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Summary

Background: Current guidelines recommend rehabilitative measures to alleviate dis-
turbances resulting from cancer and its treatment. To give cancer survivors further
assistance in getting back to work, work-related medical rehabilitation is currently
being tested in Germany. In this cluster-randomized, multicenter trial, we studied the
efficacy of work-related medical rehabilitation compared with conventional medical
rehabilitation (trial no. DRKS00007770 in the German Clinical Trials Registry).

Methods: A total of 484 cancer survivors of working age who were candidates for
rehabilitation were recruited and assigned at random to either the intervention group
(IG; work-related medical rehabilitation) or the control group (CG). The primary end-
point was self-assessed function in a role one year after the end of rehabilitation, as
evaluated with the health-related quality of life questionnaire of the European
Organisation for Research and Treatment of Cancer (EORTC QLQ-C30). Further
endpoints included symptom and function scales, subjective ability to work, coping
with illness, and return to work. Neither the medical personnel nor the subjects were
blinded.

Results: One year after the end of rehabilitation, data from 379 subjects who par-
ticipated in the last follow-up survey were evaluated. The intervention and control
groups did not differ significantly either in the primary endpoint of role function
(IG=60.8 vs. CG =57.6 out of a maximum of 100 points; p =0.204) or in any of the
secondary endpoints. A last observation carried forward analysis yielded com-
parable results. At 12 months, 28.5% of the subjects in the IG and 25.3% of those
in the CG were still unable to work.

Conclusion: This study did not reveal any significant clinically relevant advantage of
work-related medical rehabilitation at one year. Future studies should determine
whether a second period of rehabilitation might be helpful and whether selected
subjects might benefit from the assistance of case managers beyond the period of
rehabilitation.
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ith an estimated 18.1 million incident cases in
W 2018, cancer is one of the leading causes or mor-

bidity worldwide (1). Early detection and im-
proved treatment options have resulted in a rise in the
number of survivors (2). Some 1.3 million men and
1.3 million women currently living in Germany have re-
ceived a cancer diagnosis in the past 10 years (3). Almost
half of the survivors are younger than 65 and therefore
still working. Work is a central part of life for most of us,
not only because it provides an income and material se-
curity, but also because it enables contacts and scope for
further development and self-fulfillment. For persons
with cancer, the return to work is often a sign that their
lives are returning to normality. It is therefore perceived
as an important step in coping after this life-threatening
event (4, 5). Eight out of 10 cancer patients successfully
re-enter employment within the first 2 years after the di-
agnosis (6). In spite of this, however, cancer survivors
have a higher risk for unemployment than healthy con-
trols, and more of them report restrictions to their work
participation (7, 8). Furthermore, having survived child-
hood cancer is associated with a greater probability of
unemployment in adulthood (9).

Multidisciplinary interventions can support the return
to work after cancer. A systematic review of randomized
controlled trials by de Boer et al. showed that persons
who participated in multidisciplinary interventions with
a clear work focus had a higher probability of returning
to work (87.2% versus 78.6%) after a year than those
who did not take part in such interventions (5).

The current guidelines for management of oncologi-
cal disorders in Germany recommend rehabilitation
measures to treat the sequelae of oncological dis-
orders and the consequences of cancer treatment (10,
11). The central objectives of such measures are the
restoration of people’s ability to work, the return to
work, and the prevention of health-related early re-
tirement. Despite these objectives, traditional medical
rehabilitation seemingly does not adequately address
work-related issues (12). In recent years, rehabili-
tation programs with a stronger work-related focus
have been developed (13). These are geared to people
who have more permanent substantial restrictions to
work participation owing to health problems and are
intended to reduce health-related discrepancies in
work-related skills and demands in order to enable
participation in work. In order to implement such
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rehabilitation programs, the German Pension Insurance
(Deutsche Rentenversicherung [DRV]) has developed
a profile for work-related medical rehabilitation pro-
grams. This describes the target group and sets out
diagnostic and therapeutic requirements (14). A meta-
analysis of randomized controlled trials in persons
with musculoskeletal disorders showed that people
who participated in a work-related medical rehabili-
tation program rather than a conventional medical re-
habilitation measure had shorter periods of absence
(standardized mean difference [SMD]=-0.25; 95%
confidence interval [-0.37; —0.12]) and were more
likely to be back in gainful employment after a year.
The proportion of persons with stable return to work
rose from about 40% to 60% (13). Further ran-
domized controlled trials in mental and cardiovas-
cular disorders also showed positive effects from par-
ticipation for persons who underwent work-related
medical rehabilitation (15, 16). No randomized con-
trolled trials on the effects of participating in work-
related medical rehabilitation have yet been conducted in
cancer patients.

The present study aimed to assess the effectiveness
of work-related medical rehabilitation compared with
medical rehabilitation in persons recovering from on-
cological disorders (17). At the end of the rehabili-
tation period and 3 months later, slight benefits were
consistently seen for work-related medical rehabili-
tation (18, 19). Our study presents the results of such
rehabilitation measures 1 year after completion. We
followed the Consolidated Standards of Reporting
Trials (CONSORT) and the recommendations for re-
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porting cluster-randomized trials in compiling our
manuscript (eTable) (20).

Methods

Study design

The effects of work-related medical rehabilitation com-
pared with medical rehabilitation were studied in a
cluster-randomized multicenter study (17). Participants
were recruited from June 2015 to September 2016 in
four inpatient rehabilitation centers and were followed
up until October 2017. Participants who arrived and
were admitted at the same time were randomly allo-
cated to work-related medical rehabilitation (interven-
tion group, IG) or conventional medical rehabilitation
(control group, CG).

The study was approved by the ethics committee of
the University of Liibeck (no. 14-289) and the data
protection officer of the DRV. The study was regis-
tered in the German Clinical Trials Registry (no.
DRKS00007770). A detailed explanation of the
method and intervention can be found in the
eMethods section and the study protocol (17).

Inclusion criteria

We included cancer patients aged 18 to 60 years from
all oncological indication groups (ICD-10 codes
C00-D48: Neoplasms), who had successfully com-
pleted their initial cancer treatment and for whom at
least one scale of the screening instrument “Beruf und
Arbeit” (Work and Occupation; SIBAR) indicated a
need for work-related medical rehabilitation (SIBAR I:
at least 8 points; SIBAR II: very stressful; SIBAR III:
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TABLE 1

Sociodemographic data

Sample characteristics at the start of the rehabilitation program

e e ey oy |

Age 484 50.8 (7.1) 50.3(7.9)
Sex: female 484 163 (71.2%) 161 (63.1%)
Native language: German 482 210 (92.1%) 225 (88.6%)
Life partner 478 160 (70.8%) 187 (74.2%)
Most common diagnosis-related groups (ICD-10 code)

Breast cancer (C50) 484 72 (31.4%) 72 (28.2%)
Digestive tract (C15-C26) 484 33 (14.4%) 47 (18.4%)
Lymphatic/related tissue (C81-C96) 484 35 (15.3%) 38 (14.9%)
Female genitalia (C51-C58) 484 35 (15.3%) 27 (10.6%)
Quality of life (EORTC QLQ-C30)*'

Role functioning 482 414 (27.9) 40.5 (28.3)
General health 477 47.6(19.2) 43.7 (20.9)
Physical functioning 483 66.4 (19.2) 63.5(21.5)
Emotional functioning 480 43.8(27.2) 42.3 (26.8)
Cognitive functioning 480 55.4 (30.5) 56.7 (29.7)
Social functioning 478 48.2(28.2) 47.7 (30.9)
Pain 481 48.5(28.7) 51.9 (31.5)
Fatigue (EORTC FA13)'

Physical fatigue 481 64.1(25.3) 64.6 (26.4)
Emotional fatigue 481 43.6 (27.2) 47.3(29.3)
Cognitive fatigue 481 28.2(25.3) 30.7 (26.0)
Problems affecting daily life 476 53.3(32.5) 56.6 (31.6)
Social consequences of fatigue 478 19.2 (28.9) 28.2(33.1)
Coping with illness (FKV)*2

Active problem-oriented coping 481 3.1(0.8) 3.1(0.8)
Depressive coping 481 2.3(0.9) 24(0.9)
Distraction and self-encouragement 481 3.1(0.8) 3.0(0.8)
Work-related outcomes

On sick leave or unemployed 479 181 (79.7%) 194 (77.0%)
Work Ability Score*? 479 42(2.5) 4.2(2.6)
Disability days during past 3 months 426 33.6 (36.8) 30.8 (34.5)

EORTC, European Organization for Research and Treatment of Cancer; FA, fatigue; FKV, Freiburg Questionnaire of Coping with llness;
ICD, International Classification of Diseases; IG, intervention group; CG, control group; QLQ, Quality of Life Questionnaire; SD, standard deviation
*'Maximum achievable score = 100; *maximum achievable score = 5; **maximum achievable score = 10

very helpful) (21). All participants had a score of
>70% on the Karnofsky Performance Status Scale (22)
and a preliminary positive social medical prognosis of
at least 3 h/day for the ensuing 6 months.

Intervention

The CG underwent conventional medical rehabilitation.
This was provided on an inpatient basis and included ex-
ercise therapy, physiotherapy, social counseling, occupa-

tional therapy, nutritional advice, and psychological
seminars and counseling, as well as medical treatment
and counseling. Apart from fundamental social counsel-
ing, which is a regular component of medical rehabili-
tation, participants in the CG were not provided with any
further work-related services. The IG underwent conven-
tional rehabilitation plus additional work-related mod-
ules according to the requirements profile of the DRV.
These included work-related diagnostic evaluation,
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TABLE 2

Primary and secondary outcome measures at participants’ final follow-up

[ le  Je [ 7 Jwe Je | [ |

I O T o O I B P T O A
Quality of life (EORTC QLQ-C30)*'
Role functioning 378 | 60.83(28.89) | 57.64(29.05) | 3.69 [-2.00;9.39] | 0204 @ 61.11 | 57.42 0.13 | 0.01
General health 375 | 59.36(22.09) | 57.82(22.96) | 144 [-3.18;6.06] = 0.540 = 59.59 @ 58.15 0.06 | 0.09
Physical functioning 379 | 76.00(19.52) | 72.82(21.45) | 2.89 [-0.40;6.18] | 0.085 7586 7297 0.14 | 0.00
Emotional functioning 377 | 55.23(24.93) | 55.69(25.03) | 0.38 [-4.12;4.88] | 0.868 5564  55.25 0.02 | 0.00
Cogpnitive functioning 377 | 64.64(26.97) | 66.67 (25.77) | —0.44 [-5.00;4.12] | 0.851 | 6540 | 6584 | -0.02 | 0.00
Social functioning 377 | 63.20(29.03) | 61.94(30.32) | 1.39 [-4.10;6.89] = 0.619 | 63.26  61.87 0.05 | 0.00
Pain 378 | 34.86(29.46) | 37.11(31.32) | -3.84 [-9.60;1.92] | 0191 | 3397 | 37.81| -0.13 | 0.05
Fatigue 377 | 49.69(24.34) | 50.40(25.70) | -1.42 [-5.96;3.13] | 0541 | 4935 | 50.77 | -0.06 | 0.00
Fatigue (EORTC FA13)*'
Physical fatigue 378 | 49.11(26.66) | 49.63(25.44) | -1.80 | [-6.67;3.06] | 0467 | 4849 | 5030 | -0.07 | 0.00
Emotional fatigue 378 | 35.38(25.92) | 34.88(26.84) | 0.19 [-.55;4.93] | 0937 | 3523| 35.04 0.00 | 0.02
Cogpnitive fatigue 378 | 22.87(21.53) | 20.63(21.34) 189 | [-1.83;5.60] | 0.320 | 2270 | 20.81 0.09 | 0.00
Problems affecting daily life 375 | 44.33(30.07) | 43.26(30.61) | 0.82 | [-4.89653] | 0778 | 4421 43.39 0.03 | 0.00
Social consequences of fatigue 372 | 23.54(30.37) | 26.22(32.07) 1.51 [-3.99;7.01] = 0590 | 2554 | 24.03 0.05 | 0.00
Coping with illness (FKV)*2
Active problem-oriented coping 378 | 2.75(0.89) 2.85(0.90) -012 | [-0.29;0.05] | 0.155 274 286 -0.14| 0.00
Depressive coping 378 | 2.02(0.80) 2.03(0.84) -0.01 [-0.16;0.14] | 0.869 2.02 203 -0.02| 0.00
Distraction and self-encouragement 378 | 3.07(0.87) 3.02 (0.86) 0.02 [-0.13; 0.18] 0.764 3.05 3.03 0.03| 0.00
Work-related outcomes
Work Ability Score*? 372 | 559(2.59) 5.85 (2.62) -0.26 | [-0.78;0.26] | 0.323 5.60 586 | -0.10 | 0.05
Disability days during past 3 months 323 | 9.44(2043) | 10.26(22.48) | -0.79 | [-5.96;4.37] | 0.764 9.56 | 1035 | -0.04 | 0.12

We used mixed-effects models to calculate test statistics, controlled for the values of the initial survey.
AAP, Average adjusted predictions; b, non-standardized regression coefficient; CG, control group; Cl, confidence interval; EORTC, European Organization for Research and Treatment of
Cancer; FA, fatigue; FKV, Freiburg Questionnaire of Coping with lliness; ICC, intracluster correlation coefficient; IG, intervention group;
QLQ, Quality of Life Questionnaire; SD, standard deviation; SMD, standardized mean difference

*'Maximum achievable score =100; *’maximum achievable score =5; **maximum achievable score =10

intensive social counseling, work-related psychosocial
groups, and work-related functional capacity training. In
the setting of an initial implementation phase, the general
conditions and minimum requirements for conducting
the individual modules of the intervention were devel-
oped and defined in collaboration with the participating
rehabilitation centers (17, 23).

Outcome measures

The primary outcome measure was self-assessed role
functioning a year after the rehabilitation had been
completed. Role functioning was captured by using the
health-related quality of life questionnaire of the Euro-
pean Organisation for Research and Treatment of
Cancer (EORTC QLQ-C30) (24). The role functioning
scale employs two items to capture the degree to which
affected persons feel restricted in their work and leisure
activities. A minimum difference of 10 points between
CG and IG was interpreted as clinically relevant (25).
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The secondary outcome measures were the scales
of the EORTC QLQ-C30 for physical, emotional, and
cognitive functioning, general health, and pain (24),
as well as the fatigue module EORTC QLQ-FA13,
which records physical, emotional, and cognitive fa-
tigue as well as problems in daily life and social con-
sequences of fatigue (26). Furthermore, data were
collected on how participants were coping with their
illness (Freiburg Questionnaire of Coping with Illness
[FKV] [27]), their subjective ability to work (Work
Ability Score [28]), and the concrete point in time
when participants returned to work. All the described
outcome measures were documented by means of
participants’ self-reports.

Statistical analyses

We used mixed-effects models to calculate treatment
effects. We estimated the effects by controlling the rel-
evant value in the initial survey and the rehabilitation
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TABLE 3

Primary and secondary outcome measures (last observation carried forward analysis)

T e e TR T [

I P T e DR R PR O D T
Quality of life (EORTC QLQ-C30)*'
Role functioning 482 | 57.60(30.75) | 52.49(30.98) | 4.49 [-0.49;9.47] 0.077 57.28 52.79 | 0.15| 0.00
General health 477 | 58.63(21.96) | 56.05 (23.11) 0.73 [-3.00;4.47] 0.700 57.69 56.95 | 0.03 | 0.01
Physical functioning 483 | 75.20(19.33) | 70.40(22.63) | 3.10 [0.23; 5.96] 0.034 74.30 7120 | 0.5 | 0.00
Emotional functioning 480 | 56.38(25.29) | 55.34(26.02) | 0.34 [-3.71;4.39] 0.871 56.03 5569 | 0.01 | 0.00
Cogpnitive functioning 480 | 64.84(27.37) | 65.94(27.16) | -0.42 [-4.08; 4.00] 0.984 65.39 65.44 | -0.00 | 0.00
Social functioning 478 | 61.40(29.29) | 58.33(31.45) | 241 [-240;7.22) 0.326 61.06 58.65 | 0.08 | 0.00
Pain 481 | 35.31(29.39) | 41.30(32.38) | -4.63 [-9.47;0.22] 0.061 36.03 40.65 | -0.15 | 0.00
Fatigue 481 | 49.66 (24.03) | 52.58(26.36) | -2.32 [-6.32;1.70] 0.259 49.98 5229 | -0.09 | 0.00
Fatigue (EORTC FA13)*'
Physical fatigue 481 | 49.01(26.20) | 50.76 (26.32) | -1.71 [-6.08; 2.66] 0.443 48.95 50.66 | -0.07 | 0.03
Emotional fatigue 481 | 34.81(25.94) | 35.96(27.63) | 047 [-3.74; 4,67 0.827 35.63 3517 | 0.02 | 0.01
Cogpnitive fatigue 481 | 22.98(21.79) | 22.22(22.70) | 218 [-1.11;5.47] 0.195 2373 2155 | 0.10 | 0.00
Problems affecting daily life 476 | 44.20(30.23) | 44.18(32.15) 1.27 [-3.95;6.49] 0.634 44.82 43.55 | 0.04 | 0.01
Social consequences of fatigue 478 | 23.35(30.05) | 26.29 (31.54) 1.30 [-3.66; 6.26] 0.607 25.58 2428 | 0.04 | 0.00
Coping with illness (FKV)*2
Active problem-oriented coping 481 | 2.82(0.91) 2.92 (0.90) -0.11 [-0.27;0.05] 0.165 281 293 | -0.12 | 0.01
Depressive coping 481 | 2.01(0.81) 2.06 (0.87) -0.01 [-0.14;0.12] 0.873 2.03 2.04 | -0.01 | 0.00
Distraction and self-encouragement | 481 | 3.09 (0.89) 3.04 (0.86) 0.02 [-0.13; 0.16] 0.834 3.07 3.06 | 0.02 0.02
Work-related outcomes
Work Ability Score*? 479 | 5.34 (2.66) 5.40 (2.79) -0.10 [-0.55; 0.35] 0.654 5.32 542 | -0.04 | 0.02
Disability days during past 3 months | 426 | 13.53 (25.61) | 16.59 (29.05) = -3.02 [-8.17;2.13] 0.250 13.53 16.55 | -0.11 | 0.03

We used mixed-effects models to calculate test statistics, controlled for the values of the initial survey.

We substituted missing data with the last available observed data (last observation carried forward [LOCF]).

AAP, Average adjusted predictions; b, non-standardized regression coefficient ; CG, control group; Cl, confidence interval; EORTC, European Organization for Research and Treatment of
Cancer; FA, fatigue; FKV, Freiburg Questionnaire of Coping with lliness; ICC, intracluster correlation coefficient; IG, intervention group; QLQ, Quality of Life Questionnaire; SD standard
deviation; SMD, standardized mean difference

*! Maximum achievable score = 100; *2 maximum achievable score = 5; ** maximum achievable score = 10

centers, which were modeled as fixed effects. In order
to describe differences between groups, we calculated
standardized mean differences (SMD) (29) (small
effect: SMD > 0.2; medium effect: SMD > 0.5; large
effect: SMD > 0.8 [30]). To compare reintegration into
work, we determined hazard ratios (HR). Furthermore,
we calculated average adjusted predictions that re-
flected the predicted probability for the occurrence of
an event (return to work) within 1 year (31). The time
until return to work was depicted using Kaplan—Meier
curves (32). To describe the heterogeneity that was as-
sociated with the clusters, we determined the intra-
cluster correlation (ICC) for each outcome measure
(33, 34). All participants were analyzed on an intention
to treat basis (25). We analyzed the data for the partici-
pants of the final follow-up (17, 36) and conducted an
analysis, for which the missing values were substituted
by the value at the last available observation point (last

observation carried forward, LOCF) (17, 36). Differ-
ences between groups were considered significant if the
probability of a two-sided error was less than 5%. We
used STATA 15 for our calculations.

Results

Sample

We recruited a total of 484 rehabilitants and ran-
domized 165 groups (80 groups in the IG) (Figure I).
The average cluster size in both intervention arms was
three persons per week of arrival. One year after com-
pleting the rehabilitation program, 379 rehabilitants
participated in the follow-up survey (78.3%) (197 per-
sons in the IG). These persons were divided into 151
groups (75 groups in the 1G). Table I shows the sample
statistics for both treatment groups at the initial survey.
The characteristics of the two groups showed no signifi-
cant differences. The distributions of the scores were
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graphically tested and found to be symmetrical (Figure
1, Table I).

Treatment dose delivered

In total, the difference of the therapeutic dose between
intervention and control arms amounted to 16 h (IG: 79
h; CG: 63 h). The overall duration of the rehabilitation
programs in treatment days was comparable in both
groups (IG: 24.7 days; CG: 23.8 days) p=0.128). The
rates of rehabilitants who underwent the recommended
minimum dose of work-related diagnostic evaluation
(at least 60 min), intensified social counseling (at least
90 min), work-related psychosocial groups (at least 240
min), and work-related functional capacity training (at
least 360 min) were 99.0%, 94.4%, 87.3%, and 90.4%.
In the mean, the agreed minimum doses of the work-
related therapies were delivered in all centers.

Outcome measures

Role functioning (our primary outcome measure) after
1 year was rated around 4 points more favorably by the
intervention group. The difference is clinically not rel-
evant and does not attain significance. The secondary
outcome measures also showed no clinically relevant
advantages for the IG (Tables 2, 3, eTable 2). The differ-
ences were similar in the LOCF analysis (Tables 2, 3).

Time to return to work

The time until return to work was comparable in the
two treatment arms (Figure 2, eTable 2). Half of the
surveyed patients had returned to work after 3 to 4
months (IG: median 128 days; CG: median 104 days).
After 1 year, 28.5% of those in the IG and 25.3% in the
CG had still not returned to work (HR 0.86; 95% CI
[0.61; 1.19]; p=0.355).

Discussion

The study objective was to determine the effectiveness
of work-related medical rehabilitation in rehabilitants
with oncological diseases and an elevated risk of not
returning to work. We compared the relative effective-
ness of work-related medical rehabilitation with con-
ventional medical rehabilitation in a multicenter study.
Participants were cluster randomized to the interven-
tion or control groups. After 1 year, no clinically rel-
evant advantages were seen for work-related medical
rehabilitation.

With regard to the effectiveness of multiprofes-
sional interventions in inpatient oncological rehabili-
tation, a systematic review based on two studies did
not find any difference between IG and CG with
regard to health-related quality of life after 1 year (5).
The effects of multidisciplinary interventions on pa-
tients’ return to work reported by Boer et al. were not
confirmed by our study. The return rates in our study
were similar to those in the CG in that review article
(5), but it should be borne in mind that the target
group of our study was greatly restricted by the de-
fined inclusion criteria. At the start of rehabilitation,
the initial scores on the function scales of the EORTC
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QLQ-C30 were some 35 to 50 points below those of a
healthy standard population of the same age (37, 38)
and self-rated work ability was extremely low (39).

Our study results reveal a fundamental challenge in
oncological rehabilitation. A successful return to
work mostly takes place months after the inpatient
rehabilitation program was completed, and one
quarter of rehabilitants had still not returned to work
1 year later. Persons who had not returned to work
after a year were found to have lower quality of life
and lower self-rated work ability, as well as greater
symptoms of fatigue, at all four measurement points
than persons who were back at work (data not
shown). The early identification of persons with an
unfavorable prognosis for work participation seems
important (4), but the currently available programs
and rehabilitation strategies—and this includes the
work-related medical rehabilitation that we imple-
mented—do not appear sufficient to enable the members
of this group to return to work. Useful refinements of
rehabilitation services for such persons might include
provision of further support, e.g., by a case man-
ager—particularly because the return to work will
usually take place a number of months after the end of
the rehabilitation program. Such ongoing support
should enable the structured planning of the return to
work and, wherever possible, embrace all those
involved in the reintegration process, including
employers and occupational physicians (5). It is also
conceivable that the modules described and studied
by us will achieve the desired additional effect only
by virtue of a second phase of rehabilitation.

Our study results are subject to certain methodo-
logical limitations. First, the participants and physicians
were not blinded. We thus cannot exclude the pos-
sibility that the more positive short-term results for
patients in the IG were a result of their awareness that
they were participating in a new and special program.
Furthermore, transfer effects owing to joint activities
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Time to return to
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Key messages

® The agreed minimum dose of the work-related therapeutic modules of our work-
related medical rehabilitation program was, in the mean, successfully implemented
in all four rehabilitation centers included in our study.

® One year after completion of the program, no clinically relevant advantages were
seen for work-related medical rehabilitation compared with conventional medical

rehabilitation.

® After a year, 75% of rehabilitants had returned to work.

® Implementing a work-related medical rehabilitation program in oncology, such as we
did in the four centers, is not likely to improve the chances of reintegration for

cancer patients.

during inpatient rehabilitation cannot be ruled out.
Second, the work-related elements of the program com-
prised an additional service. The two treatment arms
differed not only in content but also in intensity. The
differences observed in the short term, up to 3 months
after the end of rehabilitation, may also be explained by
a non-specific increase in the therapeutic dose. Third,
the work environment (job description and require-
ments, working hours) was not documented. Hetero-
geneity of the work environment could be a potential
moderator, but this was not considered in the sub-
group analyses. The same is the case for disease stage
and comorbidities. Fourth, no organic and laboratory
medical health parameters were captured; conse-
quently, the effects of the rehabilitation measures on
these parameters are not known.

Besides these limitations, however, we would also like
to emphasize the strengths of our study. First, the chosen
study design reduced the risk of biased estimated ef-
fects and ensured that the two treatment groups were
structurally identical. Second, the decision in favor of
cluster-randomized allocation to the IG or CG had the
advantage that possible transfer effects, which are im-
possible to avoid in the inpatient rehabilitation setting
because of common services and activities were re-
duced by the joint randomization of patients admitted
at the same time. Third, it was possible to present the
treatment dose and adherence to treatment in a trans-
parent fashion (19).

In conclusion, implementation of a work-related
medical rehabilitation program in the oncology set-
ting—such as we did in four centers—probably does
not improve cancer patients’ chances of job rein-
tegration. Future research projects should investigate
the extent to which patients who will not manage to
reintegrate into the workplace can be identified early
in the rehabilitation process. Furthermore, it should
be determined to what extent the concrete individual
workplace and occupation are actually the cause of
the delayed return to work and whether it is possible
that a second rehabilitation period might be indicated
to support reintegration into the workplace.
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Study design
The effects of work-related medical rehabilitation were studied in
a cluster-randomized multicenter trial (17). We used cluster ran-
domization in order to reduce the risk of treatment diffusion (34).
The study was set in four inpatient rehabilitation centers. Partici-
pants were recruited between June 2015 and September 2016 and
followed up to October 2017. Patients with the same admission
date were randomly allocated to work-related medical rehabili-
tation (intervention group, IG) or conventional medical rehabili-
tation (control group, CG) after the inclusion criteria had been
checked and the patients had consented to participate in the study.
The study protocol was approved by the ethics committee at
the University of Liibeck (no. 14-289) and the data protection
officer of the German Pension Insurance (DRB). The study was
registered in the German Clinical Trials Registry (DRKS)
(DKRS-ID: DKRS00007770).

Inclusion criteria

We included all cancer patients aged 19 to 60 years from all onco-
logical indication groups (ICD-10 codes C00-D48: Neoplasms)
who had successfully completed their initial cancer treatment and
for whom at least one scale of the screening instrument for work
and occupation (SIBAR) indicated a need for work-related reha-
bilitation (SIBAR I at least 8 points; SIBAR II: very stressful;
SIBAR III: very helpful) (21). The cut-off scores for assessing
need on the basis of SIBAR followed the recommendations of
Biirger and Deck (21).

All participants had a score >70% on the Karnofsky Perfor-
mance Status Scale (22) and a preliminary positive social medical
prognosis of at least 3 h/day for the ensuing 6 months. No exclu-
sion criteria were defined.

Control group

The CG underwent conventional medical rehabilitation. This
consisted of exercise therapy, physiotherapy, social counseling,
occupational therapy, nutritional advice/counseling, and psycho-
logical seminars and counseling, as well as medical treatment and
advice. Apart from basic social counseling, which is a regular
component of medical rehabilitation, participants in the CG
group did not receive any further work-related services.

Intervention group

The IG was provided with work-related modules in addition to
their conventional medical rehabilitation, based on the require-
ments profile of the DRB. These consisted of work-related diag-
nostic evaluation, intensified social counseling, work-related
psychosocial groups, and work-related functional capacity train-
ing. Furthermore, participants undergoing work-related medical
rehabilitation were discussed in multiprofessional team meetings,
in order to do justice to the complexity of the cases. During the
preceding implementation phase, the general conditions for
undertaking individual intervention modules were developed and
defined in collaboration with the participating rehabilitation
centers (17, 23).

Work-related diagnostic evaluation

The additional work-related diagnostic evaluation was under-
taken by a treating physician, a psychologist, and an occupational
therapist or physiotherapist immediately after the patient’s ad-
mission. Barriers to fitness for work may arise from physical
functions, physical structures, activities, or participation (el).
The physician focused primarily on physical functioning and
structures. The psychologist documented environmental factors
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and personal factors that had positive (resources) and negative
(barriers) effects on the patient’s fitness to work. On the basis of
standardized tests (e.g., WorkWell Systems Functional Capacity
Evaluation) (e2) and structured observations of non-standardized
work-related tasks, the occupational therapist or physiotherapist
assessed the patient’s capacity to undertake work-related activities.
The diagnostic process was extended by at least 60 min in this way.

Intensified social counseling

Intensified social counseling was intended to clarify the patient’s
work situation and potential perspectives. The social worker and
the rehabilitant jointly clarified the general conditions for a return
to work and identified which additional measures and services
were needed and could be accessed in order to support the return
to work. Possible measures included a graded return to work,
adjustments of the working environment, and job-related edu-
cational achievements. Where required and desired by the reha-
bilitant, the social worker established contact with the employer
in order to support the transition from rehabilitation back into the
workplace. Intensified social counseling took at least 90 min.

Work-related psychosocial groups

Work-related psychosocial groups aimed to support the concrete
return to the workplace by concentrating on modifiable personal
factors and environmental factors. During the group seminars,
rehabilitants were encouraged to reflect critically on their current
work situation and to identify options for behavior change. They
learnt more about stress and how it affects their health and fitness
to work. Coping strategies were taught. Techniques for direct
stress reduction, such as progressive muscle relaxation, autogenic
training, and meditation, were demonstrated and practiced in
order to support the coping process. Furthermore, rehabilitants
were shown communications techniques to help them shape
interpersonal relationships with colleagues and senior colleagues
more positively. They developed concrete plans for their return to
the workplace. Potential problems and barriers were considered,
and strategies were developed to deal with any barriers. Plans
were made in light of the general conditions elaborated during the
intensified social counseling. Work-related psychosocial groups
took at least 240 min.

Work-related functional capacity training

Participants learned that exercises and physical activities could
be safely undertaken in spite of pain symptoms. They were
trained not only in simple or one-dimensional movements, but
also complex and multidimensional movement sequences, in
order to simulate realistic workplace demands. Therapists inte-
grated ergonomic corrections into the performance of the exer-
cises. Since cancer survivors often report cognitive impairments,
the module also included cognitive training units—for example,
computer-assisted training sessions and group exercises as
instructed by a therapist—in order to support attention, concen-
tration, and logical thinking. The work-related functional capac-
ity training took at least 360 min.

Multiprofessional team meetings

These meetings provided a platform for joint exchanges about the
individual rehabilitants and were intended to simplify the coordi-
nation of the different modules. The first meeting took place after
completion of the work-related diagnostic evaluation so as to
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develop—together, as a team—a treatment strategy that aimed to
improve work-related functioning. During the second meeting,
all team members reported on the progress achieved by the reha-
bilitant and his/her current situation. If necessary, treatment strat-
egies were adjusted accordingly. During the final meeting, the
individual rehabilitation objectives were evaluated. On the basis
of this evaluation, the team jointly decided on discharge as fit for
work or unfit for work. Furthermore, it was discussed whether
additional measures or services were required to support partici-
pation. Where this was the case, requests for such services or
measures were filed with the relevant organization. Each team
meeting took at least 30 min.

Documentation of therapeutic services

Services provided during the rehabilitation program were docu-
mented according to the classification of therapeutic services by
the DRV (e3). Each service provided during the rehabilitation
program was documented, with duration and frequency. The
therapeutic dose was calculated from the product of the frequen-
cy and duration of the service. This was done for each of the four
treatment modules of the work-related medical rehabilitation, in
order to establish the overall therapeutic dose.

Outcome measures

The primary outcome measure was self-assessed role functioning
1 year after the end of the rehabilitation program. Role function-
ing was documented by administering the health-related quality
of life questionnaire of the European Organisation for Research
and Treatment of Cancer (EORTC QLQ-C30) (24). The role
functioning scale uses two items to assess limitations regarding
work and leisure activities (Were you limited in your work or in
other activities of daily life? Were you limited in terms of your
hobbies or other leisure activities?). The response categories are
“not at all” (1), “a little” (2), “moderately” (3), and “very” (4).
For the evaluation, we firstly calculated the mean value of the
scale items (crude value). The crude values were subsequently
transformed into a range of 0 to 100 (e4). Higher scores reflected
better role functioning. A difference of at least 10 points between
1G and CG was interpreted as clinically relevant (25).

Further secondary outcome measures were the EORTC
QLQ-C30 scales for physical, emotional, and cognitive func-
tioning and for general health and the symptom scale pain (24).
We used the fatigue module EORTC QLQ-FA13, which cap-
tures physical, emotional, and cognitive fatigue as well as prob-
lems in daily life and the social consequences of fatigue (26).
All scales have a score range from 0 to 100 points, with higher
scores reflecting a better health-related quality of life or a
greater burden of symptoms. The reliability and validity of both
instruments have been confirmed (24, 26).

Coping with the disease was captured by using three scales
of the Freiburg Questionnaire of Coping with Illness (active
problem-oriented coping, depressive processing, distraction,
and self-encouragement. Individual scores were combined in
scales of mean values (1 to 5 points) (27).

The subjective ability to work was measured by using the
Work Ability Score. A score of 0 means complete unfitness for
work, while a score of 10 indicates the best work ability ever
achieved (28). The concrete timing when participants returned
to work (if applicable, also the timing of the graded return to
work) was measured after 12 months.
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All outcome measures described here were based on reha-
bilitants’ self-assessments.

Randomization

Participants admitted at the same time were allocated to the IG or
CG after their eligibility for inclusion had been confirmed and
their consent for participation in the study obtained. This allo-
cation was randomized by using four randomization lists com-
piled independently for the participating rehabilitation centers.
The computer-generated allocation lists were produced externally
by the principal investigator. The lists were produced by using
block randomization (blocks of four) in order to reduce the risk of
treatment arms of dissimilar size in the event that the lists were
not completely used. The patients were invited to the centers
without prior knowledge of the treatment arm planned for the
respective day of admission.

Sample size calculation

The sample size was calculated to detect a standardized mean dif-
ference (SMD) of SMD = 0.3, with a power of 80% and a two-
sided alpha error of 5%. For a t test, this requires 352 participants.
Cluster randomization increases the required sample size because
of the design effect: by 20% for a mean group size of five persons
and an intraclass correlation of 0.05 (e5). The planned control of
the baseline values, however, reduced the required sample size
greatly (e6), so that the estimated case number was conservative
even without considering the design effect. We assumed that 30%
of participants would not respond after a year; this meant that 504
participants needed to be recruited into the sample.

Statistical analyses
Sample characteristics, the mean therapeutic dose received, and
the proportion of rehabilitants who received the recommended

minimum dose of work-related therapies were modeled descrip-
tively. Treatment effects were calculated using mixed-effects
models. The correlation of error terms for rehabilitants admitted
during the same week, rendered possible by the cluster random-
ization, was considered by means of random effects. Effects were
estimated while controlling the corresponding value at the first
data acquisition and the rehabilitation center. The rehabilitation
centers were modeled as fixed effects. SMD were calculated to
describe differences between groups. To this end, the non-
standardized regression coefficient of the treatment effect (29)
was standardized on the pooled standard deviation of the observed
measurement values (e7). SMD were interpreted as follows, ad-
hering to Cohen’s recommendations: small effect around
SMD = 0.2, moderate effect around SMD = 0.5, and large effect
around SMD = 0.8. We determined hazard ratios to compare re-
integration into work. Moreover, we calculated average ad-
justed predictions that reflected the predicted probability for the
occurrence of an event (return to work) within 1 year (31). The
time until return to work was plotted in Kaplan—Meier curves
(32).

To describe the heterogeneity associated with the clusters,
we also determined the intracluster correlation for each out-
come measure. This has to be considered when planning case
numbers in cluster-randomized trials (design effect), since in-
traclass correlation reduces the power (33). All participants
were analyzed on an intention to treat basis (35). We performed
an analysis for the participants of the final follow-up (17, 36) as
well as an analysis for which missing values were substituted by
the values from the most recent available observation (last ob-
servation carried forward, LOCF). We considered differences
between groups as statistically significant if the probability of a
two-sided error was less than 5%. We used STATA 15 for our
calculations.

eTABLE 2

Return to work

Regular return to work 352 715

_-““---“-

s nm
[0.61; 1.19] 0.355 0.697 | 0.739 0.04

747 0.86

Regular return to work or graded return to work ‘ 352 ‘ 73.7

753 | 089 | [066:121] | 0459 | 0736 | 0767 | 0.00

We used mixed-effects models to calculate test statistics, controlled for gainful employment before the start of the rehabilitation program.

AAP, average adjusted predictions; Cl, confidence interval; CG, control group; HR, hazard ratio;

ICC, intracluster correlation coefficient; IG, intervention group
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