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Abstract
Background: Childhood cancer survivors lacking awareness on their potential risks of late effects often fail to seek
adequate follow-up care. Patient education matching their preference is of great importance to improve their adher‑
ence to survivorship care. In this study, we developed two age-dependent game-based learning programs, which
enable continuous approaches for childhood cancer survivors along their intellectual maturation. Then, we assessed
the effectiveness of the programs.
Methods: Childhood cancer survivors over 10 years of age who regularly visited a long-term follow-up clinic were
enrolled in this study. They were requested to play either of two different types of game tools, one for school children
and another for adolescents and young adults, for one month at home. To evaluate the educational effects of the
programs, they were examined for health management awareness, self-esteem, and knowledge on cancer-related
late effects before and after the intervention with age-based questionnaires and knowledge tests.
Results: Among 83 participants, 49 (59.0%) completed the assessments over the period of 12 months. The health
management awareness and knowledge levels increased significantly at 1-month after the intervention as compared
to the baseline in both school children and adolescents/young adults (for health management awareness, p = 0.011
in elementary school children; p = 0.007 in junior high school children; p < 0.001 in adolescents/young adults; for
knowledge levels, p < 0.001 in school children; p < 0.001 in adolescents/young adults). The effect was maintained for
12 months in school children while it decreased in adolescents and young adults with time. Self-esteem significantly
increased at 1-month (p = 0.002 in school children; p = 0.020 in adolescents/young adults) and was maintained for
12 months in both age groups.
Conclusion: The game-based learning programs enhanced health locus of control and self-esteem in childhood
cancer survivors. The game-based learning programs could be applied effectively to survivorship care as a new
modality of patient education.
Trial registration: This study was retrospectively registered in UMIN-CTR (UMIN000043603) on March 12, 2021.
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Background
As the number of childhood cancer survivors (CCSs)
continues to grow, reports on cancer-related late effects
have been increasing [1–3]. Chronic health conditions associated with cancer therapy include treatmentspecific complications such as anthracycline-induced
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cardiomyopathy, endocrinal disorders and neurocognitive dysfunctions by brain irradiation [4–6]. In addition,
CCSs are more susceptible to lifestyle diseases and mental disorders [7, 8].
Nevertheless, it was reported that only 30% of CCSs
received survivor-focused care [9]. Many CCSs fail to
receive adequate follow-up care for a variety of reasons.
Some interrupt their regular visit to long-term followup (LTFU) clinics because they are undereducated about
potential risks of late effects. Such information has not
been given to children before adolescence in Japan. In
addition, cancer diagnosis disclosure to children and
adolescents was not common before the 1990s when
the prognosis of childhood cancer was not yet sufficient
and ethics regulation in clinical trials was underdeveloped [10]. In addition, many CCSs interrupt their visits
to LTFU clinics around adolescence. CCSs in adolescence
are high-risk population with risky health behaviors [11–
13] and vulnerable to poor adherence to survivorship
care [14]. In Japan, the governmental support for medical
expense of childhood cancer care ends at the year of 20,
which could trigger the interruption of follow-up care. As
chronic health conditions often become apparent clinically after long latency periods, CCSs who lack awareness about their health risks may fail to seek adequate
follow-up care. Previous studies identified that CCSs had
significant knowledge deficits on their cancer diagnosis
and potential risks of late morbidity [15–19]. Therefore,
patient education is of great importance to improve their
self-awareness for health and adherence to survivorship
care.
The Children’s Cancer Group opens educational materials called “Health Link” to the public [20]. Some reports
indicated that a variety of educational modalities such as
conferences and group-based interventions are beneficial in short-term knowledge attainment [21, 22]. But a
questionnaire survey on information needs of CCSs, conducted by the Swiss Childhood Cancer Survivor study,
reported that CCSs preferred personalized written materials rather than oral, non-personalized written or online
information [23]. These results suggest that personalized risk-profiling and risk-oriented health management
should be educated to CCSs. In addition, educational
programs should be available for them.
For developing a better educational approach to CCSs,
we had an idea on game-based learning programs. We
supposed that game-based learning could be a new
modality of patient education for CCSs. Computer games
are widely accepted by younger generation and can easily simulate potential health events in their future life on
the screen. We supposed that game-based learning could
match the preference of young CCSs and lead them to
learn the importance of survivorship care on their own
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initiatives. Serious games for education were reported
to be effective at engaging children and adolescents in
health decision making [24, 25]. Additionally, we considered that CCSs should be provided with continuous education according to their social and intellectual
maturation.
Based on these concepts, we developed game-based
learning programs, one for school children and another
for adolescents and young adults (AYA). In each program,
CCSs can play a computer-game with stories constructed
along their medical history. The programs are designed
to match their developmental stage and to enable continuous approaches to CCSs from school age to AYA by
switching from one to another. The acceptability and efficacy of these programs should be evaluated before applying to clinical use by comparing with other modalities of
patient education. As the first step, we planned this study
to assess the practicability and efficacy of the learning
program.
In this pilot study, we requested Japanese CCSs to play
the programs for one month and then followed them for
one year. This study was to assess the effectiveness of
the programs and persistence of the learning effects in a
small cohort before implementation of a large scale controlled study. We assessed the effectiveness at 3 domains:
health management awareness, self-esteem, and knowledge level gained from the programs. Furthermore, the
drop-out rate at each assessment point was measured as
an indicator for practicability of this study design.

Methods
Computer‑based learning tools

Computer-based learning tools were produced to intensify survivorship care in Japan by the LTFU committee
of Japan Children’s Cancer Group. The prototypes were
made by faculties and students of Future University
Hakodate School of Systems Information Sciences and
refined under expert guidance by the committee members. The tools are a role-playing game designed for
CCSs aged over 10 years and a novel game for AYA. The
games are named FUN QUEST and START LINE plus
(Additional file 1), respectively. In FUN QUEST, CCSs
play the game as the main character after inputting their
medical information such as gender, age, diagnosis, and
treatment into a computer by a medical staff. The game
story is individualized with the information. The player
is requested to answer health-related questions on the
screen. After each question, the player receives advice on
health-related behaviors from other game characters. The
game story progresses along the player’s past, current
and future life. In START LINE plus, CCSs operate the
game as the main player after entering their age, gender,
and medical history. As in another game, the game story
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is individualized with the information. The player learns
potential risks of late effects and direction for health
management at the major life events such as employment
and marriage through virtual experiences. The duration
of the game operation is 20-30 min for START LINE plus
and 30-50 min for FUN QUEST.
Subjects

To assess the effectiveness of the game-based learning
programs, we recruited CCSs aged over 10 years who
regularly visited the LTFU clinic at Mie university hospital, Mie, Japan. A data manager listed potential patients
for this study and a pediatric oncologist screened the
eligibility. CCSs with severely impaired cognitive function, psychiatric disorder, or developmental disorder
were excluded. All subjects were Japanese speaking. They
were informed of their cancer diagnosis. The subjects
were enrolled into the study during the period between
June 2016 and March 2017. They were divided into two
groups, school children and AYA, for the respective
age-based computer games: FUN QUEST for schoolaged children and START LINE for AYA. School children included elementary school children aged between
10 and 12 years and junior high school students aged
between 13 and 15 years. AYA were composed of CCSs
aged between 16 and 40 years.
Informed consents or assents were obtained from all
subjects. Guardians approved participation of their children in the study if the subjects were less than 20 years
of age. This study was approved by the institutional
review board at Mie University Hospital (No.1533)
and registered to the clinical trial register in Japan
(UMIN000043603-12/03/2021). This study was conducted in accordance with Ethical Guidelines for Medical
and Health Research Involving Human Subjects by the
Ministry of Health, Labour and Welfare of Japan.
Procedure

The background data of the subjects were collected from
medical records. The subjects were assessed for their
baseline health-management awareness, self-esteem, and
knowledge level on cancer-related late effects before the
intervention. After the baseline assessment, they were
instructed on game operation by an investigator of this
study. Each subject was lent a tablet-type device or a laptop computer on which either FUN QUEST for school
children or START LINE plus for AYA was installed.
The subject was asked to play the game once a week for
one month at home. The device was returned at the end
of the intervention. Health-management awareness,
self-esteem, and knowledge learnt from the game were
surveyed with the questionnaire used for the baseline
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assessment at 1-, 6- and 12-month from the baseline
assessment by postal mail.
Assessment of health‑management awareness

The school-life skills scale (SLSS) is commonly used
for life-skill assessment at elementary and junior high
schools in Japan [26, 27]. The validation has already been
carried out in Japanese school children. School-life skills
are defined as abilities needed to solve developmental
and educational tasks faced by children in their school
life. The SLSS-elementary school form contains 43 items
in 7 subscales: self-study skills, task completion skills,
career decision skills, group activity skills, health maintenance skills, health consultation skills, and peer communication skills. Among those subscales, 7 items in
health maintenance and health consultation skills were
employed for the assessment of health management
awareness of elementary school children (FUN QUEST
users) (Additional file 2). The SLSS-junior high school
form contains 54 items categorized into 5 subscales: selfstudy skills, career decision skills, group activity skills,
health maintenance skills and peer communication skills.
In this study, 9 items in health maintenance skills were
used for the assessment of health-management awareness in junior high school students (FUN QUEST users)
(Additional file 3). Subjects answered the questions of the
selected SLSS by selecting the number that best reflected
their perception in a 4-point Likert scale. Definitions for
each point value in the scale were as below: 1, strongly
disagree; 2, disagree; 3, agree; 4, strongly agree. The result
was expressed as the total score of answers to the selected
items. A higher score of selected SLSS represented higher
health-management awareness. The Japanese version
of the perceived health competence scale (PHCS) with
8 question items was used for the assessment of healthmanagement awareness in AYA (START LINE plus
users) (Additional file 4). The Japanese version of the
scale, which was used in this study, has already been validated [28]. The PHCS was composed of questions with a
5-point Likert scale. Definitions for each point value in
the scale were as below: 1, strongly disagree; 2, disagree;
3, neither agree nor disagree; 4, agree; 5, strongly agree.
The result was expressed as the total score of all answers.
Scoring direction for four negatively worded items was
reversed so that a higher score represented higher health
management awareness.
Assessment of self‑esteem

We also assessed the effects of the intervention on
CCSs’ self-esteem. The Japanese version of the perceived competence scale for children (PCSC) was used
for the assessment of self-esteem in school children
(FUN QUEST users). The Japanese version of the scale,
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which was used in this study, has been validated in the
Japanese population [29]. The PCSC was composed of
4 subscales: cognitive competence, social competence,
physical competence, and general self-worth. In this
study, we employed the subscale of general self-worth
with 10 question items for assessment of self-esteem in
school children (FUN QUEST users) (Additional file 5).
The selected items in PCSC were scored on a 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly
agree). The result was expressed as the total score of
answers to the selected items. Four negatively worded
items were scored reversely in counting the total score.
For AYA (START LINE plus users), the Japanese version
of Rosenberg’s self-esteem scale with 10 question items
was used (Additional file 6). The scale was confirmed to
be reliable and valid in the Japanese population prior to
this study [30]. The items were scored on a 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly
agree). The result was expressed as the total score of
all answers. Five negatively worded items were scored
reversely in counting the total score.
Assessment of knowledge levels

To assess the levels of knowledge attained through the
game-based learning, we produced written tests named
“Knowledge test” from the respective contents of FUN
QUEST or START LINE plus (Additional files 7 and
8). Knowledge tests were composed of 6 questions for
school children (FUN QUEST users) and 11 for AYA
(START LINE plus users). The test required a yes-or-no
answer. The results of these two tests were expressed as
the total score of right answers, ranging from 0 to 6 or 11,
respectively.
Statistics

For the assessment of health management awareness and
self-esteem, the total score of answers was used for statistical analysis. Datasets at the baseline assessment and
each of the following points were compared with the Wilcoxon signed-rank test to ascertain improvement after
the interventions. Furthermore, datasets at 3 points after
the interventions in the subjects completing all 3 posteducational assessments were also compared with the
Friedman test to assess persistence of the educational
effects. If any significant difference was observed among
3 post-educational assessments, each pair of the 3 assessments were compared with the Wilcoxon signed-rank
test.
Similarly, the mean value of the respective knowledge tests was compared between baseline and each of
3 subsequent points with the paired student t-test. Persistence of the knowledge level gained with the intervention was analyzed in the subjects completing all 3

Page 4 of 10

post-educational assessments with the One-way repeated
measures ANOVA. If any significant difference was
observed among 3 post-educational assessments, each
pair of the 3 assessments were compared with the paired
student t-test. All analyses were conducted with twosided tests at a significance level of 0.05 using IBM SPSS
Statistics 24.0 for Windows 10.

Results
Subjects

The outline of subject recruitment in this study was indicated in Fig. 1. Eighty-three CCSs participated in the
study. Among 83 participants, 25 school children played
FAN QUEST and 58 AYA, START LINE plus. Male ratio
in FUN QUEST users was higher than that in START
LINE plus users (64.0 vs. 51.7%). Leukemia/Lymphoma
was the most frequent diagnosis in both cohorts (56.0%
in FUN QUEST and 65.5% in START LINE plus users).
All subjects received at least one treatment modality,
consisting of chemotherapy, radiation, hematopoietic
stem cell transplantation or surgery.
Among 83 subjects, 20 participants withdrew from the
study at 1-month assessment, 7 did not respond to the
6-month survey, and another 7 had no response to the
12-month survey (Additional file 9). The characteristics
of 63 subjects who completed 1st follow-up assessment at
1-month was shown in Table 1. The mean age at diagnosis of the primary cancer was 7.1 years (range, 1-12) in
FUN QUEST users and 8.2 years (range, 0-19) in START
LINE plus users. The mean age at the baseline survey
was 12.4 years (range, 10-15) in FUN QUEST users and
22.7 years (range, 16-32) in START LINE plus users.
A total of 34 (41.0%) subjects withdrew from the study
over the period of 12 months. Female subjects withdrew
more than male subjects (48.6 vs. 34.8%). Among diseases categories, CCSs with brain tumor showed a higher
non-withdrawal rate. There were some negative comments from the withdrawals such as “boring” and “laborious setting manipulation”.
The numbers of responders were 63 at 1-month, 56 at
6-month, and 49 at 12-month. Forty-nine (59.0%) who
completed the entire course of the surveys were applied
for the analysis on persistence of the learning effects.
Health management awareness

Changes from the baseline to all 3 assessment points
were indicated in Additional file 10. At 1-month, 11
elementary school children, 10 junior high school students, and 42 AYA were assessed. A significant increase
of the score was observed in all age categories (p = 0.008
in elementary school children; p = 0.003 in junior high
school students; p < 0.001 in AYA). The change of the
mean score from the baseline was from 20.09 to 25.73 in
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Fig. 1 The outline of the study. Subjects were assessed for their health-management awareness, self-esteem, and knowledge level on
cancer-related late effects before starting with a game-based learning program. Then they were asked to play an age-matched game once a week
for one month at home. Efficacy of the intervention was surveyed with questionnaires at 1-, 6- and 12-month from the baseline assessment. CCSs,
childhood cancer survivors; AYA, adolescents and young adults

elementary school children, from 23.30 to 31.00 in junior high school students, and from 24.55 to 31.21 in AYA.
At 6-month, 9 elementary school children, 9 junior high
school students, and 38 AYA responded. At 12-month,
9 elementary school children, 9 junior high school students, and 31 AYA were assessed. Similarly, the scores at
6- and 12-month assessments were significantly higher
than that at the baseline in any age group(p = 0.008 in
elementary school children at 6-month; p = 0.007 in junior high school students at 6-month; p = 0.002 in AYA
at 6-month; p = 0.008 in elementary school children at
12-month; p = 0.007 in junior high school students at
12-month; p = 0.001 in AYA at 12-month). The changes
of the mean score from the baseline to 6- and 12-month
in elementary school children were from 19.56 to 25.11
and from 19.56 to 25.44, respectively while those in junior high school students were from 22.44 to 29.00 and
from 22.44 to 30.44. Those in AYA were from 24.00 to
28.45 and from 23.48 to 28.48. The trend of these findings was similarly observed in leukemia/lymphoma, solid
tumor and brain tumor groups.
Self‑esteem

Changes from the baseline to all 3 assessment points
were indicated in Additional file 10. The responders were
21 school children and 42 AYA at 1-month, 18 school
children and 38 AYA at 6-month, and 18 school children

and 31 AYA at 12-month. The score at 1-month after
the intervention was significantly higher than that at the
baseline in both school children and AYA (p = 0.003 in
school children; p = 0.004 in AYA). Similarly, the score at
12-month in AYA was significantly higher than that at the
baseline (p = 0.021). But the scores at 6- and 12-month in
school children and at 6-month in AYA were not significantly higher as compared to those at the baseline. The
changes of the mean score from the baseline to 1-, 6- and
12-month in school children was from 29.24 to 33.00,
from 28.94 to 31.50, and from 28.94 to 30.50, respectively. Those in AYA were from 34.50 to 36.88, from 34.47
to 34.71, and from 34.32 to 38.35. The trend of these findings was similarly observed in leukemia/lymphoma, solid
tumor and brain tumor groups.
Knowledge levels

The responders were 21 school children and 42 AYA at
1-month, 18 school children and 38 AYA at 6-month, and
18 school children and 31 AYA at 12-month.
The scores at 1-, 6- and12-month after the intervention
were significantly higher than that at the baseline in school
children. The increase was more significant at 1-month
than 6- and 12-month (p < 0.001 at 1-month; p = 0.001 at
6-month; p = 0.003 at 12-month) (Additional file 10). Those
were also significantly higher in AYA (p < 0.001 at any
point). The changes of the mean score from baseline to 1-,
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Table 1 Characteristics of the subjects
Entire Cohort
n (%)

FUN QUEST
n (%)

START LINE plus
n (%)

Male

37 (58.7)

14 (66.7)

23 (54.8)

Female

26 (41.3)

7 (33.3)

19 (45.2)

Leukemia

33 (52.4)

9 (42.9)

24 (57.1)

Lymphoma

6 (9.5)

2 (9.5)

4 (9.5)

Brain tumor

7 (11.1)

4 (19.0)

3 (7.1)

Solid tumor

17 (27.0)

6 (28.6)

11 (26.2)

Chemotherapy

61 (96.8)

19 (90.5)

42(100.0)

Radiation

31 (49.2)

9 (49.2)

12 (28.6)

6 (9.5)

2 (9.5)

4 (9.5)

18 (28.6)

6 (28.6)

12(28.6)

Mean

7.86

7.10

8.24

Range

0-19

1-12

0-19

SD

4.72

3.25

5.26

Gender

Diagnosis

Treatment

Hematopoietic
stem cell transplan‑
tation
Surgery
Age at diagnosis

Age at the baseline assessment
Mean

19.25

12.43

22.67

Range

10-32

10-15

16-32

SD

6.17

1.53

4.58
st

The characteristics of 63 subjects who completed 1 follow-up assessment at
1-month were indicated

6- and 12-month in school children was from 2.00 to 5.00,
from 3.00 to 4.00, and from 3.00 to 5.00, respectively. Those
in AYA was from 7.50 to 11.00, from 7.00 to 10.00, and
from 7.0 to 9.00. The trend of these findings was similarly
observed in leukemia/lymphoma, solid tumor and brain
tumor groups.
Persistence of learning effects during the first 12 months

Health management awareness at 1-month was significantly higher than that at the baseline in any age group
(p = 0.011 in elementary school children; p = 0.007 in junior high school students; p < 0.001 in AYA) (Fig. 2a). The
change of the mean score from the baseline to 1-month
was from 19.56 to 25.78 in elementary school children, from 22.44 to 30.67 in junior high school students,
and from 23.48 to 31.90 in AYA. Health management

awareness in school children did not significantly decrease
during the first 12 months (p = 0.641 in elementary school
children; p = 0.882 in junior high school students) while it
significantly decreased in AYA as time passed (p = 0.001).
The significant decrease was noted between 1-month and
6-month (p = 0.001) and between 1-month and 12-month
(p = 0.002).
The mean scores in elementary school children were
25.78 at 1-month, 25.11 at 6-month, and 25.44 at 12-month
while those in junior high school students were 30.67 at
1-month, 29.00 at 6-month, and 30.44 at 12-month. Those
in AYA were 31.90 at 1-month, 28.26 at 6-month, and
28.48 at 12-month. Self-esteem significantly increased at
1-month (p = 0.002 in school children; p = 0.020 in AYA) as
compared to that at the baseline. The changes of the mean
score were from 28.94 to 33.28 in school children and
from 34.32 to 36.23 in AYA. Self-esteem did not significantly decrease during the first 12 months in school children (p = 0.589) (Fig. 2b). The mean scores at each point in
school children were 33.28 at 1-month, 31.50 at 6-month,
and 30.50 at 12-month.
In AYA, self-esteem significantly increased (p = 0.003).
The increase was significant between 6- and 12-month
(p = 0.004). The mean scores at each point in AYA were
36.23 at 1-month, 34.42 at 6-month, and 38.35 at 12-month.
The score of respective Knowledge tests significantly
increased at 1-month in both age groups compared to
each baseline value (p < 0.001 in both groups) (Fig. 2c).
The changes of the mean score were from 3.00 to 5.00
in school children and from 7.00 to 11.00 in AYA. The
effect did not decrease in school children during the first
12 months (p = 0.097) while it significantly decreased in
AYA (p = 0.006). The decrease from 1-month assessment is
significant at both 6- and 12-month assessments (p = 0.010
at 6-month, p = 0.009 at 12-month). The mean scores at
each point were 5.00 at 1-month, 4.00 at 6-month, and 5.00
at 12-month in school children and 11.00 at 1-month, 9.00
at 6-month, and 9.00 at 12-month in AYA.

Discussion
We developed the game-based learning programs for CCSs
and conducted the questionnaire surveys for one year to
assess the effectiveness of the programs and persistence
of the learning effects. We assessed the effectiveness at
3 domains: health management awareness, self-esteem,
and knowledge level gained from the programs. Health

(See figure on next page.)
Fig. 2 Persistence of learning effects in subject completing all assessments. a, health management awareness; b, self-esteem; c, knowledge level.
Distributions of the total scores of surveys for health management awareness and self-esteem in each age category are shown as box plots. For
knowledge level, mean scores ± SE of Knowledge tests at two age categories are shown. First, we analyzed an increase in the score at 1-month
from the baseline with the Wilcoxon signed-rank test or the paired student t-test. Then we evaluated the dataset at 3 post-intervention assessment
points with the Friedman test or the One-way repeated measures ANOVA
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management awareness is critical to ensure survivors’
engagement in health promotion, early detection and
timely intervention for cancer-related late effects. Selfesteem was assessed because recognizing the potential
risks may have negative impact on their psychosocial
conditions. It was also expected that self-esteem may be
enhanced by attaining skills for problem-solving. We also
focused on knowledge levels obtained with the intervention. The intervention raised both health management
awareness and knowledge levels at each age category. The
effects were maintained for one year after the intervention
in school children but decreased in AYA with time after
the intervention. The results in school children coincided
with the observation in a previous study among asthmatic
children aged between 9 and 13 years who were educated
with a video-game designed to facilitate self-management
[31]. In that study, the educated cohort had a higher level
of knowledge about self-regulation, treatment and prevention as compared to the group without educational intervention. However, in this study the similar result was not
observed in AYA. Some additional educational approaches
may be needed for AYA to prevent declines in the effects.
Both school children and AYA showed significantly
higher self-esteem at 1-month as compared to that at
baseline and maintained the effect for one year. The high
self-esteem is expected to guide CCSs toward behavioral
change to achieve better quality of life. A previous report
indicated that self-esteem was an important predictor for
social domain of quality of life [32].
From these findings, we can say that the game-based
learning programs could be a new modality of patient
education in cancer survivorship care. Educational
tools using multimedia have already been introduced
to patient education for children with chronic diseases
[33, 34]. A study revealed that educational video games
for patients with diabetes could improve their diabetesrelated self-efficacy, communication with parents about
diabetes, and self-care behaviors [33]. Another study targeting teens with solid tumor demonstrated that teaching with a multimedia CD-ROM increased their internal
locus of control more effectively than the intervention
with a handbook [34].
In the field of pediatric oncology, patient education
using multimedia was introduced mainly for improving their adherence to medication and supporting their
understanding of diagnosis [34–36]. The game-based
learning programs for CCSs are unique. Some educational websites dealing with late effects are available.
However, the number is very few, and the websites are
not interactive [37–39]. A systematic literature review
published in 2018 identified 14 pediatric cancer websites,
none of which focused exclusively on late effects [40].
Another report described that learning resources using a
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website may not well function due to user’s low motivation to access [41]. The game tools may have advantages
in educating young people because of their preferences
for playing games. Computer games are also superior
in high interactivity and capability to create attractive
graphics.
The game-based learning programs could be effectively
applied to the practice of patient education for CCSs.
High awareness of health management based on understanding of potential risks of late morbidity may facilitate
them to adhere to adequate survivorship care. The continuous approach from childhood to adolescence and
young adulthood is expected to improve the effects of
patient education. Additionally, the programs may function as an educational modality complementary to standard approaches such as physician’s counseling.
The findings in this study need to be considered in the
context of its limitations. Although the subjects were
instructed to play once a week, the actual frequency of
playing the games was not recorded. It was possible that
they played more or less than instructed, which may
have impacted the outcomes. Considerably large number of subjects withdrew from the study during 1-year
follow-up. The high withdrawal rate may be partially due
to the long study period and the survey method which
requested the subjects to send their completed questionnaires back by postal mail. In the withdrawals, there were
more females than males. The results could indicate less
preference to game playing in female subjects. Among
diseases categories, CCSs with brain tumor showed a
higher non-withdrawal rate. CCSs with brain tumor are
at higher risks of late effects. Therefore, they may have
high awareness for learning their health. The high withdrawal rate might affect the results because the subjects
highly adherent to the study protocol might have higher
awareness on health management. The backgrounds of
withdrawals should be examined in detail to create better contents of the program. Furthermore, this study was
not designed as a randomized control study because this
study aimed to evaluate the practicability and efficacy of
the game-based programs. The results proved that the
programs were applicable to patient education for CCSs
regularly accessing LTFU care and warranted further
studies to compare the game-based learning programs
with other ordinary modalities in a controlled study.
The effects of the programs on CCSs who do not regularly visit the LTFU clinic should be evaluated in the next
study.

Conclusions
We produced game-based self-learning programs for
CCSs in a project to enhance survivorship care in Japan.
The game-based programs were designed to provide
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essential information on cancer-related late effects to
CCSs. This study showed that the programs improved
their health management awareness, knowledge levels on
late effects, and self-esteem in a cohort of CCSs regularly
visiting LTFU clinic. The study also revealed that the persistence of health management awareness and knowledge
level decreased with time in AYA.
The dataset supporting the conclusions of this article is
included within the article and Additional file 11.
Abbreviations
CCSs: Childhood cancer survivors; LTFU: Long-term follow-up; AYA: Adoles‑
cents and young adults; SLSS: The school-life skills scale; PHCS: The perceived
health competence scale; PCSC: The perceived competence scale for children.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-022-09359-w.
Additional file 1. Game-based learning tools for school children, FUN
QUEST and for adolescents and adults, START LINE plus We developed two
type of computer-based game tools. One is a role-playing game for school
children, named FUN QUEST. Another is a novel game for adolescents
and young adults, named START LINE plus. The games are configured
with Japanese language but can be applied to multilingual settings. The
system requirement is Microsoft Windows OS with Adobe Flash Player or
Apple iPad. The media play at 1.5x speed in this file.
Additional file 2. The school-life skills scale - elementary school
form, items selected for this study.
Additional file 3. The school-life skills scale - junior high school form,
items selected for this study.
Additional file 4. The perceived health competence scale.
Additional file 5. The perceived competence scale for children, items
selected for this study.
Additional file 6. Rosenberg’s self-esteem scale.
Additional file 7. Knowledge test for FUN QUEST users.

Page 9 of 10

acquisition of data, revision of the manuscript. Takao Deguchi, acquisition of
data, revision of the manuscript. Hiroki Hori, design of the work, acquisition
of data, interpretation of data, drafting the manuscript. The authors read and
approved the final manuscript.
Funding
This study was supported by the JSPS KAKENHI (Grant Number 17K19807); the
Heart Link Working Project in 2016; and the HAYAO NAKAYAMA Foundation
for Science & Technology and Culture in 2016. These funds were spent in the
design of the study and collection, analysis and interpretation of data and in
writing the manuscript.
Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information files.

Declarations
Ethics approval and consent to participate
The following statement was described in the section of Methods.
“Informed consents or assents were obtained from all subjects. Guardians
approved participation of their children in the study if the subjects were less
20 years of age. This study was approved by the institutional review board at
Mie University Hospital (No.1533).”
Consent for publication
All authors approved the submission of this manuscript to BMC Cancer.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Medical Education, Mie University Graduate School
of Medicine, 2‑174 Edobashi, Tsu, Mie 514‑8507, Japan. 2 Department
of Medical Quality and Safety Science, Osaka City University Graduate School
of Medicine, Osaka, Japan. 3 School of Systems Information Sciences, Future
University Hakodate, Hakodate, Japan. 4 Department of Pediatrics, Nippon
Medical School, Tokyo, Japan. 5 Department of Pediatrics, Center Hospital
of the National Center for Global Health and Medicine, Tokyo, Japan. 6 Depart‑
ment of Palliative Medicine, Yodogawa Christian Hospital, Osaka, Japan.
7
Department of Pediatrics, Mie University Graduate School of Medicine, Tsu,
Japan.
Received: 23 February 2021 Accepted: 28 February 2022

Additional file 8. Knowledge test for START LINE plus users.
Additional file 9. Characteristics of the withdrawals.
Additional file 10. Change of health management awareness, selfesteem, and knowledge level from the baseline.
Additional file 11. Dataset.
Acknowledgements
We thank all members of the long-term follow-up committee, Japan Children’s
Cancer Group for giving useful suggestions and students at Prof. Nambu’s
laboratory, Future University Hakodate School of Systems Information Sci‑
ences for their assistance to produce the prototypes of game media.
Authors’ contributions
Daisuke Masumoto, design of the work, acquisition of data, analysis of the
data, interpretation of data, drafting the manuscript. Etsuko NakagamiYamaguchi, conception, revision of the manuscript. Misako Nambu, creation
of new software used in the work, revision of the manuscript. Miho Maeda,
conception of the work, revision of the manuscript. Hideko Uryu, conception
of the work, revision of the manuscript. Akira Hayakawa, conception of the
work, revision of the manuscript. Zayar Linn, analysis of the data, interpreta‑
tion of data, revision of the manuscript. Satoshi Okamura, analysis of the data,
interpretation of data, revision of the manuscript. Kosuke Kurihara, analysis
of the data, interpretation of data, revision of the manuscript. Kentaro Kihira,

References
1. Oeffinger KC, Mertens AC, Sklar CA, Kawashima T, Hudson MM, Meadows
AT, Friedman DL, Marina N, Hobbie W, Kadan-Lottick NS, Schwartz CL,
Leisenring W, Robison LL, Childhood Cancer Survivor Study. Chronic
health conditions in adult survivors of childhood cancer. N Engl J Med.
2006;355:1572–82. Childhood Cancer Survivor Study.
2. Mertens AC, Liu Q, Neglia JP, Wasilewski K, Leisenring W, Armstrong GT,
Robison LL, Yasui Y. Cause-specific late mortality among 5-year survivors
of childhood cancer: the childhood cancer survivor study. J Natl Cancer
Inst. 2008;100:1368–79.
3. Ozono S, Ishida Y, Honda M, Okamura J, Asami K, Maeda N, Sakamoto N,
Inada H, Iwai T, Kamibeppu K, Kakee N, Horibe K. General health status
and late effects among adolescent and young adult survivors of child‑
hood cancer in Japan. Jpn J Clin Oncol. 2014;44:932–40.
4. Lipshultz SE, Lipsitz SR, Sallan SE, Dalton VM, Mone SM, Gelber RD, Colan
SD. Chronic progressive cardiac dysfunction years after doxorubicin
therapy for childhood acute lymphoblastic leukemia. J Clin Oncol.
2005;23:2629–36.
5. Wells EM, Ullrich NJ, Seidel K, Leisenring W, Sklar CA, Armstrong GT,
Diller L, King A, Krull KR, Neglia JP, Stovall M, Whelan K, Oeffinger KC,
Robison LL, Packer RJ. Longitudinal assessment of late-onset neurologic

Masumoto et al. BMC Cancer

6.

7.
8.

9.

10.

11.

12.
13.

14.
15.

16

17.
18.
19.
20.

21.
22.

23

(2022) 22:340

conditions in survivors of childhood central nervous system tumors: a
childhood cancer survivor study report. Neuro Oncol. 2018;20:132–42.
Chemaitilly W, Li Z, Huang S, Ness KK, Clark KL, Green DM, Barnes N,
Armstrong GT, Krasin MJ, Srivastava DK, Pui CH, Merchant TE, Kun LE, Gaj‑
jar A, Hudson MM, Robison LL, Sklar CA. Anterior hypopituitarism in adult
survivors of childhood cancers treated with cranial radiotherapy: a report
from the St Jude lifetime cohort study. J Clin Oncol. 2015;33:492–500.
Gunn HM, Emilsson H, Gabriel M, Maguire AM, Steinbeck KS. Metabolic
health in childhood cancer survivors: a longitudinal study in a long-term
follow-up clinic. J Adolesc Young Adult Oncol. 2016;5:24–30.
Lund LW, Winther JF, Dalton SO, Cederkvist L, Jeppesen P, Deltour I,
Hargreave M, Kjær SK, Jensen A, Rechnitzer C, Andersen KK, Schmiegelow
K, Johansen C. Hospital contact for mental disorders in survivors of child‑
hood cancer and their siblings in Denmark: a population-based cohort
study. Lancet Oncol. 2013;14:971–80.
Nathan PC, Greenberg ML, Ness KK, Hudson MM, Mertens AC, Mahoney
MC, Gurney JG, Donaldson SS, Leisenring WM, Robison LL, Oeffinger KC.
Medical care in long-term survivors of childhood cancer: a report from
the childhood cancer survivor study. J Clin Oncol. 2008;26:4401–9.
Hori H, Ohta A, Matsui H, Yano K, Morita-Tominaka M, Linn Z, Masumoto
D, Okumura Y, Okamura S, Kurihara K, Hayakawa A, Rikiishi T, Kobayashi K.
Changes of cancer diagnosis disclosure to children in Japan in the last 20
years. Int J Clin Oncol. 2021. https://doi.org/10.1007/s10147-021-02038-z.
Krull KR, Huang S, Gurney JG, Klosky JL, Leisenring W, Termuhlen A, Ness
KK, Kumar Srivastava D, Mertens A, Stovall M, Robison LL, Hudson MM.
Adolescent behavior and adult health status in childhood cancer survi‑
vors. J Cancer Surviv. 2010;4:210–7.
Klosky JL, Howell CR, Li Z, Foster RH, Mertens AC, Robison LL, Ness KK.
Risky health behavior among adolescents in the childhood cancer survi‑
vor study cohort. J Pediatr Psychol. 2012;37:634–46.
Cantrell MA, Posner MA. engagement in high-risk behaviors among
young adult survivors of childhood cancercompared to healthy sameage peers surveyed in the national longitudinal study of adolescen‑
thealth. J Adolesc Young Adult Oncol. 2016;5:146–51.
Zebrack BJ, Mills J, Weitzman TS. Health and supportive care needs
of young adult cancer patients and survivors. J Cancer Surviv.
2007;1:137–45.
Kadan-Lottick NS, Robison LL, Gurney JG, Neglia JP, Yasui Y, Hayashi
R, Hudson M, Greenberg M, Mertens AC. Childhood cancer survivors’
knowledge about their past diagnosis and treatment: childhood cancer
survivor study. J Amer Med Assoc. 2002;287:1832–9.
Blacklay A, Eiser C, Ellis A. Development and evaluation of an informa‑
tion booklet for adult survivors of cancer in childhood. The United
Kingdom children’s cancer study group late effects group. Arch Dis Child.
1998;78:340–4.
Byrne J, Lewis S, Halamek L, Connelly RR, Mulvihill JJ. Childhood cancer
survivors’ knowledge of their diagnosis and treatment. Ann Intern Med.
1989;110:400–3.
Bashore L. Childhood and adolescent cancer survivors’ knowledge
of their disease and effects of treatment. J Pediatr Oncol Nurs.
2004;21:98–102.
Maeda N, Horibe K, Kato K, Kojima S, Tsurusawa M. Survey of childhood
cancer survivors who stopped follow-up physician visits. Pediatr Int.
2010;52:806–12.
Eshelman D, Landier W, Sweeney T, Hester AL, Forte K, Darling J, Hudson
MM. Facilitating care for childhood cancer survivors: integrating children’s
oncology group long-term follow-up guidelines and health links in clini‑
cal practice. J Pediatr Oncol Nurs. 2004;21:271–80.
Bingen K, Kupst MJ. Evaluation of a survivorship educational program
for adolescent and young adult survivors of childhood cancer. J Cancer
Educ. 2010;25:530–7.
Mays D, Black JD, Mosher RB, Heinly A, Shad AT, Tercyak KP. Efficacy of the
Survivor Health and Resilience Education (SHARE) program to improve
bone health behaviors among adolescent survivors of childhood cancer.
Ann Behav Med. 2011;42:91–8.
Gianinazzi ME, Essig S, Rueegg CS, von der Weid NX, Brazzola P, Kuehni CE,
Michel G. Swiss Paediatric Oncology Group (SPOG). Information provision
and information needs in adult survivors of childhood cancer. Pediatr
Blood Cancer. 2014;61:312–8.

Page 10 of 10

24. Thompson D, Baranowski T, Buday R. Conceptual model for the design of
a serious video game promoting self-management among youth with
type 1 diabetes. J Diabetes Sci Technol. 2010;4:744–9.
25. Baranowski T, Buday R, Thompson DI, Baranowski J. Playing for real: video
games and stories for health-related behavior change. Am J Prev Med.
2008;34:74–82.
26. Yamaguchi T, Iida J, Ishikuma T. School-life skills scale: development of
an elementary school student form. Jpn J School Psychol. 2005;5:49–58.
Japanese.
27. Iida J, Ishikuma T. School-life skills scale: development of a junior high
school student form. Jpn J Educ Psychol. 2002;50:225–36 [Japanese].
28. Togari T, IkezakiSumie I, Yamazaki Y, Ito M, Zenko A, Taguchi R. The devel‑
opment of Perceived Health Competence Scale (PHCS) Japanese version.
Jpn J Health Hum Ecol. 2004;70:184–95.
29. Nagai Y, Nomura K, Nagata M, Ohgi S, Iwasa M. Children’s perceived
competence scale: reference values in Japan. J Child Health Care.
2015;19:532–41.
30. Mimura C, Griffiths P. A Japanese version of the rosenberg self-esteem
scale: translation and equivalence assessment. J Psychosom Res.
2007;62:589–94.
31. Shegog R, Bartholomew LK, Parcel GS, Sockrider MM, Mâsse L, Abram‑
son SL. Impact of a computer-assisted education program on factors
related to asthma self-management behavior. J Am Med Inform Assoc.
2001;8:49–61.
32. Tonsing KN, Ow R. Quality of life, self-esteem, and future expectations
of adolescent and young adult cancer survivors. Health Soc Work.
2018;43:15–21.
33. Brown SJ, Lieberman DA, Germeny BA, Fan YC, Wilson DM, Pasta DJ.
Educational video game for juvenile diabetes: results of a controlled trial.
Med Inform (Lond). 1997;22:77–89.
34. Jones JK, Kamani SA, Bush PJ, Hennessy KA, Marfatia A, Shad AT. Develop‑
ment and evaluation of an educational interactive CD-ROM for teens
with cancer. Pediatr Blood Cancer. 2010;55:512–9.
35. Beale IL, Kato PM, Marin-Bowling VM, Guthrie N, Cole SW. Improvement
in cancer-related knowledge following use of a psychoeducational video
game for adolescents and young adults with cancer. J Adolesc Health.
2007;41:263–70.
36. Kato PM, Beale IL. Factors affecting acceptability to young cancer patients
of a psychoeducational video game about cancer. J Pediatr Oncol Nurs.
2006;23:269–75.
37. Children’s oncology group. Survivorship guidelines. https://childrenso
ncologygroup.org/index.php/survivorshipguidelines. Accessed 9 Decem‑
ber, 2021.
38. National cancer institute. Late Effects of Treatment for Childhood Cancer
(PDQ®)–Patient. Version. https://www.cancer.gov/types/childhood-cance
rs/late-effects-pdq. Accessed 9 December, 2021.
39. St. Jude Children’s research hospital. Together. Life after cancer. https://
together.stjude.org/en-us/. Accessed 9 December, 2021.
40. Klonoff-Cohen H, Navarro A, Klonoff EA. Late effects awareness website
for pediatric survivors of acute lymphocytic leukemia. PLoS One.
2018;13:e0193141.
41. Kunin-Batson A, Steele J, Mertens A, Neglia JP. A randomized controlled
pilot trial of a web-based resource to improve cancer knowledge in ado‑
lescent and young adult survivors of childhood cancer. Psychooncology.
2016;25:1308–16.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

