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Abstract
Background: Little is known about depression and anxiety among paediatric intracranial germ cell tumour (iGCT)
survivors. We aimed to evaluate the risk factors associated with depression, anxiety and health-related quality of life
(HRQoL) in paediatric iGCT survivors.
Methods: We recruited 200 iGCT patients (and their parents) from Beijing Tiantan Hospital and assessed their HRQoL
using the Paediatric Quality of Life Inventory (PedsQL) 4.0 Generic Core Scales. The Children’s Depression Inventory,
Screen for Child Anxiety Related Emotional Disorders, and Symptom Checklist 90 were used to evaluate depression
and anxiety. The results were analysed based on disease recurrence, tumour location and treatment strategies.
Results: Survivors with recurrent tumours had worse HRQoL scores than those with non-recurrent tumours. Patients
with tumours involving both the suprasellar and basal ganglia regions had the worst HRQoL scores. A large proportion of survivors had depression or anxiety. Both depression and anxiety scores were highly correlated with the
HRQoL emotional functioning scores. The parent proxy-reports (PPR) and child self-reports were highly correlated in
all domains.
Conclusions: This study demonstrated the clinical factors affecting paediatric iGCT survivors’ depression, anxiety, and
HRQoL. Therefore, psychological interventions should be implemented. It also suggests that the PedsQL PPR would
be helpful for routine screening.
Plain English summary
Intracranial germ cell tumours (iGCT) are relatively rare brain tumours that predominantly occur in paediatric patients.
Since the survival rate of patients with iGCT has been improving and the burden of long-term morbidity is substantial,
promoting the health-related quality of life (HRQoL) and reducing depression and anxiety among its survivors is of
critical concern. Although many studies have been published on factors related to the HRQoL of iGCT survivors, little
is known about their long-term emotional function. This study demonstrated the clinical factors that affect depression, anxiety, and the HRQoL and the associations between the HRQoL and depression/anxiety in 200 paediatric iGCT
patients. We found that patients with recurrent tumours had a worse HRQoL. Tumour locations also played a critical
role in that tumour involving the basal ganglia were associated with worse outcomes. A large proportion of paediatric
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iGCT survivors had depression or anxiety in all the groups. Depression/anxiety scores were highly correlated with the
HRQoL emotional functioning scores. In addition, we found that the PedsQL parent proxy report is appropriate in
most cases when it is not possible to obtain child self-reports. These findings provide evidence to support the optimization of treatment strategies for iGCTs, such as the provision of psychological interventions.
Keyword: Intracranial germ cell tumours, Tumour survivors, HRQoL, Depression, Anxiety

Background
Intracranial germ cell tumours (iGCT) are relatively rare
brain tumours. In Asians, iGCT account for 8–14% of all
paediatric central nervous system tumours, with an incidence rate that is several times higher than that of Europe
and the US (0.5–3%) [1, 2]. The 5-year survival rates of
germinomas exceed 90% and those of non-germinomatous germ cell tumours (NGGCTs) are reported to range
from 40 to 70% [3]. Since the survival rate for iGCT has
been improving and the burden of long-term morbidity
is substantial, improving the health-related quality of life
(HRQoL) and reducing the rates of depression and anxiety among its survivors is of critical importance [4, 5].
Depression and anxiety are associated with cancer [6].
Studies have shown that survivors of childhood cancer
are at higher risk of depression and anxiety compared to
their healthy peers, and the prevalence of depression and
anxiety symptoms increased many years after the completion of therapy [7]. Although some studies have been
published on factors related to the HRQoL of iGCT survivors [8, 9], little is known about their long-term emotional function. The low incidence of iGCTs, the small
number of follow-up cases and the lack of universal and
easy-to-use screening scales have made such studies difficult to carry out [4].
Based on our clinical experiences and previous studies
[10–12], we investigated if the clinical factors including
tumor recurrence, locations, age and treatment strategies
would affect patients’ HRQoL, depression, and anxiety.
Our aim was to comprehensively evaluate various aspects
of the HRQoL, especially depression and anxiety, in paediatric iGCT survivors across different settings.
Methods
Participants

This study included 200 patients (along with their parents) who were diagnosed with iGCT between July
1994 and July 2017 at the Beijing Tiantan Hospital. The
inclusion criteria were as follows: (1) diagnosis of iGCT
without other brain diseases and the age at first diagnosis of iGCT was less than 18 years. (2) above 5 years of
age at neuropsychological evaluation, (3) at least 2 years
of survival after initial diagnosis and (4) completion of
treatment at least a year prior to follow-up. The parents
who spent the most time with the child were asked to

complete the survey when both parents were available.
Since some patients or parents declined to participate
in the follow-up sessions or only completed part of the
follow-up scales due to poor health status, busy work/
school schedules, lack of interest, or death, the number of
participants included in the different measurements varied (see Table 1). After obtaining informed consent from
the participants, assessments were conducted in Chinese,
and the tests were administered either in person or via
mail. The current study was approved by the ethics committee of the Beijing Tiantan Hospital.
Regimens of radiotherapy for the non-recurrent iGCT
patients comprised: (1) Whole-brain irradiation of
24.0–30.6 Gray (Gy) followed by a boost to the tumour
region for the total dose of 36.8–60.0 Gy; (2) Craniospinal irradiation (CSI) of 23.0–36.1 Gy with a boost to the
tumour region for the total does of 34.2–58.8 Gy; (3) A
few patients only received radiotherapy to the primary
tumour site (n = 3). Patients were recommended to complete 4–6 cycles of platinum-based chemotherapy.
Assessment tools

The HRQoL was assessed using the Chinese version of
the Paediatric Quality of Life Inventory (PedsQL) 4.0
Generic Core, which showed good psychometric properties [13]. Age-appropriate versions were provided to each
participant. Both parent proxy report (PPR) and child
self-report (CSR) scores were obtained for young children (age 5–7), children (age 8–12), teens (age 13–18),
young adults (age 18–25), and adults (age 26 and above).
PedsQL scores range from 0 to 100, with higher scores
indicating better HRQoL. The total scale score (TSS),
physical health summary score (PHSS), and psychosocial
health summary score (PsHSS) were calculated. Emotional, social, and school/work functioning were measured and reported as sub-scores [14]. Previous studies
identified the average TSS for PPR and CSR to be 82.70
and 83.84, respectively, among healthy children, as compared to 63.40 and 71.74 among children with brain
tumours [15].
The presence and severity of depressive symptoms in
children and adolescents (aged 9–17 years) were assessed
using the Children’s Depression Inventory (CDI), which
comprises a 27-item self-report questionnaire, each
scored on a scale from 0 to 2. Total scores range from 0 to
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Table 1 Demographic and clinical characteristics
n

%

200

100

Yes

10

10.0

Local

3

1.7

No

180

90.0

WBI

138

76.6

CSI

39

21.7

Total participants
Recurrence

Clinical data (non-recurrent)
Female

NGGCT

Treatment method (non-recurrent)

Radiation dose, Gy
56

31.1

Low (< 50)

114

63.3

124

68.9

High (≥ 50)

66

36.7

131

72.8

No surgery

134

74.4

49

27.2

Biopsy only

9

5.0

37

20.6

Diagnosis
GCT

%

Irradiation type

Gender
Male

n

Surgery type

β-HCG range

Definitive surgery

Normal

Chemotherapy

High

105

58.3

Yes

177

98.3

AFP range

75

41.7

No

3

1.7

Normal
High
Tumor location

Depression/anxiety
156

86.7

24

13.3

Suprasellar region
Pineal region

50

27.7

Child depression
86

92.5

Depression (CDI ≥ 19)

Healthy (CDI < 19)

7

7.5

Child anxiety

Basal ganglia

43

23.9

Healthy (SCARED < 23)

80

74.8

Bifocal origins Aa

30

16.7

27

25.2

Bifocal origins Ba

30

16.7

Anxiety (SCARED ≥ 23)

Dissemination

Adult depression

5

2.8

Healthy (SCL-90 sub-score < 2)

35

68.6

22

12.2

Depression (SCL-90 sub-score ≥ 2)

16

31.4

Adult anxiety

Healthy (SCL-90 sub-score < 2)

41

80.4

Anxiety (SCL-90 sub-score ≥ 2)

10

19.6

GCT, germ cell tumour; NGGCT, non-germinoma germ cell tumour; WBI, whole brain irradiation; CSI, craniospinal irradiation; CDI, children’s depression inventory;
SCARED, screen for child anxiety related emotional disorders; SCL-90, symptom checklist 90 revised
a

Bifocal origins A: pineal and suprasellar regions. Bifocal origins B: suprasellar region and basal ganglia regions

54, with higher scores indicating more severe depression.
CDI scores of 19 or higher were considered clinically
meaningful to indicate significant depressive symptoms
[16]. For children aged 9–17 years, anxiety was assessed
using the Screen for Child Anxiety Related Emotional
Disorders (SCARED) questionnaire, which includes 41
items, each comprising three statements. Total scores
range from 0 to 82, with higher scores indicating more
severe anxiety. A total score of 23 or higher indicates the
presence of anxiety disorder [17].
In young adults aged 18 years and above, symptoms of
depression and anxiety were assessed using the Symptom Checklist 90 Revised (SCL-90), a 90-item selfreported psychometric instrument that measures nine
symptom dimensions: somatization, interpersonal sensitivity, obsessive–compulsive symptoms, depression,
anxiety, hostility, phobic anxiety, paranoid ideation, and

psychoticism. Dimension scores of 2 or higher were considered clinically meaningful to indicate psychological
problems. Its reliability and validity have been previously
established, and it is widely used to measure depression
and anxiety in both research and clinical practice [18].
Statistical analyses

Data were analysed using IBM SPSS Statistics version
25. The test results were represented based on the agerelated norms published in the test manuals. Two-sample
independent t-tests or Mann–Whitney U tests were used
to compare participants’ depression, anxiety, and HRQoL
according to tumour recurrence, treatment method, sex,
serum clinical markers (β-HCG and AFP), and diagnosis.
The overall effects of tumour location on all outcomes
were explored using the one-way analysis of variance
(ANOVA). Pearson’s correlation tests were conducted
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to detect the associations between the age at diagnosis,
the number of years since treatment, the present age,
irradiation dosage and outcome measures. Associations
between the scales were assessed using Pearson’s correlation tests. Stepwise multiple linear regression analysis
was applied to determine the significant predictive factors of HRQoL, allowing for entry and removal at the
0.05 and 0.10 level. For all analyses, the threshold for statistical significance was set at p < 0.05.

Results
Table 1 lists the characteristics of the participants. The
mean age at diagnosis was 11 years (range 3–17 years),
and the mean age at neuropsychological evaluation was
16 years (range 5–39 years). The median follow-up time
was 5 years (range 1–24 years). Of the 200 patients,
20 experienced tumour recurrence. Among the nonrecurrent patients, the average total radiation dose was
46.3 Gy (range 34.2–60.0 Gy), and approximately 98.3%
of the patients received chemotherapy, with a median
number of six chemotherapy cycles. For the HRQoL of all
patients, the participants’ average TSS values for PPR and
CSR were 71.71 and 73.45, respectively.
Table 2 presents a comparison of the HRQoL, depression, and anxiety between patients with recurrent
and non-recurrent iGCTs. Survivors with recurrent
tumours had poorer HRQoL outcomes than non-recurrent tumours in the TSS, PHSS, PsHSS, emotional and
school/work functioning domains of PedsQL PPR and
TSS, PsHSS and emotional and school/work functioning
domains of PedsQL CSR. Children survivors with recurrent iGCTs had significantly higher depression scores
than those with non-recurrent tumours. No significant
differences were observed between the groups in child
anxiety scores and adult depression or anxiety scores.
Among the non-recurrent patients, 4.7% and 23.5% of the
children exhibited depression and anxiety, respectively,
and 31.0% and 19.0% of adults exhibited depression and
anxiety, respectively. Among the patients with relapse,
37.5% and 44.4% of the children exhibited depression
and anxiety, respectively, and 33.3% and 22.2% of adults
exhibited depression and anxiety, respectively.
Table 3 presents the HRQoL, depression, and anxiety
grouped by tumour location in non-recurrent patients.
Statistical analysis revealed significant differences in
HRQoL based on the tumour location in the TSS, PHSS,
social and school/work functioning domains of PedsQL PPR and TSS, PHSS, PsHSS, and social and school/
work functioning domains of PedsQL CSR. The HRQoL
was worst in patients with bifocal origins B (suprasellar
region and basal ganglia) tumours and best in patients
with pineal region tumours. Child anxiety scores and
adult depression scores differed significantly according to
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Table 2 Overall outcomes by tumor recurrence
Non-recurrence
Mean (SD)

Recurrence
Mean (SD)

P

PedsQL (PPR)
Participants

152

18

Total

72.95 (17.03)

61.29 (17.89)

0.007

Physical

76.73 (19.04)

64.24 (25.77)

0.042

Psychosocial summary
emotional

70.93 (17.92)

59.72 (17.66)

0.013

Social

75.39 (16.77)

61.94 (19.64)

0.006

School/work

75.00 (22.72)

66.39 (21.54)

0.088

62.40 (22.29)

50.83 (21.44)

0.024

PedsQL (CSR)
Participants

124

15

Total

74.72 (17.67)

62.97 (17.27)

0.013

Physical

77.17 (19.01)

66.46 (23.75)

0.095

Psychosocial summary
emotional

73.41 (18.53)

61.11 (15.82)

0.009

Social

75.81 (18.25)

60.67 (18.11)

0.006

School/work

77.82 (22.34)

68.67 (19.22)

0.050

66.61 (21.97)

54.00 (16.60)

0.014

Participants

85

8

Child depression (CDI)

7.53 (5.34)

15.63 (11.16)

Participants

98

9

Child anxiety (SCARED)

13.88 (10.77)

23.22 (15.71)

Participants

42

9

Adult depression (SCL-90)

2.24 (2.85)

1.79 (0.82)

0.323

Adult anxiety (SCL-90)

1.69 (1.51)

1.51 (0.86)

0.725

Depression/anxiety
0.034
0.061

Bold: p < 0.05
PedsQL, Pediatric Quality of Life Inventory 4.0 Generic Core Scales; PPR, parent
proxy report; CSR, child self-report

tumour location. There were no significant differences in
the child depression scores and adult anxiety scores.
In non-recurrent patients, the older the age at diagnosis, the worse the emotional performance, including
CSR emotional scores (r = − 0.227, p = 0.011), SCARED
(r = 0.207, p = 0.041) and CDI (r = 0.364, p < 0.001); the
older the age at evaluation, the worse the emotional and
social performance, including CSR emotional functioning
scores (r = − 0.240, p = 0.007), CSR social function scores
(r = − 0.177, p = 0.049) and CDI (r = 0.274, p = 0.011).
With the increase in the number of follow-up years, the
social scores of non-recurrent patients worsened (CSR
social scores, r = − 0.182, p = 0.043).
No statistically significant differences in sex, serum
clinical markers (β-HCG and AFP), diagnosis, surgery
type, radiation area and radiation dose were observed
in HRQoL, depression, or anxiety. Tumour markers
were grouped and analysed according to normality
or abnormalities. All the factors (tumour recurrence,

Lv et al. Health and Quality of Life Outcomes

(2022) 20:9

Page 5 of 8

Table 3 Overall outcomes by tumor location
Suprasellar
Mean (SD)

Pineal
Mean (SD)

Basal Ganglia
Mean (SD)

Bifocal Aa
Mean (SD)

Bifocal Ba
Mean (SD)

Dissemination
Mean (SD)

P

PedsQL (PPR)
Participants

40

37

27

25

5

18

Total

71.55 (17.14)

77.00 (15.68)

68.84 (20.11)

77.22 (14.19)

50.87 (11.23)

74.09 (14.45)

0.014

Physical

74.30 (20.75)

83.28 (16.24)

71.30 (20.38)

82.13 (16.23)

54.38 (23.66)

75.52 (13.82)

0.005

Psychosocial summary emotional

70.08 (17.30)

73.65 (17.36)

67.53 (21.20)

74.60 (15.53)

49.00 (10.51)

73.33 (16.40)

0.053

Social

70.25 (17.36)

76.62 (16.83)

79.26 (16.45)

77.60 (15.15)

62.00 (10.37)

79.17 (16.74)

0.074

School/work

76.00 (21.55)

76.62 (20.85)

65.93 (28.89)

81.60 (20.75)

55.00 (17.68)

79.44 (17.31)

0.044

64.00 (21.79)

67.70 (19.35)

57.41 (25.92)

64.60 (18.54)

30.00 (19.69)

61.39 (22.48)

0.011

PedsQL (CSR)
Participants

37

28

22

21

2

14

Total

77.41 (16.22)

79.54 (13.91)

69.17 (23.61)

72.10 (14.12)

36.96 (4.61)

76.01 (16.16)

0.009

Physical

77.70 (18.77)

84.15 (11.87)

70.45 (25.24)

77.23 (16.24)

32.81 (2.21)

78.57 (15.10)

0.003

Psychosocial summary emotional

77.25 (16.50)

77.08 (16.26)

68.48 (24.30)

69.37 (15.51)

39.17 (5.89)

74.64 (17.30)

0.030

Social

77.16 (15.66)

78.39 (19.25)

78.41 (19.30)

69.76 (19.78)

62.50 (17.68)

73.93 (18.83)

0.456

School/work

82.84 (17.93)

82.50 (17.02)

68.64 (30.79)

75.00 (21.68)

30.00 (7.07)

80.71 (18.28)

0.004

71.76 (20.49)

70.36 (18.35)

58.41 (27.92)

63.33 (16.53)

25.00 (7.07)

69.29 (22.61)

0.015

Depression/anxiety
Participants

28

22

14

15

2

4

Child depression (CDI)

6.32 (4.60)

7.32 (5.62)

8.57 (6.32)

8.20 (4.74)

18.00 (1.41)

5.75 (3.40)

Participants

31

27

17

17

1

5

Child anxiety (SCARED)

14.42 (11.35)

18.63 (11.72)

8.00 (7.31)

12.24 (9.55)

7.00

11.80 (6.54)

Participants

6

8

7

10

1

10

0.060
0.039

Adult depression (SCL-90)

1.56 (0.47)

1.47 (0.51)

1.11 (0.95)

4.97 (4.96)

2.31

1.32 (0.72)

0.022

Adult anxiety (SCL-90)

1.35 (0.27)

1.35 (0.25)

1.16 (0.84)

2.97 (2.68)

2.40

1.20 (0.39)

0.062

Bold: p < 0.05
a

Bifocal origins A: pineal and suprasellar regions. Bifocal origins B: suprasellar region and basal ganglia regions

tumour location, age at diagnosis, age at evaluation,
follow-up time, sex, serum clinical markers, diagnosis,
surgery type, radiation area and radiation dose) were
included in the stepwise multiple linear regression
model. The analysis showed that tumour recurrence
was significant predictive factor for TSS of both PedsQL PPR (Unstandardized Coefficients B = − 15.438,
SE = 5.309, t = − 2.908, p = 0.004, R2 = 0.050) and
CSR (Unstandardized Coefficients B = − 14.176, Std.
Error = 5.835, t = − 2.429, p = 0.016, R2 = 0.043).
Additionally, we investigated the associations
between different treatment strategies and HRQoL in
patients with tumours in the same region. Patients with
suprasellar tumours showed statistically significant differences. Specifically, the TSS of the PedsQL PPR was
significantly different (p = 0.003) through non-surgical
treatment (M = 73.13, SD = 14.57), surgical resection (M = 33.70, SD = 27.67) and biopsy (M = 80.98,
SD = 11.53); and the CSR’s TSS of the NGGCTs group
(M = 66.85, SD = 18.53) were significantly lower than
those of the germinoma group (M = 80.32, SD = 14.55;
p = 0.029). Notably, the NGGCT group received a

significantly higher radiation dose than the germinoma
group (M = 50.3 Gy vs M = 41.8 Gy, p < 0.001).
There were strong correlations between depression/
anxiety and HRQoL emotional functioning scores. PedsQL CSR emotional functioning scores were strongly
related to child depression scores (CDI, r = − 0.489,
p < 0.001), child anxiety scores (SCARED, r = − 0.468,
p < 0.001), adult depression scores (SCL-90 depression sub-scores, r = − 0.433, p = 0.007) and adult anxiety scores (SCL-90 anxiety sub-scores, r = − 0.454,
p = 0.005). PedsQL PPR and CSR scores were also
strongly correlated with Pearson correlation coefficients,
from 0.723 (emotional scores), 0.757 (social scores), 0.794
(school/work scores), 0.807 (PsHSS), 0.814 (PHSS) and
0.831 (TSS).

Discussion
This study examined a large cohort of 200 paediatric
iGCT survivors’ depression, anxiety, and HRQoL. It also
investigated the clinical factors that affected the HRQoL,
and first demonstrated the role of tumour relapse, special
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tumour locations (bifocal lesions, dissemination), depression and anxiety. These findings bring more consideration
to the treatment strategies of iGCT and the importance
of considering paediatric iGCT survivors’ HRQoL.
Twenty (10.0%) of the 200 participants with iGCT
experienced relapse. Many studies have investigated the
HRQoL in patients with brain tumours. Unfortunately,
very few studies have investigated the impact of recurrent brain tumours, especially in paediatric patients. Our
findings indicated that survivors with relapse showed
worse HRQoL scores than non-relapse survivors. Moreover, there were higher proportions of depression and
anxiety in survivors with tumour recurrence than in
those without relapse. This result was similar to that of
a previous study by Giovagnoli, who found that patients
with recurrent brain tumours manifested high degrees of
state and trait anxiety as well as depression, along with
poor affective well-being, role and leisure and sharing
[10]. The authors believe that the extensive damage of
HRQoL after brain tumour recurrence may be caused by
many factors, such as poor physical condition, extreme
life changes, worries about one’s disease and the future,
and the side effects of repeated treatment.
Tumour location plays a critical role in the HRQoL
of the iGCT survivors. Among non-recurrent patients,
patients with tumours in both the suprasellar and basal
ganglia had the worst HRQoL, followed by those with
basal ganglia tumours. Compared with tumours in the
pineal or suprasellar regions, basal ganglia iGCTs often
cause more severe motor dysfunction and neurocognitive
impairment, such as cognitive, learning, memory, language, and behavioural impairment [19–21], leading to
lower HRQoL [22]. Suprasellar tumours impair children’s
hormone levels and can lead to dysfunctions of the hypothalamus and pituitary gland, which could explain the
trends in cognitive function decline observed in a previous study [11]. Hypothalamic-pituitary axis dysfunction
is the most common complication of childhood central
nervous system tumours and cranial radiotherapy. Systematic follow-up and early endocrine consultation are
critical to counteract this effect [23].
We further analysed the treatment of iGCTs located
in the same region. Among patients with suprasellar
tumours, pathological type (NGGCTs) and definitive surgery negatively affected their HRQoL and mental health.
Similar results were not obtained in other sites, which
may be due to the fact that the suprasellar region is more
vulnerable than other regions and is more susceptible
to surgery and high-dose radiotherapy [11]. Moreover,
tumours in other regions may cause much greater brain
damage than that caused by treatment, especially iGCT
arising from the basal ganglia, which are often accompanied by ipsilateral atrophy of the basal ganglia, brainstem,
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and cortex. The ipsilateral hemiatrophy may be due to
Wallerian degeneration caused by tumour cells infiltrating the fibre tracts [24]. Brain damage caused by tumours
may obscure the influence of different treatment strategies. In addition, we included patients with a large time
period of diagnoses (> 20 years) and shifts in treatment,
such as the decreasing trend of radiation dose and radiation range. This may also have an impact on the results.
Interestingly, older patients at diagnosis seem to have
more emotional problems. The age at diagnosis was not
significantly associated with physical health scores but
was significantly correlated with emotional scores, and
these problems did not seem to be resolved with the
treatment of the disease. In non-recurrent paediatric
survivors, the older the age at diagnosis, the worse the
emotional performance; the older the age at evaluation,
the worse the emotional and social performance. With
the increase in the number of follow-up years, the social
scores worsened. After the diagnosis of a paediatric brain
tumour, patients may be more prone to acute adaptive
function damage and often demonstrate internalisation,
anxiety, depression, withdrawal, and consequent social
problems [25, 26]. Psychological intervention should be
implemented to counteract patients’ perceptions of their
disease and their condition as hopeless [27].
Similar to most previous studies, no statistically significant differences in HRQoL were observed according to
sex or serum clinical markers (β-HCG and AFP) [28, 29].
HRQoL emotional functioning scores were highly correlated with depression and anxiety scores. Although
depression and anxiety are complex, they are important
contributing factors to poor HRQoL [12]. Besides treating diseases, understanding children’s mental status,
monitoring depression and anxiety, and providing psychological support are also critical to improving their
quality of survival [30].
Consistent with Kuhlthau’s study, the PPR and CSR
scores were highly correlated in all domains, indicating
that PPR scores are appropriate in most cases when it is
not possible to obtain CSR scores [8]. Consistent with
other studies, in most measurements, parents reported
worse HRQoL scores than their self-reported children
[31]. This may be because parents have more concerns
about their children’s physical condition, disease recurrence and long-term side effects.
The present study has some limitations. First, clinical
data were collected retrospectively and at a single point
in time. Since clinical data on the patients’ depression,
anxiety and HRQoL before treatment were unavailable,
the results could not distinguish changes caused by the
tumour itself, the subsequent treatment or interactions between the two, neither did it reveal progressive
changes in the HRQoL. Additionally, due to incomplete
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clinical data, the study did not discuss some factors that
were closely related to the prognosis of patients with
iGCT, such as hormone deficiency and visual impairment. These clinical factors and other factors regarding
parent informants (e.g. education and socio-economic
status) should be carefully considered in future studies.
Second, although to the best of our knowledge, this is the
largest data series involving paediatric iGCT patients, the
sample size of this study remains limited. iGCT develops in various locations, and the location of tumours
has a significant impact on patients’ HRQoL and mental
status. When exploring the prognostic factors of iGCT
located in the same region, this study’s sample size was
particularly small. Thus, the findings may not be generalizable to all iGCT survivors. Third, some iGCT survivors
declined to participate in the study due to poor mental/
physical health, lack of interest, or death, and those who
consented to participate may have been more healthconscious. Finally, the feasibility of using the HRQoL
emotional score as a screening scale for patients with
depression or anxiety needs to be further confirmed by a
study with a larger sample.

Conclusions
This retrospective study generated valuable data that
expands our understanding of the influence of recurrence, tumour location, and treatment method on paediatric iGCT survivors’ depression, anxiety, and HRQoL.
Further, PedsQL PPR scores are appropriate in most
cases when it is not possible to obtain CSR scores. Early
depression and anxiety screening and psychological
intervention would be helpful for improving the outcomes of iGCT survivors and should be a standard of
care in patients’ follow-up.
Acknowledgements
We are grateful to Dr. Chunxue Wang from the psychology department of
Beijing Tiantan Hospital for supporting this study.
Authors’ contributions
All authors contributed to the study conception and design. Material preparation, data collection and analysis were performed by WL, BL, JF and LC. The
first draft of the manuscript was written by WL, SL and XQ. And all authors
commented on previous versions of the manuscript. All authors read and
approved the final manuscript.
Funding
This work was supported by grants from the National Natural Science Foundation of China (Grant Numbers: 82001778), and the project Genomics Platform
Construction for Chinese Major Brain Disease-Germ cell tumor (Grant Number:
PXM2019_026280_000002).
Availability of data and materials
The data that support the findings of this study are available from the corresponding author upon reasonable request.
Code availability
Not applicable.

Page 7 of 8

Declarations
Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee of Beijing Tiantan
Hospital.
Consent to participate
All subjects gave their informed consent for inclusion before they participated
in the study.
Consent for publication
Not applicable.
Competing interests
The authors declare no potential competing interest.
Received: 30 July 2021 Accepted: 14 December 2021

References
1. Echevarría ME, Fangusaro J, Goldman S. Pediatric central nervous system
germ cell tumors: a review. Oncologist. 2008;13(6):690–9. https://doi.org/
10.1634/theoncologist.2008-0037.
2. Lee SH, Jung KW, Ha J, Oh CM, Kim H, Park HJ, Yoo H, Won YJ. Nationwide
population-based incidence and survival rates of malignant central
nervous system germ cell tumors in Korea, 2005–2012. Cancer Res Treat.
2017;49(2):494–501. https://doi.org/10.4143/crt.2016.129.
3. Dufour C, Guerrini-Rousseau L, Grill J. Central nervous system germ cell
tumors: an update. Curr Opin Oncol. 2014;26(6):622–6. https://doi.org/10.
1097/cco.0000000000000140.
4. Murray MJ, Bartels U, Nishikawa R, Fangusaro J, Matsutani M, Nicholson
JC. Consensus on the management of intracranial germ-cell tumours.
Lancet Oncol. 2015;16(9):e470–7. https://doi.org/10.1016/s1470-2045(15)
00244-2.
5. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, BarnholtzSloan JS. CBTRUS statistical report: primary brain and other central nervous system tumors diagnosed in the United States in 2012–2016. Neuro
Oncol. 2019;21:v1–100. https://doi.org/10.1093/neuonc/noz150.
6. Prasad PK, Hardy KK, Zhang N, Edelstein K, Srivastava D, Zeltzer L, Stovall
M, Seibel NL, Leisenring W, Armstrong GT, Robison LL, Krull K. Psychosocial and neurocognitive outcomes in adult survivors of adolescent and
early young adult cancer: a report from the childhood cancer survivor
study. J Clin Oncol Off J Am Soc Clin Oncol. 2015;33(23):2545–52. https://
doi.org/10.1200/jco.2014.57.7528.
7. Brinkman TM, Recklitis CJ, Michel G, Grootenhuis MA, Klosky JL. Psychological symptoms, social outcomes, socioeconomic attainment, and
health behaviors among survivors of childhood cancer: current state of
the literature. J Clin Oncol Off J Am Soc Clin Oncol. 2018;36(21):2190–7.
https://doi.org/10.1200/jco.2017.76.5552.
8. Kuhlthau KA, Pulsifer MB, Yeap BY, Rivera Morales D, Delahaye J, Hill
KS, Ebb D, Abrams AN, Macdonald SM, Tarbell NJ, Yock TI. Prospective
study of health-related quality of life for children with brain tumors
treated with proton radiotherapy. J Clin Oncol Off J Am Soc Clin Oncol.
2012;30(17):2079–86. https://doi.org/10.1200/jco.2011.37.0577.
9. Sands SA, Kellie SJ, Davidow AL, Diez B, Villablanca J, Weiner HL, Pietanza
MC, Balmaceda C, Finlay JL. Long-term quality of life and neuropsychologic functioning for patients with CNS germ-cell tumors: from the First
International CNS Germ-Cell Tumor Study. Neuro Oncol. 2001;3(3):174–
83. https://doi.org/10.1093/neuonc/3.3.174.
10. Giovagnoli AR, Meneses RF, Silvani A, Milanesi I, Fariselli L, Salmaggi A,
Boiardi A. Quality of life and brain tumors: What beyond the clinical burden? J Neurol. 2014;261(5):894–904. https://doi.org/10.1007/
s00415-014-7273-3.
11. Mabbott DJ, Monsalves E, Spiegler BJ, Bartels U, Janzen L, Guger S, Laperriere N, Andrews N, Bouffet E. Longitudinal evaluation of neurocognitive
function after treatment for central nervous system germ cell tumors in

Lv et al. Health and Quality of Life Outcomes

12.

13.

14.

15.
16.

17.

18.
19.
20.
21.

22.

23.

24.
25.

26.

27.

28.

(2022) 20:9

childhood. Cancer. 2011;117(23):5402–11. https://doi.org/10.1002/cncr.
26127.
Brinkman TM, Li C, Vannatta K, Marchak JG, Lai JS, Prasad PK, Kimberg C,
Vuotto S, Di C, Srivastava D, Robison LL, Armstrong GT, Krull KR. Behavioral, social, and emotional symptom comorbidities and profiles in adolescent survivors of childhood cancer: a report from the childhood cancer
survivor study. J Clin Oncol Off J Am Soc Clin Oncol. 2016;34(28):3417–25.
https://doi.org/10.1200/jco.2016.66.4789.
Yeung NC, Lau JT, Yu XN, Chu Y, Shing MM, Leung TF, Li CK, Fok TF, Mak
WW. Psychometric properties of the Chinese version of the Pediatric
Quality Of Life Inventory 4.0 Generic Core scales among pediatric cancer
patients. Cancer Nurs. 2013;36(6):463–73. https://doi.org/10.1097/NCC.
0b013e31827028c8.
Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and validity of the Pediatric Quality of Life Inventory version 4.0 generic core scales in healthy
and patient populations. Med Care. 2001;39(8):800–12. https://doi.org/10.
1097/00005650-200108000-00006.
Palmer SN, Meeske KA, Katz ER, Burwinkle TM, Varni JW. The PedsQL
brain tumor module: initial reliability and validity. Pediatr Blood Cancer.
2007;49(3):287–93. https://doi.org/10.1002/pbc.21026.
Timbremont B, Braet C, Dreessen L. Assessing depression in youth:
relation between the Children’s Depression Inventory and a structured
interview. J Clin Child Adolesc Psychol Off J Soc Am Psychol Assoc Div.
2004;33(1):149–57. https://doi.org/10.1207/s15374424jccp3301_14.
Birmaher B, Khetarpal S, Brent D, Cully M, Balach L, Kaufman J, Neer SM.
The screen for child anxiety related emotional disorders (SCARED): scale
construction and psychometric characteristics. J Am Acad Child Adolesc
Psychiatry. 1997;36(4):545–53. https://doi.org/10.1097/00004583-19970
4000-00018.
Derogatis LR. SCL-90-R: administration, scoring, and procedures manual
for the revised version. Clin Psychom Res. 1983.
Graybiel AM. The basal ganglia: learning new tricks and loving it. Curr
Opin Neurobiol. 2005;15(6):638–44. https://doi.org/10.1016/j.conb.2005.
10.006.
Bogacz R. Optimal decision-making theories: linking neurobiology with
behaviour. Trends Cogn Sci. 2007;11(3):118–25. https://doi.org/10.1016/j.
tics.2006.12.006.
Sandman CA, Head K, Muftuler LT, Su L, Buss C, Davis EP. Shape of the
basal ganglia in preadolescent children is associated with cognitive performance. Neuroimage. 2014;99:93–102. https://doi.org/10.1016/j.neuro
image.2014.05.020.
Liang SY, Yang TF, Chen YW, Liang ML, Chen HH, Chang KP, Shan IK, Chen
YS, Wong TT. Neuropsychological functions and quality of life in survived
patients with intracranial germ cell tumors after treatment. Neuro Oncol.
2013;15(11):1543–51. https://doi.org/10.1093/neuonc/not127.
Chemaitilly W, Armstrong GT, Gajjar A, Hudson MM. Hypothalamic-pituitary axis dysfunction in survivors of childhood CNS Tumors: importance
of systematic follow-up and early endocrine consultation. J Clin Oncol
Off J Am Soc Clin Oncol. 2016;34(36):4315–9. https://doi.org/10.1200/jco.
2016.70.1847.
Lee SM, Kim IO, Choi YH, Cheon JE, Kim WS, Cho HH, You SK. Early imaging findings in germ cell tumors arising from the basal ganglia. Pediatr
Radiol. 2016;46(5):719–26. https://doi.org/10.1007/s00247-016-3542-x.
Robinson KE, Wolfe KR, Yeates KO, Mahone EM, Cecil KM, Ris MD. Predictors of adaptive functioning and psychosocial adjustment in children
with pediatric brain tumor: a report from the Brain Radiation Investigative
Study Consortium. Pediatr Blood Cancer. 2015;62(3):509–16. https://doi.
org/10.1002/pbc.25323.
Adduci A, Jankovic M, Strazzer S, Massimino M, Clerici C, Poggi G. Parentchild communication and psychological adjustment in children with a
brain tumor. Pediatr Blood Cancer. 2012;59(2):290–4. https://doi.org/10.
1002/pbc.24165.
Zeltzer LK, Recklitis C, Buchbinder D, Zebrack B, Casillas J, Tsao JC, Lu Q,
Krull K. Psychological status in childhood cancer survivors: a report from
the Childhood Cancer Survivor Study. J Clin Oncol Off J Am Soc Clin
Oncol. 2009;27(14):2396–404. https://doi.org/10.1200/jco.2008.21.1433.
Tso WWY, Liu APY, Lee TMC, Cheuk KL, Shing MK, Luk CW, Ling SC, Ku DTL,
Li K, Yung AWY, Fung CW, Chan SHS, Ho ACC, Ho FKW, Ip P, Chan GCF.
Neurocognitive function, performance status, and quality of life in pediatric intracranial germ cell tumor survivors. J Neurooncol. 2019;141(2):393–
401. https://doi.org/10.1007/s11060-018-03045-3.

Page 8 of 8

29. Lian X, Hou X, Yan J, Sun S, Miao Z, Liu Z, Wang W, Shen J, Shen J, Hu K,
Zhang F. Treatment outcomes of intracranial germinoma: a retrospective
analysis of 170 patients from a single institution. J Cancer Res Clin Oncol.
2019;145(3):709–15. https://doi.org/10.1007/s00432-018-2743-0.
30. Michel G, Rebholz CE, von der Weid NX, Bergstraesser E, Kuehni CE.
Psychological distress in adult survivors of childhood cancer: the Swiss
Childhood Cancer Survivor study. J Clin Oncol Off J Am Soc Clin Oncol.
2010;28(10):1740–8. https://doi.org/10.1200/jco.2009.23.4534.
31. Penn A, Lowis SP, Stevens MC, Hunt LP, Shortman RI, McCarter RJ, Pauldhas D, Curran AL, Sharples PM. Family, demographic and illness-related
determinants of HRQL in children with brain tumours in the first year
after diagnosis. Pediatr Blood Cancer. 2009;53(6):1092–9. https://doi.org/
10.1002/pbc.22157.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

