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Abstract
Purpose Our study provides a detailed overview of comorbid conditions and health-related quality of life of long-term cancer
survivors and analyses the impact of demographic, disease- and treatment-related characteristics.
Methods Wepresent data obtained from1000 survivors acrossmixed tumour entities 5 and 10 years after cancer diagnosis in a
cross-sectional study. We analyse the prevalence of physical symptoms and health conditions via self-report and health-
related quality of life using the EORTC QLQ-C30 in comparison to gender- and age-matched reference values of the general
population.
Results Cancer survivors reported on average 5 comorbidities; 23% had 7 or more comorbid conditions. Cancer survivors
reported higher physical symptomburden than the population—especially fatigue, insomnia and pain. Type and prevalence of
long-term and late effects differ with disease-related factors (e.g. cancer type, treatment) and characteristics of the patient.
Cancer survivors also reported lower quality of life than the population, especially in everyday activities, social life, psycho-
logical well-being and financial difficulties. There was a positive association between high quality of life and a low level of
morbidity.
Conclusions The specific knowledge about physical long-term consequences for the individual types of cancer could raise
awareness in health care professionals for high-risk patients and help to develop adequate prevention and survivorship-
programs.
Implications for Cancer survivors Limitations in the mental health area underlines the importance of psycho-oncological survi-
vorship-care-plans, which go beyond the time of rehabilitation. Special attention should be given to the financial situation of
patients in long-term follow-up care.
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Introduction

Due to the improvements in early detection, treatment and
prognosis for many cancer entities, the number of cancer sur-
vivors is steadily increasing worldwide [1–3]. In the USA,
over 60% of cancer patients have survived 5 years or more,
and 40% have survived 10 years or more after diagnosis [4].
The growing number and diversity of cancer survivors leads
to new challenges with regard to managing the long-term and
late physical and psychosocial treatment consequences [5].
Those challenges include the relevance of prehabilitation
and cancer rehabilitation and the need to develop and imple-
ment survivorship care programs [6, 7]. Cancer has the poten-
tial to affect every aspect of an individual’s life and that impact
does not end after primary cancer treatment [2, 8, 9].
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Exposure to cancer and its treatments andhereparticularly
multimodal therapy concepts may result in long-term and
late health complications as well as functional limitations
which might be associated with a variety of rehabilitative
and supportive care needs [10–12].Commonphysical symp-
toms and conditions experienced by cancer survivors are
pain, fatigue, peripheral neuropathy, lymphoedema, gastro-
intestinal problems, bladder dysfunction, and early meno-
pause [13–16]. The presence and severity of comorbid con-
ditions is one of the strongest predictors of lower levels of
physical functioning [17, 18] and poorer health-related qual-
ityof life [17, 19, 20] amongcancer survivorswith increasing
risk for early mortality [18, 21].

There have been few studies so far investigating on
comorbid conditions and quality of life in long-term can-
cer survivors, although in recent years a growing number
of publications have emerged specifically addressing
long-term survival [5, 22–24]. For example, the Dutch
registry ‘Patient Reported Outcomes Following Initial
treatment and Long term Evaluation of Survivorship
(PROFILES)’ investigated the physical and psychosocial
impact of cancer and its treatment of cancer survivors
[25]. Previous research focused on periods of survival
up to 2 years following diagnosis and mostly on a single
cancer type (e.g. breast cancer) which leads to limitations
with regard to the generalizability of the findings and
comparisons between different survivorship populations
[21, 26].

The present study provides data from a large sample of
adult long-term cancer survivors including all cancer types.
We focused on periods of survival up to 10 years following
diagnosis and obtained detailed medical- and treatment-
related variables in a cross-sectional study. In addition, we
assessed quality of life in comparison to a large representative
gender- and age-matched comparison group from European
general population normative studies. Our research questions
are as follows:

1. Which physical symptoms, comorbid conditions and
health-related quality of life do long-term cancer survi-
vors experience 5 and 10 years after diagnosis,
respectively?

2. Are there differences between long-term cancer survivors
5 and 10 years after diagnosis and the general population
with regard to health-related quality of life?

3. In which way are demographic factors, disease- and can-
cer treatment-related characteristics associated with qual-
ity of life and the prevalence of comorbidities?

The results of our study could help health care profes-
sionals identify high-risk patients and provide the basis for
the development of more specific prevention and survivor-
ship-programs.

Patients and methods

Study design

In this cross-sectional cohort study, we recruited cancer pa-
tients who were diagnosed with cancer 5 or 10 years before
via the local cancer registry in Saxony. Because in the litera-
ture the term long-term survivorship is often used at a mini-
mum of 5 years post-cancer diagnosis [12], we choose the first
measurement time at 5 years after the primary cancer diagno-
sis and the second measurement time at 10 years post-primary
cancer diagnosis to capture late- und long-term conditions
after the usual follow-up periods. Thus, we are able to show
the long-term path of a cancer patient in a life stage and de-
velopment perspective. In addition, gender- and age-matched
European reference values of the general population were
used to compare quality of life.

Study participants

Patients were eligible for study participation if they had a
confirmed diagnosis of cancer 5 years (cohort 1) or 10 years
(cohort 2) ago according to the local cancer registry, were aged
between 18 and 85 years at the time of diagnosis and were able
to speak and read German. All participants provided written,
informed consent according to the Declaration of Helsinki.
The study received research ethics committee approval by
the University of Leipzig (Az. 070-14-10032014).

General population data

To compare health-related quality of life between long-term
cancer survivors and the general population, we used
European reference values for the EORTC-Quality of life
questionnaire of six European general population normative
studies (n = 16,151), matched for gender and age. A represen-
tative sample of the German adult population (2448) was ran-
domly selected in 2012 using the Kish-selection-grid tech-
nique (participation rate 56.6% of valid addresses). The mean
scores were combined with the age and gender adjusted scores
of five other European normative studies from Sweden, the
Netherlands, Norway and Germany (n between 1731 and
4910) for European normative values. Sample characteristics
of this group were previously reported in more detail [27].

Recruitment and data collection

Access to the patients was provided by the Clinical Cancer
Registry at the Cancer Center Leipzig. The Cancer Registry
provided us with data on sex, age, ICD-10 diagnosis, time of
diagnosis and cancer treatments received. Eligible patients
were selected by the cancer registry. They received a study
information letter and were asked to participate in the survey.
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A prepaid reply card was enclosed. Prior to participation, all
patients provided written informed consent. Patients who
consented to participate received a set of questionnaires either
by mail or could complete the questionnaires online using the
Lime Survey software.

Study measures

Physical comorbidities

To assess the prevalence and burden of physical comorbidities,
we employed a modified version of a self-report instrument
developed by Bayliss et al. [28]. The original instrument com-
prises a list of 23 common chronic medical conditions. The
specificity of the original scale was reduced by summarising
similar conditions, e.g. angina/coronary artery disease and con-
gestive heart failure was summarised as Bheart disease^; rheu-
matoid arthritis and rheumatic disease as Brheumatism^. As we
assessed cancer patients in our study, the condition Bcancer^
was removed. Finally, two further conditions were added: psy-
chological diseases and polyneuropathy (sensation disorder,
tingling and numbness). The following 18 medical conditions
were included in the modified instrument:

Hypertension, asthma, lung disease, diabetes, thyroid dis-
order, back pain, rheumatism, osteoarthritis (joint related
diseases), osteoporosis, colonproblems (e.g. diverticulitis,
irritable bowel), stomach problems (e.g. gastritis, peptic
disease), kidney disease, heart disease, stroke, neurologi-
cal disease (e.g. Parkinson’s disease, multiple sclerosis),
eye disease, psychological diseases and polyneuropathy.

Respondents reported for each condition whether they had
the condition, and if so whether it interfered with their daily
activities Bnot at all’ (1) to Ba lot^ (5). A comorbidity-index
representing the level of morbidity can be computed. The total
score ranges between 0 and 90 and represents the sum of
conditions weighted by the level of interference assigned to
each [29].

Health-related quality of life

The EORTC QLQ-C30 is the core questionnaire of the
BEuropean Organisation for Research and Treatment of
Cancer^ for evaluating health-related quality of life. It is a
30-item instrument comprised of five functioning scales, nine
symptom scales and one scale measuring BGlobal quality of
life^. All scales have a score range between 0 and 100. While
high scores of the symptom scales indicate a high burden of
symptoms, high scores of the functioning scales and on the
Global quality of life-scale indicate better functioning resp.
quality of life. The EORTC QLQ-C30 has got Bsatisfactory
to excellent psychometric properties^ [30].

Statistical analyses

We carried out quantitative data analysis using the Statistical
Package for the Social Sciences (SPSS 24; IBM, Armonk,
NY). We calculated descriptive statistics for both continuous
(frequencies, mean, standard deviation) and categorical vari-
ables (frequencies, percentages). Comparisons between sub-
groups of cancer survivors in terms of demography, comor-
bidity and quality of life as well as comparisons between pa-
tients and population data in terms of quality of life were
performed in a one-way analysis of variance (ANOVA). To
counteract the problem of multiple comparisons, we used the
Bonferroni correction. It is considered the simplest and most
conservative method to control the familywise error rate,
which tested each of the individual tests at a significance level
of α/n (n = number of tested hypothesis). We evaluated mul-
tiple linear regression models to analyse in which way demo-
graphic (sex, age) and disease-related variables (time since
diagnosis, cancer site, metastases/recurrence, second cancer
disease, cancer treatment) (independent variables, variable
level: scale or binary 0/1 coded, entered as one block) are
associated with quality of life and the prevalence of comor-
bidities (dependent variable, variable level: scale).

Results

Sample

Patient recruitment was carried out from 2014 October to
2015 November. Out of 2082 eligible patients, 1105 (53%)
participated in the study (Fig. 1). Among those, 1002 patients
returned a complete questionnaire and were included in the
final analysis (postal participation: n = 758/online participa-
tion: n = 244). Study participants were more often male
(53%) than non-responders (47%) (p = 0.013). There were
no differences in age (non-responder: M = 65.8 years; p =
0.054), time since diagnosis (non-responder 5 years: 66%/
10 years: 34%; p = 0.989) and cancer diagnosis (p = 0.624)
between responders and non-responders.

The patients who completed the questionnaires online were
younger (M = 62.1 years; p < 0.001) and the percentage of
male patients was higher (60.2% male; p = 0.008) than in the
group of patients who participated by mail (M = 68.2 years;
50.5% male).

Table 1 shows social and medical characteristics for all
participants separated for the two cohorts (5 and 10 years post
diagnosis). In the cohort, 10 years post-diagnosis survivors
had a higher household income (p = 0.018) and were more
likely diagnosed with haematological cancer and less likely
diagnosed with breast cancer (p < 0.001) compared to the 5-
year cohort. We found no differences in sex, marital status and
medical characteristics between the two cohorts (p > 0.05).
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Comorbid conditions

One in four long-term cancer survivors (23%) reported 7 or
more comorbid conditions, on average survivors had 5 comor-
bid conditions (SD = 3.2) from the list of 18 conditions. Table
2 shows the number and the prevalence of comorbid condi-
tions for both cohorts 5 and 10 years post-cancer diagnosis as
well as for the frequent cancer diagnoses including breast,
prostate, gynaecological, head and neck, as well as haemato-
logical cancers. We found no significant differences in the
number of comorbid conditions between the two cohorts
(p = 0.219). Across all tumour entities, hypertension, osteoar-
thritis, back pain and polyneuropathy were the most common
comorbid conditions.

Health-related quality of life

In both cohorts, we found the highest symptom distress related
to fatigue, sleep disturbances and pain (Table 3). Therewere no

significant differences in all quality of life dimensions between
cancer survivors 5 and 10 years post-diagnosis. We compared
the patients’ quality of life to a representative gender- and age-
matched comparison group from six European general popula-
tion normative studies (male 52.9%; age group 60–69 years;
n = 16,151) [27]. Long-term cancer survivors had lower values
in all areas of quality of life than the general population, espe-
cially in everyday activities (role function), social life and psy-
chological well-being (Table 3). Compared to the population,
long-term cancer survivors reported higher physical symptom
burden, especially fatigue, insomnia and pain.

Associations with demographic- and disease-related
variables

To evaluate social and disease-related factors associated with
quality of life and the level of morbidity of cancer survivors,
we analysed the following variables: sex, age, time since diag-
nosis, cancer site, metastases/recurrence, second cancer disease

Eligible pa�ents (N = 2,082)

Study par�cipants (N = 1,105)
response rate: 53%

Complete data (N = 1,002)
postal pa�cipa�on (n = 758)
online par�cipa�on (n = 244)

missing data in the ques�onnaire  (n = 103)

Non-responder   (n = 977)
no reply (n = 916)
physical burden (n = 19)
not interested (n = 19)
psychological burden (n = 16)
organiza�onal reason (n = 7)

Fig. 1 Study profile and
enrollment
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and cancer treatment (ANOVA, Online Resource 1). Five years
after cancer diagnosis, women had more comorbidities than men

(p < 0.001). The prevalence of comorbid conditions increases
with age in the 5- (p < 0.001) and 10-year cohort (p < 0.001).

Table 1 Sample characteristics for both cohorts 5 and 10 years post-cancer diagnosis

Total sample 5 years post-cancer
diagnosis cohort

10 years post-cancer
diagnosis cohort

p

n (%) n (%) n (%)

1002 (100) 660 (65.9) 342 (34.1)

Age, M (SD) 66.7 (10.5) 66.3 (10.5) 67.6 (10.4) 0.052

18–49 years 69 (6.9) 49 (7.4) 20 (5.8) 0.010

50–70 years 468 (46.7) 325 (49.2) 143 (41.8)

71–85 years 465 (46.4) 286 (43.3) 179 (52.3)

Sex Male 530 (52.9) 350 (53.0) 180 (52.6) 0.947

Marital situation Married 719 (72.0) 469 (71.4) 250 (73.3) 0.893

Single 64 (6.4) 45 (6.8) 19 (5.6)

Divorced 110 (11.0) 75 (11.4) 35 (10.3)

Widowed 105 (10.5) 68 (10.9) 37 (10.5)

Cohabiting Yes 777 (79.8) 504 (78.9) 273 (81.5) 0.356

Education Elementary school (8–9 years) 284 (28.4) 185 (28.1) 99 (29.0) 0.166

Junior high school (10 years) 336 (33.6) 235 (35.7) 101 (29.6)

High school (13 years) 61 (6.1) 44 (6.7) 17 (5.0)

University 314 (31.4) 191 (29.0) 123 (36.1)

Other 5 (0.5) 4 (0.7) 1 (0.3)

Employment status Employed 204 (20.4) 136 (21.0) 68 (20.4) 0.847

Retirement pension 665 (67.7) 436 (67.2) 229 (68.8)

Disability pension 92 (9.2) 63 (9.7) 29 (8.7)

Unemployed/housewife/househusband 20 (2.0) 13 (2.0) 7 (2.1)

Household income < 1500€ 285 (28.5) 212 (32.1) 73 (21.4) 0.018

1500–2500€ 444 (44.4) 281 (42.6) 163 (47.7)

> 2500€ 222 (22.2) 133 (20.1) 89 (26.0)

Cancer diagnosis Prostate 255 (25.5) 175 (26.5) 80 (23.5) <0.001

Breast 218 (21.8) 156 (23.6) 62 (18.2)

Gynaecological 95 (9.5) 59 (8.9) 36 (10.6)

Head and neck 78 (7.8) 53 (8.0) 25 (7.3)

Haematological 75 (7.5) 38 (5.8) 37 (10.9)

Skin 58 (5.8) 46 (7.0) 12 (3.5)

kidney 50 (5.0) 26 (3.9) 24 (7.0)

Colon 47 (4.7) 26 (3.9) 21 (6.2)

Other 125 (12.5) 81 (12.3) 44 (13.0)

Medical data* Cancer recurrence 106 (11.1) 63 (10.1) 43 (13.1) 0.193

Metastases 104 (10.9) 75 (12.0) 29 (8.9) 0.156

Second cancer disease 192 (19.6) 123 (19.1) 69 (20.6) 0.611

Treatment Surgery 874 (91.9) 583 (92.7) 291 (90.4) 0.258

Chemotherapy 363 (49.1) 241 (49.1) 122 (49.2) 0.977

Radiotherapy 577 (68.9) 382 (68.5) 195 (69.9) 0.693

Hormone therapy 190 (28.4) 137 (30.1) 53 (24.7) 0.168

Number of treatments 0–1 359 (36.1) 237 (36.2) 122 (36.0) 0.214

2–3 529 (53.2) 338 (51.6) 191 (55.8)

≥ 4 106 (10.7) 80 (12.2) 26 (7.7)

*Based on the self-reports of patients
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Low disease stage without metastases or recurrence was associ-
ated with good quality of life in the 5-year cohort (p < 0.001).
Patients with a second cancer disease showed more comorbidi-
ties (p= 0.003) and lower quality of life (p < 0.001) 5 years after
diagnosis. Except surgery, all assessed cancer treatments in the
past were associated with more comorbidities and lower quality
of life 5 years after diagnosis (p = 0.002–< 0.001). In the 10-year
cohort, radio therapy in the past was associated with low quality
of life (p= 0.001). Between quality of life and the level of mor-
bidity, there was a significant correlation in all cancer survivors
(r = − 0.489, p < 0.001) and also in the most frequent cancer
entities (prostate: r = − 0.524, p < 0.001; breast: r = − 0.450, p
< 0.001; gynaecological: r= − 0.554, p< 0.001; head and neck:
r= − 0.432, p< 0.001; haematological: r =− 0.433, p < 0.001).

All variables with significant bivariate correlations
with the dependent variables were included in the mul-
tiple linear regression models (Table 4). The explained
variations of the regression models were in the middle
range (23–25%).

Quality of life of the most frequent cancer entities de-
creased with higher number of comorbid conditions with

differences between the cohorts (Online Resource 2). In breast
cancer survivors, health-related quality of life was most seri-
ously impaired in all function scales (M = 58.1–75.6) and they
had the highest symptom burden in fatigue (M = 46.1), pain
(M = 43.4) and insomnia (M = 48.0) (Online Resource 3).
Gynaecological cancer survivors showed low physical func-
tion (71.4), and had the highest symptom burden in dyspnea
(M = 29.8). Head and neck cancer survivors reported highest
appetite loss (M = 16.0) and financial difficulties (M = 29.9).
Haematological cancer survivors showed lowest global qual-
ity of life (M = 57.8) and highest financial difficulties (M =
30.6).We found the highest quality of life in all function scales
(M = 75.4–83.9) and lowest symptom burden (M = 2.7–28.9)
in prostate cancer survivors.

Using linear regression models, we could show that a less
invasive treatment positively affected physical health and qual-
ity of life. In the 5-year cohort, survivors who got radiotherapy
(Beta = − 0.111; p = 0.003) or chemotherapy (Beta = − 0.161;
p < 0.001) in the past showed reduced quality of life. Hormone
therapy correlated with more comorbidities (Beta = − 0.167;
p = 0.002). Additional data are given in Online Resource 4.

Table 2 Comorbid conditions among the cohorts and the most frequent cancer entities

Frequent cancer entities

Comorbid condition 5 years
post-diagnosis %

10 years
post-diagnosis %

Prostate % Breast % Gynaecological % Head and neck % Haematological %

M (SD) 4.7 (3.2) 4.9 (3.2) 4.5 (3.2) 5.2 (3.0) 5.2 (3.3) 4.2 (3.5) 4.8 (3.3)

0 4.8 4.2 4.4 1.4 4.3 6.7 8.3

1–2 21.4 15.6 23.8 13.3 16.0 24.0 18.1

3–6 52.1 53.5 51.2 59.2 53.2 53.3 52.8

≥ 7 21.7 26.7 20.6 26.1 26.6 16.0 20.8

Hypertension 61.9 65.2 68.2 60.1 69.5 52.6 58.7

Osteoarthritis 61.0 62.5 65.1 67.0 63.2 44.9 54.7

Back pain 51.2 50.8 46.3 62.4 49.5 43.6 44.0

Polyneuropathy 43.1 44.7 39.2 47.2 45.3 35.9 54.7

Stomach problems 30.4 36.0 27.5 33.0 24.2 37.2 34.7

Thyroid disorder 26.8 23.4 13.7 35.3 37.9 29.5 16.0

Diabetes 24.7 27.0 25.1 19.3 29.5 21.8 26.7

Eye disease 24.5 31.8 29.4 22.5 33.7 24.4 28.0

Osteoporosis 24.2 21.6 17.3 38.1 23.2 14.1 21.3

Colon problems 21.7 26.1 16.9 23.4 30.5 15.4 22.7

Heart disease 17.4 18.9 22.0 11.9 23.2 17.9 17.3

Kidney disease 15.7 18.6 16.9 11.9 13.7 7.7 16.0

Lung disease 14.6 12.2 12.9 13.8 12.6 11.5 17.3

Psychological disease 14.3 15.3 8.2 22.9 12.6 14.1 16.0

Rheumatism 12.8 10.8 11.4 10.6 21.1 14.1 8.0

Asthma 10.0 10.1 9.8 14.2 10.5 5.1 6.7

Stroke 5.5 7.5 5.1 5.5 5.3 7.7 8.0

Neurological disease 4.3 6.9 5.5 4.1 4.2 7.7 6.7
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Discussion

Also after the usual follow-up periods, long-term cancer survi-
vors reported a substantial number of comorbid conditions and
higher physical symptom burden than the general population.
Similar to previous findings, the prevalence of comorbid con-
ditions increases with age [10, 31]. The growing number of
older survivors presents another major challenge to the
healthcare system because older cancer survivors are more

likely to have multiple comorbid conditions and tend to expe-
riencepoorerphysical functioning thanyounger survivors [32].

In line with other study results, the most common symp-
toms were fatigue, sleep disturbances and pain [5, 11, 33, 34].
Fatigue is one of the most prevalent and most burdensome
symptoms during long-term survival and persists years after
treatment completion [33–36]. In a review of the literature
about symptom burden and quality of life in survivorship,
21 to 35% of long-term survivors (minimum 5 years after

Table 3 Quality of life (EORTC) in both cohorts 5 and 10 years post-cancer diagnosis in comparison to the European reference population (age group
60–69 years)

5 years
post-diagnosis

10 years
post-diagnosis

Comparison
5 years–10 years

Patients Population Comparison
patients-population

M (SD) M (SD) p M (SD) M (SD) p*

Global quality of life 62.8 (22.3) 62.5 (21.5) 0.826 62.7 (22.0) 73.6 (19.6) < 0.001

Functioning scales

Physical 75.3 (21.3) 77.2 (21.0) 0.199 76.0 (21.2) 87.6 (15.1) < 0.001

Role 67.1 (29.6) 68.8 (28.9) 0.404 67.7 (29.4) 85.7 (20.2) < 0.001

Emotional 69.5 (25.5) 71.2 (24.5) 0.324 70.1 (25.2) 84.4 (19.7) < 0.001

Cognitive 80.1 (21.6) 81.5 (21.5) 0.353 80.6 (21.6) 89.3 (14.5) < 0.001

Social 70.0 (30.3) 72.0 (29.5) 0.325 70.7 (30.0) 90.3 (17.2) < 0.001

Symptom scales

Fatigue 38.4 (27.3) 35.8 (26.2) 0.146 37.5 (26.9) 19.6 (21.6) < 0.001

Nausea/vomiting 5.1 (14.0) 4.9 (14.7) 0.866 5.0 (14.2) 2.5 (8.9) < 0.001

Pain 31.8 (32.8) 29.8 (32.4) 0.369 31.1 (32.6) 21.2 (24.2) < 0.001

Dyspnoea 23.5 (29.8) 23.0 (31.5) 0.821 23.3 (30.4) 12.9 (19.3) < 0.001

Insomnia 37.1 (34.2) 32.6 (33.7) 0.051 35.6 (34.1) 19.4 (23.3) < 0.001

Appetite loss 12.3 (24.1) 9.1 (20.6) 0.041 11.2 (23.0) 4.0 (13.3) < 0.001

Constipation 10.7 (23.2) 12.0 (26.2) 0.440 11.1 (24.3) 6.0 (10.3) < 0.001

Diarrhoea 9.9 (21.8) 9.2 (20.9) 0.642 9.7 (21.5) 4.5 (11.6) < 0.001

Financial difficulties 19.9 (30.3) 16.6 (29.4) 0.101 18.8 (30.0) 6.5 (16.6) < 0.001

M mean, SD standard deviation, p significance

*After Bonferroni correction α = 0.003

Table 4 Social- and disease-
related predictors for comorbidi-
ties (criterion: comorbidity-index)
and quality of life (criterion:
EORTC–global quality of life) for
both cohorts 5 and 10 years after
cancer diagnosis

5 years post-diagnosis 10 years post-diagnosis

Comorbidity Quality of life Comorbidity Quality of life

Social- and disease-
related predictors

Beta p Beta p Beta p Beta p

Sex 0.115 0.001 0.067 0.172 − 0.005 0.896 0.008 0.878

Cancer site − 0.048 0.165 0.043 0.374 0.017 0.621 0.081 0.100

Metastases/recurrence 0.030 0.378 0.107 0.028 0.051 0.139 0.010 0.836

Further cancer disease 0.044 0.208 0.037 0.443 − 0.088 0.011 − 0.002 0.970

Comorbidity – – − 0.477 < 0.001 – – − 0.483 < 0.001

Quality of life − 0.471 < 0.001 – – − 0.476 < 0.001 – –

Adjusted R-square 24.4% 25.1% 24.4% 22.7%

Beta standardised coefficient, p significance (alpha = 0.05)
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diagnosis) experienced substantial fatigue [11]. Future re-
search should especially focus on the topic fatigue to identify
associations between fatigue symptomatology and cancer dis-
ease and treatment as well as other symptoms like insomnia
and exhaustion. Sleep disturbance has also been presented as
one of the main symptoms reported by cancer survivors [15,
33, 34]. In survivorship research, insomnia is often concurrent
with fatigue; increased sleep disturbances were associated
with higher symptoms of fatigue [34, 35, 37]. Prior studies
showed a major impact of those common symptoms on over-
all quality of life in cancer survivors [11].

As reported inprevious research, long-termcancer survivors
of our study reported a significant lower health-related quality
of life in comparison with individuals without a history of can-
cer—especially in everyday activities, social life and psycho-
logical well-being [38–41]. That result clearly demonstrated
that a cancer disease not only increases the risk of long-term
physical limitations, but can also affect the mental health.
Survivorship-care-plans are also needed for psycho-
oncological and psychosocial care, which go beyond the time
ofrehabilitation.Thelimitedqualityof lifepersistedwithlonger
time since diagnosis [5]. Especially alarming should be the fol-
lowing observation: the greatest difference between long-term
survivors and the population was the higher prevalence of fi-
nancial difficulties in the survivors. This finding shows that
cancerhasa long-termnegative impactonthepatient’s financial
situation beyond treatment and aftercare. In addition to the
problemsof return toworkafter a cancerdisease, theremayalso
be long-termincreasedexpenditureonhealthcare, suchascosts
formedicationor complementary treatments.This point should
be explored more intensively in future studies.

Confirming previous research, we found a significant posi-
tive association between high quality of life and a low level of
morbidity [20, 42]. A study about cancer survivors in the UK
foundthatsurvivorswhohadanothercomorbidity inaddition to
their cancerwereparticularly at risk for reduced physical health
and psychological well-being [43]. Physical health and quality
of lifewashigher insurvivorswhohadhaveless invasivecancer
treatments, low disease stage without metastases or recurrence
and no second cancer disease. Results from the population-
based PROFILES registry [25] also demonstrated a negative
impact of the cancer treatment on comorbidity and quality of
life in long-term cancer survivors; survivors who received che-
motherapy reported more symptoms of neuropathy, and this
seriously affected their quality of life [19, 44].

Limitations and strengths

Our study exclusively provides a detailed overview of the
comorbid conditions and health-related quality of life in a
sample of 1000 long-term cancer survivors. The sample size
allows meaningful subgroup analyses (e.g. cancer type, sex,
treatment). In addition to describing the prevalence of

comorbid conditions by demographic, cancer- and treatment-
related variables, we assessed quality of life in comparison to a
large representative gender- and age-matched comparison
group from European general population normative studies.

Although our study has a number of strengths, there are also
limitations. Due to the cross-sectional design of this analysis,
we cannot determine whether cancer survivors are more likely
todevelop comorbidconditions after their diagnosis orwhether
they are pre-existing. Further, our study does not provide infor-
mation about the severity of comorbid conditions.
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