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Abstract
Purpose The purpose of this study was to cross-sectionally
assess quality of life (QoL) in survivors of childhood
Hodgkin's disease (HD) in a cohort treated for HD in the
successive German–Austrian therapy studies HD-78, HD-
82, HD-85, HD-87, HD-90, HD-95, respectively, in accor-
dance with the HD-Interval-Treatment recommendation be-
tween 1978 and 2002.
Patients and methods Data from QoL questionnaires were
provided by 1,202 (66 %) of 1,819 invited survivors. These
included the EORTC QLQ-C30 and socio-demographic var-
iables. Data of a homogenous sub-sample (n=725) defined by

age (21–41 years) and event- free-survival (no progress, re-
lapse or secondary malignancies) were compared to an age-
adjusted German reference sample (n=659).
Results While the global and physical QoL scores were com-
parable to those of the general population, survivors' mean
scores were more than 10 points lower on the EORTC QLQ-
C30 scales “Emotional” and “Social Functioning”. On the
symptom scales, higher mean scores, exceeding 10 points,
were obtained for the scales “Fatigue” and “Sleep”. In general,
there was a gender effect showing lower functioning and
higher symptom levels in women, most prominently in the
group of young women (21–25 years). The results within the
group of HD survivors could not be associated with the time
since treatment, the age of HD survivors at diagnosis or the
extent of therapy burden.
Conclusion Clinicians engaged in follow-up care should be
sensitive to aspects of fatigue and related (emotional) symp-
toms in HD childhood cancer survivors and encourage their
patients to seek further support if needed.
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AG Age group
ANOVA Analysis of variance
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CCSS Childhood Cancer Survivor Study
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CNS Central nervous system
CF Cognitive functioning
DAL German Working Group of Leukemia Research
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GPOH German Society for Pediatric Hematology and
Oncology

HD Hodgkin's disease
M Mean
PF Physical functioning
QoL Quality of life
SD Standard deviation
SF Social functioning
RF Role functioning
TB Therapy burden

Introduction

While assessment of quality of life (QoL) is a well-established
part of surveillance projects in long-term survivors of adult
Hodgkin's disease (HD) in Europe [1–3], there is still a lack
of systematic evaluation of QoL in corresponding survivors
who were treated during childhood or adolescence.
Simultaneously, due to continued excellence in treatment out-
comes [4] (overall survival >95 %), a significant number of
survivors of childhood HD are in long-term follow-up.
Examination of long-term effects on QoL is of great relevance
in this group, as the illness interrupted developmental stages
and may have resulted in missed or delayed critical life mile-
stones. Such studies can serve as a basis to develop or optimize
appropriate interventions for survivors with impaired QoL and/
or poor (psycho-) social outcomes [5].

Studies conducted in countries other than Germany, e.g. in
the USA, within the framework of the Childhood Cancer
Survivor Study (CCSS), provide broad insights into the gen-
eral QoL status and related variables in childhood cancer
survivors [6–9]. Other cohorts were obtained elsewhere in
Europe [10, 11] and in Japan [12]. In general [9], survivors
seem to have similar QoL levels when compared to siblings
and/or population-based controls. Different findings exist pri-
marily for survivors of CNS tumours and bone tumours. In
addition, even if QoL itself was not impaired, variables which
seem strongly associated with it (such as different indicators
for psychosocial well-being) were partially impaired in these
cohorts.

According to these inconsistent findings, authors of inde-
pendent reviews emphasize that QoL results are not homoge-
neous and at times contradictory when comparing different
investigations [7, 8]. There are also differing findings in
survivors with different childhood cancer diagnoses: In one
review [9], it is reported that long-term survivors of CNS
tumours, lymphoma and bone and soft tissue sarcomas have
the lowest QoL mean scores, while in another study [11],
relevant mean differences in physical dimensions of QoL
questionnaires were found only in survivors of CNS and bone
tumours when compared to controls. A relatively

homogenous finding seems to be that long-term survivors of
childhood cancer show negative scores more often in physical
than in emotional QoL domains [8].

In a published European study of adult HD patients, im-
paired QoL was reported in a subgroup of long-term survivors
[1, 13]; increased fatigue levels were also reported. According
to this, fatigue has emerged as an often-experienced disturbance
of HD survivors after onset of disease in adulthood [2, 3] and
was also examined in a large CCSS sample [14], revealing
impaired scores especially for childhood HD survivors when
compared to siblings.

Inconsistent findings are partly due to methodological
issues and heterogeneous study aims, designs and
employed instruments, thus further reducing the compa-
rability of studies. QoL data may also vary according to
cultural background and national health-care systems [9].
For a full understanding and valid interpretation of QoL
results, the evaluation of scores in respect to clinical
relevance is also a field of interest [15].

The aim of the presented project is a cross-sectional com-
prehensive evaluation and description of QoL in a large cohort
of long-term survivors treated for HD in the successive
German–Austrian therapy studies DAL-HD-78, HD-82, HD-
85, HD-87, HD-90 (study centre inMünster) [16–19], GPOH-
HD-95 [20] and according to the GPOH-HD-Interval-
Treatment Guideline (study centre in Berlin-Buch) [21]. The
results of the EORTC QLQ-C30 and socio-demographic var-
iables are presented in comparison to reference data from the
German population, representing a homogenous subgroup of
participants aged 21 to 41 unaffected by a history of relapse
(Fig. 1). We hypothesize that no meaningful differences be-
tween the HD survivors cohort and the reference group will be
obtained in respect to the different dimensions of QoL. If,
however, differences occur, it is hypothesized that HD survi-
vors will be more impaired on those dimensions related to
physical functioning. In order to analyse potential predictors
of various impairment within the cohort of HD survivors, we
explored differences related to time since diagnosis, age at
diagnosis and therapy burden.

Methods

Patients

All patients enrolled are part of a cohort of paediatric patients,
treated for HD and enrolled in the German–Austrian consec-
utive multicentre trials DAL-HD-78, HD-82, HD-85, HD-87,
HD-90 and the European trial GPOH-HD-95. Additional pa-
tients were included who were treated according to the
GPOH-HD-Interval-Treatment-Guideline. All listed trials
were initiated under the auspices of the DAL and GPOH,
respectively. As the numbers in the trial declaration indicate
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the starting year of the trial, patients were diagnosed and
treated in the years between 1978 and 2002. The GPOH-
HD-Interval-Treatment-Guideline ended in 2002. This treat-
ment [21] was identical to the GPOH-HD-95 trial with the
exception that all intermediate and advanced stage patients
received radiation.

The characteristics of the different treatment regimens
are described in detail in [16–20]. Therapy in the different
trials has changed in respect to the amount of adminis-
tered cycles of chemotherapy and radiotherapy doses. In
the consecutive protocols, radiotherapy doses were de-
creased. Additionally, a more precise risk stratification
was established. This is also reflected in the descriptive
variable “therapy burden” (see below).

Patients were followed up by longitudinal surveillance
examinations far into adulthood for documentation of late
effects and final outcome [22–26]. Initially, 2,169 former
patients from the abovementioned trials were eligible for
the study. However, due to loss to follow-up, 1,819
German-speaking patients were finally asked to partici-
pate and to complete the questionnaire booklet. Of these
1,819 accessible, German-speaking survivors, 1,202
(66 %) sent back booklets and 617 (34 %) did not re-
spond. Reminders were sent once.

For the current analyses, patients were excluded if they
reported at least one event related to the treatment of HD,

including progress, relapse and secondary malignant neo-
plasia. As socio-demographic information was obtained
from self-reports only, patients younger than 21 years
were analysed separately and were not included in this
report. An overview of the remaining sub-sample in-
cluding missing or incomplete data is presented in
Fig. 1 (flow chart).

Treatment characteristics

To briefly summarize the treatment characteristics among the
different trials, a descriptive variable “therapy burden” (TB):
was created: This variable quantifies the amount of chemo-
therapy cycles (CCy) and radiotherapy doses. TB low=score
2, TBmiddle=score 3–8, TB high=score 9. These result from
the addition of different scores for chemo- and radiotherapy:
score 1 ≤20 Gy or ≤2 CCys, score 2 >20≤30 Gy or 4 CCys
and score 3 >30 Gy or >4 CCys (Table 1). Due to further
development in HD therapy, therapy burden decreased in later
trials due to continuous reduction of radiotherapy doses re-
spectively elimination of radiotherapy in the trials GPOH-
HD-95 and HD-Interval in case of excellent response to
chemotherapy.

n = 1202
Responder

n = 134
Event* associated

to HD 

n = 617
Non-Responder

n = 1068 

n = 801 

n = 725
„Final sample“

n = 76
Incomplete 

information for 
evaluation

Questionnaires sent to 
1819 accessible 

German-speaking-
patients treated 
between 1978 

and 2002

b Events included progress, relapse of HD (Hodgkin's disease ) as well as secondary malignancies

n = 7 
Older than 41 years

n = 260 
Younger than 21 

years

Fig. 1 (Flow chart): description of study sub-sample assembly

Table 1 Disease- and treatment-related characteristics of HD survivors
(N=725)

M±SD

Age (in years) at diagnosis 13.63±3.09

Time (in years) since diagnosis 15.26±5.89

• Min 4.24

• Max 28.73

N (%)

Maximum dose radiotherapy

• None 30 (4.1)

• ≤20 Gy 167 (23.1)

• >20≤30 Gy 299 (41.2)

• >30 Gy 229 (31.6)

Chemotherapy cycles (CCy)

• 0 28 (3.9)

• 2 334 (46.1)

• 3 1 (0.1)

• 4 155 (21.4)

• 6 207 (28.7)

Therapy burdena

• Low (score 2) 75 (10.3)

• Middle (score 3–8) 579 (80.0)

• High (score 9) 71 (9.7)

HDHodgkin's disease, Mmean, SD standard deviation
a Therapy burden results from the addition of different scores for chemo-
and radiotherapy: score 1 ≤20 Gy or ≤2 CCys, score 2 >20≤30 Gy or
4 CCys, score 3 >30 Gy or >4 CCys
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Instruments

Assessment of socio-demographic characteristics

Standard socio-demographic data included information on
education level, marital status and current occupation.

Assessment of quality of life

For QoL assessment, the validated German version of the
EORTC QLQ-C30 was used [27]. The EORTC QLQ-C30 is
a patient-based questionnaire for self-reporting QoL in adult
cancer patients and consists of nine scales: five functioning
scales (“Physical”, “Role”, “Cognitive”, “Emotional” and
“Social Functioning”), three symptom scales (“Fatigue”,
“Pain” and “Nausea and Vomiting”) and a global QoL scale.
While these scales are multi-item, “Dyspnoea”, “Appetite
Loss”, “Sleep”, “Constipation”, “Diarrhoea” and “Financial
Difficulties” are assessed on a single item. Psychometric
properties are well established and proven for many languages
(cultures) including German [28]. Most items are answered
using a Likert-type scale (answer format: not at all, a little,
quite a bit, very much); the two global items are answered on a
seven-point scale.

Corresponding scores are transformed to a 0–100 scale
(scoring manual: [29]), 100 representing the highest function-
al and the highest symptom level, respectively. The EORTC
QLQ-C30 has also been used in research in HD survivors after
onset of disease in adulthood [1].

Procedures

The survey was conducted from 2005 to 2007. Written in-
formed consent was given by patients and/or parents of pa-
tients, depending on age. The study received approval from
the Ethical Committee at the Heinrich-Heine-University in
Düsseldorf in 2005.

Controls

The sample of HD survivors was compared to an age-adjusted
sub-sample of the German norm population (all participants
included were between 21 and 41 years, n=659) drawn from a
major population-based, representative norm group (n=2,037).
These community data, including the EORTC QLQ-C30, were
collected by way of face-to-face interviews in the year 1998.
Individuals were sampled randomly via the Random Route
technique (random selection of street, house, flat and target
subject) in the household, based on 216 sample points [30].
The original norm data set was kindly provided by the inves-
tigators. To control for age effects, controls and survivors were
stratified into four age groups (AG): AG 1=21–25 years, AG
2=26–30 years, AG 3=31–35 years and AG 4=36–41 years.

Statistical analysis

Descriptive statistics were generated for patients' characteristics
and comparisons of HD survivors and controls. Dependent on
item characteristics and distribution of data, χ2 test, z tests (with
Bonferroni adjustment) or t tests were computed to determine
statistical significance. Mean scores, mean differences and
standard deviations of survivors and controls in relevant
EORTC QLQ-C30 functioning scales and symptom scales are
presented separately for gender and age groups.

EORTC QLQ-C30 scores on functioning and symptom
scales of HD survivors and controls were also compared using
a three-factorial analysis of variance (ANOVA), employing
the factors “category” (survivors vs. controls), “gender” and
“age group”. This statistical method was chosen to avoid
multiple comparisons of means.

To investigate if the results from the QoL scales within the
group of HD survivors differ in regard to age at diagnosis, time
since diagnosis and therapy burden, univariate regression and
univariate logistic regression analysis, respectively, was used.
Statistical Package for the Social Science (SPSS/version 20)
was used for all analyses.

Results

Comparison of participants and non-responders

Before the evaluated sub-sample was created, participants who
took part in the QoL study and non-responders (patients who
failed to send back the completed questionnaire booklet) were
compared: As far as information was available, participants
(1,202) compared to non-responders (617) were older
(mean/M=26.17 years vs. mean/M=23.58 years, p<0.001) and
more likely to be male (51.33 vs. 40.52 %, χ2 [1, n=1,819]=
19.11, p<0.001). Most importantly, stage and dissemination of
disease as well as treatment characteristics were not significantly
different when comparing participants to non-responders.

Socio-demographic and disease-related characteristics

The final cohort consisted of 725 HD survivors and 659 con-
trols. Disease-related characteristics of the 725 former patients
are presented in Table 1. Treatment characteristics were sum-
marized as a classification of “therapy burden” (Table 1).

Socio-demographic characteristics of HD survivors and
controls are shown in Table 2. HD survivors differed from
the general population in respect to all variables: HD survivors
were on average 4 years younger. For example, female HD
survivors were more likely to have completed a higher level of
education than controls (χ2 [1, n=785]=59.40, p<0.001).
There were also more HD survivors than controls who report-
ed current enrollment in college, vocational or university
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education, and fewer HD survivors than controls were unem-
ployed. All significant differences between HD survivors and
controls are shown in Table 2.

Results of the EORTC QLQ-C30 functioning scales
and the global QoL scale

Table 3 presents mean scores, standard deviations (SD) of all
functioning scales in HD survivors and controls by gender, as
well as mean differences per age group (AG 1=21–25 years,
N=266 (HD), N=88 (C); AG 2=26–30 years, N=224 (HD),
N=155 (C); AG 3=31–35 years, N=141 (HD), N=161 (C);
AG 4=36–41 years, N=99 (HD), N=255 (C)). In general,
higher scores reflect “better” functioning. The overall mean
difference exceeded five points on the scales “Emotional
Functioning” (EF), “Social Functioning” (SF) and
“Cognitive Functioning” (CF). Depending on gender, the
mean difference exceeded 10 points on the scales EF
(women) and SF (men). For the scales “Physical
Functioning” (PF), “Role Functioning” (RF) as well as on

the global QoL scale, mean differences of less than 2.5
points were obtained.

Results of the EORTC QLQ-C30 symptom scales

HD survivors scored higher than controls on all symptom
scales (see Table 4), reflecting higher symptom levels. This
also held true for all one-item scales (data not shown, except
for “Sleep”), in which mean differences stratified by gender
were lower than 10 points (range between 1.5 and 9.5), except
on the item “Sleep” (see Table 4) revealing an impairment on
the same level as “Fatigue”. However, stratified by age group
and gender, the largest mean differences occurred in young
women on the symptom scale “Fatigue” and on the item
“Sleep”.

ANOVAs

Three-way factorial ANOVAs were conducted, and results
were determined for each functioning scale and the global

Table 2 Socio-demographic characteristics of HD survivors and controls

HD survivors Controls

Male (N=333) Female (N=392) Total (N=725) Male (N=266) Female (N=393) Total (N=659)

M±SD

Current age in years 29.11*±5.12 28.71*±5.12 28.44*±5.21 32.51*±5.80 32.81*±5.60 32.69*±5.68

N (%)

Educationa

• Low 80 (24.0) 49* (12.5) 129 (17.8) 63 (24.1) 77 (19.8)* 140 (21.2)

• Medium 84 (25.2)* 125 (31.9)* 209 (28.8)* 147 (55.3)* 237 (60.3)* 384 (58.3)*

• High 165 (49.6)* 213 (54.3)* 378 (52.1)* 55 (20.7)* 78 (19.9)* 133 (20.2)*

• None/other 1 (0.3) 2 (0.5) 3 (0.4) 1 (0.4) 1 (0.3) 2 (0.3)

• Data not given 3 (0.9) 3 (0.8) 6 (0.8)* – – –*

Marital status

• Married 118 (35.4) 193 (42.2) 311* (42.9) 113 (42.5) 213 (54.2) 326* (49.5)

• Single 203 (61.0)* 190 (48.5)* 393 (54.2)* 128 (48.1)* 117 (29.8)* 235 (37.2)*

• Divorced 9 (2.7)* 7 (1.8)* 16 (2.2)* 25 (9.4)* 56 (14.3)* 81 (12.3)*

• Widowed – –* – – 7 (1.8)* 7 (1.1)

• Data not given 3 (0.9) 2 (0.5) 5 (0.7) – – –

Current occupation

• Employed 197 (59.2)* 195 (49.7)* 392 (54.1)* 214 (80.5)* 248 (63.1)* 462 (70.1)*

• Unemployed 25 (7.5) 45 (11.5)* 70 (9.7) 34 (12.8) 129 (32.8)* 163 (24.7)

• Student (school) 1 (0.3)* 1 (0.3)* 2 (0.3)* 14 (5.3)* 13 (3.3)* 27 (1.1)*

• College/vocational/university student 108 (32.4)* 151 (38.5)* 259 (35.7)* 4 (0.8)* 3 (0.8)* 7 (4.1)*

• Data not given 2 (0.6) – 2 (0.3) – – –

HDHodgkin's disease, Mmean, SD standard deviation
a Low relates to “intermediate school completion”, middle relates to “secondary school completion” and “vocational school completion”, high relates to
“post-secondary school diploma” and/or “university studies”

*p<0.05 relates to comparisons between the groups (HD survivors vs. controls) and within the same gender category (e.g. male), respectively, within the
whole group
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QoL scale, as well as for the symptom scales and the item
“Sleep” including the factors “category” (“HD survivors” vs.
“controls”), “gender” and “age group” using the classification
as described above. Significant (p<0.001) main effects of
“category” were found on every functioning scale but not on

the global QoL scale. Results with higher effect sizes are
described in the following. Effect sizes (eta-squared) higher
than 0.035 were obtained on the scales EF: F [1, 1,384]=54, 6,
p<0.001; partial eta-squared=0.038; CF: F=52, 1, p<0.001;
partial eta-squared=0.037; SF: F=64.4, p<0.001; partial

Table 3 Mean scores of EORTC-QLQ-C30 functioning scales divided by category and gender and mean differences in different age groups

Scale Age Male Female

HD (N=333) C (N=266) HD (N=392) C (N=393)
M±SD MD/AG M±SD M±SD MD/AG M±SD

Physical functioning 94.61±11.3 97.97±06.4 92.69±11.1 96.08±09.1

21–25 years 02.06 04.02

26–30 years 01.77 03.05

31–35 years 04.18 01.67

36–41 years 08.34 06.51

Total 03.36 03.39

Emotional functioning 76.16±22.9 84.46±18.1 66.93±26.0 77.23±21.7

21–25 years 10.48 15.76

26–30 years 11.90 10.27

31–35 years 11.01 03.29

36–41 years 04.00 11.97

Total 08.30 10.30

Social functioning 87.29±24.5 97.62±10.5 83.63±26.8 91.9±18.8

21–25 years 12.86 10.68

26–30 years 07.52 08.44

31–35 years 13.15 05.95

36–41 years 13.42 09.91

Total 10.33 08.27

Role functioning 92.04±20.3 96.99±12.3 89.63±21.3 93.17±18.0

21–25 years 02.95 07.05

26–30 years 05.54 03.23

31–35 years 08.73 00.38

36–41 years 05.10 06.50

Total 04.95 03.54

Cognitive functioning 88.74±19.2 96.62±09.7 87.81±18.8 93.47±15.9

21–25 years 11.33 08.54

26–30 years 07.39 07.88

31–35 years 07.25 04.49

36–41 years 07.09 04.56

Total 07.88 06.44

Global QoL score 79.2±19.2 81.0±19.1 74.55±20.1 77.04±20.5

21–25 years 03.88 06.09

26–30 years 03.80 03.51

31–35 years 01.55 −00.78
36–41 years 02.55 03.80

Total 01.80 02.49

As higher scores equate to a higher function level, positive differences represent a lower (“worse”) function level in HD survivors

HD Hodgkin's disease, C control, M mean, SD standard deviation, MD/AG mean differences per age group as described (21–25 years, 26–30 years,
31–35 years, 36–41 years respectively total group)
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eta-squared=0.045. In addition, significant (p<0.001) main
effects of “category” were found on the symptom scales
“Fatigue”, “Pain”, as well as for the item “Sleep” but not
for the symptom scale “Nausea and Vomiting”. Effect sizes
(eta-squared) higher than 0.035 were obtained for the symp-
tom scale “Fatigue” (F [1, 1,384]=97, 4, p<0.001; partial eta-
squared=0.066) and the item “Sleep” (F [1, 1,384]=71, 7,
p<0.001; partial eta-squared=0.050).

In addition, on a lower level of significance (p<0.025),
there were main effects of gender on nearly every functioning
scale and symptom scale, consistently showing lower scores
for women, as is generally well known in QoL investigations
[28]. However, in our study, it was most pronounced in EF:
F=38.4, p<0.001; partial eta-squared=0.027.

One main effect of age occurred on the scale PF (F=5, 5,
p<0.001; partial eta-squared=0.012). No interaction effects
between the different combinations of factors were observed.

Analysis in regard to age in the female subgroup

According to results shown in Tables 3 and 4, it seems
remarkable that the youngest women (21–25 years) showed
the highest or higher mean differences on most QoL scales
compared to an age-adjusted reference group. Yet the impair-
ment in subsequent female age groups was less consistent.
Nevertheless, neither main effect of age group (with the ex-
ception above) nor tests for contrasts were statistically signif-
icant. Compared to a summarized age group of all other
women (AG 2–4, 26–41 years), these patients were evenmore
likely to be treated in later trials and thereby also more likely
to have a low therapy burden (AG1 χ2 [1, n=391]=39.14,
p<0.001).

To better characterize this group, different variables were
examined in the youngest group of women as shown in
Table 5, compared to the summarized groupmentioned above.

Table 4 Mean scores of EORTC-QLQ-C30 symptom scales and item “Sleep” divided by category and gender and mean differences in different age
groups

Scale Age Male Female

HD (N=333) C (N=266) HD (N=392) C (N=393)
M±SD MD/AG M±SD M±SD MD/AG M±SD

Fatigue 19.02±21.7 7.85±14.6 26.57±24.8 14.02±20.9

21–25 years 11.69 17.56

26–30 years 10.40 10.22

31–35 years 14.90 08.27

36–41 years 10.81 15.09

Total 11.17 12.55

Pain 08.66±18.2 04.39±12.2 12.29±21.6 10.22±20.9

21–25 years 01.44 01.82

26–30 years 06.55 02.01

31–35 years 10.00 00.06

36–41 years 00.71 07.48

Total 04.27 02.07

Nausea and vomiting 03.45±11.9 01.44±05.9 05.36±15.4 03.9±13.1

21–25 years 03.48 02.35

26–30 years 02.44 02.48

31–35 years 02.46 00.17

36–41 years 00.21 00.33

Total 02.01 01.46

Sleep 15.32±25.6 05.26±15.8 22.96±31.4 09.75±21.5

21–25 years 14.19 17.73

26–30 years 08.14 12.38

31–35 years 14.55 09.18

36–41 years 06.00 16.92

Total 10.06 13.21

As higher scores equate to a higher symptom level, positive differences represent a higher (“worse”) symptom level in HD survivors

HD Hodgkin's disease, C control, M mean, SD standard deviation, MD/AG mean differences per age group as described (21–25 years, 26–30 years,
31–35 years, 36–41 years respectively total group)
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Although the level of education is not significantly different,
more young women are unemployed when compared to the
group of older women. In addition, young women were also
less likely to be married than the older women.

The mean differences (HD survivors vs. controls) on the
EORTC QLQ-C30 “Functioning Scales” are also shown

descriptively, emphasizing that mean differences to controls
are increased up to threefold in this group of young women.

Univariate (logistic) regression analyses

Univariate regression analyses were used to explain differ-
ences on the QoL scales within the group of HD survivors.
The following independent variables were used as potential
predictors of QoL results (each for every univariate regression
analyses/scale): age at diagnosis and time since diagnosis. For
the categorial variable “therapy burden”, univariate logistic
regressions were conducted. Every category was dichoto-
mized and dummy coded.

In general, (logistic) regression analyses have only been
done for those scales where relevant statistical differences
between the cohort of HD survivors and the reference group
were present. As described above, these were the scales “EF”,
“SF”, “CF”, “Fatigue” and the item “Sleep”. Both sexes were
analysed separately.

Nevertheless, on all of these scales/items, the resulting
univariate models showed a very poor overall-model fit for
all of the independent variables. Each of the independent
variables fails to improve the prediction of the scores in the
different QoL dimensions. Significant beta-coefficients
(p<0.01) were not obtained. Therefore, additional multivariate
models were not examined.

Discussion

The presented data were collected from, to our knowledge,
one of the largest, well-defined and homogenous cohorts of
childhoodHD survivors worldwide. Overall, we found a fairly
good appraisal of most of the QoL scales indicating good QoL
in many life areas. In terms of effect sizes [31], cancer survi-
vors differed considerably in their QoL from the general
population in emotional, social and cognitive functioning;
even larger differences were seen in fatigue and problems with
sleep. These results did not correspond with our hypotheses,
assuming that there are no differences between survivors and
controls. In addition, these differences were less pronounced
on scales related to physical functioning.

While the obtained gender effects follow the described
differences between men and women in the literature, age
was not a statistically significant factor for the explanation
of differences in QoL results. Nevertheless, especially in the
group of young women HD survivors, remarkable differences
in comparison to older women were obtained. It is also note-
worthy that this group is more often unemployed and to a
greater extent still engaged in professional education.
Additionally, controls are more likely to be married than HD
survivors. Therefore, the results in this cross-sectional analysis
may indicate a prolonged adolescence and a delayed

Table 5 Characteristics of women age group 1 versus women age group
2–4

Women (N=392)

Age group/AG 1
(N=156)

Age group/AG 2–4
(N=236)

M±SD M±SD

Current age in years 23.85*±1.2 31.91±4.36

Time (in years) since diagnosis 9.94*±3.24 17.50±5.00

Age (in years) at diagnosis 13.9±2.99 14.20±2.61

N (%) N (%)

Educationa

• Low 18 (11.5) 31 (13.1)

• Medium 49 (31.4) 76 (32.2)

• High 86 (55.1) 127 (53.8)

• None/other 2 (0.6) –

• Missing 1 (0.9) 2 (0.8)

Marital status

• Married 43 (27.6)* 150 (63.5)

• Single 111 (61.0)* 79 (33.5)

• Divorced –* 7 (3.0)

• Widowed – –

• Missing 2 (1.3) –

Current occupation

• Employed 56 (35.9)* 139 (58.9)

• Unemployed 24 (15.4)* 21 (8.9)

• Student (school) 1 (0.6)* –

• College/vocational/
university student

75 (48.1)* 76 (32.2)

Mean differences (HD survivors vs. controls)
on EORTC-QLQ-C30 functioning scales

• Emotional functioning 15.76 8.65

• Social functioning 10.68 7.86

• Cognitive functioning 8.54 5.92

• Role functioning 7.05 2.91

• Physical functioning 4.02 3.28

• Global QoL score 6.09 1.67

Mmean, SDstandard deviation,AG 121–25 years, AG 226–30 years, AG
3 31–35 years, AG 4 36–41 years
a Low relates to “intermediate school completion”, medium relates to
“secondary school completion” and “vocational school completion”, high
relates to “post-secondary school diploma” and/or “university studies”

*p<0.05 relates to comparisons between the different age groups within
the same category of interest
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development into adulthood. In addition, no interaction effect,
e.g. between age and gender or category and gender, was
observed during the ANOVAs.

In order to investigate whether, e.g. sub-groups of HD
survivors with special attributes have a higher contribution
to these results, we conducted further analyses indicating that
age at diagnosis, time since diagnosis and the different
manifestations of therapy burden are not associated with
QoL in HD survivors. However, with the predictors tested,
we were only able to account for some of the potentially
relevant basic socio-demographic and treatment-related con-
founders. In particular, treatment could only be roughly
assessed.We suggest that further studies include more detailed
treatment characteristics as well as acute and late side effects.

The statistical-based effect sizes are partly congruent with
considerations by King [15] who tried to determine clinically
based interpretations. Those approaches are restricted in re-
spect to general methodological aspects. In regard to our
study, there is a further relevant limitation for interpretation
in respect to King's considerations as we did not compare
clinical samples but used a reference sample for comparison.
From another point of view, it may be an argument that the
obtained differences between HD survivors and a control
group have a broader implication in this group especially as
mean differences may carry more weight in our cohort of
long-term survivors (time since disease on average
15.26 years).

However, the research to what extent statistical differences
reflect also clinical relevant differences is still in progress, and
interpretations remain not finally clear, especially in the con-
text of long-term surveillance. Clinicians engaged in surveil-
lance, and follow-up care may be well advised if they are
sensitive to aspects of fatigue and related (emotional) symp-
toms in this group of childhood cancer survivors.

Comparing our data with other investigations of childhood
cancer survivors, e.g. [8], it is interesting to note that physical
or global domains of QoL are less affected. In contrast, our
former patients present with larger impairments in psychoso-
cial dimensions.

Our results concerning “Fatigue” from the EORTC QLQ-
C30 are in line with cross-sectional results of HD survivors
with disease onset in adulthood [2]: In our cohort, even after a
longer (average) time since diagnosis, fatigue scores were
increased. In a longitudinal study investigating adult early-
stage HD patients, fatigue played a major role during and
shortly after treatment but subsided over time in most patients,
except in a high-risk group defined by high levels of end-of-
treatment fatigue [1]. In contrast, patients with solid tumours
experience fatigue over longer periods of time [32].

In a relevant segment of our childhood cancer survivors'
cohort, fatigue remains a prominent QoL concern, even many
years following treatment. Unfortunately, we do not have data
on the fatigue levels immediately after end of therapy.

There are also results in a large CCSS sample [14], which
showed more self-reported fatigue in survivors than controls.
The authors noted that this holds true even if statistical signif-
icance may indicate spurious results considering the study's
large sample sizes. The authors also point towards the rela-
tionship between fatigue and sleep disorders and revealed a
significant association between fatigue, disordered sleep and
daytime sleepiness both in survivors and controls. These
findings are supported by our data with relevant differences
between survivors and controls in problems with sleep and
fatigue.

When we consider the socio-demographic patterns report-
ed by HD survivors and controls, it is remarkable that HD
survivors in general are more often engaged in college, voca-
tional or university education and for the most part are less
likely to be unemployed (except the young women): To some
extent, this may reflect the lower mean age of HD survivors
and also the different job-market situations at different time
points of assessment (HD survivors were assessed nearly
10 years later than controls). In addition, the cross-sectional
design of our study does not allow for statements if the
survivors are still or no longer enrolled in professional educa-
tion or will continue later in life. Nevertheless, it can be
concluded that HD survivors seem to be well integrated into
professional life. They seem to be on the right track to achieve
professional milestones when compared to the general popu-
lation as reflected in their qualifications of higher educational
degrees. This is in line with more focused studies concerning
social outcomes of childhood cancer survivors in general [33].
The authors of these studies propose that children treated for
cancer in Germany are supported by a high level of psycho-
social interventions and that these efforts contribute to im-
proved social outcomes. These results underline national and
cultural differences in social outcome.

Limitations

Apart from the problem of large sample sizes, which enhances
the chance of detecting differences between groups, there are
some additional important limitations in this investigation:
Mean differences must also be interpreted in light of large
standard deviations. Furthermore, control groups drawn from
a general population have some overall critical aspects [13]: A
reference group consisting of siblings of survivors, as used in
nearly all references cited above, is more conservative, e.g.
because baseline variables are more likely to be similar in
siblings. Yet, the opposite may also be true: A reference group,
which represents the general population, also incorporates
participants, who suffer from chronic diseases or are them-
selves survivors of childhood cancer.

In addition, it is possible that the participating group of the
HD survivors reflects a positive selection bias, meaning that
the majority of those HD survivors who participated do not
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feel disturbed in their QoL and are socially well integrated.
This is of certain importance considering the rate of
participation.

Disregarding all these methodological pitfalls, the obtained
results need further investigation, conducted ideally within
longitudinal studies, which link more detailed treatment char-
acteristics in clinical trials than used in our study directly to
QoL assessment and also provide a long-term follow-up as-
sessment including measurements of somatic late effects and
coping styles. In addition, fatigue-specific questionnaires
could help to gain detailed knowledge concerning the in-
creased fatigue levels in these cohorts. This strategy allows
for improving treatment as well as supporting strategies in
more detail.

It is crucial that the comments concerning the clinical
significance of results are supported by further intensive re-
search, especially by studies which investigate factors poten-
tially correlated with symptoms such as fatigue, and link them
to the impairment of daily activities for childhood cancer
survivors.

Even without these additional studies, there certainly are
enough reasons to assume a good overall QoL and social
integration in survivors of HD in childhood with the excep-
tions mentioned above. Accordingly, as already pointed out,
clinicians engaged in surveillance and follow-up care should
be sensitive to aspects of fatigue and related (emotional)
symptoms in this group of childhood cancer survivors, and
if needed should encourage them to seek further psychosocial
support.
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