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Abstract
Objectives. Hematopoietic stem cell transplantation (HSCT) or intensive chemotherapy for
the treatment of malignant diseases is a highly distressing experience. The affected person’s
resilience is crucial to coping with this challenging experience. Experience with resilience-
enhancing interventions in children and young adults during cancer therapy is scarce. The
major objective of this work was developing and evaluating an effective psycho-oncological
mental training that complements the standard psychosocial care.
Methods. In this prospective, randomized single-center study, a total of 30 patients (12 to
22 years of age) who underwent HSCT or high-dose chemotherapy received either the stan-
dard psychosocial care (control group [CG]) or additionally underwent a novel and specifically
developed resilience-enhancing 14-session mental training (therapy group [TG]).The patients
were observed over an 8-month period and were screened for distress, thyroid, and immune
function parameters, as well as generalized anxiety, affect, and sports orientation.
Results. Patients of the TG showed significantly greater improvements in all assessed mental
aspects, including anxiety, affect, competitiveness, win orientation, goal orientation, self-
optimization, self-blocking, and loss of focus, as well as cortisol levels within 8 months, as
opposed to patients of the CG (effect size range 𝜉: 0.74–1.00).
Significance of results. Patients who underwent the mental training displayed less anxi-
ety, better affect, and improved mental performance with less self-blocking. This resulted in
improved goal orientation, competitiveness, self-optimization, and focus when compared to
the CG patients. However, larger prospective trials are necessary to substantiate these findings.

Introduction

Hematopoietic stem cell transplantation (HSCT) or intensive chemotherapy for the treatment
of malignant disease is a highly distressing, potentially traumatic, and life-threatening expe-
rience – not only physically but also psychologically – that can have dramatic impacts on a
patient’s individual concept of life.This especially applies to pediatric, adolescent, or young adult
patients who, instead of following their natural maturation and growing experiences and devel-
oping their individual characteristics and life goals, have to face severe sickness and an acute
and persistent threat to life.This not only affects their mental health but also their personal rela-
tionships, the identity of their family, and their family members, all of whom experience severe
distress (Guilcher 2016; Linder andHooke 2019; Packman et al. 2010;West et al. 2020). Pediatric
alloHSCT patients are at high risk for anxiety (16–37% of patients) and depression (7–25%
higher than age-matched population) (Di Giuseppe et al. 2020) and are likely to develop symp-
toms of post-traumatic stress (Kronenberger et al. 1996; Stuber et al. 1991). The psychological
effects of oncological diseases and their treatment can occur before, during, or a long time after
the situation and, depending on the underlying disease, its prognosis, or the patient’s age and
gender, may significantly impair the patients’ overall mental health and quality of life (Bergerot
et al. 2015; Chan et al. 2018; Linden et al. 2012; Luo et al. 2019; Rodin et al. 2009). Especially,
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the first year after HSCT in children and adolescents presents sig-
nificant challenges for the survivors, including difficulties with
social competence, self-esteem, and emotional well-being (Luo
et al. 2019; Phipps et al. 1995).

The affected person’s resilience, which can be defined as their
ability to use personal resources to maintain their psychological
and physical stability and ability to function while being exposed
to major stress or threat (Sisto et al. 2019), is crucial to coping
with such a challenging journey. Previous research has shown that
personality-related variables such as optimism, hope, self-esteem,
positive emotions, and personal control are important factors to
build resilience, increase the quality of life, and reduce distress in
patients with cancer. Resilience interventions that include stress
management, redirection of perceptions, focus on growth and
adjustment, or meaning-making can reduce distress, increase the
quality of life, and improve optimism and self-efficacy in pedi-
atric, adolescent, and adult cancer patients (Chung et al. 2021;
Greup et al. 2018; Kazak et al. 2003; Molina et al. 2014; Rosenberg
et al. 2018; Seiler and Jenewein 2019). The German national S3
Guideline “Psychosocial care in childhood and adolescent oncology”
recommends basic psychosocial care in pediatric hemato-oncology
patients that can be complemented with intensified psychosocial
care if indicated. (Leiss et al. 2012; Schr ̈oder et al. 2019).

The hypothalamus–pituitary–thyroid axis and the
hypothalamus–pituitary–adrenal (HPA) axis are important
neuroendocrine axes that are key regulators of the endocrine,
neurological, neuroendocrine, psychological, and immune sys-
tems (Ortiga-Carvalho et al. 2016). These axes can be significantly
altered due to stress disorders, cancer, or inflammation (De Luca
et al. 2021; Mazzoccoli et al. 2012; Olff et al. 2006; Wong et al.
2008). Psychoneuroimmunology research has clearly shown that
the stress-dependent constitutive activation of the HPA axis in
cancer patients is likely to undermine therapy success. In partic-
ular, several mechanisms of the impact of psychological distress
and upregulated glucocorticoid secretion in cancer patients have
been proposed, potentially subverting therapeutic tumor control
via blocking of type I interferon responses in dendritic cells and
interferon gamma (IFNγ) T cell activation (Ma et al. 2020; Yang
et al. 2019).

In this prospective randomized controlled single-center study,
a total of 30 adolescent and young adult patients aged between
12 and 22 years who underwent allogeneic HSCT or high-dose
chemotherapy for the treatment of a malignant or nonmalignant
oncologic or hematologic disease, received either the standard psy-
chosocial care during and after their treatment (control group
[CG]) or additionally underwent a novel and specifically devel-
oped mental training program consisting of 14 one-hour training
sessions that include elements of sports psychology, resource acti-
vation,motivational training, and resilience enhancement (therapy
group [TG]).The study was created following the CONSORT 2010
guidelines for randomized controlled trials (Schulz et al. 2010).The
major objectives of this studywere to develop and evaluate an effec-
tive psycho-oncological training program that complements the
standard psychosocial care and that focuses on the major strate-
gies, influencing anxiety, especially reducing recurrence anxiety,
increasing motivation, clearing goal orientation by stopping neg-
ative thoughts, increasing self-confidence, and making one’s own
decisions, to prepare the patients and facilitate their transforma-
tion from a sick and fighting patient to a survivor who is strong
and motivated to create their own, self-determined future.

We hypothesize that this training will therefore lessen anx-
iety and negative affect, as well as increase positive affect to a

significantly greater extent than the standard care protocol in the
CG. As a secondary hypothesis, we predict that through the train-
ing, heightened achievement motivation, goal orientation, as well
as volition will be induced in participants, while there will be no
enhancement of these traits following standard protocol in the
CG. As an exploratory analysis, we will moreover analyze if these
psychological changes further translate into biological changes
in thyroid and immune function parameters. Due to the small
sample size, no additional exploratory subgroup analyses will be
computed.

Material and methods

Study design and patients

In this prospective randomized controlled intervention study
(CentraXX study registration number UKT-2018-KI3-2685), ado-
lescent and young adult patients of the University Children’s
Hospital Tübingen between the ages of 12 and 22 who under-
went an allogeneic HSCT or intensive chemotherapy between 2018
and 2020 were consecutively offered study participation and were
subsequently recruited at the time of inpatient admission before
the commencement of HSCT/chemotherapy. The exclusion crite-
ria were psychoactive substance abuse and diagnosis of a mental
disorder according to the International Classification ofDisease-11
(Khoury et al. 2017). In total, 30 patients were recruited and ran-
domized to the CG or the TG.The urn randomization was done by
hand via random draw from a physical urn without replacement.
Due to the limited capacity for training sessions in the TG, par-
ticipants were recruited successively over the study period so that
a maximum of 6 to 7 patients were simultaneously in the training
phase. Specifically, this means that initially suitable subjects were
invited to participate in the study consecutively at the beginning
of the study period and, after consent, were randomized via urn
randomization to the study groups until capacity in the TG was
reached. Recruitment continued as soon as at least 3 places in the
therapy group could be filled. Patients of the CG received the stan-
dard psychosocial care and patients of the TG additionally received
a mental training program (see below). The observation period
started on the day of inpatient admission and ended 8months after
study enrollment. The check-up days on which the patients were
screened for laboratorymarkers and answered questionnaires were
the day of study enrollment before starting chemotherapy (base-
line/at study enrollment), 3 months (after session 6), 6 months
(after session 14), and 8 months (6–8 weeks after session 14) after
enrollment. All 30 patients completed all assessments, and every
patient from the TG completed the full 14-session program. The
study was carried out as an open-label study.

Psycho-oncological care and novel mental training

The patients of both the TG and the CG were offered the standard
psycho-oncological care that includes social or psychological coun-
seling with social workers, systemic therapists, or other profession-
als (e.g., art therapists). In addition, the patients of the TG received
a novel and specifically developed mental training program con-
sisting of 14 one-hour training sessions that include elements
of sports psychology, resource activation, motivational training,
and resilience enhancement. The training program focuses on the
major strategies: influencing anxiety, especially reducing recur-
rence anxiety, increasing motivation, a clear goal orientation by
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stopping negative thoughts, increasing self-confidence, and mak-
ing one’s own decisions. In the first session, medical history and
personal goals of the patients are assessed. In the following sessions,
patients learn several techniques to strengthen their concentration,
attentiveness, stress management, and emotional control and regu-
lation. Negative and anxious thoughts are analyzed and reframed,
and personal abilities and strengths are explored. Then, the com-
prehensive concept of mental strength is introduced and linked to
previously learned techniques using a currently existing problem
of the patients, for which an individual mental training cycle is
established.The last sessions focus onmotivation for further devel-
opment and reflection on the progress the patientsmade during the
program. The description of the concept with a further summary
of each session is provided in Supplementary data 1.

Applied questionnaires

On the observationdays at baseline (at study enrollment), 3months
(after session 6), 6 months (after session 14), and 8 months
(6–8 weeks after session 14), the patients of both cohorts were
screened for generalized anxiety (generalized anxiety question-
naire [GAD-7]) (Spitzer et al. 2006), affectivity (Positive and
Negative Affect Schedule [PANAS]) (Krohne et al. 1996), sports
orientation (Sports Orientation Questionnaire [SOQ]) (Elbe et al.
2008), and volition (volitional components in sports [VKS])
(Wenhold et al. 2008) using standardized questionnaires. The
data sets were analyzed between the observation days (baseline,
3 months, 6 months, and 8 months) within the study groups.

TheGAD-7 is a screening tool to detect generalized anxiety dis-
orders (L ̈owe et al. 2008; Spitzer et al. 2006). Since anxiety may
represent a normal reaction to a malignant disease, we chose a
questionnaire that has been used in this context to assess patho-
logical levels of anxiety in adult cancer patients (Esser et al. 2018).
The recommended cutoff score for cancer patients is≥7 (Esser et al.
2018).

TheGerman version (Krohne et al. 1996) of the PANAS (Watson
et al. 1988) was applied to assess the positive and negative affect
of the patients. The German PANAS is a 20-item questionnaire.
Higher scores represent higher affect.

The SOQ was developed as an instrument designed to measure
individual achievement motivation in sport situations and was val-
idated for high school and university students. For this study, a
validated German version was applied (Elbe et al. 2008). For young
athletes (teens to adolescents; performance level 1 [participation in
national or international competitions]), standard scores (ranges)
for mean competitiveness, win orientation, and goal orientation
were defined as 54 (range 48–59), 24 (range 20–27), and 26 (range
24–30), respectively.

The questionnaire for the assessment of VKS was designed to
assess skills and deficits in self-direction or volition specifically for
sport (Wenhold et al. 2008).

Laboratory analyses

Blood levels of cortisol and thyroid function parameters thyroid-
stimulating hormone (TSH), free triiodothyronine (fT3), and free
thyroxine (fT4) of the immune cells CD3+ T cells, CD4+ T
cells, CD8+ T cells, and the CD4+/CD8+ ratio were assessed
starting at baseline as well as 3 and 6 months thereafter. Blood
collection was performed between 7.00 and 9.00 a.m. Cortisol
measurements were not included during corticosteroid treatment.
Likewise, thyroid function parameters (TSH, fT3, and fT4) were
not included in the analyses during thyroxine treatment.

Statistical analysis

Questionnaire results were calculated in accordance with the indi-
vidual analysis manuals and then averaged across participants for
each time and group combination. Laboratory measurements were
determined asmean (M) and standard deviation (SD) of the results
of all patients of the respective observation day and study cohort.
There was neither missing data from the laboratory analyses nor
from the questionnaires. Due to frequent non-normality of data
sets as tested by the Shapiro–Wilk normality test, as well as a
generally small sample size, robust, nonparametric statistical tests
were applied (Feys 2016; Mair and Wilcox 2020). Distributions of
patient characteristics were compared between both groups using a
Fisher’s exact test. To assess the primary psychological outcomes, as
well as the secondary explorative laboratory analyses, robustmixed
2 × 4 analysis of variances (ANOVAs) with between-subject factor
group (control and therapy) and within-subject factor time (base-
line, 3, 6, and 8 months after HSCT) as independent variables were
conducted using the WRS2 R Package. The robust mixed ANOVA
uses the 20% trimmedmeans and returns the test statisticQ, which
is approximately F-distributed; however, it does not return an effect
size. Significant interactions were therefore followed up by carry-
ing out simple effects analyses with robust t-tests, which compute a
robust explanatorymeasure of effect size 𝜉 (Wilcox and Tian 2011).
0.10, 0.30, and 0.50 correspond to small, medium, and large effect
sizes, respectively.

Graphs and statistical tests were created with GraphPad Prism
version 8.4.3 (686) forWindows (GraphPad Software. Inc., La Jolla,
CA, USA) and R version 4.1.1 (2021-08-10, Copyright 2021, The
R Foundation for Statistical Computing). All statistical tests were
2-sided. p-Values <0.05 (*), <0.01 (**), and <0.001 (***) were
defined as statistically significant.

Results

Patient characteristics and observation period

A total of 30 pediatric patients with a median age of 16.1 years
(range 12.6–22.2 years) were enrolled in this analysis.TheTG com-
prised a significantly higher percentage of female patients when
compared to theCG (11 vs. 3 patients; p= 0.0092). Since the partic-
ipants were randomized, this is considered to be coincidental. No
other patient characteristic differed significantly between groups.
In each group, one patient died of multi-organ failure (n = 2; 7%)
after study completion. None of the patients were lost to follow-up.
Detailed patient characteristics are summarized in Table 1.

Primary and secondary analyses of psychological measures

Means and standard deviations of the psychological measures for
the respective observation day and study cohort, as well as the
2 main and the interaction effects examined by the robust 2-
way mixed ANOVAs are summarized in Table 2. For the primary
outcomes anxiety, positive affect and negative affect, the robust
ANOVA revealed significant main effects for group, time, and
importantly significant interaction effects (each p< 0.001), signify-
ing that the change in the primary psychological measures differed
between groups.

To assess the interaction further, post hoc robust t-tests between
groups were performed. For self-reported anxiety, the robust t-test
showed no significant difference between groups at baseline mea-
surement, t(11.05) = 0.58, p = 0.576, while there was a signif-
icant difference at 3, t(13.3) = 5.62, p < 0.001, 𝜉 = 0.86; 6,
t(13.26)= 7.88, p< 0.001, 𝜉 = 0.91; and 8, t(16)= 9.72, p< 0.001,
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Table 1. Patient characteristics

Control group Therapy group

n (%) n (%) p

Total 15 (100.0) 15 (100.0) >0.9999

Age

Median (range) 16.3 (12.6−18.2) 15.8 (13.6−20.2)

Sex

Male 12 (80.0) 4 (26.7) 0.0092

Female 3 (20.0) 11 (73.3)

Diagnosis

Acute lym-
phoblastic
leukemia

4 (26.7) 3 (20.0) >0.9999

Acute myeloid
leukemia

2 (13.3) 1 (6.7) >0.9999

Hodgkin’s
lymphoma

2 (13.3) 2 (13.3) >0.9999

Medulloblastoma
0 (0.0) 2 (13.3) 0.4828

Osteosarcoma 1 (6.7) 1 (6.7) >0.9999

Sickle cell
anemia

0 (0.0) 2 (13.3) 0.4828

Other 6 (40.0) 4 (26.7) 0.6999

Therapy

Chemo-
therapy

8 (53.3) 7 (46.7) >0.9999

Allogeneic
HSCT

7 (46.7) 8 (53.3)

HSCT donor

Matched
unrelated
donor

3 (20.0) 5 (33.3) 0.6817

Matched fam-
ily/sibling
donor

2 (13.3) 2 (13.3) >0.9999

Mismatched
family donor

2 (13.3) 1 (6.7) >0.9999

Graft-versus-host
disease

Grade I 0 (0.0) 1 (6.7) >0.9999

Grade II 1 (6.7) 0 (0.0) >0.9999

Grade III 0 (0.0) 1 (6.7) >0.9999

Grade IV 2 (13.3) 0 (0.0) 0.4828

Other
complications

Veno-occlusive
disease

2 (13.3) 1 (6.7) >0.9999

Viremia 7 (46.7) 6 (40.0) >0.9999

Sepsis/SIRS 6 (40.0) 3 (20.0) 0.4270

Invasive fungal
infection

1 (6.7) 0 (0.0) >0.9999

(Continued)

Table 1. (Continued.)

Control group Therapy group

n (%) n (%) p

GvHD prophy-
laxis/Immunosuppression

ATG-Grafalon 5 (33.3) 6 (40.0) >0.9999

Thymo-
globulin

0 (0.0) 2 (13.3) 0.4828

MMF 2 (13.3) 1 (6.7) 0.5977

CsA 5 (33.3) 7 (46.7) 0.5977

Without 8 (53.3) 7 (46.7) >0.9999

Death

Multi-organ
failure

1 (6.7) 1 (6.7) >0.9999

CsA = cyclosporine A, HSCT = hematopoietic stem cell transplantation, MMF = mycophe-
nolate mofetil, n = sample size, p = probability value.

𝜉 = 0.94, months after HSCT, with the TG reporting signifi-
cantly less anxiety than the CG. For positive affect, there was a
significant difference at baseline level, with theCG reporting signif-
icantly more positive affect than the TG, t(8.94) = 2.35, p = 0.044,
𝜉 = 0.61. For months 3, t(10.65) = 11.01, p < 0.001, 𝜉 = 0.98; 6,
t(15)= 23.49, p< 0.001, 𝜉 = 0.96; and 8, t(14.1)= 16.16, p< 0.001,
𝜉 = 0.93, the difference between groups was again significant; how-
ever, the direction of the effect changed. For the months after the
therapy program was started and then completed, participants in
the TG reported significantly more positive affect than CG partici-
pants. For negative affect, no significant difference between groups
was found at baseline, t(13.17) = 0.79, p = 0.442. However, at 3,
t(14.12)= 15.43, p< 0.001, 𝜉 = 0.97; 6, t(15.98)= 25.84, p< 0.001,
𝜉 = 0.95; and 8, t(12.07) = 17.21, p< 0.001, 𝜉 = 0.94, months after
HSCT, the robust t-test revealed that the CG reported significantly
more negative affect than the TG.

For the secondary outcomes sports orientation and volition, the
subscale competitiveness, win orientation, goal orientation, self-
optimization, self-blocking, lack of activation, and loss of focus
were assessed. Again, the robust 2-way mixed ANOVAs showed
significant main effects of time and group for all subscales, as
well as significant interaction effects (competitiveness, win ori-
entation, goal orientation, and self-optimization with p < 0.001
self-blocking and lack of activation with p < 0.010 and loss of
focus with p = 0.010). To specify the interaction, post hoc robust
t-tests between groups for every level of the time factor were per-
formed. For competitiveness, win orientation, goal orientation,
self-optimization, and loss of focus, the robust t-test at baseline
showed no significant difference, while the t-tests performed for
month 3, 6, and 8 showed significant differences between groups
(all p < 0.001, except loss of focus on month 3 comparison at
p = 0.005, 𝜉-Range: 0.86–1). For each subscale, TG participants
reported on average significantly higher scores after starting and
completing the program than CG participants receiving standard
care. For the subscales, self-blocking and lack of activation on both
the baseline and the 3-month comparison between groups were
nonsignificant. At months 6 and 8, a significant difference between
groups was shown (all p < 0.010, 𝜉-Range: 0.79–0.94). Therapy
group participants reported significantly lower self-blocking ten-
dencies and lack of activation than control participants.
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Table 2. Questionnaire analyses

Control group, M (SD) Therapy group, M (SD) Q, p-value

Months after
HSCT Baseline 3 6 8 Baseline 3 6 8 Group Time Interaction

GAD anxiety 19.87
(2.50)

20.73
(1.67)

18.67
(4.05)

18.07
(1.94)

20.00
(5.18)

16.40
(2.35)

11.67
(3.81)

9.73
(1.44)

Q = 69.00,
p < 0.001***

Q = 29.77,
p < 0.001***

Q = 11.35,
p < 0.001***

PANAS
positive affect

1.74
(0.15)

1.81
(0.21)

1.79
(0.22)

1.91
(0.27)

1.57
(0.31)

3.02
(0.28)

3.98
(0.34)

4.13
(0.35)

Q = 507.37,
p < 0.001***

Q = 99.48,
p < 0.001***

Q = 87.37,
p < 0.001***

PANAS
negative
affect

4.10
(0.21)

3.93
(0.28)

3.79
(0.27)

3.67
(0.30)

3.91
(0.48)

2.46
(0.24)

1.69
(0.20)

1.57
(0.21)

Q = 409.30,
p < 0.001***

Q = 87.69,
p < 0.001***

Q = 51.52,
p < 0.001***

Competitiveness 33.40
(3.42)

34.33
(2.99)

34.00
(2.85)

33.13
(2.59)

33.93
(5.23)

46.87
(4.29)

53.07
(4.51)

53.87
(3.11)

Q = 161.68,
p < 0.001***

Q = 36.03,
p < 0.001***

Q = 31.85,
p < 0.001***

Win
orientation

14.73
(2.37)

14.60
(1.99)

15.47
(2.39)

15.07
(2.05)

15.40
(1.76)

22.67
(1.29)

24.67
(1.35)

24.33
(1.40)

Q = 145.52,
p < 0.001***

Q = 47.74,
p < 0.001***

Q = 29.81,
p < 0.001***

Goal
orientation

15.60
(2.77)

16.53
(2.42)

15.27
(3.28)

15.87
(1.13)

16.20
(4.81)

21.53
(2.90)

24.53
(2.56)

25.87
(1.60)

Q = 69.94,
p < 0.001***

Q = 6.25,
p = 0.008**

Q = 145.52,
p < 0.001***

Self-
optimization

36.87
(3.68)

41.13
(2.33)

40.80
(3.08)

41.27
(3.08)

33.20
(15.19)

52.60
(8.89)

61.53
(9.35)

69.13
(5.07)

Q = 82.26,
p < 0.001***

Q = 40.74,
p < 0.001***

Q = 33.04,
p < 0.001***

Self-blocking 18.00
(2.59)

16.73
(2.02)

17.27
(2.05)

17.67
(2.35)

17.27
(4.89)

16.47
(2.95)

14.13
(2.42)

11.13
(3.00)

Q = 9.63,
p = 0.010*

Q = 4.68,
p = 0.022*

Q = 6.54,
p = 0.007**

Lack of
activation

28.67
(2.97)

26.27
(3.20)

27.20
(2.51)

25.60
(3.29)

28.80
(4.57)

23.87
(2.29)

20.27
(4.28)

16.53
(5.62)

Q = 22.73,
p < 0.001***

Q = 13.21,
p < 0.001***

Q = 7.72,
p = 0.003**

Loss of focus 18.07
(2.28)

17.60
(1.55)

18.33
(2.16)

17.53
(1.51)

17.33
(2.47)

14.73
(2.09)

12.27
(2.76)

12.27
(2.55)

Q = 51.75,
p < 0.001***

Q = 4.76,
p = 0.021*

Q = 5.86,
p = 0.010*

Means and standard deviations in the control and TG for psychological questionnaire measurements at baseline and 3, 6, and 8 months after hematopoietic stem cell transplantation
(HSCT). The last 3 columns show the results of the statistical analysis, using a robust 2-way mixed ANOVA design with group and time/months after HSCT as factors.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

Exploratory laboratory analyses

Normal values, means, and standard deviations of the laboratory
measures for the respective observation day and study cohort, as
well as the 2 main and the interaction effect examined by a robust
2-way mixed ANOVAs, are summarized in Table 3. We found sig-
nificant main effects of group for TSH (p< 0.001), FT4 (p< 0.01),
cortisol, CD8+ T cells, and the CD4+/CD8+ ratio (p < 0.05). A
significant main effect of time was found in the analysis of CD3+
T cells (p < 0.05), and CD8+ T cells (p < 0.001). CD8+ T cells
furthermore showed a significant interaction effect (p < 0.05).
No other interaction effect was significant. Therefore, for corti-
sol, CD8+ cells, and the CD4+/CD8+ ratio, it can be said that
there was a significant difference between groups, independent
from the time of measurement.The significant main effects of time
for CD3+ cells, on the other hand, signify that there is a differ-
ence between the different times of measurement, independent
from group affiliation. For CD8+ T cells, the significant interac-
tion shows that the change in cell concentration differed between
groups. To explore this interaction further, post hoc robust t-tests
were performed. Neither the difference in CD8+ T cell concen-
tration at baseline, t(15.26) = 0.58, p = 0.867, nor at month 3,
t(15.92) = 1.13, p = 0.276, was significant. However, at month
6, the TG had significantly more CD8+ T cells than the CG,
t(15.91) = 3.74, p = 0.002, 𝜉 = 0.74.

Discussion

The incidence of anxiety and post-traumatic stress disorder
is significantly and relevantly higher in survivors of pediatric

alloHSCT than in the normal population (Sanders et al. 2010;
Taskıran et al. 2016). During the acute and intensive treatment
of their life-threatening disease, pediatric HSCT patients are
requested to focus on the moment and to invest their whole energy
andmind in every single day, one day at a time. In our own clinical
experience, we noticed that as soon as the acute existential threat
declines, that is, when the success of a disease treatment becomes
increasingly evident, and the patients face the inpatient discharge
after intensive chemotherapy or HSCT, they begin to focus on the
journey that lies ahead of them. During this time, the patients,
especially those aged 12 and older, frequently ask about how to find
their way back to their past lives and how to create a future that they
want to live in. This process is often accompanied by great anxi-
ety and self-blockage. Based on this experience, we developed our
mental training. The present study is the first study to investigate
a psycho-oncological intervention program based on sport psy-
chology elements and adapted to pediatric and young adult HSCT
patients, focusing on methods to reduce anxiety, increase moti-
vation and goal orientation, and to implement this in the form
of mental training in 15 pediatric patients. The major objective
of this intervention study was to show that our mental train-
ing over 14 sessions alleviates anxiety and its negative effects and
promotes positive developments, compared to standard care. This
could be confirmed. Thus, it was shown that the mental training
led to decreased generalized anxiety and negative affect reported
by patients significantlymore than standard care. Furthermore, the
increase of positive affect was significantly greater in the TG than
in the CG.

There are only few comparable studies examining psycho-
oncology intervention programs in children, adolescents, or young
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Table 3. Laboratory analyses

Control group, M (SD) Therapy group, M (SD) Q, p-value

Months
after
HSCT

Normal
values Baseline 3 6 Baseline 3 6 Group Time Interaction

Cortisol
(nmol/L)

125−400 283.53
(141.18)

403.33
(217.45)

463.13
(146.77)

294.20
(157.94)

311.40
(118.92)

287.60
(84.69)

Q = 7.69,
p = 0.015*

Q = 3.28,
n.s.

Q = 3.11,
n.s.

TSH (mU/L) 1.1−8.2 3.32
(1.90)

2.16
(1.29)

2.04
(1.22)

3.51
(1.04)

3.93
(0.85)

3.84
(1.09)

Q = 19.16,
p = < 0.001***

Q = 0.53,
n.s.

Q = 2.11,
n.s.

FT4 (pmol/L) 3.5−6.5 14.53
(3.11)

14.80
(4.44)

13.73
(1.53)

16.67
(1.91)

16.00
(2.39)

16.93
(1.49)

Q = 12.93,
p = 0.003**

Q = 0.70,
n.s.

Q = 1.16,
n.s.

FT3 (pmol/L) 13−26 5.18
(1.26)

4.90
(1.47)

4.12
(1.24)

4.52
(0.80)

4.69
(0.59)

4.59
(0.77)

Q = 1.79, n.s. Q = 1.29,
n.s.

Q = 1.24,
n.s.

CD3+
(cells/μL)

>800 290.00
(289.97)

341.47
(221.71)

459.93
(225.73)

649.07
(813.84)

387.73
(255.03)

606.60
(274.46)

Q = 2.23, n.s. Q = 6.06,
p = .017*

Q = 1.08,
n.s.

CD4+
(cells/μL)

>400 169.40
(189.94)

164.53
(105.44)

151.07
(102.19)

344.13
(404.76)

158.33
(108.75)

252.67
(161.08)

Q = 1.28, n.s. Q = 0.49,
n.s.

Q = 2.33,
n.s.

CD8+
(cells/μL)

>500 178.40
(135.28)

205.40
(131.86)

308.87
(229.79)

197.07
(152.23)

288.07
(156.60)

498.40
(191.96)

Q = 5.74,
p = 0.030*

Q = 12.28,
p < 0.001***

Q = 4.28,
p = 0.035*

CD4+/CD8+
ratio

1.0−1.36 0.81
(0.59)

0.72
(0.31)

0.76
(0.65)

0.68
(0.37)

1.10
(0.37)

1.16
(0.29)

Q = 7.57,
p = 0.020*

Q = 2.89,
n.s.

Q = 3.65,
n.s.

n.s. = not significant. Normal values, means, and standard deviations in the control and TG for laboratory measurements at baseline and 3 and 6 months after hematopoietic stem cell
transplantation (HSCT). The last 3 columns show the results of the statistical analysis, using a robust 2-way mixed ANOVA design with group and time/months after HSCT as factors.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

adults in the setting of HSCT. In amulticenter study of 171 patients
and their parents, patients and parents in the TG received an inter-
vention program with massage and humor therapy compared with
the CG with standard care. The intervention began at hospital
admission and lasted until week 3 after HSCT. Participants com-
pleted outcome measures at admission and 24 weeks after HSCT.
Across the sample, significant improvements were seen in all out-
comes from admission to week 24. Benefits were high at admission
and increased at week +24. However, there were no statistically
significant differences between intervention arms for any of the
measures (Phipps et al. 2012). Another phase 2 randomized con-
trolled trial assigned English-speaking adolescent and young adult
patients (AYA; 12–25 years old) with cancer to the Promoting
Resilience in Stress Management intervention or to usual care. The
study suggests that brief, skills-based interventions could provide
benefit for this patient population (Rosenberg et al. 2018).

In a study of 66 children and adolescents between 8 and 16 years
of age with depressive or anxiety disorders, it was shown that
patients who already had high positive and lownegative affect prior
to 8 weeks of cognitive behavioral therapy (with and without the
use of serotonin reuptake inhibitors) responded significantly bet-
ter to therapy (lower expression of symptoms of depression and
anxiety) (Forbes et al. 2012). It has been demonstrated in 50 adult
patients with generalized anxiety disorder that positive affect con-
tributes relevantly to quality of life in these patients, and strategies
to improve positive affect are a useful starting point in improv-
ing the quality of life in these patients (Das et al. 2020). Positive
affect was further described as a buffer against chronic stress by
ameliorating symptoms of emotional disorders (Sewart et al. 2019).
In this sense, the patients of the TG might have benefited both in
terms of a reduction of anxiety and increased affect functioning,
thereby potentially facilitating their overall treatment response to
therapeutic interventions and alleviating stress levels. Research has
demonstrated that the individualmental resources and resilience of

cancer patients greatly influence their psychological health, post-
traumatic growth (i.e., a positive change of life that results from
major health or life crises), and quality of life during and after
therapy (Rosenberg et al. 2018). In a systematic review, Seiler
and Jenewein described personality-related variables such as opti-
mism, hope, self-esteem, positive emotions, andpersonal control as
important factors to build resilience and report an increased qual-
ity of life and less distress in patients with effective coping strategies
(Seiler and Jenewein 2019). Symptoms of post-traumatic stress and
anxiety decreased in patients and their families with the help of
family group interventions that combines cognitive behavioral and
family therapy approaches (Kazak et al. 2004, 1999).

The hypothesis that the training induced an increased goal
orientation and achievement motivation as well as an increased
willpower in the participants, while there was no improvement in
these characteristics in the CG according to the standard proto-
col, was confirmed. Analyses of the sports orientation and voli-
tional components showed a significantly greater improvement
of competitiveness, win orientation, goal orientation, and self-
optimization scores in the TG than in the CG, as well as a signif-
icantly greater reduction in self-blocking and a significantly more
reduced loss of focus and lack of activation than in patients receiv-
ing standard care.The role of goal orientation and competitiveness
in achieving academic goals has been thoroughly investigated.
Several studies indicated that goal setting in adults is associated
with increased use of health activities that promote rehabilita-
tion and recovery (Hurn et al. 2006). The future orientation of
adolescents is proposed to have a close relationship to their devel-
opment outcomes and their individual physical and mental health
(Johnson et al. 2014). The determinations of the stress biomarker
were only punctual measurements of a dynamic endocrine system
that follows circadian variations; however, it is notable that the cor-
tisol levels of the CGpatients were significantly higher (p= 0.0030)
at 6monthswhen compared to the baseline levels. Although amore
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dynamic development of thyroid function parameters was seen in
the CG, monitoring for effects of the mental training on inflam-
matory signals and thyroid function should be a component in
larger clinical trials, further investigating these observations. In our
experiment, we observed significantmain effects of group for corti-
sol, TSH, and FT4, signifying the levels of these measurements are
significantly different between groups. However, there was neither
a significant main effect of time nor a significant interaction effect,
meaning the measurements remained relatively stable across time.

The CD4+/CD8+ ratio is decisive for a normal immune func-
tion (Robinson et al. 1996). The CD8+ T cell levels increased
significantly more in patients of the TG in contrast to patients of
the CG. This effect might be based on several influencing factors
such as the chemotherapy or immunosuppressive regime. In view
of the diversity of the applied medication, we consider it likely that
these were the major influencing effects on the T cell regeneration.
These observations should be analyzed in larger cohorts.

The limitations of this analysis are the small cohort size and
the unequal gender distribution, potentially biasing an inter-group
comparison. Nevertheless, the results of this study indicate the
importance and efficacy of a supportive andmotivation-enhancing
mental training. Taken together, the presented data indicate that
the adolescent and young adult patientswhounderwent ourmental
training displayed less anxiety, better affect, and improved mental
performancewith less self-blocking.This resulted in improved goal
orientation, competitiveness, self-optimization, and focus when
compared to the CG patients. Moreover, the data suggest a favor-
able development of immune and stress function parameters in
patients undergoing our mental training program. However, these
effects and their interdependent relationships need to be further
investigated to facilitate valid conclusions. Additional research
questions to explore in this regard could be extensive subgroup
analyses such as gender or age subgroups in bigger cohort studies.
In this study, patients from the age of 12 to 22 were assessed. As this
age range is rather large and spans from the beginning of puberty
to early adulthood, it would be beneficial to examine whether cer-
tain age groups may benefit more from such a mental training.
Similarly, gender is an important moderator for therapy success
to explore. Furthermore, this study showed that the improvement
of several psychological measurements remained stable at least up
until 2months after completion of themental training.A long-term
experiment could explore further how long the effects of this train-
ing last. Lastly, as the whole family is impacted by pediatric cancer,
it could be beneficial to the family system to include siblings and
parents in therapeutic interventions. A future study could examine
whether thismental training program could be extended to contain
sessions for other family members and whether this would further
strengthen the perceived positive effects.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S1478951523000986.
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