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ABSTRACT
Background: Inpatient rehabilitation therapy (IRT) is commonly offered to cancer patients during or
after cancer treatment in Germany. However, little is known about utilization and long-term effects of
this offer in colorectal cancer (CRC) patients. We aimed to assess IRT utilization, determinants of utiliza-
tion and the association between IRT and survival in CRC patients.
Materials and methods: CRC patients diagnosed in 2005–2014 recruited in the population-based
DACHS study in South West Germany were included. Determinants of IRT utilization were assessed by
multivariable logistic regression. Hazard ratios (HRs) of the association of IRT with overall and disease-
specific survival were estimated by adjusted Cox proportional hazards models. Modified landmark
approach was applied to avoid immortal time biased results.
Results: Among the included CRC patients (n¼ 3704), 43.6% underwent IRT. Patients who did not live
in a relationship with a partner, worked as employee and who reported higher levels of physical activ-
ity were more likely to undergo IRT. Patients were less likely to undergo IRT if they had private health
insurance, were diagnosed with cancer stage IV, received no or laparoscopic cancer surgery or were
treated in a hospital with medium vs. high surgical volume. The median follow-up time was 4.4 years
(post-landmark). Utilization of IRT was associated with better overall (HR 0.81, 95% confidence interval
0.72�0.92) and disease-specific survival (HR 0.72, 95% confidence interval 0.61�0.85).
Conclusion: Almost every other CRC patient underwent IRT. Next to clinical characteristics, identified
social and lifestyle characteristics seemed to play an essential role in the decision-making. Use of IRT
was associated with better overall and disease-specific survival.
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Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer worldwide [1]. Although prognosis has
improved in the last decades in particular in Western coun-
tries, more than one third of the patients decease within the
first five years after diagnosis [2,3]. In addition, the disease
and its treatment can cause various temporary or permanent
health impairments in survivors. Common persistent side
effects after a CRC diagnosis include fatigue, reduced phys-
ical fitness, peripheral neuropathy and fecal incontinence
[4–7]. Somatic impairments and psychological problems such
as depressive symptoms or fear of recurrence/disease pro-
gression can affect participation in all aspects of life
severely [8–10].

Rehabilitation therapy during or after cancer treatment
aims to reduce morbidity, promote participation and improve

quality of life. The access to cancer rehabilitation and the
delivery models vary strongly by health care systems [11,12].
In contrast to very low rates of inpatient rehabilitation ther-
apy (IRT) in most countries including the United States
[13,14], Germany has implemented IRT as an integral part in
the continuum of cancer care [15]. Outpatient rehabilitation
programs, on the other hand, only account for about 2% of
all cancer rehabilitation measures [16]. The nationwide avail-
ability and the access to IRT can be tied to the institutional-
ization of rehabilitation as a social state obligation that
started with the introduction of Bismarck’s social legislation
at the end of the nineteenth century [17]. To the present
day, the German pension insurance plays a significant role
by funding rehabilitative measures next to health insurances
and by evaluating and shaping rehabilitative care.

IRT for cancer patients is provided by specialized inpatient
rehabilitation clinics as post-acute treatment directly after
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primary cancer treatment or as follow-up care usually within
the first year after completion of treatment. The individual-
ized and multidisciplinary 3-week programs consist of inter-
ventions such as dietetic treatment, stoma care, physical
therapy/exercise, occupational therapy, patient education,
and psychosocial support. CRC patients with rehabilitation
needs file an application at the responsible insurance (pen-
sion or health insurance) in order to be admitted to a
rehabilitation clinic. This process is usually initiated by hos-
pital social services or treating physicians during or after pri-
mary cancer treatment.

Even though IRT is offered as standard care in Germany,
information about utilization rates in CRC patients is sparse,
and reasons for (non-) utilization are not well understood.
Structural barriers, clinical factors and personal reasons have
been discussed in this context. However, reported findings
are based on study participants with other cancers [18,19],
few or younger (<65 years) CRC-patients [20,21], or from sec-
ondary data on population-level [22]. Moreover, no study has
yet investigated associations of IRT use with long-term sur-
vival [23]. Better knowledge about IRT use would help stake-
holders, healthcare providers and payers to evaluate
allocation of treatment and to identify underutilization
among certain patients’ groups.

We aimed to assess trends and determinants of IRT utiliza-
tion and its association with long-term survival in a large
cohort of CRC patients from a population-based study in
Southern Germany.

Materials and methods

Study design and population

In this patient cohort study, data from 4009 CRC patients
diagnosed in 2005–2014 who participated in the DACHS
study were included. The DACHS study (Darmkrebs, Chancen
der Verh€utung durch Screening) is a population-based case-
control study with additional long-term follow-up of cases.
Patients with a first diagnosis of CRC (C18–C20, International
Classification of Diseases, revision 10), at least 30 years of
age, from the Rhine-Neckar region of Germany were eligible
and recruited by treating physicians from 22 participating
hospitals in the study region. Written informed consent was
obtained from all participants. The ethics committees of the
Medical Faculty of Heidelberg and the state medical boards
of Baden-Wuerttemberg and Rhineland-Palatinate approved
the study.

Data collection and follow-up

Sociodemographic data, lifestyle-related information and the
medical history of the participants were obtained during a
face-to-face interview by trained interviewer at baseline.
Tumor and surgery-specific information were extracted from
discharge letters and pathology reports. About three years
after diagnosis, therapy-related information was collected
from medical reports and physicians administered question-
naires. General practitioners and/or oncologists, who were

involved in the treatment, filled out questionnaires based on
patient medical records. Follow-up time started from CRC
diagnosis. Population registries provided data on vital status
and date of death if applicable. Death certificates from the
local health authorities were obtained in order to verify the
cause of death. Further details of the DACHS study have
been published elsewhere [24,25].

Ascertainment of IRT, potential determinants and
survival outcomes

The use of IRT (yes/no) within the first three years after diag-
nosis was ascertained retrospectively next to the other ther-
apy-related information. The obtained piece of information
included any IRT (post-acute/follow-up care) due CRC-specific
or therapy-related health impairments.

We considered potential determinants of utilization based
on previous literature and clinical experience.
Sociodemographic information, lifestyle characteristics and
comorbidities were based on data collected during the inter-
view. The Charlson Comorbidity Index (CCI) was used to
score reported comorbidities and group participants into
four groups from no (0) to severe comorbidity (3þ) [26].
Prediagnosis physical activity was assessed retrospectively for
every decade of age (at age 20, 30,… , 80). The most recent
decade preceding the patient’s age was used to derive the
latest physical activity level (e.g., physical activity at age 60
for patient group aged 60–69). Metabolic task hours per
week (MET-h/wk) were calculated based on type of activity
and averages of minutes spent per week. We classified the
level of physical activity into low, medium and high by ter-
tiles of the study population. Cancer stage at diagnosis was
classified according to the International Union against Cancer
Classification (UICC). Apart from the administration of chemo-
therapy, radiotherapy, and palliative treatment (yes/no), we
also considered type of surgery (none, laparoscopic, open)
and receipt of ostomy (yes/no) as potential determinants of
IRT use.

Based on the cause of death, we classified the events into
disease-specific and non-disease-specific.

Inclusion and exclusion criteria

Participants with available information on rehabilitation use
(yes/no) were included in the analysis. We excluded patients
who underwent outpatient rehabilitation only. Regarding the
survival analysis, we furthermore excluded participants with
missing follow-up information or/and no tumor resection.

Statistical analysis

We assessed the relative frequency of utilization within the
cohort and calculated the utilization rates by calendar year
and by cancer stage. Rehabilitants and non-rehabilitants
were compared with respect to potential determinants by
Fisher’s exact test or Chi-square test of independence.
Independent predictors of utilization were determined using
a multivariable logistic regression model. We selected
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potential predictors into the model, when the previous
(bivariate) analysis resulted in a p-value less than 0.2.

Potential associations of IRT with overall and disease-spe-
cific survival were estimated by multivariable Cox propor-
tional hazards models and quantified by adjusted hazard
ratios (HRs). As survival analyses based on follow-up time
from time of diagnosis might lead to biased results in favor
of rehabilitative treatment, because rehabilitants need to live
through IRT initiation to become rehabilitants, we controlled
for a potential immortal-time bias by the Modified Landmark
Approach [27,28]. Based on available data on start of IRT for
one third of the rehabilitants, the landmark was set at eight
months after CRC diagnosis (equivalent to the 75th percent-
ile). Patients, who died before the landmark were excluded
from the survival analysis, and the follow-up time was
reduced by eight months.

Cox regression models were adjusted for the following
potential confounders (categorization Table 1): age (continu-
ous), sex, partnership, years of school education, employ-
ment status, type of health insurance, body mass index,
smoking, physical activity level (tertiles), cancer stage, tumor
location, Charlson Comorbidity Score, chemotherapy, radio-
therapy, surgical technique and surgical volume of treating
hospital. Time-dependent interaction terms were added to
the models to assess the proportional hazards assumption
beforehand. Significant interactions were found for IRT and
four covariates (age, cancer stage, chemotherapy, comorbid-
ities). We therefore included time-dependent interaction
terms for the four respective covariates in the models.
Furthermore, we investigated the association of IRT and sur-
vival outcomes over time. Hence, we conducted time-inter-
val-specific survival analyses in addition to the main analyses.
Follow-up time was divided into four intervals (<3 years,
3–<6 years, 6–<9 years, �9 years). Cox proportional hazards
models were calculated based on interval-specific follow-up
time, respective persons at risk and events. Survival analysis
for the first interval was corrected for potential immortal
time bias by the Modified Landmark Approach as
described above.

A p-value of <0.05 in two-sided testing was considered
statistically significant. All analyses were performed on SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Subanalysis: IRT and functional status
In a subset of participants, treating hospitals gave informa-
tion about perioperative functional performance by using
one or more of the following scales: American Society of
Anesthesiologists (ASA) grade [29], Eastern Cooperative
Oncology Group (EGOG) score [30] and Karnofsky
Performance Score (KPS) [31]. We combined the respective
scales into one functional performance measure with the lev-
els excellent (ASA¼ I, ECOG ¼ 0 or KPS ¼ 90–100), fair
(ASA¼ II, EGOG ¼ 1 or KPS ¼ 70–80) and poor (ASA¼ III–IV,
ECOG ¼ 2–4 or KPS ¼ 10–60) [32]. We repeated the analyses
with data from the subgroup, considering functional status
as additional potential determinant of utilization and poten-
tial confounder in the survival analyses. To avoid biased
results due to selectively assessed functional performance in

case of either very good or very poor health status, we only
included participants in the subanalyses, when functional
performance was rated for at least 75% of the patients that
were recruited in the same hospital.

Results

Study cohort

Data from 4009 CRC patients, who were diagnosed from
2005 to 2014 and participated in the DACHS study were
available for the present analysis. We excluded 302 (7.5%)
participants due to missing rehabilitation status. In addition,
we excluded three (<1.0%) patients, who underwent out-
patient rehabilitation therapy. The final cohort consisted of
3704 CRC patients. In survival analyses, we furthermore
excluded 58 (1.6%) patients who did not receive surgery,
two (<1.0%) patients with unknown follow-up status, and
108 (2.9%) patients who died within the pre-landmark
period. Thus, data from 3536 patients remained for survival
analyses (Supplementary Figure S1). Table 1 presents the
distribution of sociodemographic, clinical and lifestyle charac-
teristics within the cohort and among rehabilitants and non-
rehabilitants separately. The mean age of the study cohort
was 68.3 (±11.2) years. Participants were mostly male
(60.9%), lived in a partnership (74.2%), were retired (64.5%),
had colon cancer (59.2%), were diagnosed with cancer stage
II (30.8%) or III (32.6%), and did not receive chemother-
apy (55.4%).

Utilization of IRT among the cohort

In total, 1615 (43.6%) participants underwent IRT within the
first three years after diagnosis. Rehabilitants were admitted
to 142 different rehabilitation facilities. We observed a small
and non-significant variation of utilization over time with a
minimum of 39.5% in 2007 and a maximum of 47.3% in
2013 (Figure 1(a)). Significant differences (p< 0.0001) in util-
ization were observed by cancer stage (Figure 1(b)). Highest
uptake was reported among patients diagnosed with CRC
stage II (46.9%) and III (47%) whereas in patients with stage I
(42%) and IV (31.2%) utilization was less common.

Determinants of utilization

The comparison between rehabilitants and non-rehabilitants
with respect to clinical, social and lifestyle characteristics
identified several potential determinants of utilization (Table
1): age, sex, partnership, type of health insurance, tumor
stage and location, palliative treatment, comorbidities, phys-
ical activity level, surgical volume (treating hospital). These
candidate variables were selected for the multivariable logis-
tic regression model, which identified eight independent pre-
dictors. Detailed results are presented in Table 2. Employed
participants (OR 1.93, CI 1.51�2.46, vs. retired) and partici-
pants who did not live in a partnership (OR 1.33, CI
1.13�1.58) were more likely to undergo IRT. We furthermore
observed a positive relationship between physical activity
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Table 1. Sociodemographic, clinical, and lifestyle characteristics of rehabilitants and non-rehabilitants.

Sociodemographic, clinical & lifestyle characteristics

Total Rehabilitants Non-rehabilitants

N¼ 3704
(100%)

n¼ 1615
(43.6%)

n¼ 2089
(56.4%)

p-Value�N col % n row % n row %

Age at diagnosis (in years)
<50 219 5.9 114 52.1 105 48.0 <0.0001a

50–64 1038 28.0 512 49.3 526 50.7
65–79 1853 50.0 744 40.2 1109 59.9
�80 594 16.0 245 41.3 349 58.8

Sex
Men 2256 60.9 935 41.5 1321 58.5 0.0010b

Women 1448 39.1 680 47.0 768 53.0
Years of school education
�9 2393 64.6 1042 43.5 1351 56.5 0.3096a

10 663 17.9 303 45.7 360 54.3
>10 641 17.3 266 41.5 375 58.5

Employment status
Retired/ early retired 2389 64.5 955 40.0 1434 60.0 <0.0001a

Housewife/husband 337 9.1 150 44.5 187 55.5
Employed 789 21.3 442 56.0 347 44.0
Self-employed 119 3.2 36 30.3 83 69.7
Unemployed 55 1.5 29 52.7 26 47.3
Others 14 0.4

Living in a partnership
Yes 2747 74.2 1156 42.1 1591 57.9 0.0021b

No 951 25.7 455 47.8 496 52.2
Health insurance
Statutory 2719 73.4 1222 44.9 1497 55.1 0.0009a

Private 333 9.0 114 34.2 219 65.8
Unknown 652 16.6 279 42.8 373 57.2

Tumor location
Colon 2192 59.2 980 44.7 1212 55.3 0.1057b

Rectum 1512 40.8 653 43.2 877 58.0
Tumor stage, UICC
I 861 23.2 362 42.0 499 58.0 <0.0001a

II 1141 30.8 535 46.9 606 53.1
III 1207 32.6 567 47.0 640 53.0
IV 475 12.8 148 31.2 327 68.8

Tumor resection
Open 3095 83.6 1377 44.5 1718 55.5 <0.0001a

Laparoscopic 546 14.7 224 41.0 322 59.0
Non 58 1.6 10 17.2 48 82.8

Ostomy
Yes 1289 34.8 570 44.2 719 55.8 0.6017b

No 2407 65.0 1042 43.3 1365 56.7
Chemotherapy
Yes 1645 44.4 718 43.6 927 56.4 0.9847b

No 2052 55.4 895 43.6 1157 56.4
Radiation
Yes 670 18.1 295 44.0 375 56.0 0.8191b

No 3029 81.8 1319 43.5 1710 56.5
Palliative treatment
Yes 363 9.8 128 35.3 235 64.7 0.0008b

No 3337 90.1 1486 44.5 1851 55.5
CCI scores
0 2043 55.2 928 45.4 1115 54.6 0.0115a

1 818 22.1 360 44.0 458 56.0
2 443 12.0 168 37.9 275 62.1
3þ 400 10.8 159 39.8 241 60.3

Surgical volumec

High (150þ) 1962 53.0 878 44.8 1084 55.2 0.0213a

Medium (70–149) 1044 28.2 418 40.0 626 60.0
Low (<70) 698 18.8 319 45.7 379 54.3

Body mass indexd

<18.5 (underweight) 68 1.9 26 38.2 42 61.8 0.5679a

18.5–24.9 (normal weight) 1351 36.7 593 43.9 758 56.1
25–29.9 (overweight) 1580 42.9 704 44.6 876 55.4
�30 (obese) 684 18.6 288 42.1 396 57.9

Current smoker
Yes 598 16.2 263 44.0 335 56.0 0.8572b

No 3091 83.8 1347 43.6 1744 56.4
Prediagnosis physical activity levele

Low 1218 33.3 458 37.6 760 62.5 <0.0001a

(continued)

ACTA ONCOLOGICA 1003



level and IRT use (OR 1.45, CI 1.21� 1.74, highest vs. lowest).
Strong inverse associations with IRT were observed for pri-
vate health insurance (OR 0.61, CI 0.48� 0.79), cancer stage
IV (OR compared to stage I 0.63, CI 0.47– 0.84) and no tumor
resection (OR compared to open surgery 0.37, CI 0.17� 0.79).
Weak inverse associations were estimated for laparoscopic

versus open surgery (OR 0.81, CI 0.66� 0.99) and treating
hospitals with medium versus high surgical volume (OR 0.78,
CI 0.66� 0.92). The multivariable model included data from
97.4% of the participants. Cases with unknown insurance sta-
tus (16.6%) were included in the model in contrast to cases
with missing information on other predictor variables (3.6%).

Table 1. Continued.

Sociodemographic, clinical & lifestyle characteristics

Total Rehabilitants Non-rehabilitants

N¼ 3704
(100%)

n¼ 1615
(43.6%)

n¼ 2089
(56.4%)

p-Value�N col % n row % n row %

Medium 1215 33.2 545 44.8 670 55.2
High 1226 33.5 596 52.9 630 47.1

CCI: Charlson comorbidity index score; UICC: International Union against Cancer.�p Values of the comparison between rehabilitants and non-rehabilitants from Chi-square test of independencea or Fisher’s exact testb.
cNumber of colorectal cancer surgeries per year.
dBody mass (kg/m2) 5–14 years before cancer diagnosis.
ePhysical activity level was assessed as metabolic equivalents hours per week and categorized by tertiles.
Low: Q1< 80.6; medium: Q2¼ 80.6–140.9; high: Q3� 141 MET hours/week.
Missing values per variable (if applicable): years of school education (n¼ 7), employment status (n¼ 1), partnership (n¼ 6), tumor stage (n¼ 20), tumor resec-
tion (n¼ 5), ostomy (n¼ 8), chemotherapy (n¼ 7), radiation (n¼ 5), palliative treatment (n¼ 4), body mass index (n¼ 21), current smoker (n¼ 15), physical
activity (n¼ 45).

Figure 1. Utilization of inpatient rehabilitation therapy by year of diagnosis (a) and UICC tumor stage (b).
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A sensitivity analyses based on complete cases only (80.2%)
yielded comparable results (data not shown).

Survival outcomes

In total, 3536 participants with a median follow-up of
4.4 years (post-landmark) were included in the survival ana-
lysis. In the post-landmark period, 1169 (33.1%) deaths

occurred, including 658 (56.3%) disease-specific deaths.
Figure 2 shows survival curves comparing rehabilitants and
non-rehabilitants. Both overall and disease-specific survival
were significantly higher (p< 0.0001) for rehabilitants than
for non-rehabilitants. IRT use was associated with a 19%
lower overall (HR 0.81, CI 0.72� 0.92) and a 28% lower dis-
ease-specific mortality (HR 0.72, CI 0.61� 0.85) in the multi-
variable analyses (Table 3).

Table 2. Determinants of utilization of inpatient rehabilitation therapy: results of bivariate and multiple logistic regression analysis.

Sociodemographic, clinical &
lifestyle characteristics

IRT
Yes/No Bivariate analysis Multivariable analysisa

n/n OR (CI 95%) OR (CI 95%)

Age at diagnosis (in years)
<50 114/105 1.62 (1.2222.14) 1.02 (0.71 – 1.46)
50–64 512/526 1.45 (1.2521.69) 1.06 (0.86 – 1.32)
65–79 744/1109 Ref. Ref.
�80 245/349 1.05 (0.87- 1.26) 1.05 (0.86 – 1.3)

Sex
Men 935/1321 Ref. Ref.
Women 680/768 1.25 (1.1021.43) 1.11 (0.95�1.31)

Employment statusb

Retired/early retired 955/1434 Ref. Ref.
Housewife/-husband 150/187 1.20 (0.96�1.52) 1.03 (0.79�1.33)
Employed 442/347 1.91 (1.6322.25) 1.93 (1.5122.46)
Self-employed 36/83 0.65 (0.4420.97) 0.74 (0.49�1.13)
Unemployed 29/26 1.68 (0.98�2.86) 1.66 (0.92�2.99)

Living in a partnership
Yes 1156/1591 Ref. Ref.
No 455/496 1.26 (1.0921.46) 1.33 (1.1321.58)

Health insurance
Statutory 1222/1497 Ref. Ref.
Private 114/219 0.63 (0.5020.81) 0.61 (0.4820.79)
Unknown 279 /373 0.92 (0.77�1.09) 0.83 (0.68�1.01)

Tumor location
Colon 980/1212 Ref. Ref.
Rectum 653/877 0.90 (0.78�1.02) 0.87 (0.75�1.00)

Tumor stage, UICC
I 362/499 Ref. Ref.
II 535/606 1.22 (1.0221.46) 1.19 (0.99�1.43)
III 567/640 1.22 (1.0221.46) 1.17 (0.97�1.41)
IV 148/327 0.63 (0.4920.79) 0.63 (0.4720.84)

Tumor resection
Open 1377/1718 Ref. Ref.
Laparoscopic 224/322 0.87 (0.72�1.04) 0.81 (0.6620.99)
Non 10/48 0.26 (0.1320.52) 0.37 (0.1720.79)

Palliative treatment
Yes 128/235 Ref. Ref.
No 1486/1851 1.47 (1.1821.85) 1.09 (0.83�1.46)

CCI scores
0 928/1115 Ref. Ref.
1 360/458 0.94 (0.80�1.11) 0.99 (0.83�1.17)
2 168/275 0.73 (0.6020.91) 0.81 (0.65�1.02)
3þ 159/241 0.79 (0.6420.99) 0.91 (0.72�1.16)

Surgical volumec

High (150þ) 878/1084 Ref. Ref.
Medium (70–149) 418/626 0.82 (0.7120.96) 0.78 (0.66-0.92)
Low (<70) 319/379 1.04 (0.87�1.24) 1.02 (0.84-1.23)

Prediagnosis physical activity leveld

Low 458/760 Ref. Ref.
Medium 545/670 1.35 (1.1521.59) 1.33 (1.1221.58)
High 596/630 1.57 (1.3421.84) 1.45 (1.2121.74)

CCi: Charlson Comorbidity Index Score; UICC: International Union against Cancer; IRT: inpatient rehabilitation therapy; significant odds ratios
(ORs) are printed in bold.
aMultiple regression model includes 3609 participants (97.4%).
bParticipants with unclear employment status (n¼ 14) were not included in the analysis.
cNumber of colorectal cancer surgeries per year.
dPhysical activity level was assessed as metabolic equivalents hours per week and categorized by tertiles.
Low: Q1< 80.6; medium: Q2¼ 80.6–140.9; high: Q3� 141 MET hours/week.
Missing values per variable (if applicable): employment status (n¼ 1), partnership (n¼ 6), tumor stage (n¼ 20), tumor resection (n¼ 5), pallia-
tive treatment (n¼ 4), physical activity (n¼ 45).
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Follow-up time-specific analyses
Time-interval-specific analyses indicated that the positive
association of IRT with overall and disease-specific survival
decreased over time and no significant associations were
estimated for later observation periods (follow-up � 6 years
after diagnosis). Table 3 presents survival outcomes for the
respective observation periods.

Subanalysis: IRT and functional status
Perioperative functional status was available and classified
for 1973 participants (53.3%) into the categories excellent
(29.4%), fair (36.4%) and poor (34.2%). There was only a
moderate correlation between functional status and age
(r¼ 0.34, p< 0.001) indicating better status with lower age.
We observed a positive association of better functional status
and the use of IRT (poor vs. excellent) in the bivariate

regression model. However, no significant association with
IRT use was found in the multivariable analysis, which
yielded comparable results to those derived from the whole
study cohort (Supplementary Table S1). Although better
functional status predicted better survival, controlling for it
did not affect the association of IRT use with disease-specific
and only affected marginally the association with overall sur-
vival (Supplementary Table S2).

Discussion

Our study indicates that more than 40% of patients diag-
nosed with CRC in this population-based study from
Germany underwent IRT, mostly within the first eight months
after the initial diagnosis. We did not observe significant
variation over time in utilization but identified several clin-
ical, sociodemographic and lifestyle-related factors that were

Figure 2. Crude survival curves for inpatient rehabilitation therapy (IRT) use and survival outcomes within the post-landmark period.

Table 3. Association of IRT and survival outcomes by observation periods.

Overall survival Disease-specific survival

Observation period IRT At risk
Crude model

Adjusted modela Crude model Adjusted modela

n Events HR (95% CI) HR (95% CI) Eventsb HR (95% CI) HR (95% CI)

Total post-landmark
(8 months�13 yearsc)

No 1953 724 Ref. Ref. 423 Ref. Ref.
Yes 1583 445 0.72 (0.64–0.81) 0.81 (0.7220.92) 235 0.65 (0.5520.76) 0.72 (0.6120.85)

Follow-up time-specific analyses
Interval 1–post landmark
(8 months–<3 yearsc)

No 1953 326 Ref. Ref. 238 Ref. Ref.
Yes 1583 156 0.57 (0.4620.69) 0.65 (0.5320.79) 103 0.51 (0.4120.65) 0.58 (0.4520.74)

Interval 2
(3–<6 yearsc)

No 1625 273 Ref. Ref. 156 Ref. Ref.
Yes 1425 184 0.77 (0.6420.93) 0.85 (0.7021.04) 104 0.76 (0.5920.97) 0.84 (0.65�1.09)

Interval 3
(6–<9 yearsc)

No 558 90 Ref.
1.05 (0.78�1.42)

Ref.
1.22 (0.89�1.66)

20 Ref. Ref.
Yes 463 79 24 1.44 (0.80�2.61) 1.48 (0.79�2.78)

Interval 4
(9�13 yearsc)

No 439 35 Ref.
0.90 (0.54�1.49)

Ref.
1.02 (0.60�1.72)

4 Ref. Ref.
Yes 367 26 9 0.54 (0.17�1.76) 1.02 (0.60�1.72)

IRT: inpatient rehabilitation therapy; FU: follow-up; HR: hazard ratio; CI: confidence interval; significant HRs are printed in bold.
aAdjusted for age, sex, having a partner, years of school education, employment status, type of health insurance, body mass index, physical activity level, cancer
stage, tumor location, Charlson Comorbidity Score, chemotherapy, radiotherapy, surgical technique, surgical volume (treating hospital), and for a time-dependent
effect of age, cancer stage, chemotherapy and Charlson Comorbiditiy Score.
bCauses of death included one of the following ICD-10 (International Classification of Diseases, revision 10) Codes: C18, C19, C20, C26.8, and if applicable C80/
C97; cause of death unknown (n¼ 24).
cMonths/years after time of diagnosis.
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associated with the use of IRT. Survival analyses suggest a
positive association of IRT and overall/disease-specific sur-
vival within the first years after diagnosis.

Utilization and determinants

The proportion of rehabilitants among the study population
was 43.6%. This finding is in line with results (45� 51%)
from observational studies that have included smaller sam-
ples of CRC patients [20,21] or that have approximated esti-
mates by aggregated data [22]. We observed a slightly lower
utilization which might be explained by inclusion of older
and (more) cancer stage IV patients, who receive IRT
less often.

The proportion of rehabilitants only varied slightly over
time and no time trend was observed. National data on util-
ization over time was only available for all types of cancer
combined from the German Pension Insurance. Therefore,
CRC-specific comparisons with population-wide data were
not possible. Published age-standardized treatment rates per
insured/retired person slightly increased from 2006 to 2010
and dropped again from 2010 to 2016 [16]. Our (non-age-
standardized) data did not reflect this pattern.

Apart from clinical factors, social and lifestyle-related fac-
tors were associated with the participation in an inpatient
rehabilitation program. The important role of non-clinical
characteristics came as no surprise, considering the concep-
tion of functions and disabilities as a ‘dynamic interaction
between a person’s health condition, [...] environmental fac-
tors and personal factors‘ [33]. We observed almost twice as
high participation among patients that were employed at
the time of diagnosis compared to retired participants. This
finding reflects the principle of the German Social Code
‘Rehabilitation before Retirement’ and the effort by pension
insurances plans to promote IRT in order to assess and at
best preserve the ability to work. However, self-employed
participants were less likely to undergo IRT. Although the
negative association between self-employment and IRT did
not remain significant in the multivariable model, possibly
due to the low number of self-employed patients, this
patient group might be at high risk of experiencing rehabili-
tative needs but decline treatment because of job responsi-
bilities and financial constraints.

The odds of IRT were increased by 30% among study par-
ticipants not living in a partnership. This result is in accord-
ance with findings by Waldmann et al., who identified being
single as the only independent predictor of IRT utilization in
a small sample of younger CRC patients [21]. Given reasons
for non-utilization among 51 CRC patients in a study by
Deck et al. included ‘to be not separated from the family’
and ‘leave his/her family alone’ [20]. Many cancer patients
seek social support by their partner and the partners might
also act as temporary care givers at home.

We did not observe an (inverse) association between
years of school education and IRT use as seen in women
with breast cancer or in a Swiss cohort of cancer patients
[18,34]. Nevertheless, our analysis identified private health
insurance as a predictor for non-utilization. We have no

information whether privately insured patients experienced
less cancer-related disabilities or if they received rehabilita-
tive care in settings other than IRT. However, in contrast to
most statutory health-insured patients whose cancer rehabili-
tation costs are covered by the German pension insurance,
rehabilitation costs of private-insured patients generally are
partly or fully covered by their health insurance plans only, if
they are included in patients’ individual contracts.

Our analysis suggests a positive association between
higher levels of prediagnosis physical activity and IRT use.
Since rehabilitative needs derive from individual expectations
and demands, physically active persons might participate in
a rehabilitation program in order to regain fitness. Moreover,
they may be more open for rehabilitative treatment that usu-
ally includes extensive exercise therapy.

We identified several clinical factors that were associated
with the use of IRT. Participants who received open surgery
underwent IRT more often. Higher uptake might be
explained by stronger physical impairment due to greater
body structural damage and longer time of immobilization in
comparison to less invasive laparoscopic techniques. Limited
life expectancy probably accounts for the lower utilization of
IRT observed in patients who did not receive
tumor resection.

Despite the higher risk of persistent side effects with
extensive treatment, we did not observe a relationship
between chemotherapy or radiation and IRT use. When
asked for reasons for non-utilization, cancer and breast can-
cer patients in previous studies have reported the wish for
going back to normal life and distracting themselves from
the disease by daily routine [18,20]. This wish might be pro-
nounced in patients, who have already spent several months
with cancer treatment.

Differences in IRT utilization were also present with
respect to cancer stage. The lowest proportions of rehabili-
tants were seen in stage I and IV patients. Detection of CRC
in early stages goes along with less functional impairments
and consequently minor rehabilitative needs. Advanced can-
cer stage, on the other hand, has been described as a barrier
to cancer rehabilitation due to short life expectancy despite
functional loss and disability [35,36]. Progressing cancer may
preclude patients getting admitted to IRT in case of insuffi-
cient physical capacity and poor chances of treatment suc-
cess regarding the preservation of functions. Moreover,
practitioners experience trouble referring multimorbid
patient due to limited number of adequate therapy set-
tings [37].

Besides patient characteristics, the surgical volume of the
clinics was associated with IRT use. Patients who had been
operated in clinics with high surgical volume underwent IRT
more often, suggesting that structural barriers for the access
to IRT may exist. This is in line with findings by Deck et al.
that about one fifth of the participating cancer patients were
not informed about the possibility to undergo IRT [20]. Large
treatment centers may be more likely to have implemented
standardized clinical pathways for acute and follow-up care,
also involving social services, to detect disabilities and
rehabilitative needs and promote IRT. Healthcare
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practitioners report further structural barriers involving the
application process such as rigid deadlines in particular for
post-acute IRT and the low availability to reach respective
healthcare payers [37].

IRT and survival

The use of IRT was associated with better overall and dis-
ease-specific survival. We used the Modified Landmark
Approach to avoid immortal-time bias. Follow-up time-spe-
cific results suggest that the survival advantage in rehabili-
tants is strongest in the initial years after diagnosis and
diminishes over time. Even though we adjusted for a number
of potential confounders such as comorbidity, age and can-
cer stage, the association of IRT and survival might be par-
tially explained by residual confounding. In particular, the
possibility has to be kept in mind that patients with better
prognosis may have been more likely to be referred to IRT.
Therefore, our analysis does not allow to draw conclusions
about a causal relationship between utilization of IRT and
better survival. Although the observation that similar results
were obtained in the subanalysis additionally adjusting for
functional status does not support a major role of residual
confounding by patients’ health status, residual confounding
by additional factors including sociodemographic and life-
style-related factors cannot be ruled out.

Strengths and limitations of the study

We were able to assess IRT utilization in a large cohort of
CRC patients. Moreover, we identified several factors that
predicted the use of IRT. However, we cannot clarify if the
utilization was guided by and actually met individual
rehabilitative needs. We have excluded patients from the
analyses if they had participated in a comprehensive out-
patient rehabilitation program but we did not obtain infor-
mation about referrals to single rehabilitative services. For
example, some patients might have received support by
stoma nurses, physiotherapists, oncologists and psychologist
in the ambulant sector. Furthermore, we could not distin-
guish between post-acute or follow-up IRT, and a small pro-
portion of patients probably underwent IRT in a geriatric
rehabilitation setting and not a cancer rehabilitation setting.
Type of IRT would have been informative not only in in rela-
tion to prognosis but also with regard to utilization, since
the timing and setting involve a different application process
and sometimes different healthcare payers. However, in con-
trast to other medical indications, the German pension insur-
ance funds cancer rehabilitation not only for employed but
also for a proportion of retired patients. Treating physicians
from cooperating clinics were able to recruit about half of
the eligible patients for the DACHS study. Even though
physicians cited the lack of time as the main reason for failed
recruitment, we cannot rule out the possibility of a selection
bias. Healthier patients might be more willing to participate
in a study than older, multimorbid patients diagnosed with
advanced cancer stage who receive IRT less often. Moreover,
rehabilitation status could not be obtained for 7.5% of the

participants, which lead to an exclusion from further analy-
ses. Apart from this, the completeness of data was satisfying.

To our knowledge, this is the first study comparing short-
and long-term survival between rehabilitants and non-reha-
bilitants with CRC. Based on the observational study design,
we were able to investigate the prognostic role of IRT with
respect to survival but cannot draw conclusions about IRT
effects even though major efforts were undertaken to control
for immortal-time bias and confounding by indication.

Conclusion

Nearly one-half of the CRC patients received IRT and its use
was associated with better survival. Next to clinical factors,
social and lifestyle-related factors seemed to play an essential
role in the decision making of undergoing IRT. Our results
suggest that hospital-related structural barriers exist and that
the use of IRT might not be always guided by rehabilitative
needs. Further research is needed to evaluate and optimize
allocation of patients to either IRT or outpatient rehabilita-
tion according to their rehabilitative needs. Moreover, future
research is essential in order to evaluate and optimize effect-
iveness of various types of rehabilitation offers for short- and
long-term prognosis, lifestyle changes and quality of life of
CRC patients.
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