidence of radiation (range 1-19 years) cognitive impairment (MoCA score < 26). Score in
Memorial with MRI on imaging injury and 46 without MoCA of patients with radiation injury was
Hospital and evidence of imaging evidence of significantly lower than that of patients without
Cancer Center radiation radiation injury radiation injury (mean score and SD 21.32 + 2.45vs.
Sun Yat-sen, injury 25.98 + 1.73, p < 0.001)

China Chemotherapy was a risk factor for cognitive
(retrospective) dysfunction.
Cognitive impairment was a significant predictor of
worse global QOL (B-coefficient = 1.575, p = 0.047)

Mo et al, 2014 51 NPC IMRT Pre-treatment baseline MRI pre and post RT, 1-week post-RT; Das-Naglieri Cognitive assessment pre-RT similar to immediate
[43] NCF (i.e., within patient findings unreported compared to baseline cognitive post-RT results. No acute cognitive deficits seen.
Cancer Hospi- comparison) testing assessment
tal Guangxi, system
China
(prospective)

Wu et al, 2014 80 NPC IMRT 36 newly diagnosed (non- Cerebral Necrosis (CRN)  No- CRN cohort MMSE CRN patients generally manifest cognitive and
[32] irradiated) NPC patients. on MRI in 40 patients, 3.8 £ 2.6yrs MoCA psychological impairment compared to patients
First Affiliated no CRN in 40 patients CRN cohort (Beijing without CRN and pre radiotherapy
Hospital Sun 4.3 + 2.9yrs version) Thirty (75%) of the RT + CRN patients were deemed
Yat-Sen and ADL cognitively impaired by the MoCA compared with 9
Cancer Center (22.5%) by the MMSE (7 2 = 22.064; p < 0.001)
Guangzhou
China
(retrospective)

Maetal,2017[34] 59 NPC IMRT 24 NPC patients pre-RT Functional MRI Range 6-87 months ~ MoCA Altered cerebellar-cerebral functional connectivity
Guangzhou matched for age, gender, was observed in irradiated patients, and two
University education, and clinical connections significantly correlated to MoCA score,
Hospital stage functional connectivity between the right cerebellar
(retrospective) lobule VIIb and right fusiform gyrus (r= — 0.34,

p = 0.008), and between the left cerebellar lobule VIII
and right crus I (r = — 0.30, p = 0.021).

Qui et al, 2018 39 NPC IMRT Pre-treatment baseline Longitudinal structural 3 months MoCA Intra-network and the inter-network functional
[29] NCF (i.e., within patient and functional MRI MoCA and functional connectivity significantly reduced 3 months post-RT
Sun Yat-sen comparison) changes imaging at baseline in NPC patients.

University (pre-RT) and General cognitive function significantly declined
Cancer Center 3 months after RT post-RT (means score difference on MoCA 24 [at
(prospective) 3 months post RT] vs 25.2[pre-RT], p < 0.05)

Kiang et al, 2016 44 NPC IMRT 4 cohorts based on the Unreported Median 5 years FACT-Cog All QoL measures were low during the initial
[42] duration since the end of (range 5 months- recovery period (<2.5 years) and were significantly
University of radiotherapy. 16 years) higher by 6 years post-IMRT. At > 10 years post-
California (<2.5 years, >2.5-6 years, IMRT, lower scores were observed in NPC-specific
(retrospective) 6-10 years and > 10 years and cognitive QoL domains.

post-radiotherapy)

(continued on next page)
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neurocognitive impairment, necrotic masses larger than 3.5 cm in
maximum diameter were observed on MRI[39].

Neurocognitive deficits have also been observed in morpholog-
ically normal appearing brains of NPC patients after RT. Ren et al
[27] used the amplitude of the low-frequency fluctuations (ALFF)
in blood oxygen level-dependent signal and functional connectiv-
ity (FC) to characterise cerebral functional changes. Statistically
significant reductions were observed in ALFF (p < 0.05) and FC
(P < 0.001) in multiple cerebellar-cerebral regions[27]. This was
not associated with significant changes in the MoCA as expected,
perhaps given the very short interval of 24 hours between RT
and imaging. Functional neuroimaging data also showed altered
nodal efficiency distributed in the bilateral frontal and temporal
lobes as well as the right insular region[37].

In one study, altered cerebellar-cerebral functional connectivity
significantly correlated to attention scores on the MoCA (functional
connectivity between the left cerebellar lobule VIII and right cere-
bellar crus I and MoCA 1= — 0.32, p = 0.001), left cerebellar lobule
VIII and right medial frontal gyrus and MoCAr= — 0.27, p = 0.040),
and the right cerebellar lobule VIIb and right fusiform and MoCA
r= — 041, p=0.002))34].

Guo et al[36] focused on areas of the brain that showed signif-
icant radiation-induced changes over time after RT (IMRT deliver-
ing a dose of 68-70 Gy in 30-33 fractions at 2.12-2.33 Gy/
fraction) and the MoCA, and found changes in bilateral temporal
lobe volume after RT correlated with mean irradiation dose to
the corresponding temporal lobe (left temporal B coefficient = —
475, p = 0.0064 and right temporal lobe B coefficient = -8.13,
p=<0.001). .. Lv et al[33] also highlighted significant negative cor-
relations between volume changes of the left hippocampus and
the mean dose to the left hippocampus (B coefficient= — 0.112,
p=0.021) in a cohort treated mainly with IMRT, with elevated vol-
ume losses associated with neurocognitive decline as evaluated by
the MoCA (left hippocampus: B coefficient = 0.01, p = 0.017, right
hippocampus: B coefficient = 0.013, p = 0.002). Following IMRT,
McDowell et al[26] using Frontal Systems Behaviour Scale (FrSBe)
tool reported greater declines in apathy (B coefficient = 0.236,
p = 0.027), and executive dysfunction (r = 0.267, p = 0.007) core-
lated with combined dose to both temporal lobes (V75Gy).

Survivors of HNC are at risk of detriment in QoL, even if treated
with highly conformal techniques such as IMRT. Kiang et al[42]
analysed neurocognitive QoL in patients treated for NPC (n = 44)
at different time points (<2.5 years, >2.5-6 years, 6-10 years
and > 10 years post-RT), using the FACT-Cog questionnaire which
allocated summary scores (out of 132) based on perceived cogni-
tive abilities, perceived cognitive impairments, impact on quality
of life, and comments from others[42]. FACT-Cog mean scores were
low (with a lower number corresponding to worse overall QoL)
during the initial recovery period < 2.5 years (88.1 + 22.9) and
at > 10 years post-RT (88.9 + 22.9) with statistical difference
reported (p = 0.02 on post hoc Newman-Keuls pairwise compar-
isons). There were also significant differences in mean scores at
the different time points in the subscales of perceived cognitive
abilities (15.8 £ 5.3 (<2.5 years) vs 23.0 + 4.9 (>2.5-6 years) vs
20.8 + 6.2 (6-10yrs) vs 18.2 + 3. (>10yrs), p = 0.01) and perceived
cognitive impairments (50.8 + 14.1 (<2.5 years) vs 62.3 = 10.0
(<2.5-6 years) vs 56.7 £ 10.4 (6-10 years) vs 47.8 + 15.8 (>10 years)
respectively, p = 0.04) [42].

In a cohort of NPC patients (n = 46) with median follow up of
6 years, Tang et al[31], demonstrated patients with radiation injury
had significantly impaired cognition using the MoCA compared to
control (mean score and SD in group with radiation injury:
21.32 £ 2.45 vs control group: 25.98 + 1.73; p < 0.001). Exhibiting
negative emotions with the MoCA score was a significant predictor
of QoL measured on regression analysis (B coefficient = 21.050,
p=<0.001).There was a significant difference between patient and

0.65, p < 0.001;

0.51, p < 0.001; executive

051, p < 0.001).

) over time.

0.62, p < 0.001; apathy, r

demonstrated obvious cognitive impairment (MMSE
disinhibition, r

Moderate to high rates of neurocognitive impairment

on patient and family assessment
Lower QoL correlated with higher neurobehavioral

Impaired MoCA scores (cut-off < 23, mean 23.7, SD
symptoms (total,

3.4,) observed in 32%.
Clinically significant impairment in executive

26 patients with temporal lobe necrosis (30%)
function

Neurocognitive function (NCF) outcome

scores < 26
r=—
dysfunction, r

Tool to assess
Self-reported

cognition
MMSE
MoCA
memory
MDASI-HN

imaging if relevant)
32 months (26-

50 months)
neurocognition and

size of the necrotic
evaluated every

3 months

TLN was identified in 22 Median follow-up of

patients (22%).

Follow-up interval |
time to
neurocognitive
assessment (and
Once necrosis
diagnosed

7.5 years

Entire cohort had MRI
evidence of temporal

lobe necrosis

MRI

Comparator group
Longitudinal monitoring
of cognition and size of
necrotic mass every

3 months (i.e., within
patient comparison)
Comparing objective and
subjective assessments
post-RT

Radiotherapy
technique
IMRT

IMRT

H &N subsite

NPC
NPC

receiving
intervention

N =
(radiotherapy)
86

0

[39]

Fudan Univer-
sity Shanghai
Cancer Center,
China
(prospective)
2019 [26]
Princess Mar-
garet, Toronto
(retrospective)

Study (Type of
McDowell et al,

study)

Liu et al, 2020
Montreal Cognitive Assessment (MoCA), Functional Assessment of Cancer Therapy - Cognitive Function (FACT-Cog), Nasopharyngeal Cancer (NPC), Radiotherapy (RT), Intensity Modulated Radiotherapy (IMRT), Quality of life (QoL),

MD Anderson Symptom Inventory for head and neck cancer (MDASI-HN), Mini Mental State Exam (MMSE), Cognitive Abilities Screening Instrument (CASI), Neurocognitive Function (NCF,) Activities of Daily Living (ADL Temporal

Table 3 (continued)
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control groups in QoL score (using the World Health Organization
Quality of Life Brief Version (WHOQOL-BREF) a 26-item instrument
with higher scores reflecting better QOL) in domains of physical
health (16.50 + 11.05 (patient) vs. 35.02 + 10.43 (control),
p < 0.001), psychological health (17.70 + 10.33 vs 39.48 + 12.00),
and social relationship (48.00 + 18.65 and 67.15 * 19.70,
p = 0.001)[31]. In contrast, McDowell et al [26] in an NPC cohort
(n = 102) reported that poor performance on the MoCA (cut off
score < 23 indicating impairment; mean 23.7 * 3.4; 32% in the
impaired range) was associated with a non-significant trend in
reporting lower QoL (FACT-H&N, linear regression estimate 0.02,
95% Cl:0-0.05, p = 0.072) and lower QoL was instead found to be
strongly correlated with higher neurobehavioral symptoms (total,
r = -0.62, p < 0.001; apathy, r = -0.65, p < 0.001; disinhibition,
r=-0.51, p < 0.001; executive dysfunction, r = -0.51, p < 0.001)[26].

Discussion

In the current systematic review, we aimed to evaluate neu-
rocognitive outcomes of HNC survivors treated with (chemo)RT.

There is a limited number of studies exploring neurocognitive
outcomes in HNC and considerable heterogeneity exists amongst
included studies in terms of RT technique and timing and methods
of neurocognitive assessment. However, many of the studies
(n = 15) demonstrate inferior neurocognitive outcomes in irradi-
ated HNC patients compared to controls. The vast majority of stud-
ies focused on neurocognitive outcomes in patients with NPC. Due
to anatomical location of NPC and the increased extent of skull
base irradiation required, NPC patients can be considered a high
risk group amongst HNC patients for neurocognitive toxicity, with
proximity of tumours in this region to crucial brain components
such as the temporal lobes, brainstem and the hippocampi
[17,38,42]. This could either be due to higher doses adjacent to tar-
get structures (or in more distant brain tissue with non-IMRT
delivery techniques) or due to the lower dose ‘bath’ to inferior
areas of brain tissue with IMRT. However, the impact of irradiation
of the posterior fossa, which commonly receives lower doses of
radiation is also potentially important[46]. In the single study with
a mixed cohort of non-NPC HNC patients, of which 76% of patients
had oropharyngeal cancers, impaired neurocognitive function was
reported from 6 months compared to control[25]. Similar results
have also been observed in other series (not meeting inclusion cri-
teria of this review) that include non-NPC patients [47-50].

Pre-clinical and clinical evidence support several possible
mechanisms behind radiation related neurocognitive decline.
These complex mechanisms include (i) reduced neurogenesis in
the hippocampus and altered neural stem cell differentiation, (ii)
chronic inflammation/abnormal relationship between neural stem
cells and microvasculature; (iii) altered neuron morphology lead-
ing to impaired synaptic function; and (iii) vascular insufficiency
with ischemia-induced excitotoxicity, as observed in vascular
dementia[51-55]. The pathophysiological reaction of normal brain
tissue to irradiation has been classified according to symptom
onset into; acute (a few days to a few weeks), early delayed/suba-
cute (1-6 months) and a late delayed reaction period (more than
6 months to a few years) after RT[37,56]. Much of the evidence
suggests the risk of neurocognitive dysfunction is a late effect
occurring at 12 months or more after irradiation.

The most reported affected neurocognitive domain in the stud-
ies included in this review was memory, especially episodic mem-
ory (memory of everyday events that can be explicitly conjured).
This is in keeping with findings from the earliest study exploring
neurocognitive outcomes in HNC by Lee et al, which reported
impaired retrieval from long term memory and non-verbal recall
[57].The critical regions in the developed brain for neurogenesis
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are thought to be the sub granular zone (SGZ) of the hippocampus
and the subventricular zone (SVZ) of the lateral ventricles[58].
Memory impairment is therefore thought likely to be mediated
by damage to the hippocampus following RT [59,60]. The impact
on language is less certain, but the deficits in verbal intelligence
reported in one of the studies included here was ascribed to
impaired semantic memory [40]. Semantic memory is memory
necessary for the use of language and, like episodic memory,
semantic memory also depends critically on the hippocampus
[61]. In a small study that investigated brain region-specific deliv-
ered dose and impairment in specific neurocognitive domains, the
cerebellar lobes of the brain were identified as likely to receive
clinically significant radiation doses in HNC[62]. One study,
included in this review, indicated that post-RT cerebral microb-
leeds might underlie neurocognitive deficits, and these occurred
most frequently in the temporal lobes, followed closely by the
cerebellum[28]. The posterior lobe of the cerebellum is vital to cog-
nition with lesions in this area leading to deficits in executive func-
tion, visual spatial processing, linguistic skills, and regulation of
affect[63,64]. The domains of attention and processing speed have
also been shown to be impacted in post-RT HNC patients [25,32]
and impaired connectivity between the cerebellar vermis and hip-
pocampus has been found to be significantly correlated with atten-
tion score, assessed using the MoCA[65]. In a study in patients with
sinonasal cancers, a positive correlation was found between exec-
utive dysfunction (measured on Stroop Colour Word test) and
higher doses to the left hippocampus and left temporal lobe
(r = 0.7; p=<0.01)[49]. Despite these observations, during HNC RT
planning, the hippocampus and cerebellum are not routinely out-
lined or regarded as organs at risk [66].

While specific brain sub-structures were highlighted as poten-
tially important in this review in terms of neuro-cognition, no
specific dose-volume thresholds were generated. Gondi et al[67]
demonstrated a dose-response relationship between the hip-
pocampus and cognition, reporting D40% of the bilateral hip-
pocampi greater than 7.3 Gy to be associated with long-term
neurocognitive impairment( in patients irradiated for benign or
low-grade adult brain tumours).The evidence supporting a specific
safe dose threshold to the majority of CNS sub-structures relevant
for radiation induced neurocognitive toxicity is limited and there is
need for future development of NTCP models. The ROC-oN study
(REC reference: 22/WM/0207, IRAS project ID: 315880), a cross
sectional study evaluating quality of life and neurocognitive
impairment following radiotherapy in patients with oropharyngeal
cancer includes an exploratory analysis of dose to base of brain
structures on neurocognitive function and is relatively unique
given its focus on head and neck cancer (as opposed to brain
tumour) patients.

The effect of radiation on the brain likely involves morphologic
and functional aspects and so neuroimaging could help identify
treatment-associated brain changes underling neurocognitive
impairment following RT. Radiation-induced temporal lobe necro-
sis in NPC, which was more common prior to the routine use of
IMRT[68], was found to be associated with impaired memory and
learning, especially when the area of necrosis was greater than
3.5 cm in maximum diameter|17,39]. However ventricular dilata-
tion, volume loss and microbleeds identified on MRI, have also
been identified as independent predictors of impaired cognition
[28]. More recently, functional MRI (fMRI) has been used to explore
brain functional connectivity. One study detected significantly
altered connections between the left cerebellar lobule VIII and
right medial frontal gyrus, the left cerebellar lobule VIII, and right
crus I, and the right cerebellar lobule VIIb and right fusiform gyrus
[34]. In another, reduction in functional connectivity was demon-
strated in multiple cerebellar-cerebral regions: cerebellum, para
hippocampus, hippocampus, fusiform gyrus, inferior frontal gyrus,
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inferior occipital gyrus, precuneus, and cingulate cortex[27]. This
altered functional connectivity might account for attention dys-
function, memory impairment, and executive deficits[27,34]. These
studies could help to explain the neurocognitive deficits that may
be observed in patients with morphologically normal-appearing
brains.

Several studies have explored the relationship between neu-
rocognitive impairment and QOL in patients with primary and sec-
ondary brain tumours[69-72] However little work has been
performed in this area in HNC patients. Although Lv et al[33] iden-
tified that atrophy in the hippocampus and cerebellar subfields on
MRI correlated with decline in neurocognitive function, in one
small study, reduction in hippocampal volume was not found to
be related to lower QoL[73]. No correlation was found between
neurocognitive decline and QoL by McDowell et al[26] in patients
with NPC or by Sharma et al in patients with sinonasal cancers[49].
In contrast, Tang et al[31] and Kiang et al [42] concluded that
impaired neurocognitive function was associated with lower QoL
scores. It is pertinent to consider that moderate-severe neurocog-
nitive decline might not be always reflected in deterioration of
general QoL and even the presence of mild neurocognitive decline
might significantly impact on QoL. The impact of neurocognition
on QoL is influenced by timing of assessment (in relation to treat-
ment) and patient expectations|74].

The present systematic review identified significant variation in
assessment of neurocognition. The MoCA was the most frequently
used assessment tool but was also used in different ways, including
the use of a cut-off of 26 to indicate mild neurocognitive impair-
ment or by comparing scores across groups.However the MoCA,
is a brief cognitive screening tool which is generally not considered
to be highly sensitive[75]. Similarly, the MMSE screening tool used
in some studies is not efficacious in detecting subtle neurocogni-
tive decline[76]. The International Cognition and Cancer Task Force
(ICCTF) founded is focused on understanding cancer-therapy
related neurocognitive dysfunction|[77]. The ICCTF recommend an
objective test-battery that measures several domains and that
includes the Hopkins Verbal Learning Test-Revised (HVLT-R), Trail
Making Test (TMT), and the Controlled Oral Word Association
(COWA) of the Multilingual Aphasia Examination[78]. Future
prospective studies should strive to assess neurocognition using
such an objective test battery.

This systematic review has specific limitations and heterogene-
ity of studies and methodologies precludes meta-analysis of
results. Although the analysis points towards neurocognitive
impairment as a late toxicity, since the literature is almost exclu-
sively based on NPC, it is uncertain if this applies to non-NPC,
although the one prospective non-NOC HNC study suggests this
may be the case[25] The cause of neurocognitive impairment is
also unclear: effect of chemotherapy, nutritional changes as a
sequel of head and neck treatment and age etc could all impact.
The impact of chemotherapy on neurocognitive outcomes was
evaluated in only two of the included studies with conflicting
results. Tang et al[31] reported chemotherapy as a risk factor for
neurocognitive dysfunction while Zer et al found[25] neurocogni-
tion to be unaffected by chemotherapy on exploratory analysis.
The impact of chemotherapy on neurocognition in this population
should form an area for further work.

In addition, with regards to the impact of RT, there is uncer-
tainty if neurocognitive impairment is attributable to the high dose
to adjacent brain or low dose bath. Furthermore, older conformal
RT techniques produced different dose distribution to IMRT, and
it was not possible to ascertain the impact of each technique in this
analysis. In addition, there is limited information on the clinical
significance of reported results within studies. Finally, due to inclu-
sion criteria, some studies with important findings could also have
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been excluded: studies published after the last search date were
not included.

Nevertheless, the present systematic review provides an exten-
sive review of the literature and identifies neurocognitive impair-
ment following HNC RT as a problem. Specific domains of
cognition appear to be particularly impacted and highlights
regions of interest in the brain, which could be future targets for
radiation sparing strategies. In addition, this review demonstrates
the value of MRI as a non-invasive tool, which can detect
microstructural and functional changes that may be indicative of
neurocognitive changes. It also identifies the need for appropri-
ately sensitive neurocognitive testing to be included within
prospective studies and the need to consider the impact of RT in
non-NPC HNC patients. Neurocognition was assessed in most stud-
ies using the MoCA which might be insufficient in this cohort. Min-
imal work has been done in evaluating the contribution of minimal
or moderate radiation dose to specific regions of the brain on long-
term neurocognitive effects.

High quality large prospective studies that use standardised,
sensitive, and reliable neurocognitive tests in different HNC sub-
sites are clearly needed. Also, a deeper understanding of radiation
dose-volume effects, correlating incidence, and severity of neu-
rocognitive impairment to specific volumes of normal brain irradi-
ated is crucial in guiding future RT treatment planning and dose
sparing protocols.
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