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Abstract

Childhood cancer survivors are at higher risk of developing neurocognitive deficits due to the intensive treatment they received at
an early age. Most studies on childhood cancer survivorship have so far focused on the Western populations. Due to the ethnic,
genetic, environmental, and cultural differences, clinical data of the Western populations may not be representative of Asian
countries. This scoping review systematically summarized the existing clinical evidence of the neurocognitive impairment of
Asian childhood cancer survivors. We searched the Embase and Medline databases for studies assessing the neurocognitive
functions of survivors in Asia, who were diagnosed with cancer before the age of 19 and completed active treatment. The
literature search identified 13 studies involving 2212 participants from five Asian countries: South Korea (n =4, 30.8%), Taiwan
(n=3,23.1%), Japan (n =3, 23.1%), Hong Kong (n=2, 15.4%), and Thailand (n=1, 7.7%). The included studies focused on
CNS tumors (n =10, 76.9%), hematological malignancies (n="7, 53.8%), or heterogeneous cancer diagnoses (n =3, 23.1%).
Collectively, mild-to-moderate impairment in intelligence was observed in 10.0 to 42.8% of survivors, which seemed higher than
the reported rate in Western survivors. We speculate that the ethnic and genetic variations in drug responses and susceptibility to
adverse chronic toxicities may have contributed to the differences in the prevalence and severity of neurocognitive impairment
between these two populations. To better understand the effects of culturally relevant and region-specific environmental risk
factors on the post-treatment neurocognitive development in cancer survivors, a holistic approach that addresses the complex
interactions between biological, physical, and psychosocial factors is needed. This will aid the development of effective inter-
vention strategies to improve the functional and psychosocial outcomes of cancer survivors in Asian societies.
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1 Introduction the most populated continent, Asia accounts for almost 50%

of all registered cases of childhood cancer worldwide [2].

The incidence of childhood cancer is increasing worldwide. A
recent study reported that between 1980s and 2000s, the glob-
al incidence of cancer in children aged 0—14 years has in-
creased from 124.0 to 140.6 per million person-years [1]. As
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Although advancements in treatment modalities have im-
proved the overall survival rates for childhood cancer in
Asia [3-8], cancer survival is highly variable between coun-
tries and regions. In high-income Asian countries such as
South Korea, Japan, Singapore, and Hong Kong, the overall
survival rate for childhood cancer is approximately 80% [3-5,
9]. However, the survival rates of childhood cancer in many
low- and middle-income countries (LMICs) in Asia can be as
low as 20% [3, 6-8, 10].

Survivorship for childhood cancer is often associated with
long-term treatment-related morbidities [11]. Notably, long-
term childhood cancer survivors are at high risks of develop-
ing osteoporosis, secondary cancers, obesity, cardiovascular
diseases, and cerebrovascular diseases [12—17]. Indeed, 66—
88% of these long-term survivors suffer from at least one
chronic condition later on in life, depending on the age of
evaluation [18]. Other than physical late effects, social and
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academic problems, stress-related psychological disorders,
and risky lifestyle behaviors are reported to be more prevalent
in childhood cancer survivors than in healthy individuals
[19-23].

Childhood cancer survivors are also at a high risk of devel-
oping neurocognitive deficits. These deficits may be caused
by the cancer or the treatment received. Indeed, neurotoxic
treatment modalities such as neurosurgery, cranial radiation
(CRT), high-dose methotrexate, intrathecal chemotherapy,
and corticosteroid treatments are known to be associated with
severe neurocognitive impairment in childhood cancer survi-
vors. Notably, demographic, social-environmental, and bio-
logical factors may also affect the neurodevelopment in child-
hood cancer survivors [24]. These neurocognitive problems
can significantly affect the functional outcomes of the survi-
vors later on in life, including education attainment, employ-
ment, income, and marital status [25].

Most studies on childhood cancer survivorship have so far
focused on the Western populations. Due to the ethnic, genet-
ic, environmental, and cultural differences, such as environ-
mental contamination, lifestyle behaviors, and disparities in
the healthcare systems, clinical data of the Western popula-
tions may not be representative of Asian countries [26]. Thus,
there is an urgent need to generate clinical data on the
neurocognitive outcomes in Asian childhood cancer survivors
and explore the contributing factors for neurocognitive im-
pairment in them. To address the abovementioned research
gaps, this review aimed to summarize the existing evidence
regarding the clinical ascertainment of neurocognitive impair-
ment in Asian childhood cancer survivors. The findings of this
review may help identify the etiological discrepancies be-
tween Western and Asian childhood cancer survivors and
guide the development of future cognitive research and reha-
bilitation programs in Asia.

2 Methods
2.1 Literature search

A comprehensive search was performed using two major
English electronic databases (Embase and Medline) and a
combination of search terms in the title, abstract, keyword,
subject word, or study citation. The detailed process of litera-
ture search, including the specific search terms and inclusion
and exclusion criteria, is presented in Fig. 1.

2.2 Inclusion criteria
We selected studies that (1) were published before April 2019;
(2) involved childhood cancer survivors (patients diagnosed

with cancer before the age of 19 years who had completed
active treatment and received neurocognitive assessments);
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(3) applied performance-based cognitive assessments, or
self-reported tools that focus specifically on assessing cogni-
tive function; (4) were randomized controlled trials, non-
randomized controlled trials, cross-sectional studies, or
prospective/retrospective observational clinical studies; (5)
were published in English; and (6) involved childhood cancer
survivors in countries or regions in East Asia (Mainland China
including Hong Kong and Macau, Taiwan, Mongolia, Japan,
South Korea) or Southeast Asia (Brunei, Myanmar,
Cambodia, Indonesia, Laos, Malaysia, the Philippines,
Singapore, Thailand, Timor-Leste, and Vietnam). We exclud-
ed countries from the Middle East, South Asia, and Central
Asia because of economic, cultural, and social disparities
[27-30].

2.3 Exclusion criteria

The following items were excluded: (1) reviews, meta-
analysis papers, case reports, or commentaries; (2) in vivo or
in vitro studies without human data; (3) conference abstracts
or poster abstracts without full-text publication; and (4) stud-
ies of health outcomes that were conducted during the active
treatment phase.

2.4 Data extraction

Two investigators (LP and PYY) reviewed the search results
independently on three successive levels. (1) Initially, the ar-
ticle titles were screened to exclude studies that were unrelated
to the aims of this review (title stage). (2) Next, the abstracts of
the articles that passed the title stage were further reviewed
(abstract stage). (3) In the final stage, the full texts of the
remaining articles were reviewed to ensure that they fulfilled
the inclusion or exclusion criteria (full-text stage).
Subsequently, using a standardized methodology, the investi-
gators (LP and PYY) independently summarized the author,
publication year, region, sample size of the treatment and con-
trol groups (if any), sex, study design, cancer type, age at
diagnosis, follow-up time, age at recruitment, classifications
of treatment, outcome assessments, results, and risk factors
described in the articles. The list of included studies and the
summaries of data were then compared and standardized
through discussions with a third investigator (YTC). The ac-
curacy of the final extracted data was checked independently
by another investigator (LSY).

The methodological quality of the included studies was
assessed using the quality assessment tool for observational
cohort and cross-sectional studies [31] which is widely applied
in appraising the methodological quality of observational co-
hort studies and cross-sectional studies [32, 33]. The inter-rater
reliability was calculated using Cohen’s kappa statistic to as-
certain the scoring agreement between the two investigators
(LP and PYY) [30].
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Searches were performed using the following searching terms:

(“childhood” or ‘“adolescent” or “pediatric” or “children”) AND (“neoplasms” or “cancer” or “tumor” or
“malignancy” or “medulloblastoma” or “leukemia” or “lymphoma”) AND (“survivor” or “survivorship” or “survival”
or “survive”) AND (“neurological” or “neurotoxicity” or “neurologic” or “neurocognitive” or “cognitive” or
“cognition” or “neurocognitive outcome” or “neurocognitive function”).

Institution of at least 1 author must belong to any of these countries/regions:
(China or Japan or Korea or Mongolia or Taiwan or Hong Kong or Brunei or Myanmar or Cambodia or Indonesia or
Laos or Malaysia or Philippines or Singapore or Thailand or Timor-Leste or Vietnam)

Year of publication restricted to 1 January 2000 to “current”
Total after removing duplicates (n=830): Medline (n=132), Embase (n=698)

No. of abstracts reviewed (n=197)

No. of articles excluded at title stage (n=633)

No. of articles excluded at abstract stage (n=156)
Case reports/case control studies/reviews (n=12)
Focused on neurology or neurotoxicity without

neurocognitive outcomes (n=17)

Not related to neurocognitive outcomes (n=96)
Not related to childhood cancer (n=27)

Focused on acute effects and not late effects (n=4)

No. of full-text manuscripts reviewed (n=41)

No. of articles excluded at full-text stage (n=28)
Conference abstracts without full text (n=14)

Not related to childhood cancer (n=7)
Non-Asian population (n=3)
Not related to neurocognitive outcomes (n=4)

No. of full-text manuscripts selected (n=13)

Fig. 1 Flowchart of literature search

3 Results
3.1 Study selection

The results of the literature search are presented in Fig. 1. A
total of 830 titles were identified from the databases. After
excluding 633 articles at the title stage, 197 abstracts were
further examined. Finally, 41 full-text manuscripts were
reviewed, from which, 13 studies were found to fulfill the
inclusion criteria.

3.2 Population characteristics
The population characteristics of the 13 included studies are

summarized in Table 1. A total of 2212 participants were
represented by the included literature, comprising 894

childhood cancer survivors in the treatment arm and 1318
community or sibling controls. Among the survivors in the
included studies, the male-to-female ratio was approximately
1.5:1. The percentage of male survivors was 60.1% (n=537)
[34-46]. Most of the included studies were conducted in de-
veloped countries including South Korea (n =4, 30.8%)
[37-40], Taiwan (n=3, 23.1%) [35, 43, 45], Japan (n=3,
23.1%) [41, 42, 44], and Hong Kong (n=2, 15.4%) [36,
46]. Only one recent study was conducted in a developing
country (Thailand) [34].

As shown in Table 1, all studies adopted an epidemiolog-
ical study design, including cross-sectional studies (n =09,
69.2%) and retrospective cohort studies (n =4, 30.8%). Of
the 13 studies, 8 had small-to-moderate sample sizes (20—
100 participants), 4 had large sample sizes (100-250 partici-
pants), and 1 study had a cohort of 1185 participants. Over
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Childhood medulloblastoma survivors exhibited poorer
cognitive outcomes compared with childhood ALL survivors,
which suggested that the effects on cognitive performance
may vary across different cancer types [46]. Among the intra-
cranial germ cell tumor survivors, those with tumors in the
basal ganglia site had poorer cognitive performance than those
with tumors in the pineal or suprasellar sites [43]. We also
found that an extensive irradiation field and a high irradiation
dosage contributed to worse cognitive outcomes such as intel-
lectual malfunction, executive malfunction, and memory
problems [43]. Follow-up time, age at diagnosis, sex, early
exposure to radiation, and chemotherapy were also found to
be risk factors for poor neurocognitive outcomes [34, 36,
38-40, 43, 44, 46].

Survivors who reported depressive symptoms, family
stress, and psychosocial problems exhibited more severe
neurocognitive impairment [37, 38]. In one study, severe de-
pression was found to be associated with poorer cognitive
functioning and peer exclusion victimization [37]. Lastly, psy-
chosocial symptoms such as anxiety, depression, delinquency,
and poor family and emotional relationships tended to mani-
fest more often in childhood cancer survivors with attention
problems [38].

4 Discussion

To our knowledge, this is the first review that systematically
analyzed the neurocognitive outcomes of Asian childhood
cancer survivors. Our review highlighted the scarcity of
high-quality studies investigating the neurocognitive out-
comes in childhood cancer survivors in Asian countries.
Nearly all studies reviewed here were conducted in high-
income regions or countries with high childhood cancer sur-
vival rates and excellent survivorship care. We did not identify
any similar studies reported from Mainland China or other
developing countries in Southeast Asia. These countries typ-
ically have underdeveloped cancer survivorship programs and
are also more likely to prioritize resources to other life-
threatening problems such as secondary malignancy and car-
diovascular complications. They may also lack certified neu-
ropsychologists and developmental psychologists. Our review
demonstrated disparities in the cognitive research programs
for childhood cancer survivors between different Asian coun-
tries and regions. Given that educational attainment and aca-
demic achievement are highly regarded in many Asian socie-
ties, more studies focusing on neurocognitive outcomes in
childhood cancer patients should be conducted in the future.
In almost half of the included studies, 10-43% of the patients
who underwent chemotherapy, radiotherapy, or a combination
thereof exhibited mild-to-moderate impairment in the intelli-
gence domain. However, only 3-28% of such childhood cancer
survivors exhibited similar impairments in the West [47, 48]. In

a large-scale study in the USA, the intelligence impairment rate
in the survivors with heterogeneous cancer diagnoses was re-
ported to be 13% [49]. Thus, our findings suggested that child-
hood cancer survivors in Asia are more likely to develop intel-
ligence impairment compared with childhood cancer survivors
in the West, likely due to differences in the susceptibility and
pathogenesis of cancer- and treatment-related neurocognitive
dysfunctions between the two populations.

Thus, we postulate that the variability in neurocognitive
outcomes in childhood cancer survivors between Western
and Asian populations is determined by a combination of
intrinsic and extrinsic factors (Fig. 2), which may include
ethnic and culturally relevant risk factors. The following sec-
tion discusses these risk factors:

4.1 Direct neurotoxic effects of treatment

Consistent with previous findings [64], we identified an asso-
ciation between high treatment intensity and neurocognitive
dysfunction [43]. High doses of CRT or chemotherapy are
correlated strongly with neurocognitive impairments [36, 39,
40]. Although the treatment protocols for childhood cancer
adopted in most developed Asian countries or regions are
similar to those in Western countries, the generalized use of
contemporary treatment is still rare in some regions in Asia.
CRT has largely been replaced by contemporary risk-adapted
chemotherapy-only regimens to reduce the risk of
neurocognitive impairment and neurotoxicity in childhood
leukemia survivors in developed countries [65]. Most of the
Asian countries recently also adopt similar strategy of reduc-
ing the use of CRT in their leukemia treatment protcols, hence
the long-term neurotoxic late effects in these survivors
require further studies.

Furthermore, chemotherapy-only regimens also promote the
development of neurocognitive impairment in childhood cancer
survivors in a dose-dependent manner [66, 67]. Thus, pharma-
cogenetic research that predicts chronic drug toxicities is crucial
to help improve treatment outcomes [68]. For example,
Malaysian adults with MTHFR C677T and ABCBI1 C3435T
polymorphisms typically exhibit elevated plasma methotrexate
accumulation compared with the general population [69].
Therefore, high-dose methotrexate treatment may lead to
poorer cognitive outcomes in this population [50, 51]. Future
studies should evaluate the impact of genetic factors and plasma
methotrexate—related neurotoxicity to improve our understand-
ing of the variability in the long-term neurocognitive outcomes
among cancer survivors of different ethnic backgrounds.

4.2 Indirect effects of cancer and treatment
Aging survivors of childhood cancer develop post-treatment

chronic health conditions at higher rates compared with age-
matched sibling controls and the general population [70, 71].
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Fig. 2 Model of direct and indirect impact of cancer and treatment on
neurocognitive outcomes in long-term childhood cancer survivors. 1
Direct effects of cancer and treatment. We hypothesize that cancer and
treatment can have direct neurotoxic effects on the brain, leading to long-
term neurocognitive outcomes. High doses of CRT or chemotherapy are
associated strongly with neurocognitive impairments [36, 39, 40]. For
example, it was demonstrated that high-dose methotrexate treatment con-
tributed to poorer cognitive outcomes [50, 51]. 2 Indirect neurotoxic
effect through chronic conditions. Neurocognitive impairment can be
mediated by treatment-related chronic conditions such as cardiovascular,
pulmonary, and endocrine conditions [52, 53]. For example,
anthracyclines is known to cause cardiovascular complications, and car-
diopulmonary morbidities were associated with poor memory and task
efficiency in childhood cancer survivors [54]. 3 Influence of health be-
havior. Health behavioral factors including physical inactivity, smoking,
alcoholism, sleep problems, and fatigue can contribute to neurocognitive
dysfunction [55-58]. Sleep disturbance and fatigue are associated with
poorer cognitive flexibility and fluency in childhood cancer survivors
[59]. Physical inactivity and sedentary lifestyle are significant risk factors
for the poor sleep quality and fatigue, which may also have an indirect
effect on cognitive problems [58, 60]. 4 Influence of the environment. We

These chronic morbidities include cardiovascular, pulmonary,
endocrine, and cerebrovascular complications [72, 73].
Previous population-based studies have suggested that the
clinical manifestations of these chronic morbidities are asso-
ciated with cognitive impairment and psychosocial difficulties
in childhood cancer survivors [52, 53]. Another study from
the Childhood Cancer Survivor Study reported an association
between cardiopulmonary conditions and poor memory and
task efficiency in childhood cancer survivors in the USA [54].
Notably, the prevalence and risk factors for late cardiopulmo-
nary effects in the Asian population are different from those in
the Western population. For example, obesity is less common

@ Springer

speculate that the environmental factors including contamination, aca-
demic stress, and family functioning could have an impact on the devel-
opment of long-term cognitive problems. Early childhood adversity was
associated with deficits in memory and executive function [55]. Air pol-
lution from industrialization and second-hand smoke and water pollution
such as lead and mercury contamination can significantly impair brain
function in both children and adults [61]. 5 Intrinsic factors. From active
treatment to long-term survivorship, intrinsic factors could have a life-
long effect on brain development, resulting in neurocognitive dysfunc-
tion. These factors comprise genetic polymorphism, sex, age at diagnosis,
time since diagnosis, race, and ethnicity. Younger age at diagnosis has
been reported to be associated with the poor neurocognitive outcomes
[38—40]. Female survivors of CNS tumor are at higher risk of
neurocognitive impairment than male survivors [62]. 6 Extrinsic factors.
The quality of supportive care during active treatment may minimize
acute adverse effects, which may subsequently reduce symptom burden
and long-term toxicities on the organ systems [63]. Compensatory strat-
egies in the form of health behavioral and psychological interventions
could help childhood cancer survivors prevent or minimize the severity
of neurocognitive disorders [48]

in Asian survivors than in Western survivors [30]. Our group
recently reviewed the clinical studies on the late effects in
Asian childhood cancer survivors, which indicated potential
differences in the prevalence of late effects between Asian and
non-Asian populations [30]. Future work should investigate
the impact of chronic health status on the neurocognitive func-
tion in aging survivors and address the modifiable risk factors
during the early phase of survivorship.

Studies have also shown that systemic inflammatory dys-
regulation is associated with poor cognitive outcomes. Indeed,
high plasma levels of IL-6, IL-8, IL-13, TNF-«, and MCP-1
negatively predict attention and memory performance in
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adolescent survivors of childhood cancer [74-76]. One study
demonstrated that elevated uric acid levels during adolescence
were correlated with cardiovascular morbidity during adult-
hood and poorer neurocognitive outcomes in childhood ALL
survivors [77]. The effects of inflammation and vascular inju-
ry on the development of chronic morbidities may also differ
between the Western and Asian populations due to habitual
differences such as in physical activity and dietary pattern.
This may in turn contribute to the differences in the etiologies
of neurocognitive impairment in Asian survivors.

4.3 Health behavior and lifestyle

In the general population, lifestyle factors including physical
inactivity, smoking, alcoholism, sleep problems, childhood ad-
versity, and stress can contribute to the development of
neurocognitive impairment [55-58]. Sleep disturbance and fa-
tigue are associated with poorer cognitive flexibility and fluen-
cy in adolescent survivors of childhood ALL [59]. Physical
inactivity is a significant risk factor for poor sleeping patterns
and fatigue and has been shown to have an indirect effect on
cognitive disorders in both the general population and cancer
survivors [58, 60]. Previous studies have suggested that exer-
cise intensity and frequency differ between Asian and Western
populations. Specifically, compared with Western populations,
Asians tend to engage less in moderate-to-vigorous intensity
activities but are less sedentary [60]. Tobacco use and alcohol
consumption are known to be associated with cognitive dys-
function through the indirect effects of cardiovascular and ce-
rebrovascular injuries [78-80]. Smoking is another strong risk
factor for cardiovascular diseases, but its prevalence varies
among Asian countries. According to the World Health
Organization, the age-standardized prevalence of tobacco use
is considerably higher in Mainland China (25.2%), Japan
(22.5%), and Korea (23.6%) compared with that in other
Asian countries such as India (11.3%) and Singapore (16.8%)
[81]. Future research should continue to explore the relation-
ships between ethnicity and lifestyle behaviors and their im-
pacts on the neurodevelopment of childhood cancer survivors.

Stress, mental health, and psychological distress may differ
between the ethnic groups. Consistent with this idea, a previous
study found that many quality-of-life outcomes were different
between Hispanic black, non-Hispanic black, and non-Hispanic
white childhood cancer survivors, but neurocognitive outcomes
did not differ [82]. For adolescents in developed Asian coun-
tries, the constant pressure to achieve academic excellence may
exacerbate symptoms of stress and mental health problems [83,
84]. In contrast, the definitions of achievement in life are more
diverse in Western societies. The differences in neurocognitive
and psychological functioning between different ethnic groups
emphasize the need to tailor the behavioral and psychological
targets of interventions in local and regional programs in areas
with multi-ethnic communities.

4.4 Living environment

Over the past decade, the unprecedented population growth and
economic development have contributed to many environmen-
tal problems in Asia. Indeed, environmental characteristics,
such as contamination, noise pollution, overcrowding, and
housing problems, are known to influence neurodevelopment
in children [85-89]. This is especially relevant for low-income
families in certain regions of Asia where poverty is frequently
associated with multiple environmental risks. Lead and mercu-
ry contamination in water can significantly impair brain func-
tioning in both children and adults and is a pressing public
health issue in Mainland China and India [61]. Moreover, small
living spaces and old housing properties are also correlated with
increased psychological distress [90]. There are limited studies
that evaluate the association between the living environment
and cognitive function in childhood cancer survivors.
Although the adverse impact of individual environmental risk
factors on the cognitive development of children is not entirely
understood, childhood cancer survivors who are already at a
higher risk of developing neurocognitive impairment (due to
primary treatment exposures) may be more vulnerable to the
effects of a poor living environment.

5 Study limitations

Owing to our stringent selection criteria, this study is limited by
the small sample size and restricted geographical coverage.
Secondly, our cohort of the included studies lacks any large-
scale epidemiological studies with prospective follow-up proce-
dures and comprehensive surveillance data on cognitive out-
comes. Most of the reviewed studies were conducted in a
single-centered clinical venue (n =8, 61.5%), which may have
led to misrepresentation of the prevalence because of the risk
factors specific to that patient catchment area. Moreover, the
outcome assessments varied among the included studies, espe-
cially for the measures of memory, attention, and executive and
motor functions, which made the systematic analysis and sum-
marizing of the neurocognitive outcomes difficult. Nevertheless,
our restriction to studies that used performance-based measures
or self-reported cognitive-specific measures to assess
neurocognitive outcomes ensured the robustness of our review,
as the quality appraisal revealed that all included studies had
moderate-to-high methodological quality.

6 Conclusion

In this review, we systematically summarized the neurocognitive
outcomes in Asian childhood cancer survivors and discussed the
discrepancies in the prevalence of neurocognitive impairment
between the Western and Asian populations. We speculate that
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the ethnic and genetic variations in drug responses and suscep-
tibility to adverse chronic toxicities may have contributed to the
differences in the prevalence, severity, and presentation of
neurocognitive impairment between these two populations.
Future studies should evaluate the contribution of environmental
characteristics and lifestyle behaviors to neurodevelopment in
Asian cancer survivors. This may aid the development of cul-
turally relevant preventive and rehabilitative interventions (e.g.,
early screening of treatment-related chronic diseases) and iden-
tify the potential modifiable risk factors to improve the clinical
and psychosocial outcomes of the patients (e.g., providing social
support to improve the family environment).

We anticipate that the number of children with access to
cancer treatment will drastically increase in Asia, which will
also contribute to an increase in the number of cancer survi-
vors over the next few years. To better understand the effects
of culturally relevant and region-specific environmental risk
factors on the post-treatment neurocognitive development in
cancer survivors, a holistic approach that addresses the com-
plex interactions between biological, physical, and psychoso-
cial factors is needed. This will aid the development of effec-
tive intervention strategies to improve the functional and psy-
chosocial outcomes of cancer survivors in Asian societies.
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