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Abstract

Objective We investigated cancer survivors’ health-related quality of life (HRQOL), specific deficiencies related to underlying
disease or treatment, and benefits of rehabilitation in a large variety of cancer entities.

Patients and methods Electronic patient-reported outcomes were performed as clinical routine procedures. Cancer survivors
underwent a 3-week multidisciplinary inpatient rehabilitation. Twenty-one different cancer entities were analyzed separately
before (T0) and by the end (T1) of rehabilitation. HRQOL, symptoms, and functions were assessed with EORTC-QLQ-C30
questionnaire, psychological distress with Hospital Anxiety and Depression Scale (HADS).

Results Four thousand four hundred one of 5912 rehabilitants were evaluable, having completed both questionnaires at TO and
T1. All function mean scores and HRQOL were lower than in Austrian normal population, while levels of anxiety, depression,
and all symptom scores were higher. HRQOL was particularly low in lung, liver, and bladder cancer patients. Maximum anxiety
levels were observed in patients with breast and thyroid cancer patients, the highest levels of depression in liver and brain cancer
patients. Fatigue was severe in patients with lung, liver, esophageal, bladder cancer, and myeloma patients. Mean scores were
also high for pain and insomnia. In the group of all rehabilitants, a highly significant improvement of global HRQOL, anxiety,
depression, and all function and symptom scores was observed at T1 (p < 0.001). We noted significant improvement of HRQOL,
anxiety, depression, fatigue, emotional, social, role, and physical functions in each cancer entity with medium to large effect
sizes. Other recorded symptoms were reduced in the majority of cancers.

Conclusion Rehabilitation effectively improves psychological distress and HRQOL as a part of treatment for various cancers.
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Introduction radiotherapy, or surgical procedures. Pain, nausea, vomiting,

loss of appetite or weight, diarrhea, decreased muscular

Advances in cancer treatment have improved life expectancies
and cure rates [1, 2]. Many cancer survivors, however, expe-
rience severe adverse effects from chemotherapy,
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strength and endurance capacity, lymphedema, cognitive def-
icits, sleeping disorders, and fatigue reduce HRQOL [3-5].
Thereby, activities and participation can become permanently
impaired. Some patients cannot return to work after cancer
treatment or become dependent on care [6]. Furthermore,
many cancer patients suffer from depression or anxiety, espe-
cially fear of disease progression [7-9].

Cancer rehabilitation is aimed at alleviating the symptoms
caused by disease or treatment. Physical and social functions
should be restored to the best state possible [4]. Physical per-
formance should be enhanced. Equally important are mental
stabilization, improvement of nutrition, and pain control.
Therapeutic procedures consist of physical, psycho-educative,
emotionally supportive, art, and expression. Other interven-
tions include nutrition, lifestyle interventions, or smoking
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cessation [10]. Hence, cancer rehabilitation generally follows
a multidisciplinary approach as an inpatient or outpatient
program.

Physicians may misjudge the severity of psychological dis-
tress, which can persist after the completion of antitumoral
treatment [11]. In addition, many clinicians tend to underesti-
mate somatic symptoms, associated with patients’ distress and
poor HRQOL [12]. To address this discordance, patient-
reported outcomes (PROs) have been utilized [13]. Using ques-
tionnaires or interviews, they offer insight into the patient’s
health status, independently from the physicians” interpretation.
Moreover, PROs have been shown to improve the quality of
communication between patients and physicians [14]. Among
several screening instruments developed to reveal functions,
symptoms, and overall HRQOL of cancer patients, QLQ-C30
of the European Organization for Research and Treatment of
Cancer (EORTC) has most widely been used in clinical trials
for the assessment of the patients’ physical function [15, 16]. A
frequently used, validated questionnaire for evaluation of psy-
chological distress is HADS [17-19].

PROs have also been used to evaluate the treatment success
of cancer rehabilitation from the cancer survivors’ point of
view. Teichmann reported improvements in physical and psy-
chosocial HRQOL, but not of the patients’ functional status
[20]. Reduction of anxiety and depression was achieved in
breast cancer patients by inpatient rehabilitation trials in
Austria and Germany [21, 22]. A 3-month outpatient rehabil-
itation program improved physical, emotional, and role func-
tions in comparison with a control group while social and
cognitive functions remained the same [23]. In an American
study, the improvement of functional independence measure
scores was observed, with no difference between solid tumors
and hematologic malignancies [24]. We have previously re-
ported on the implementation of electronic PROs as a routine
measure for the assessment of patients’ needs in a cancer
rehabilitation program [25]. The aim of our investigation is
to use routine data from patient care for analysis of the impact
of cancer rehabilitation on HRQOL, distress, and somatic
symptoms of cancer survivors. In an early stage of the current
study, we were able to show that psychological distress and
HRQOL of cancer survivors improved during a 3-week inpa-
tient rehabilitation measure. With the continuation of this in-
vestigation for more than 5 years, we have largely expanded
our database. This allows us now to investigate the rehabili-
tants’ specific needs with respect to their underlying disease,
and the outcomes of cancer rehabilitation in different cancer
entities.

Patients and methods

Data was collected as a part of clinical routine procedures at
the Oncological Rehabilitation Center St. Veit im Pongau,
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Austria. Adult cancer survivors underwent inpatient rehabili-
tation measures, with costs being covered by the Austrian
pension funds. Rehabilitation lasted 21 days with 2-3 h of
therapeutic units per working day. The patients’ stays could
be extended for another 7 days in case of severe impairment.

Baseline assessment (T0) was performed prior to admis-
sion to the rehabilitation center. To this end, patients were
provided with an access code that enabled them to complete
questionnaires at home and submit them online. Submitted
information was used for planning therapeutic procedures
and allocating resources. The assessment of functions, symp-
toms, and of psychological distress was conducted using
QLQ-C30 and HADS, respectively. QLQ-C30 consists of
30 questions, building a scale for global HRQOL, 5 function-
ing (physical, social, role, emotional, cognitive), and 9 symp-
tom scales (fatigue, nausea/vomiting, pain, dyspnea, sleep dis-
turbances, appetite loss, constipation, diarrhea, financial im-
pact). Scoring was undertaken according to the EORTC scor-
ing manual with raw scores being transformed to a scale from
0 to 100 [15]. Here, 100 reflects the worst symptom score and
the best functioning score. HADS consists of 14 items that are
used for calculation of a total score ranging from 0 to 42 (0-21
for the anxiety and depression subscales, respectively).
Clinical cases of anxiety or depression are identified by scores
of 11 or greater, while cases with scores from 7 to <11 are
considered doubtful [18].

At the time of the admission, patients were asked by phy-
sicians or psychologists whether they were willing to partici-
pate in an observational study. Upon written informed con-
sent, they were included in the study for evaluation of treat-
ment success. The study had been submitted to the Ethics
Commission of the state of Salzburg (no. 415-EP/73/451-
2014) and was conducted according to the principles of the
Declaration of Helsinki. Participants of the study completed
the abovementioned questionnaires again by the end of reha-
bilitation (T1). Data was gathered and analyzed with the use of
the Computer-Based Health Evaluation Software (CHES),
which has been described [26]. The current investigation took
place from August 2014 until end of September 2018. In the
case of repeated rehabilitations, only the first stay of one pa-
tient was included. Further exclusion criteria included early
termination of the rehabilitation within 3 days; extended inter-
val >56 days between TO and the start of rehabilitation; and
incomplete data (missing TO or T1).

Treatment measures during the rehabilitation

Patients received multidisciplinary therapies including guid-
ance and treatment by physicians, nursing, physiotherapy, aer-
obic and resistance training, psychological counseling, bio-
feedback or relaxation exercises, nutritional advice, social
counseling, and educational presentations including motiva-
tion to lifestyle modifications. Most patients were also treated
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with occupational therapy, remedial massages, thermotherapy,
hydrogymnastics, electrotherapy, or offered counseling for
smoking cessation. The frequency of therapeutic units is
displayed in Table 1. The minimum time of all treatment mea-
sures was at least 1800 min within 21 days. The guidelines of
the Austrian pension funds, which require certain frequencies
for the respective therapies, served a basis for the treatment
planning.

Statistical analyses

Changes of psychological distress, HRQOL, and subjective
working ability as a result of the rehabilitation were analyzed
using repeated measures analysis of variance (ANOVA).
Analyses were conducted for the total collective and for 21
cancer entities separately. Partial eta squared ( %) was calcu-
lated to estimate the effect size of the mean differences in
regard to psychological distress, symptoms, and HRQOL.

Valuesof 2=0.01, 2=0.06,and 2 =0.14 were considered
as small, medium, and large, respectively [27].

Additionally, QLQ-C30 differences of 5-10 points, 10-20
points, and >20 point indicated small, moderate, or large
changes, respectively [28]. A minimal important difference
for the HADS anxiety and depression score of 1.3 and 1.4
points, respectively, has been described [29]. Mean values at
TO and T1 were compared to reference values for the QLQ-
C30 and the HADS [30, 31]. P values <0.05 were considered
statistically significant. All calculations were conducted with
SPSS (v21).

Results

Of the initial sample of 5912 patients, 4401 patients (74.4%)
were evaluable for the current investigation. Fourteen patients
(0.2%) were excluded because of the early termination of the

Table 1 Treatment modalities.

Overview over therapeutic Treatment modality Treatm_ent frequency
measures per patient during the per patient
rehabilitation. n: number of -
patients who received specific n (%) Median IQR
treatment at least once
(percentage of patients of the Guidance and treatment by physician 4401 (100.0%) 6 6-7
whole collective); IQR: Nursing procedures 4392 (99.8%) 2 2-2
interquartile range Psychooncology (individual counseling) including biofeedback 4195  (95.3%) 5 4-7
Psychooncological counseling (group) 4401  (100.0%) 1 1-1
Psychological counseling: sexual therapy 798 (18.1%) 3 1-5
Psychoeducative lectures 4393 (99.8%) 3 34
Relaxation therapies 4400  (99.9%) 4 3-5
Educational presentations—motivation and lifestyle modification 4182  (95.0%) 2 1-3
Educational lectures 3882 (88.2%) 1 1-2
Cognitive and perception training 1048  (23.8%) 2 2-4
Creative therapies 597 (13.6%) 2 2-4
Social counseling 3719  (84.5%) 2 1-2
Speech therapy 331 (7.5%) 4 2-6
Nutritional advice 4399  (99.9%) 4 3-4
Occupational therapy (individual treatment) 3579  (81.3%) 2 2-3
Functional occupational therapies (groups) 4150  (94.3%) 7 4-7
Physiotherapy (individual treatment) 4399 (99.9%) 6 5-8
Physiotherapy (groups) 4373 (99.4%) 7 5-10
Medical training therapy—aerobic training 4355  (99.0%) 7 5-9
Medical training therapy— resistance training 3911  (88.9%) 5 4-6
Remedial massages 4207  (95.6%) 4 34
Manual lymphatic drainage 1192 (27.1%) 4 2-5
Hydrogymnastics 2014 (45.8%) 3 2-4
Electrotherapy 2165  (49.2%) 4 3-6
Therapeutic ultrasound 256 (5.8%) 3 2-5
Thermotherapy 3416  (77.6%) 5 3-7
Inhalation therapies 682 (15.5%) 4 5-7
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rehabilitation within the first 3 days, and 424 patients (7.2%)
because of incomplete data (missing TO or T1). Furthermore,
in 451 cases (7.6%), the interval between TO and rehabilitation
was >56 days; thus, the TO status was considered likely to
have changed in between. Six hundred twenty-two cases
(10.5%) were admissions of identical patients for repeated
rehabilitation procedures, which might have biased the study.

As displayed in Table 2, most patients showed medium
levels of performance (Karnofsky Performance Status 50—
80%: 62.8%, ECOG Status 1: 55.6%). The medium age was
61.3 years, and the majority of patients were female. Twenty-
one distinct cancer entities were analyzed separately, compris-
ing >94% of rehabilitants. Thereby, the different sub-entities
of head and neck cancers; malignant lymphomas; leukemias;
and uterine cancers were grouped together. More than 50% of
the patients had been diagnosed with cancers originating from
breast, colon, rectum, or prostate, i.e., the most frequent tu-
mors in the general population. Hematologic malignancies
were slightly above 10%.

Assessment of cancer survivors’ needs

The baseline assessment (T0) was used to determine the needs
and particular symptoms of survivors from different cancers.
We wished to understand the specific deficiencies with respect
to the underlying cancer entities. Analysis of global HRQOL
with the QLQ-C30 instrument revealed substantially de-
creased mean function scores in the whole patient group as
well as in each cancer entity (Table 3). Reduced HRQOL is an
indication for the implementation of a rehabilitation measure.
Mean HRQOL of all rehabilitants was 57.6 compared to
75.65, the reported mean HRQOL in the common Austrian
population [30]. We found HRQOL was particularly low in
patients with cancers of lung, liver, or urinary bladder.

Psychological distress was determined with HADS. Each
group of cancer survivors suffered from anxiety and depres-
sion (Table 4) compared with the average German population,
which has been reported [19]. Patients with lung, thyroid, or
brain cancers were particularly distressed, showing high levels
of both anxiety and depression. Elevated anxiety levels were
also noticed in patients with cancers of breast, uterus, and
ovary. Patients with liver, bladder, head and neck, or prostate
cancer were severely depressed.

The impairment of emotional, role, and social functions was
generally more pronounced than of physical and cognitive
functions (Table 5). For the social function, the difference be-
tween the cohort of cancer survivors and the normal Austrian
population was most striking (QLQ-C30 mean scores 58.2 vs.
92.23) [30]. The lowest mean scores for social and role func-
tions were observed in patients with multiple myeloma, brain,
bladder, and lung cancer. While the emotional function was
notably low in patients with cancers originating from lung, skin,
or thyroid gland, it was moderately good in patients with renal,
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colon, and prostate cancer and leukemia. Social function was
least impaired in breast and renal cancer survivors, and role
function in breast, prostate, and thyroid cancer. Survivors of
lung or liver cancers, and myeloma revealed particularly poor
physical function, while patients with brain or thyroid cancers
felt a major negative impact of cognitive limitation. In contrast,
the physical function reported by breast, prostate, testicular, and
thyroid cancer patients was fairly good.

Fatigue, sleeping disorders, and pain were prominent
among the rehabilitants. For fatigue, the mean score was as
high as 53.4 in the whole group of patients with cancers of
lung, liver, esophagus, and bladder, and myeloma patients
being most affected (Austrian population: 24.12).
Conversely, prostate and renal cancer patients had lower
scores for fatigue. Insomnia was fairly common with highest
levels in breast, ovarian, and thyroid cancer survivors, but not
in testicular, skin, or brain cancer survivors. Esophageal, ovar-
ian, and lung cancer patients were severely pain-stricken,
while esophageal and lung cancer patients suffered most from
dyspnea. In contrast, brain cancer and leukemia patients were
least affected by pain, and dyspnea was uncommon in patients
with skin and prostate cancer. Gastrointestinal symptoms were
generally described as less severe. Loss of appetite was mainly
observed in patients with gastric, esophageal, hepatic, and
head and neck cancers. Survivors of ovarian and lung cancer
reported constipation. Survivors of cancers originating in
stomach, esophagus, or rectum, and to lesser degree of colon,
pancreas were impeded by diarrhea. Financial impact is also
recorded by the QLQ-C30 instrument. Myeloma, ovarian, and
thyroid cancer patients were most worried because of financial
difficulties.

Improvement of functions and global HRQOL by
rehabilitation

In the whole group of rehabilitants and each investigated can-
cer type, highly significant improvement of global HRQOL
was observed by the end of the rehabilitation measure
(Table 3). More importantly, effect sizes were large for all
entities as determined by 2. Furthermore, emotional, social,
role, and physical functions were significantly improved in all
cancer entities (Table 3). The effect sizes were large for role
function in most cancers, except for patients with head and
neck, prostate, and liver cancers, where effects were medium
size. The increase of mean scores exceeded 20 points of the
QLQ-C30 scores, indicating major improvement: [28] for
emotional function in patients with cancers of lung, head
and neck, thyroid gland, breast, esophagus, bladder, testes,
rectum, and in malignant lymphomas; for social function in
myeloma, and gastric, esophageal, lung, skin, and bladder
cancer patients; for role function in patients with esophageal,
renal, and bladder cancer. The effect sizes for improvement of
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Table 2 Patient characteristics.
Patients were admitted to the
rehabilitation measures between
August, 2014, and end of
September, 2018. Shown are
mean values and standard
deviation (SD) of
sociodemographic and clinical
data. Assignment of cancer enti-
ties was performed according to
the respective ICD-10 codes
(German Modification) of the
primary diagnoses

the physical function were large in patients of all cancer types

Sample size

Mean age (SD)

Range

Sex

Male

Female

Missing information

Mean body mass index/BMI (SD)
Range

Smokers

Karnofsky Performance Score
High level of functioning (80-100%)
Medium level of functioning (50-80%)
Low level of functioning (0-50%)
Missing information

ECOG score

Grade 0

Grade 1

Grade 2

Grade 3

Missing information

Cancer entities

Head and neck cancers (C00-14; C30-C32)
Esophageal cancer (C15)

Gastric cancer (C16)

Colon cancer (C18-19)

Rectal cancer (C20-21)

Liver cancer (C22)

Pancreatic cancer (C25)

Lung cancers (C33-C34)

Skin cancers (C43-44)

Breast cancer (C50)

Uterine cancers (C51-55)

Ovarian cancer (C56)

Prostate cancer (C61)

Testicular cancer (C62)

Renal cancer (C64)

Bladder cancer (C67)

Brain cancers (C70-72)

Thyroid cancer (C73)

Malignant lymphomas (C81-C86; C88)
Multiple myeloma (C90)
Leukemias (C91-C95)

Other cancer types

4401
61.3 yr
31-90 yr

1653

2746

2

25.7 kgim?
14.4-53.4 kg/m?
751

1,556
2,763
26
56

368
2,447
1,457
58

71

232
64
120
261
151
35
99
219
41
1,534
140
152
323
43
86
99
59
45
299
72
79
248

(SD 12.0)

37.6%
62.4%
0.05%
(5.1)

17.1%

35.4%
62.8%
0.6%
1.3%

8.4%
55.6%
33.1%
1.3%
1.6%

5.3%
1.5%
2.1%
5.9%
3.4%
0.8%
2.2%
5.0%
0.9%
34.9%
3.2%
3.5%
7.3%
1.0%
2.0%
2.2%
1.3%
1.0%
6.8%
1.6%
1.8%
5.6%

except for breast and prostate cancer where they were medium

size. Cognitive function was improved in 12 of 21 cancer
entities. The effect was, however, less pronounced.

Reduction of psychological distress

We found depression significantly reduced with large effect
sizes in the whole group (Table 4). The effect on anxiety was
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(p), and effect size ( 2). Effect size is considered small for 2 > 0.01,
medium for 2>0.06, and large for 2> 0.14. Mean differences between
TOand T1 of >10 points (moderate change) are highlighted in yellow, and
of >20 points (larae chanaes) in areen [281

Table 3 HRQOL and functioning scores in the whole group of 4,401
cancer survivors, and in different cancer entities. Shown are mean scores
prior to (T0), and by the end (T1) of the rehabilitation measures as
assessed by EORTC OLO-C30. standard deviation (SD). sianificance

Global HRQOL Social fi Cognitive f Physical Role
TO T1 T0 T1 T0 T1 T0 T1 T0 T1 T0 T1
Total sample mean 57.6 73.4 57.2 77.2 58.2 74.6 73.2 78.0 72.6 79.6 57:1 71.3
(sD) (19.3) (17.3) (25.1) (22.1) (30.3) (26.4) (26.4) (23.8) (21.2) (19.5) (30.5) (26.9)
p-value <.001 <.001 <.001 <.001 <.001 <.001
effect size 414 .420 237 .045 71 .183
Head and neck mean 529 69.6 55.7 76.1 53.6 69.6 76.5 80.2 70.6 78.3 59.5 723
cancers (SD) (20.3) (18.0) (26.2) (22.4) (32.8) (28.9) (24.7) (23.5) (20.3) (19.9) (31.6) (25.1)
p-value <.001 <.001 <.001 012 <.001 <.001
effect size 453 446 202 .027 183 139
Esophageal cancer mean 50.8 71.2 58.7 78.5 524 77.1 73.0 815 65.1 77.7 52.4 73.7
SD (18.4) (17.2) (24.9) (20.5) (28.5) (23.5) (28.0) (21.6) (20.3) (18.5) (30.1) (23.0)
p-value <.001 <.001 <.001 .005 <.001 <.001
effect size .546 417 .391 121 .328 253
Gastric cancer mean 54.4 70.9 60.4 79.0 52.5 76.3 76.5 81.8 66.7 78.2 50.3 69.3
SD (18.1) (16.6) (26.7) (22.1) (30.4) (25.5) (24.4) (20.5) (21.1) (18.8) (31.7) (26.4)
p-value <.001 <.001 <.001 .015 <.001 <.001
effect size 411 .382 .358 .049 .299 .266
Colon cancer mean 58.5 74.2 62.2 79.3 60.9 76.1 75.0 78.4 72.6 79.6 58.6 72.3
SD (19.8) (17.4) (24.0) (23.0) (28.6) (25.4) (27.1) (24.1) (21.7) (20.6) (30.6) (28.4)
p-value <.001 <.001 <.001 .016 <.001 <.001
effect size .394 371 .237 .022 173 176
Rectal cancer mean 55.8 72.4 57.7 79.6 55.2 72.2 73.0 7z 69.0 78.9 52.0 67.0
SD (20.3) (17.6) (26.5) (21.4) (30.5) (27.3) (26.4) (25.0) (21.2) (18.9) (32.3) (26.4)
p-value <.001 <.001 <.001 .016 <.001 <.001
effect size 367 417 .252 .038 .268 .168
Liver cancer mean 50.5 69.8 55.0 67.6 51.4 70.5 70.5 76.2 61.3 70.3 51.0 65.7
SD (20.9) (19.1) (24.1) (22.9) (35.3) (23.3) (28.3) (23.3) (23.6) (18.5) (31.6) (33.8)
p-value <.001 .012 .008 .083 .007 .033
effect size 454 170 .189 .086 197 127
Pancreatic cancer mean 54.5 71.0 58.5 75.8 50.7 69.7 783 813 67.7 74.9 59.1 67.2
sD (17.5) (17.7) (25.1) (21.9) (31.9) (28.9) (22.4) (20.6) (20.9) (19.3) (31.2) (25.6)
p-value <.001 <.001 <.001 117 <.001 .012
effect size 523 .340 .268 .025 .145 .064
Lung cancers mean 50.5 66.2 52.1 75.0 49.9 71.3 723 7357, 57.7 66.7 47.6 61.7
SD (19.0) (17.2) (25.7) (23.6) (31.9) (27.0) (27.1) (24.8) (21.3) (21.8) (31.2) (30.1)
p-value <.001 <.001 <.001 .393 <.001 <.001
effect size 367 .437 .302 .003 229 .142
Skin cancers mean 56.0 73.0 50.8 703 55.4 74.0 72.5 79.7 74.7 80.5 55.4 67.1
SD (20.0) (21.7) (26.9) (27.6) (28.3) (29.8) (26.8) (30.4) (19.8) (20.8) (32.1) (30.4)
p-value <.001 <.001 <.001 .074 .005 .009
effect size 526 333 .308 .079 .185 .162
Breast cancer mean 61.2 76.6 56.2 77.6 64.1 782 72.1 78.2 78.1 829 61.8 744
SD (18.3) (16.1) (24.9) (21.5) (28.2) (24.9) (26.5) (23.8) (18.7) (17.4) (28.0) (25.7)
p-value <.001 <.001 <.001 <.001 <.001 <.001
effect size 435 .467 .205 .087 113 173
Uterine cancer mean 56.1 72.7 57.5 76.3 58.5 72.7 71.6 75.1 67.7 75.5 52.8 68.7
sD (18.9) (17.2) (23.8) (23.8) (29.9) (27.6) (27.1) (24.9) (20.4) (19.6) (30.3) (27.3)
p-value <.001 <.001 <.001 .012 <.001 <.001
effect size 395 367 .184 .022 212 .208
Ovarian cancer mean 55.7 70.9 56.6 75.8 56.3 69.1 69.9 735 66.7 743 49.8 66.6
sb (19.8) (17.0) (24.2) (23.3) (29.5) (28.7) (26.9) (25.8) (20.2) (19.3) (30.7) (29.2)
p-value <.001 <.001 <.001 .044 <.001 <.001
effect size 322 .380 .166 .027 212 222
Prostate cancer mean 57.6 72.0 61.5 77.1 58.3 72.9 78.7 80.9 77.3 82.8 62.1 73.6
SD (20.1) (17.5) (25.6) (21.5) (30.0) (25.6) (23.3) (22.2) (20.6) (18.5) (30.6) (25.4)
p-value <.001 <.001 <.001 .058 <.001 <.001
effect size .366 .362 .200 011 107 130
Testicular cancer  mean 61.2 75.8 60.1 828 59.7 77.5 77.9 81.4 78.8 88.5 59.3 74.8
SD (17.8) (14.49) (23.0) (19.5) (29.4) (24.9) (25.1) (21.9) (17.8) (14.7) (28.0) (24.0)
p-value <.001 <.001 <.001 262 <.001 .001
effect size 421 .514 .328 .030 336 .216
Renal cancer mean 59.5 76.1 64.1 79.0 65.5 771 812 81.2 73.0 813 56.2 79.3
sD (19.8) (15.0) (23.8) (20.9) (31.9) (24.4) (22.7) (20.9) (21.9) (19.9) (333) (22.4)
p-value <.001 <.001 <.001 1.00 <.001 <.001
effect size 466 .368 .147 .001 .196 .368
Bladder cancer mean 56.2 79.3 54.9 76.2 48.1 72.6 74.9 79.3 64.7 77.2 46.0 69.4
SD (33.3) (22.4) (24.5) (19.0) (31.3) (24.3) (23.1) (19.6) (25.1) (18.6) (333) (25.7)
p-value <.001 <.001 <.001 .052 <.001 <.001
effect size 448 460 417 .038 .259 .320
Brain cancers mean 56.4 69.9 56.9 74.4 46.6 62.9 56.8 63.3 70.5 78.3 47.7 62.9
sD (21.3) (19.0) (22.1) (20.8) (29.8) (32.6) (30.7) (30.4) (23.0) (22.5) (30.7) (30.6)
p-value <.001 <.001 <.001 .078 <.001 .002
effect size .346 .442 .213 .052 .204 .161
Thyroid cancers mean 59.1 72.8 45.9 68.9 57.4 76.7 63.0 67.8 77.0 82.7 60.0 74.1
SD (20.6) (16.5) (25.3) (23.5) (32.9) (23.7) (32.0) (24.2) (20.0) (19.2) (30.4) (26.2)
p-value <.001 <.001 <.001 124 .004 .001
effect size .346 .505 .292 .053 174 .208
Malignant mean 57.6 73.3 56.6 77.7 54.9 74.1 47455) 78.5 71.6 80.6 52.9 70.8
Lymphomas SD (17.9) (18.6) (24.9) (23.4) (31.9) (27.6) (27.2) (23.0) (21.2) (19.2) (31.1) (27.5)
p-value <.001 <.001 <.001 <.001 <.001 <.001
effect size 382 .439 279 .102 230 .254
Multiple Myeloma mean 54.1 68.4 59.1 76.2 45.8 66.7 68.8 75:5] 61.8 69.5 42.6 62.0
SD (21.3) (18.6) (24.6) (20.8) (28.6) (30.4) (26.2) (25.2) (23.0) (23.5) (29.9) (28.7)
p-value <.001 <.001 <.001 .021 <.001 <.001
effect size .452 .365 331 .073 .162 .293
Leukemias mean 62.3 74.5 61.1 80.4 60.5 78.9 70.9 7KL 75.8 82.5 59.1 77.0
SD (16.9) (16.2) (23.9) (21.5) (27.9) (24.9) (29.8) (23.9) (17.3) (17.0) (30.4) (24.9)
p-value <.001 <.001 <.001 .004 <.001 <.001
effect size 318 325 .310 .101 .208 .343
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Table 4  Psychological distress in the whole group of cancer survivors,
and in different cancer entities. Shown are mean scores of anxiety and
depression at TO and T1 as assessed by HADS. Standard deviation (SD),
significance (p), and effect size ( 2) are displayed. Effect size is
considered small for %> 0.01, medium for ? > 0.06, and large for 2
> 0.14. Mean differences between TO and T1 greater than the cut-off
levels for clinical relevance are highlighted in green (i.e., for anxiety:
1.3 points; for depression: 1.4 points [29])

Anxiety Depression
T0 T1 T0 m

mean 6.5 4.6 5.7 3.5

Total sample (sD) 39) 34 @9 63
p-value <.001 <.001
effect size .267 .324

Head and neck mean 6.5 4.6 6.2 3.9

cancers (SD) (3.9) (3.2) (3.9) 33)
p-value <.001 <.001
effect size 282 350

Esophageal cancer mean 5.7 4.0 5.6 33
SD (3.9) (3.4 (3.7) (3.2
p-value <.001 <.001
effect size .243 .408

Gastric cancer mean 5.8 4.6 5.9 4.0
SD (3.6) (3:3) (3.6) (E5)]
p-value <.001 <.001
effect size 129 311

Colon cancer mean 5.9 45 5.6 37,
sD (3.8) (3.6) (4.0) (3.6)
p-value <.001 <.001
effect size .158 .269

Rectal cancer mean 5.7 4.1 5.6 3.6
SD 3.4 (3.4) (3.8 3.4
p-value <.001 <.001
effect size 199 271

Liver cancer mean 6.3 5.0 7.0 3.9
Sb (3.8) (3.0 (4.3) (33)
p-value .017 <.001
effect size .155 .411

Pancreatic cancer mean 6.2 4.7 6.0 4.2
SD (3.6) (3.5) (3.8) (3.6)
p-value <.001 <.001
effect size .192 298

Lung cancers mean 6.9 4.7 6.9 4.6
SD (3.9) (3.4) (4.2) (3:6)
p-value <.001 <.001
effect size 323 .286

Skin cancers mean 6.8 4.6 6.0 3.9
SD (4.9 (3.7) (3.7) (3.9)
p-value <.001 <.001
effect size .326 .335

Breast cancer mean 7.0 4.7 53 3.0
sD (38) 3.3 (3.8) (29
p-value <.001 <.001
effect size 329 .385

Uterine cancer mean 6.8 4.8 5.6 3.6
SD (3.8) (3.8) (4.0) (3.5)
p-value <.001 <.001
effect size 212 .240

Ovarian cancer mean 6.5 4.9 5.2 3.9
sD (338) (3.3) (3.6) (3.0)
p-value <.001 <.001
effect size .197 .162

Prostate cancer mean 6.2 4.5 6.1 4.0
SD (4.1) (3.5) (4.1) (3.6)
p-value <.001 <.001
effect size .201 .281

Testicular cancer mean 5.4 35 4.4 23
SD (3.6) (2.8) (3.9) 2.7)
p-value <.001 <.001
effect size .284 .298

Renal cancer mean 6.0 4.0 o 3.0
sD (37) (3.4) (3.5) (2.9)
p-value <.001 <.001
effect size .383 .411

Bladder cancer mean 6.0 4.7 6.4 4.2
SD (3.9) (3.6) 4.2) (3.0)
p-value <.001 <.001
effect size 141 .295

Brain cancers mean 6.9 4.9 7.4 5.2
SD 39 (3.2 (3.6) (3.7)
p-value <.001 <.001
effect size .304 .326

Thyroid cancer mean 8.1 56 6.8 4.0
SD 3.9 (3.7) (4.9) 3.7
p-value <.001 <.001
effect size .387 .360

Malignant mean 6.4 45 55 )

lymphomas SD (3.9 (3.6) 3.7) (3.3
p-value <.001 <.001
effect size 252 .290
mean 6.3 4.8 6.0 3.6

Multiple myeloma ) (3.9) 39 (4.2) 3.3)
p-value <.001 <.001
effect size .189 .315

Leukemias mean 6.3 4.4 5.4 33
SD (4.0) (3.5 (4.0) (3.9)
p-value <.001 <.001
effect size .250 312

also large in all cancer types, except for patients with gastric
cancer where it was of medium size. Those patient groups that
were particularly distressed before showed a major benefit,
e.g., patients with breast, thyroid, and lung cancer.

The reduction of HADS scores for anxiety and depression
by 1.9 and 2.2, respectively, is considered a clinically mean-
ingful improvement [29]. Such improvement was found for
the whole collective and most cancer entities. Remarkably, the
anxiety mean score for all patients was lowered to the normal
range of the German population, and the score of depression
was diminished even below this level [19, 31]. Depression
improved particularly well for rehabilitants suffering from liv-
er, brain, lung, and thyroid cancer.

Alleviation of symptoms

All symptom scores were decreased in the whole group of
rehabilitants (Table 5). Fatigue was ameliorated with general-
ly large effect sizes in patients of all cancer types, most re-
markably in survivors of gastric, lung, uterine cancer, myelo-
ma, and malignant lymphomas. Similarly, pain and appetite
loss were significantly reduced in all but two cancer entities.
Dyspnea was improved in patients with gastric, ovarian, tes-
ticular, thyroid cancers, lymphomas, and myelomas. All other
symptoms including gastrointestinal complaints were reduced
in the majority of tumor entities. Significant worsening of
symptoms was not noted. In addition, financial worries were
reduced in the majority of cancer patients.

Self-assessed ability to work

We also asked the patients whether they felt capable of work-
ing. The number of rehabilitants who thought they were able
to return to work was <25% prior to the rehabilitation measure
(Fig. 1a). This number was more than doubled by T1. Almost
identical results were obtained when only analyzing the sub-
group of rehabilitants <65 years of age (Fig. 1b).

Discussion

We have analyzed the impairments of cancer survivors and the
benefits of an inpatient rehabilitation measure. The high num-
ber of participants in this observational study enabled us to
retrospectively analyze a broad variety of cancer entities with
respect to psychosocial and somatic burden. To our best
knowledge, this is the largest investigation of the effects of
rehabilitation in different cancer entities with the use of PROs.
While reduced global HRQOL and psychological distress are
present in all patient groups, we noticed apparent differences
due to the respective underlying neoplasms. The frequently
poor prognosis [1], and low function scores of patients with
brain or lung cancer are reflected by high levels of distress.
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Table 5 Symptom scores in the whole group cancer survivors, and in for 2 > 0.06, and large for 2 > 0.14. Mean differences between TO
different cancer entities. Shown are mean scores at TO and T1 as assessed and T1 of >10 points (moderate change) are highlighted in yellow, and
by EORTC QLQ-C30, standard deviation (SD), significance (p), and of >20 points (large changes) in green [28]

effect size ( %). Effect size is considered small for 2 > 0.01, medium
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Fig. 1 Self-assessed ability to work. Patients were asked to assess their
ability to work by TO and T1. Shown are percentages of patients who
believed they were capable of working full-time, part-time, or unfit to

However, high levels of psychological distress were not re-
stricted to patients suffering from cancers with a generally
dismal prognosis. Of note, anxiety was lower in patients with
pancreatic, bladder, ovarian, or liver cancer than in patients
with thyroid or breast cancer despite considerably poorer
prognosis [1, 2]. The very high level of distress in thyroid
cancer survivors is in agreement with previous reports [32].
Prognosis, however, is mostly favorable regarding this cancer,
and cure rates are high [2]. The high burden of psychological
distress of breast cancer survivors has been described.
Mehnert reported that 23.6% of breast cancer patients were
classified as having moderate to high fear of tumor progres-
sion, and high negative correlation of fear and HRQOL was
reported [33]. We found that breast cancer survivors suffer
severely from psychological distress despite comparably good
physical, social, and role functions. This observation contrasts
studies that describe the limitations of physical, role, emotion-
al, cognitive, and social functioning limitations as predictors
of distress in female breast cancer survivors [34].

There was also some discrepancy between somatic symp-
toms and psychological distress. Despite experiencing pain,
gastrointestinal symptoms, or dyspnea, patients with ovarian,
esophageal, or gastric cancers reported intermediate levels of
psychological distress. Rehabilitation of these patients should
focus on physical deficiencies and nutrition while psychoso-
cial counseling should have priority in breast cancer. The
drivers of psychological burden, and the strategies for coping
and disease processing deserve further attention across certain
tumor entities. Our findings may contribute to the develop-
ment of rehabilitation programs tailored to distinct needs in
certain cancers.

In accordance with other trials [10], our rehabilitation pro-
gram was multidisciplinary, integrating physical, psycho-on-
cological, and educative components including life-style mod-
ification and nutrition. These components contribute to chang-
es of different functions and symptoms. In accord with meta-

work. a All rehabilitants who have stated their working capability (n =
1973). b Rehabilitants < 65 years of age, belonging to the work force (n =
1272)

analyses, we find very high symptom scores for fatigue [35],
sleeping disorders, and pain in our group of cancer survivors.
Fatigue is considered the most commonly reported and
distressing symptom in cancer patients. With evidence-based
treatment modalities for fatigue including physical activity,
aerobic and resistance training, massage, and relaxation [35,
36], major improvements of fatigue could be observed in our
study. Patients of each cancer entity benefited from rehabili-
tation. Furthermore, the importance of exercise for improve-
ment of global HRQOL, physical function, and fatigue is
established [37]. Pain, fatigue, and sleep disturbances can be
reduced by cognitive-behavioral strategies [38], which were
one component of psycho-oncological counseling and educa-
tional interventions. The evidence for psychological interven-
tions for fatigue after cancer is considered tentative [39].
Psychosocial interventions have been shown to mainly im-
prove emotional and social functions, and global HRQOL
[40]. Furthermore, strength and physical function, which are
diminished by cancer therapy, are improved by oncologic re-
habilitation [41].

Our study has several limitations. This is not a representa-
tive study of all cancer survivors, but restricted to those per-
sons who were capable of and felt the need for rehabilitative
measures. The propensity to apply for a rehabilitative measure
may be different among patients due to age, gender, or advice
by support groups. The distribution of cancer entities may thus
differ from the prevalence in the general population.
Moreover, severely disabled patients in a palliative setting
were incapable of participating in the rehabilitative measures.
Some patients had to terminate early within few days, and
others had to be transferred to hospitals because of acute
health complications. These patients could not be included
into this study. Furthermore, a comprehensive analysis of
the medical history and socio-demographic status was not
feasible in our study. This data is not documented in a stan-
dardized fashion but rather paraphrased by the physicians.
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Several reports have previously described improvement of
various components of HRQOL by inpatient or outpatient
cancer rehabilitation [21-25, 42]. Many investigations focus
on patients from certain cancer entities, such as breast [21, 22,
42], bladder [43], or prostate cancer [44]. In contrast, our aim
was to compare the effects of oncological rehabilitation in a
spectrum of patients from major cancer entities.

An interesting finding of our study is the improved self-
assessed ability to work by the end of the rehabilitation mea-
sure. It is known that cancer survivors are less likely to be
employed and take more sick leave than workers without a
history of cancer [45]. Hence, early retirement and non-
employment are common among cancer survivors [6].
Improved self-assessed capability of returning to work may
help avoid unemployment. It might also be related to self-
esteem and participation.

The durability of the benefits accomplished by rehabilita-
tion has been shown by others. In a large study with 3233
patients, Klocker demonstrated that inpatient rehabilitation
significantly improved HRQOL, anxiety, and depression,
which persisted after 6 and 12 months [22]. We have started
a survey that includes follow-up evaluations 3, 6, and 12
months after the rehabilitation measure. Similarly, HRQOL
and symptoms were stably improved after a 3-month outpa-
tient exercise and education program during 2 years of follow-
up [42]. Further studies should determine whether certain can-
cer patients require repeated rehabilitation measures to con-
serve their HRQOL and avoid unemployment.

Conclusion

Psychological distress with anxiety and depression, and fa-
tigue are common among cancer survivors. A 3-week, multi-
disciplinary cancer rehabilitation measure can significantly
alleviate these and most other symptoms in all 21 investigated
cancer entities. All functions are markedly improved in the
majority of cancers. In summary, cancer rehabilitation is high-
ly effective in improving the quality of life of cancer survi-
vors. The identification of the specific needs according to the
underlying malignant diseases may help design specific reha-
bilitation programs.
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