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Purpose/objectives: To determine neurocognitive and neurobehavioral impairment in long-term nasopha-
ryngeal cancer survivors (NPC) treated with intensity-modulated radiotherapy (IMRT).
Materials/methods: A cross-sectional cohort of NPC >4 years (y) following IMRT was assessed. Objective
cognitive function was measured using the Montreal Cognitive Assessment (MoCA) and patient-reported
memory was assessed with the MDASI-HN problems remembering item. Patient and family ratings of
patients’ neurobehavioral symptoms of apathy, disinhibition and executive dysfunction were assessed
with the Frontal Systems Behavior Scale (FrSBe). Other patient-reported symptoms (MDASI-HN), mood
(HADS), and quality of life (FACT-H&N) were also collected.
Results: Among 102 participants: M:F = 66:36; median age 56y (32-77); median time since IMRT 7.5y
(4.2-11.1). Impaired MoCA scores (<23) were observed in 33 (32%). Patient and family ratings of pre-
illness neurobehavioral symptoms were in the normal range (total FrSBe T-scores 53.3 and 59.0 respec-
tively). In contrast, post-treatment patient and family T-scores were clinically impaired (64.7, 71.3
respectively), with apathy, disinhibition and executive dysfunction post-treatment ratings all signifi-
cantly worse than pre-treatment (p < 0.001). Prevalence of clinically significant post-treatment distur-
bance was high by patient and family ratings (48%/66% apathy, 35%/53% disinhibition, 39%/56%
executive dysfunction). Post-treatment neurobehavioral symptoms strongly correlated with lower qual-
ity of life (r=—0.62) and higher anxiety (r=0.62) and depression scores (r=0.67, all p <0.001). Total
MoCA scores did not correlate with RT dose. However, greater declines in apathy, disinhibition and exec-
utive dysfunction were associated with receiving >75 Gy to temporal lobes.
Conclusion: NPC treated with IMRT had moderate to high rates of neurocognitive impairment and clini-
cally significant apathy, disinhibition, and executive dysfunction.
Crown Copyright © 2018 Published by Elsevier B.V. All rights reserved. Radiotherapy and Oncology 131
(2019) 179-185
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Neurocognitive dysfunction occurs among cancer survivors
across a broad spectrum of solid non-CNS malignancies [1-4],
including head and neck cancers (HNC) [5-9]. Lee et al. presented
the first series recognizing neurocognitive dysfunction following
radiotherapy for nasopharyngeal carcinoma (NPC) in 1989, how-
ever, subsequently minimal progress has been made [10]. Most
published series predate intensity-modulated radiotherapy (IMRT)
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and heavily focus on cohorts with and without temporal lobe
necrosis (TLN) [7,10-18].

IMRT heralded a major advancement in HNC treatment, facili-
tating enhanced tumor dosing with improved normal tissue spar-
ing [19,20]. Only a few series report neurocognitive outcomes in
IMRT-treated NPC survivors [11,17,21], and although TLN, which
has been a reliable marker of neurocognitive performance in his-
torically treated cohorts [7,16] may be less frequent in the IMRT
era [22], it has not been established that this translates into lower
neurological morbidity.
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NPC patients can expect high rates of disease control and sur-
vival following definitive chemoradiotherapy. NPC presents
younger than other HNCs, hence survivors will live with a host of
persisting cancer-related symptoms for many years and any reduc-
tion in long-term neurocognitive function could have considerable
long-term benefit [23,24].

This study was undertaken to determine whether long-term
NPC survivors treated with IMRT are at risk of cognitive and neu-
robehavioral sequelae.

Materials and methods

Participants

The data presented were collected as part of a larger study
reporting late toxicities in NPC survivors who were disease-free
and a minimum of four years following completion of IMRT. We
have reported long-term toxicity, quality of life and emotional dis-
tress outcomes in this patient cohort previously [25]. IMRT for HNC
patients was implemented at our Hospital in 2004. Study accrual
occurred from June 1st 2015 to June 30th 2016. Eligibility was
determined from a prospectively managed institutional quality
assurance system [26], and patients were invited to participate at
their usual follow-up appointment. Eligible patients were
>18 years at time of treatment and received curative-intent IMRT
(70 Gy/35#) £ current/adjuvant cisplatin-based chemotherapy.
Exclusion criteria were: (1) recurrent NPC; (2) physical or neuro-
logical conditions impacting participation; or (3) inability to
understand and speak in English, Cantonese, or Mandarin. A trilin-
gual research assistant administered assessments in patient’s pre-
ferred language. The study was approved by the institutional ethics
review board and was registered with ClinicalTrials.gov
(NCT02597426).

Neurocognitive function

Objective assessment

Neurocognitive performance was assessed using the Montreal
Cognitive Assessment (MoCA; English or Chinese version) [27].
The test yields a total score and seven domain scores: executive
and visuospatial functioning, naming, memory, attention, lan-
guage, abstraction and orientation (score 0-30). Patients with
<12y of education receive a bonus point.

We used a score of <23 to define neurocognitive impairment
(NCI). Although earlier studies recommend <26 as indicating mild
cognitive impairment [27], using the lower threshold reduces
false-positives in both English and Chinese-speaking populations
[28-32].

Subjective assessment

Patient-reported neurocognitive function was assessed with the
“problems remembering” item of the MD Anderson Symptom
Inventory - Head and Neck (MDASI-HN). The MDASI-HN consists
of a 28-item questionnaire, including 13 general symptoms com-
mon to all cancer patients, 9 specific to HNC and 6 reporting the
interference of symptoms with daily life (scored 0-10) [33,34].
Only the remembering item is reported in this study. A validated
Chinese version is available.

Neurobehavioral assessment

Neurobehavioral function was assessed using the validated
Frontal Systems Behavior Scale (FrSBe) tool [35], a 46-item ques-
tionnaire assessing three frontal behavioral domains: apathy, dis-
inhibition and executive dysfunction. Responders rate each item
“before illness” and “after illness/treatment”, yielding pre- and

post-treatment scores. Self- and family-rating forms are available.
Raw scores are converted to normative T-scores (sex, age, and edu-
cation matched) for each behavior and an overall “frontal dysfunc-
tion” score is also calculated. Higher scores indicate greater
dysfunction: >65 is clinically significant; 60-64 is borderline;
<60 is normal. The FrSBe has no official Chinese versions; it was
translated by our in-house hospital’s translation services and used
on request.

Other patient-reported outcomes (PRO)

Anxiety and depression

The Hospital Anxiety and Depression Scale (HADS) includes two
7-item subscales for anxiety (score 0-21) and depression (score
0-21). The HADS manual recommends scores of 8-10, 11-15 and
>15 in each subscale to define borderline, probable and highly sig-
nificant levels of morbidity respectively [36]. We considered scores
of >11 as significant. A validated Chinese version is available.

Quality of life (QoL)

The Functional Assessment of Cancer Therapy-Head and Neck
(FACT-H&N) consists of the FACT-G questionnaire comprising 27
questions from four domains (physical, social, emotional and func-
tional) plus a 12-item module specific to HNC. The maximum score
is 148. Higher scores reflect better QoL [24]. A validated Chinese
version is available.

Demographic variables

Age, sex, education, employment and smoking status, alcohol
intake, and performance status at enrollment were collected.

Disease and treatment variables

Initial stage, histological type, date of diagnosis and treatment,
radiation dose received, number of cycles of concurrent/adjuvant
chemotherapy (concurrent cisplatin, adjuvant cisplatin/5-
fluorouracil) were collected. Time since treatment was calculated
from the last IMRT treatment to enrollment. TLN was recorded ret-
rospectively from all post-treatment MRI reports performed during
the follow up period. Our institutional policy mandates a post-
treatment MRI at 3 months, followed by 6-monthly MRI’s for two
years and annually thereafter to 5 years. Right temporal lobe
(RTL), left temporal lobe (LTL), combined temporal lobe (CTL) and
frontal lobes (FL) were contoured from fused MRI and CT images
by a trained radiation therapist (BC). Absolute volumes (cc) were
calculated in 5 Gy increments from 5 to 75 Gy.

Statistical analysis

Descriptive statistics were provided for baseline demographic
and treatment variables as well as other continuous and categori-
cal measures. Univariable analyses were performed with a logistic
regression model for binary outcomes and linear regression for
continuous scores. Multivariable models were used to assess the
effect of different clinical, tumor and treatment factors on objective
neurocognitive performance. Paired t-tests were conducted to
assess the difference between mean FrSBe scores of pre- and
post- treatment. Pearson’s correlation coefficient was applied to
determine correlation between two continuous variables if both
variables are normally distributed. Spearman’s correlation coeffi-
cient was used on non-normalized variables such as dosimetric
scores. Results are considered exploratory and corrections for mul-
tiple analyses were not performed. All statistical analyses were
conducted using SAS 9.4 and R (http://CRAN.R-project.org, R Foun-
dation, Vienna, Austria).
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Results

Among 128 invited patients, 102 participated in the neurocog-
nitive component of this study. All patients completed the MoCA,
while 100 patients and 32 family members completed the FrSBe,
respectively. Questionnaires were reported at a median time of
7.5 years (4.1-11.1) following completion of radiotherapy.

Demographic, clinical and treatment factors and PROs are
reported in Table 1. TLN was identified in 22 patients (22%).
Sixty-three (62%) patients completed all assessments in English,
30 (29%) in Chinese, and 9 (9%) completed the questionnaires in
English and the MoCA in Chinese.

Table 1
Baseline demographic and clinical factors (N = 102).

Variable N (%)

Age at study

Median(range) 56.5(32,77)
Age at diagnosis

Median(range) 48.7(23,70)
Sex

Male:Female 66:36(65/35)
Education level

<High School 19(19)
Completed High School 13(13)
Some College/University 4(4)
Completed Technical School 9(9)
Completed College or University 49(48)

Professional/Post-graduate Degree 8(8)
Employment status

Unemployed 13(13)
Retired 26(25)
Employed 63(62)
Smoking history

Current/Ex 27(26)
Never 75(74)
Drinks per week

0 84(82)
1-9 17(17)
10+ 1(1)
ECOG

0 59(58)
1 38(37)
2 4(4)

3 1(1)
Initial T category

T1 33(32)
T2 15(15)
T3 31(30)
T4 23(23)
Radiation dose received

70 Gy 101(99)
66 Gy 1(1)
Years since radiotherapy

Median(range) 7.5(4.2,11.1)
Total chemotherapy cycles

0 8(8)

1 0(0)

2 3(3)

3 11(11)
4 10(10)
5 37(36)
6 33(32)
Temporal lobe necrosis

Yes:No 22:80(22/78)

FACT-H&N Total(n=101)
Median(range)

HADS anxiety score(n = 100)
Median(range) 6(0,16)
Abnormal >11 9(9)
HADS depression score(n = 100)
Median (range)

Abnormal >11

107(46,148)

4(0,17)
11(11)

Neurocognitive assessment

Objective neurocognitive performance

The median MoCA score was 24 (range 13-30, mean 23.7, SD
3.4). Thirty-three (32%) patients scored in the impaired range.

Supplementary Table 1 shows univariable analysis of patient,
tumor and treatment variables. Education was a strong predictor
of higher performance. Moderate alcohol consumption (1-9
drinks/week) also predicted higher scores compared to either
abstainers or heavy drinkers (>10 drinks/week). No other patient,
tumor or treatment factor was associated with MoCA performance.
In particular, neither chemotherapy intensity, temporal lobe necro-
sis, nor time since completion of treatment predicted for neurocog-
nitive performance. One patient in this series was found to have a
derangement in the hypothalamic-pituitary axis; this patient
scored within the normal range (25).

Subjective cognitive function

Self-reported memory problems (mean 3.1, SD 3) scored fourth
highest across all MDASI-HN items. Only dry mouth, mucus and
swallowing/chewing items scored higher (data not shown). On
univariate analysis, better performance status and a longer time
since treatment corresponded with better self-reported memory
function.

Neurobehavioral assessment

Patient report

Patient self-reported results are presented in Table 2.

Ratings revealed normal pre-illness behaviors (mean scores
<60). Across all domains, post-treatment scores were significantly
higher (p < 0.05) and were in the abnormal range.

Patients reporting in the clinically significant range (>65) was
significantly higher in the post-treatment setting versus their
recalled pre-illness function: FrSBe total 44% v 23%; apathy 48% v
19%; disinhibition 35% v 20%; and executive dysfunction 39% v
24% (all p < 0.05).

Family report

Family and paired patient results are presented in Table 3. The
same pattern was observed in the subset (N = 32) of patients with
matched family ratings. By family reports, pre-illness levels of apa-
thy, disinhibition, and executive dysfunction were in the normal
range (mean <60). Post-treatment ratings were, however, in the
abnormal range with a significant increase from baseline
(p < 0.05). Family reports showed a similar trend in the proportion
of patients scoring in the clinically abnormal range in the post-
treatment setting (p < 0.05).

There were no observable statistical differences (t-test)
between patient- and family-reported scores in either post-
treatment scores or their changes from baseline (total, all
domains). However, there were some discrepancies (family report-
ing higher scores) in the pre-treatment setting means for the total
(p =0.023) and apathy (p = 0.006), but not for disinhibition or exec-
utive dysfunction domains (p > 0.05). Patient-family correlations
are presented in Supplementary Table A.2.

Analyzed as either the total post-treatment score or the change
in the total score, only the number of years of smoking (estimate:
1.03, 95% CI1:0.17-1.89, p = 0.019) predicted a larger change in pre
to post ratings. We observed a borderline association (p = 0.074)
between a longer time since treatment completion and smaller
changes between pre and post scores. No other demographic, clin-
ical or treatment factor (excluding dosimetry — see below) reached
significance.
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Table 2
FrSBe T-scores (N = 100).

Parameter Pre rating Post rating Diff (Post-Pre) Pre vs. Post(patient) p-value
Total
Mean(sd) 53.3(14.5) 64.7(19.4) 11.4(16) <0.001
Median(Range) 52(28,90) 63(33,121) 6(-21,83)
<60(n,%) 66(66) 41(41)
60-64(n,%) 11(11) 15(15)
65+(n,%) 23(23) 44(44) <0.001
Apathy
Mean(sd) 52.5(11.8) 65.3(18.2) 12.7(16.4) <0.001
Median (Range) 50(32,81) 64(33,122) 6.5(-19,66)
<60(n,%) 73(73) 39(39)
60-64(n,%) 8(8) 13(13)
65+(n,%) 19(19) 48(48) <0.001
Disinhibition
Mean(sd) 52.3(14) 60.2(17.6) 7.9(15.2) <0.001
Median(Range) 50(24,100) 56(24,130) 3(-31,69)
<60(n,%) 72(72) 53(53)
60-64(n,%) 8(8) 12(12)
65+(n,%) 20(20) 35(35) 0.021
Executive Dysfunction
Mean(sd) 53(14.5) 60.7(17.7) 7.7(13.5) <0.001
Median(Range) 51(28,88) 60(33,113) 3(-15,77)
<60(n,%) 65(65) 48(48)
60-64(n,%) 11(11) 13(13)
65+(n,%) 24(24) 39(39) 0.045

Table 3

FrSBe T-scores for patients with family ratings.

Patient Family
N=32 N=32
Parameter Pre Ratings  Post Rating  Diff Pre vs. Post Pre rating Post rating Diff Pre vs. Post Post family vs. Post
(Post -Pre) (patient) p-value (Post -Pre) (family)p-value patient p-value

Total
Mean(sd) 53.5(12.5) 66.6(17.8) 13.1(15.7)  <0.001 59(12.2) 71.3(19.3) 12.3(12.3) <0.001 0.23
Median (Range) 52.5(36,78) 66 (36,118) 7.5(-9,58) 59.1 (39,81.1) 71(41,115) 9.5(0,45)
<60(n,%) 22(69) 11(34) 16(50) 10(31)
60-64(n,%) 4(12) 4(12) 3(9) 2(6)
65+(n,%) 6(19) 17(53) 0.012 13(41) 20(62) 0.219 0.66
Apathy
Mean(sd) 52.9(10.5) 67.6(17.4) 14.6(18.1)  <0.001 59.4(10.5) 72.1(17) 12.7(13.7)  <0.001 0.22
Median (Range) 50(37,72) 65(38,114)  6(-9,66) 59.5(40.4,87.2) 69(44,112) 8.5(-3,50)
<60(n,%) 24(75) 10(31) 16(50) 9(28)
60-64(n,%) 2(6) 6(19) 7(22) 2(6)
65+(n,%) 6(19) 16(50) 0.002 9(28) 21(66) 0.008 0.27
Disinhibition
Mean(sd) 52.2(13.2) 62.9(18.8) 10.7(15.6) <0.001 55.9(13.3) 64.6(17.5) 8.7(9.2) <0.001 0.62
Median(Range) 51(30,78) 57(34,130) 6(-4,69) 53.5(34,84) 65.5(38,101) 4.5(0,35)
<60(n,%) 21(66) 17(53) 20(62) 13(41)
60-64(n,%) 5(16) 1(3) 4(12) 2(6)
65+(n,%) 6(19) 14(44) 0.057 8(25) 17(53) 0.072 0.58
Executive Dysfunction
Mean(sd) 53.5(13.4) 61.4(15.8) 8(11.3) <0.001 57.7(11.9) 66.6(18.4) 8.9(10) <0.001 0.17
Median (Range) 51(33,84) 62.5(33,97) 4(-10,41) 59.5(39.1,81) 68(40,120) 6.5(0,39)
<60(n,%) 21(66) 13(41) 16(50) 12(38)
60-64(n,%) 3(9) 5(16) 6(19) 2(6)
65+(n,%) 8(25) 14(44) 0.149 10(31) 18(56) 0.109 0.40

PRO correlations

Total MoCA score did not correlate with the MDASI-HN “mem-
ory problems” question (r=-0.15; p=0.14). Patients who per-
formed more poorly on the MoCA showed a non-significant trend
in reporting lower QoL (FACT-H&N, linear regression estimate
0.02, 95% CI1:0-0.05, p = 0.072).

Lower QoL strongly correlated with higher neurobehavioral
symptoms (total, r= —0.62, p < 0.001; apathy, r=—0.65, p < 0.001;
disinhibition, =-0.51, p<0.001; executive dysfunction,
r=-0.51, p<0.001). Higher anxiety and depression scores also
correlated moderately to strongly with higher reported neurobe-
havioral symptoms (all domains r=0.51-0.70; all p < 0.001).

Dosimetric analysis

Supplementary Table A.3 summarizes significant dosimetric
associations.

Objective (MoCA) and Patient-reported (MDASI-HN remembering)
scores

No dosimetric factors correlated with either the total MoCA
score or scoring within the impaired range. The individual domains
of executive functioning, naming, memory, attention and language
similarly showed no dose effect. However, significant correlations
were identified in the following domains: (1) visuospatial - low
and moderate doses to RTL (V10-V20), LTL (V15-V35) and CTL
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(V10-V35); (2) abstraction - high doses to RTL (V75) and CTL
(V75); and (3) orientation scores — low, moderate and high doses
to RTL (V5, V10, V35,-V50, V75), CTL (V10, V75) and high doses
to FL (V65-V75). CTL-V75 and FL-V65 correlated with greater
self-reported memory problems.

Neurobehavioral scores

We did not observe a correlation between brain dosimetry and
post-treatment scores (individual domains or total score). How-
ever, patient-reported changes in the FrSBe total, as well as apathy
and executive dysfunction scores were associated with RTL-V75
and the combined dose to both temporal lobes (V75). Change in
apathy was also associated with V75 to the LTL. A borderline signif-
icant correlation existed between RTL-V75 and disinhibition.

Discussion

To our knowledge, this series constitutes the largest report on
long-term cognitive and neurobehavioral outcomes for IMRT-
treated NPC survivors. Results showed that NPC survivors treated
with IMRT (+/— chemotherapy) are at significant risk of both neu-
rocognitive and neurobehavioral dysfunction.

With a median follow-up of 7.5 years, 32% of patients scored as
impaired. Table 4 summarizes neurocognitive outcomes in other
published NPC reports. Had we used the MoCA cut-off of 26 used
in other series, we would have reported a prevalence of 70%
(71/102). Although some studies have used the MoCA, direct com-
parison with most series is challenging given the different instru-
ments used.

Only few neurocognitive reports in IMRT-treated patients have
been published. Hsiao et al. reported worse short-term memory,
language abilities, and list-generating fluency at follow-up (med-
ian 18 months, range 12-26) compared to a pre-treatment baseline
assessment [17]. A cross-sectional design by Kiang et al. used a
subjective PRO questionnaire (FACT-Cog) and concluded that
patients with the shortest (<2.5y) and longest (>10y) time since
radiotherapy reported poorer cognitive function than did survivors
between 2.5 and 10y post treatment [21]. Other studies have not
replicated a time-since-treatment relationship with objective cog-
nitive measures [7,13,37].

Our primary objective was to determine the burden of neu-
rocognitive and neurobehavioral changes, while secondarily
attempting to identify any modifiable predictive or protective fac-
tors. While we anticipated that a number of treatment factors
would correlate with objective cognitive performance, results
failed to identify a significant impact by any of the likely factors,
such as time since IMRT, chemotherapy intensity or TLN. Although
a dose-volume relationship has been identified in some HNC and
NPC series [17,37,38], other series have not seen a clear relation-
ship [39]. Although it was not seen with the total MoCA score, a
significant dose-response was observed in the visuospatial,
abstraction and orientation domains. A range of doses (low, mod-
erate and high) to the temporal lobe (and frontal lobe for orienta-
tion) accounted for worse performance in these domains. That we
did not observe a change across all domains or the overall MoCA
suggests that the individual substructures responsible for these
cognitive functions may be differentially affected by dose. Our ser-
ies, compared to others, included a relatively larger cohort of
patients and our expectation was that overall neurocognitive out-
comes would correlate with temporal lobe dose. The lack of a clear
overall association however, does suggest that the underlying
pathogenesis of neurocognitive decline in an aging cancer popula-
tion is more complex than simply radiation dose alone. In addition,
the MoCA is considered a cognitive screening test, so it is possible
that more robust testing might have yielded significant associa-

tions [40]. This finding may also simply highlight the lack of pre-
treatment assessment, as the impact of any treatment should most
strongly correlate with the “change” from baseline, particularly as
pre-treatment NCI may be underrecognized in HNC populations
[41], although other work suggests HNC do not differ from controls
on standardized neurocognitive testing before treatment [42]
Although we did not contour more detailed brain substructures,
such as the hippocampus, it lies within the medial temporal lobe,
which lies adjacent to the region of the brain exposed to the high-
est level of incidental radiation dose, it would therefore be
expected that our analysis would be representative of the dose to
medial temporal lobe structures. “Hippocampal-sparing” guideli-
nes have been proposed in NPC radiation planning [43] but require
correlative clinical outcomes to ensure disease control is
maintained.

We report the first use of the FrSBe in either NPC or HNC. Exec-
utive dysfunction [12,14,16,39] and disinhibition [14] have been
previously reported in NPC and paranasal sinus patients treated
prior to the IMRT era. In our IMRT-treated cohort, sobering rates
of clinically significant frontal dysfunction were found, whether
assessed by patients (44%) or their family members (62%). The level
of dysfunction and proportion in the clinically significant range
were significantly higher in the post-treatment setting, compared
to recalled baseline function. There was clearly a strong correlation
between frontal dysfunction and lower QoL and higher anxiety and
depression scores (although the direction of effect is not known).
Inherent to the FrSBe is the possibility of recall bias, owing to the
lack of baseline assessment; however, the test is validated for
use in this manner, as it is virtually impossible to assess
pre-morbid behavior and cognitive symptoms before a cancer
diagnosis. Both family and patients showed the same pattern and
magnitude of difference between “pre-illness” and “present time”
ratings. Furthermore, patient and family pre-illness reports were
significantly correlated with one another (Supplementary
Table A.2), and together these results indicate that the assessments
are valid. Patient-reported pre-illness symptom levels corrobo-
rated by family-ratings also suggests that patients appear to retain
insight into their frontal dysfunction, though weaker correlations
in the post-treatment ratings may indicate some degree of
impaired insight or recall bias wherein patients are underreporting
current symptoms or family members are overreporting. It is pos-
sible that both patients and family members have similar recall
bias (of undetermined direction) when reflecting on the pre-
illness function, but even so, it is clear that both patients and fam-
ily members feel that neurobehavioral symptoms have worsened.

There are some additional limitations in our study. Our analysis
was largely exploratory, given a relatively small sample size for a
large number of factors we thought had potential to impact cogni-
tive and neurobehavioral changes. As a cross-sectional study, we
could not assess individual change over time; ideally data should
be captured prospectively, with a control group for comparison, a
key recommendation from the International Cognition and Cancer
Task Force [40]. Additionally the Chinese translation we used did
not undergo re-validation. Although the FrSBe has not been widely
used or validated in non-English speaking backgrounds, the major-
ity of study patients were comfortable answering in English.

The challenge moving forward is to identify opportunities to
reduce this neurocognitive burden. Optimizing the dose-sparing
capabilities of IMRT while maintaining disease control is one strat-
egy. This may also be an ideal cohort to investigate pharmacolog-
ical neuroprotective agents. Our cross sectional data clearly
justify the need for prospective, longitudinal studies in NPC
patients undergoing curative treatment.

Following IMRT, one-third of NPC survivors met a conservative
threshold for NCI. Frontal lobe dysfunction was high across all
behaviors (apathy, disinhibition and executive dysfunction)
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Table 4
Selected NPC neurocognitive studies.
Author No. FU(yrs +SD) Age Dose IMRT NCI Dose Time Notes
(mean) (Gy) (%) (%) effect effect
IMRT series
Current Study 102 7.5 (4.2-11.1) 55.5+10.4 69.96+0.4 100 32" No effect No effect MoCA Scores 23.7 +3.4
Hsiao (17) 30 1.5 47.0+11.6 70-72' 100 NR Mean TL >36 Gy or NR Follow up: worse short-term
V60 > 10% worse NCI memory, language, list-
generating fluency
Mo (11) 51 1 week pre- 40.1+8.7 70-72.32" 100 NR NR N/A No difference pre- and post-RT
and post-RT
Kiang (21) 44 Mean 5.7y 55.5+13.8 NR 100 NR NR >10y worse FACT-Cog, four time cohorts:
(5-162 m) than <2.5y, 2.5-<6y, 6-<10y and
2.5-6y; >10y
<2.5y worse
than 2.5-6y
Non-IMRT series
Shen (13) 78 TLN+ 6.5+39 46.8+8.6 71(66-76) 37 55.1°" NR No effect MoCA: 24.8 +3.7; lower than
control or TLN-(below)
28 TLN- 53+35 47.9+72 70(70-72) 32 7.1° NR No effect MoCA: 28.1 + 2.0 lower than
control
Tang (7) 46 TLN+® 6.0+3.5 399+15.1 70.2(68- NR NR NR No effect MoCA: 21.32 + 2.45; lower than
76) TLN-(below)
46 TLN- 5.7*3.1 39.7+146 “ NR NR NR No effect MoCA: 25.98 +1.73
Wu (14) 40 TLN ' 43+29 483+9.7 70.7+16 NR 75% NR NR MoCA: 21.8 +5.3; lower than
TLN-(below)
40 TLN- 3.8%26 473+94 705+20 NR NR NR NR MoCA: 27.2 £3.0;
Lee (10) 16 (control Mean 5.5 48+9 59.5 0% NR NR NR RT group: full scale, verbal and
group - 21) (2.5-10.2) (3.5Gy/ performance IQ lower;
fraction) geometric design recall and
immediate verbal recall worse;
More subjective memory
complaints
Lam (18) 40 TLN+ (19 55+29 457+72 66-712%8 0% NR NR NR TLN + and TLN- similar, but
controls) worse memory testing than
controls
20 TLN- 5.0%2.0 455+56 66-71.2° 0%
Hua (12) 27 (28 NPC 1.7(mean) 451+7.7 648-728 0% NR NR NR No difference in intellectual

awaiting RT; 35
normal controls)

function; RT group worse
auditory
attention/concentration, recent
memory, visuospatial abilities
and immediate and delayed
verbal recall and immediate
visual recall

Abbreviations: IMRT = intensity-modulated radiotherapy; NCI = neurocognitive impairment; TLN = temporal lobe necrosis.

" Using MoCA < 23.
 range, mean not supplied.
# NCI defined by MoCA < 26.
§ clinical TLN was not reported.
! 90% >Grade 2 clinical symptoms.

whether reported by patients’ or their family members. Further
refinements in radiation delivery and studies aimed at understand-
ing and modifying this burden are needed.
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