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Abstract
Background: Early integration of palliative care into oncology treatment is widely recommended. Palliative rehabilitation has been
suggested as a paradigm which integrates enablement, self-management, and self-care into the holistic model of palliative care.
Aim: We hypothesized that early integration of palliative rehabilitation could improve quality of life.
Design: The Pal-Rehab study (ClinicalTrials.gov NCT02332317) was a randomized controlled trial. The 12-week intervention offered by
a specialized palliative care team was two mandatory consultations and the opportunity of participating in an interdisciplinary group
program. Supplementary individual consultations were offered, if needed.
Setting/participants: At Vejle University Hospital, Denmark, adults diagnosed with advanced cancer within the last 8 weeks were
randomized 1:1 to standard oncology care or standard care plus intervention. Assessments at baseline and after six and 12 weeks
were based on the European Organization for Research and Treatment of Cancer Quality of Life Core Questionnaire (EORTC QLQ-C30).
At baseline participants were asked to choose a “primary problem” from a list of QLQ-C30 domains. The primary endpoint was the
change in that “primary problem” measured as area under the curve across 12 weeks (T-scores, European mean value = 50, SD = 10).
Results: In all, 288 were randomized of whom 279 were included in the modified intention-to-treat analysis (146 in the standard
care group and 133 in the intervention group). The between-group difference for the primary outcome was 3.0 (95% CI [0.0–6.0];
p = 0.047) favoring the intervention.
Conclusion: Early integration of palliative rehabilitation into standard oncology treatment improved quality of life for newly diagnosed
advanced cancer patients.
Trial registration: Clinicaltrials.gov Identifier: NCT02332317, registered on December 30, 2014.
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What is already known about the topic?
•• Systematic reviews have found that early palliative care interventions may have more beneficial effects on quality of life
and symptom intensity than usual cancer care alone among patients living with advanced cancer. However, the optimal
model of delivery has not yet been established.
•• Incorporating elements of rehabilitation into the palliative care of patients living with advanced cancer has been theorized to be beneficial, but evidence is still sparse.
What this paper adds?
•• In this study an early integration of palliative rehabilitation into standard oncology care significantly improved quality of
life over a 12-week period.
•• Significantly more patients in the group receiving palliative rehabilitation reported they had been helped with their
prioritized problem after 12 weeks compared to the standard care group.
Implications for practice, theory or policy
•• The study adds to the evidence on the effect of early integrated palliative care and offers additional and new knowledge
of a highly flexible and interdisciplinary model of delivery.
•• Further trials are needed to establish and isolate the effective components and the optimal timing of palliative
rehabilitation.

Introduction
Palliative care is defined as an approach aiming to improve
the quality of life of patients and their families facing the
problems associated with life-threatening illness, through
the prevention and relief of suffering by means of early
identification and impeccable assessment and treatment
of pain and other problems, physical, psychosocial, and
spiritual.1 Early palliative care is recommended by international cancer and health organizations1–3 but is not
widely implemented. The optimal model of delivery and
time for referral remains uncertain.4
Several clinical trials have investigated the effect of
“earlier than usual” referral to specialised palliative care
for outpatients with advanced cancer. At least 16 randomized controlled trials have been published on the subject—the majority within the last 6 years.5–20 In seven of
the studies the intervention could be classified as specialised palliative care integrated in the standard diseasemodifying treatment from the onset of an advanced cancer
diagnosis (up to 100 days after diagnosis).6,8,9,13,16,17,20 In
other trials the study population was primarily selected by
a perceived prognosis, for example, an expected survival
time of less than 1 year or between six and 12 months at
the time of enrolment.5,11,12,14,18,19
Although all seven studies representing early, integrated care for newly diagnosed patients with advanced
cancer used patient reported outcomes, they differed in
choice of outcome measures and findings. Four of the
studies reported a single pre-specified primary outcome
measure of change in quality of life over 12 weeks.8,9,13,20
Three met their primary endpoint,9,13,20 while the fourth
study found a greater improvement in quality of life for
intervention patients after 24 weeks.8 However, despite

the focus on early intervention none of the studies mentioned supporting the patient’s independence or functioning as a mean of improving quality of life. Nor did they
include other healthcare professionals besides nurses and
physicians in the intervention models.
Rehabilitation is defined by WHO as a set of measures
that assist individuals who experience, or are likely to
experience, disability to achieve, and maintain optimal
functioning.21 Rehabilitation for patients with advanced
cancer may be useful in improving quality of life through a
focus on function, mobility, activities of daily living, endurance, and the psyche while helping to maintain as much
independence as possible.22
Tiberini and Richardson23 from the United Kingdom
suggested a definition of Palliative rehabilitation as “a
paradigm which integrates rehabilitation, enablement,
self-management, and self-care into the holistic model of
palliative care” and “an approach that empowers people
to adapt to their new state of being with dignity [. . .] and
cope constructively with losses resulting from deteriorating health.”
We designed this study to investigate whether quality of
life is improved by systematic use of early palliative care in
the form of palliative rehabilitation. The study tested the
effect of a 12-week individually tailored, interdisciplinary
program initiated shortly after an advanced cancer diagnosis and integrated into standard oncology care.

Material and methods
Study design and participants
In this randomized parallel-group controlled trial, patients
newly diagnosed with cancer were recruited from a single
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center, Department of Oncology, Vejle University Hospital,
Denmark. Eligible patients were 18 years or older and
were receiving systemic medical treatment for a metastatic or otherwise unresectable solid tumor diagnosed
within the last 8 weeks. Patients were excluded if they had
received specialized palliative care within a year prior to
enrolment.
Study participants were enrolled following written and
verbally informed consent. The study was approved by
The Regional Committees on Health Research Ethics for
Southern Denmark on April 2nd, 2014 (ID S-20140038).
The study design and set-up were discussed thoroughly
with and approved by the hospital’s Patient and Relatives
Council.
Details of the study protocol appear in a previous
publication.24

Recruitment strategy
Given that recruitment is a known barrier for successful
completion of palliative care trials25 a recruitment strategy was formed. All staff involved in recruitment were
given pocket cards with bullet points about the trial and
suggested phrases for information of potential study participants. The recruitment rate was presented graphically
at brief monthly staff meetings, thus creating an ongoing
focus and a milieu where the personnel felt safe to engage
with the research group about their experiences when
recruiting. Milestones during recruitment were communicated and celebrated.

Randomization and masking
Patients were randomly assigned (1:1) to standard oncology care or standard care plus palliative rehabilitation.
The randomization list was made at randomizer.org without stratification26 and concealed from all personnel
involved in recruitment. A research nurse assigned unique
identification numbers to all study documents and managed the allocation sequence.
Study documents for outcome measures were doubleentered manually by blinded personnel using the Research
Electronic Data Capture-software (REDCap).27 The statistician carrying out the analyses was blinded to intervention
allocation.

Procedures
Standard care. Standard care was provided at the discretion of the medical oncologist. Upon indication, referral
could be made to specialized palliative care, dieticians,
physiotherapists, and psychosocial support from chaplains, psychologists, and social workers. Thus, patients in
the standard arm were not refused help with palliative or
rehabilitation needs emerging during their treatment.

The intervention. The intervention was systematic referral to a palliative rehabilitation outpatient clinic developed as a new function under the hospital’s specialized
palliative care team.28 The usual members of the team
counting physicians, nurses, physiotherapists, and psychologists were supplemented by part time engagement
of an occupational therapist, a dietician, a social worker,
and a chaplain to form the palliative rehabilitation team.
The mandatory elements of the palliative rehabilitation intervention were (1) a 1-h consultation with a physician and a nurse specialized in palliative care as soon as
possible after randomization, (2) a 40-min consultation
with a specialized palliative care nurse 6 to 7 weeks after
enrolment, and (3) the possibility of contacting the palliative rehabilitation outpatient clinic during the study
period. Depending on individual needs identified during
the mandatory assessment and follow up patients were
encouraged to participate in a 12-week patient/caregiver
school combined with individually tailored physical exercise in groups (Figure 1) and/or offered individual consultations with members of the palliative rehabilitation
team.
All patients were discussed at least once at the interdisciplinary, palliative rehabilitation team conferences
which were held weekly.
A template was used for the initial consultation drawing on the ambulatory guideline used during a previous
trial of early palliative care by Temel et al.13 but with the
addition of questions about barriers to activities of daily
living and physical activity. More details on the palliative
rehabilitation intervention are provided in a previous
publication.28
Data collection. Participants were asked before randomization to choose a “primary problem” that they needed
help with the most. The choice could be made from a list
of 12 domains from the European Organization for
Research and Treatment of Cancer Quality of Life Core
Questionnaire (EORTC QLQ-C30)29 and a 13th option of
“none of the above” (Table 1).
Before randomization, at six, and 12 weeks participants completed a questionnaire consisting of short forms
measuring the 15 domains of the QLQ-C30. The domains
of the QLQ-C30 were supplemented with items from the
EORTC computerized adaptive testing (CAT) item banks30
for more precise measurements within each domain
(Supplemental Table S1).
All contacts with the palliative rehabilitation team and
adverse events were registered prospectively.

Outcomes
The primary outcome was quality of life over 12 weeks.
This was defined as the change since baseline in the score
representing the problem prioritized by the patient. If the
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Introduction and tests by physiotherapist in the
palliative rehabilitation outpatient clinic:
• Six-minute walk test, hand grip strength
measurement, and sit-to-stand ability
• Shared goal-setting

Once weekly educational sessions for patients and caregivers lasting
approximately one hour with an initial 20-minute lecture followed by time for
questions, debate, and exchange of personal experience. The educational
session was followed by individually tailored physical exercise in groups for
patients combinig aerobic exercises and resistance training (1 hour)
Themes of the twelve educational sessions
• Body and movement (physiotherapist and facilitating nurse)
• Sleep and tiredness (two nurses, one being the facilitating
nurse)
• Breathlessness (physiotherapist and facilitating nurse)
• Fatigue (occupational therapist and facilitating nurse)
• Nutrition (dietician and facilitating nurse)
• Coping in the patient role (psychologist and facilitating nurse)
• Open session (physician and facilitating nurse)
• Coping in the caregiver role (psychologist and facilitating
nurse)
• When life hurts (hospital chaplain and facilitating nurse)
• Financial and social issues (social worker and facilitating
nurse)
• Open session (psychologist and facilitating nurse)
• Rest and relaxation (physiotherapist and facilitating nurse)

Evaluation and repetition of the panel of physical
performance tests. Individual counselling and advice
on how to maintain the obtained results.

Figure 1. Palliative rehabilitation group offer.

patient chose “none of the above” the global health status/QoL scale was used.
A secondary endpoint was whether the patients felt they
had been helped with their “primary problem” (yes/no).

Statistical analysis
Scales based on the EORTC CAT item banks are scored
using item response theory (IRT) based T-scores without a
fixed upper and lower limit but centered so that the
European general population has mean = 50 and standard

deviation (SD) = 10 for all domains.31 At the time of trial
design no data were available for sample size calculations
based on the IRT-based scoring system. Hence, the sample size was estimated based on studies using the original
EORTC QLQ-C30.
The probability of avoiding Type II error was set at 90%,
Type I error at 5%, and the required sample size was calculated as 266 (133 in each study arm) to detect a clinically
meaningful difference of 10 points with the original scoring of QLQ-C30. A sample size of 300 would allow for a
10% drop-out.
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Table 1. Baseline characteristics and “primary problems.”
Palliative rehabilitation
group (N = 139)
Time from diagnosis to enrolment (days), mean (SD)
Age (years), mean (SD)
Age groups (years), N (%)
⩾60
18–59
Male sex, N (%)
Cancer site, N (%)
NSCLC
Colorectal cancer
Prostate cancer
SCLC
Breast cancer
Gynaecological cancer
Other
ECOG performance score†, N (%)
0
1
2
Education (years), N (%)
⩽10
11–12
⩾13, not university
Academic
Missing
Living status, N (%)
Married or partnered
Living alone
Intention of oncological treatment, N (%)
Non-curative
Potentially curative
Status of disease, N (%)
Distant metastases present
Locally advanced
Brain metastases present, N (%)
Bones the only metastatic site, N (%)
Primary problem chosen by patients, N (%)
“None of the above”‡
Emotional function
Physical function
Fatigue
Pain
Insomnia
Role function
Dyspnoea
Appetite loss
Nausea and vomiting
Cognitive function
Social function
Constipation
Missing

Standard care
group (N = 149)

35 (16)
66 (9)

36 (16)
66 (10)

111 (80)
28 (20)
80 (58)

115 (77)
34 (23)
89 (60)

37 (27)
38 (27)
25 (18)
17 (12)
11 (8)
5 (4)
6 (4)

45 (30)
39 (26)
28 (19)
16 (11)
8 (5)
5 (3)
8 (5)

53 (38)
69 (50)
17 (12)

65 (44)
66 (44)
18 (12)

15 (11)
32 (23)
79 (57)
10 (7)
3 (2)

23 (15)
35 (23)
73 (49)
15 (10)
3 (2)

96 (69)
43 (31)

114 (77)
35 (23)

113 (81)
26 (19)

124 (83)
25 (17)

116 (83)
23 (17)
8 (6)
11 (8)

129 (87)
20 (13)
7 (5)
14 (9)

35 (25)
15 (11)
10 (7)
11 (8)
16 (12)
12 (9)
11 (8)
11 (8)
5 (4)
4 (3)
4 (3)
1 (1)
1 (1)
3 (2)

40 (27)
19 (13)
22 (15)
18 (12)
9 (6)
11 (7)
11 (7)
3 (2)
4 (3)
4 (3)
4 (3)
3 (2)
1 (1)
–

SD: standard deviation; NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer; ECOG: Eastern cooperative oncology group; EORTC: European organization for research and treatment of cancer.
Baseline characteristics and “primary problems” of 288 patients with newly diagnosed advanced cancer randomly assigned to receive standard
oncology care (N = 149) or an additional offer of palliative rehabilitation (N = 139). The sum of percentages may not total 100 because of rounding.
†ECOG Performance status ranges from 0 to 4, where 0 = able to carry out all normal activity without restriction and 4 = completely disabled; totally
confined to bed or chair.
‡“none of the above” marked by the patient on a list of 12 possible “primary problems” and a 13th option being “none of the above.”
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Enrolment
Screened for eligibility (all new patients)
between Dec 2014 and Dec 2017
(n=1303)

Eligible for randomization (n=804)
Not asked (n=222)
Declined participation (n=281), reasons stated:
♦ Information overload (n= 124)
♦ Too long transportation time (n=50)
♦ Various other reasons (n=107)
Randomized (n=301)

Excluded after randomisation (n=12)
♦ Screen failures (n=1)
♦ Withdrew consent shortly after (n=9)
♦ Died shortly after (n=2)

Excluded after randomisation (n=1)
♦ Screen failures (n=1)

Allocation
Allocated to standard care + palliative rehabilitation
(n=139)

Allocated to standard care (n=149)

Follow-Up
Data completeness of participants:
♦ Completing both follow-up questionnaires
(n=112)

Data completeness of participants:
♦ Completing both follow-up questionnaires
(n=108)

♦ Missing one follow-up questionnaire (n=27)
Not returned by patient (n=8)
Not given to patient for ethical reasons (n=1)
Administrative failures (n=18)

♦ Missing one follow-up questionnaire (n=14)
Not returned by patient (n=10)
Not given to patient for ethical reasons (n=3)
Administrative failures (n=1)

♦ Missing both follow-up questionnaires (n=10)
Not returned by patient (n=2)
Not given to patient for ethical reasons (n=2)
Administrative failures (n=3)
Died (n=3)*

Fig.Included
2. Trial in
profile
Intention to treat analysis (n=146)*

♦ Missing both follow-up questionnaires (n=17)
Not returned by patient (n=2)
Not given to patient for ethical reasons (n=2)
Left the trial (n=8)
Withdrew consent (n=1)*
Died (n=4)*
♦ Missing baseline questionnaire (administrative
failure, n=1)*

Included in Intention to treat analysis (n=133)*

Figure 2. Trial profile.

A modified intention-to-treat (ITT) analysis was conducted meaning that patients who withdrew their consent to participate, died before 12 weeks, or did not have
a baseline assessment were excluded from the primary
outcome analysis (Figure 2).

Quality of life outcome for the 12-week period was
estimated as the area under the curve (AUC) for the relevant EORTC-QLQ scale using the trapezoidal rule.
Analyses were made with SAS® statistical software version 9.4.32 Multiple imputations were based on the same
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Table 2. Baseline characteristics of 288 participants and 290 non-participants.†

Age (years), mean (SD)
Male sex, N (%)
Cancer site, N (%)
Lung cancer
Colorectal cancer
Prostate cancer
Breast cancer
Gynaecological cancer
Other
ECOG performance status,‡ N (%)
0
1
2
Education (years), N (%)
⩽10
11–12
⩾13, not university
Academic
Living status, N (%)
Married or partnered
Living alone

Participants
(N = 288)

Non-participants
(N = 290)

p-Value

66 (10)
169 (59)

70 (8)
163 (56)

<0.001
0.580
0.001

115 (40)
77 (27)
53 (18)
19 (7)
10 (3)
14 (5)

158 (55)
46 (16)
46 (16)
8 (3)
15 (5)
16 (6)

118 (41)
135 (47)
35 (12)

104 (36)
145 (51)
38 (13)

38 (13)
67 (24)
152 (54)
25 (9)

48 (25)
77 (40)
61 (31)
9 (5)

210 (73)
78 (27)

200 (69)
89 (31)

0.506

<0.001

0.325

SD: standard deviation; ECOG: Eastern cooperative oncology group.
The sum of percentages may not total 100 because of rounding. Differences in categorical variables were tested with Chi-squared test. Difference in
age was tested with Wilcoxon rank sum test.
†Non-participants declined participation (N = 281) or regretted giving consent to participate (withdrew consent immediately (N = 9)).
‡ECOG Performance status ranges from 0 to 4, where 0 = able to carry out all normal activity without restriction and 4 = completely disabled; totally
confined to bed or chair.

potentially predictive baseline variables as mentioned
below. The fully conditional specification approach for
multiple imputations in SAS 9.4 was used33 and 20 imputed
datasets were generated based on regression and predictive mean matching.33–35
The analyzes were performed as multiple regressions
adjusted for ECOG performance status, sex, age, intention
of the oncology treatment (potentially curative or noncurative), primary diagnosis, living status, educational
background, and primary problem. This amendment to
the statistical analysis plan24 was based on recommendations from Kahan et al.36
As a sensitivity analysis, the primary analysis was
repeated for the change from baseline to the six and
12-week follow-up, respectively.
Explorative analyses tested for interactions between
the intervention variable and the predictive variables
mentioned above using observed data and a linear regression model.
Group comparisons of whether the patients felt that
they had been helped with their “primary problem” after
12 weeks were made with Chi-squared tests on observed
data.

Results
Between December 3, 2014 and December 22, 2017,
1,303 patients were screened of which 804 were eligible
and 582 were approached (Figure 2). A total of 288
patients with newly diagnosed advanced cancer were randomly assigned to receive standard oncology care
(N = 149) or the same care supplemented with palliative
rehabilitation (N = 139). Ultimately, 279 patients were
included in the modified intention-to-treat analysis with
146 patients in the standard care group and 133 patients
in the palliative rehabilitation group.
Baseline characteristics and “primary problems” chosen at baseline appear from Table 1.
Differences in baseline characteristics between participants and non-participants can be seen in Table 2.
After allocation to the palliative rehabilitation arm of
the study 132 patients were seen in the outpatient clinic
for an initial consultation followed by an intervention tailored to their needs (Figure 3).
More details on how the palliative rehabilitation offer
was utilized and evaluated by the participants appear in a
previous publication.28
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132 patients were seen in the outpatient palliative rehabilitation clinic for an
initial consultation with a physician and nurse specialised in palliative care.

Mandatory elements: the initial consultation plus a midway follow-up consultation
with a palliative care nurse, and a 12 week option of contacting the palliative
rehabiltation team

26 (20%) received no more
than the two mandatory
consultations.

59 (45%) additionally participated
in the group program.

Patients participated in a median
of 10 of the 12 planned weekly
sessions (range 1–13) and had a
median of five individual nonmandatory supplementary contacts
(range 0–21).

47 (35%) received supplementary
individual consultations without
participating in the group
program.

Patients had a median of two
individual nonmandatory contacts
(range 1–18).

Figure 3. Use of the palliative rehabilitation offer.
Table 3. Effect of the intervention on the “primary problem” chosen by the patient at baseline.
Effect of the intervention

Between group
difference

95% CI

p-Value

Overall effect across the 12 weeks†
Change from baseline to 6 weeks
Change from baseline to 12 weeks

3.0
1.3
3.3

0.0 to 6.0
−0.9 to 3.6
1.0 to 5.6

0.047
0.234
0.005

AUC: area under the curve; CI: confidence interval; EORTC QLQ C-30: European organization for research and treatment of cancer quality of life core
questionnaire; SD: standard deviation.
A between group difference >0 means the group receiving palliative rehabilitation had a greater improvement over the study period than the group
receiving standard care alone. Measurements were made with short forms representing the domains in EORTC QLQ-C30 with extra items added
from the EORTC Quality of Life group item banks for computer-adaptive testing to obtain more precise measurements. Scales were scored using
T-scores centered so the European general population has a mean value of 50 (SD = 10).
Analyses were performed as multiple regressions adjusted for ECOG performance status, sex, age, intention of the oncological treatment (potentially curative or non-curative), primary diagnosis, living status, educational background, and primary problem. Imputed values were based on the same
variables and the 20 imputations resulted in a coefficient of variation of about 1%. To assess the impact of the number of imputations the primary
analysis was rerun with 100 imputations. This provided almost identical results, changing the mean difference by 0.03 and the p-value by 0.0017.
The complete case analysis of the overall effect across the 12 weeks showed a mean difference of 2.96, 95% CI [−0.25−6.16], p = 0.0705.
†Primary outcome measure. AUC of the six and 12-weeks measurements combined.

Quality of life was significantly improved in the intervention group over the 12 weeks with a group difference
of 3.0 (95% CI [0.0–6.0]; p = 0.047; Cohen’s effect size 0.3)
(Table 3). Sensitivity analyses did not show any difference
at 6 weeks but a significant difference at 12 weeks (difference = 3.3, p = 0.005) (Table 3).

At 12 weeks significantly more patients in the intervention group agreed that they had received help with their
chosen “primary problem” (75%) compared to the standard care group (51%), p = 0.002.
Explorative analyzes showed no interactions between
the intervention and the predictive variables included in
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the multiple linear regression model except for a borderline significant effect for sex (better effect for females)
and a significant effect for “intention of oncology treatment” (better effect for patients receiving treatment with
non-curative intent than those treated with potentially
curative intent).
Baseline values and results of the group comparisons
across the study period of the EORTC short form scales
can be seen in the Supplemental Table S2.
Details of the multiple regression analysis of the primary outcome can be seen in the Supplemental Table S3.
After the data collection at 12 weeks, 26% of group
sessions and 18% of individual consultations took place.
Eighteen patients dropped out of the study based on
withdrawn consent (N = 10) or other types of non-random withdrawal (N = 8). All were in the palliative rehabilitation arm. One patient withdrew consent after the initial
consultation and similarly, one patient did not want to
complete further study procedures after the initial consultation. The remaining 16 patients dropped out before
any consultation with the palliative rehabilitation team
had taken place. Reasons for dropping out were “feeling
no need” (N = 3) and “feeling too overwhelmed” (N = 15).
Two adverse events were registered during the study,
both in the group receiving palliative rehabilitation: one
participant felt the physical exercise worsened his nausea,
and one participant said the questions asked in the initial
consultation added to her emotional distress.

Discussion
Main findings
In this study an early integration of palliative rehabilitation into standard oncology care significantly improved
quality of life over a 12-week period.
The primary analysis combined six and 12-week followup data. When the analysis was repeated for the change
from baseline to 12 weeks, the improvement of integrating palliative rehabilitation was highly significant.
Furthermore, significantly more patients in the palliative
rehabilitation group reported they had been helped with
their “primary problem” after 12 weeks supporting the
finding of a positive effect of palliative rehabilitation.

What this study adds
Research in palliative rehabilitation is sparse.37 A British
RCT published in 2013 tested the effect of a complex rehabilitation intervention delivered by a hospice-based multidisciplinary team versus usual care for patients with active
progressive breast or hematological cancer and found a
psychological benefit of the intervention.38 The study only
included 41 patients and does not represent an example
of early or integrated care. We believe this is the first
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randomized controlled study investigating the effect of
systematic integration of palliative rehabilitation in standard care early in the disease trajectory of advanced
cancer.
To our knowledge this is the first time a study of early
palliative care has been conducted with the aim of improving a domain of quality of life prioritized by the patient.
The strength of this approach is that even though the
patients may experience multiple symptoms and problems, receiving help with all the symptoms or problems
may not be perceived as equally important. Also, some
patients with newly diagnosed advanced cancer may not
experience a wide range of symptoms and problems but
receiving help with the one(s) they do experience is still
very relevant. Asking the patients to prioritize meant that
the primary outcome measurement ideally was relevant
to all participants. Also, it meant avoiding summing up all
the different symptoms and problems in the EORTC scales
which could potentially dilute the effect measurement.
Approximately 25% in each study arm chose “none of
the above” when asked at baseline to choose a “primary
problem” that they needed help with the most (Table 1).
The experience from the initial consultation in the intervention arm was that many patients were unsure of what
type of help they could potentially get, and whether other
patients were more deserving of taking up the time and
resources of the palliative rehabilitation team. Thus, it
was often in a combination of patient thoughts and expectations, assessment by the palliative rehabilitation clinician, and knowledge of available and potential beneficial
interventions, that a true need was established. The experience supported the concept of systematic, early referral
for a consultation with a palliative rehabilitation clinician
and high rates of patient satisfaction in this study regardless of the initial perception of “need” have previously
been published.28
The intervention used in this trial differs from other trials of early palliative care with its integration of elements
of rehabilitation, but also in the sense that it was designed
to be time-limited, include a group program, and involve
healthcare professionals not generally used in early palliative care trials; especially physiotherapists and dieticians.
The results show that the intervention was successful in
tailoring the offer to individual needs and that compliance
in the group program was very high (Figure 3).
The overall result of the study adds to the evidence
presented by the Cochrane Group that early palliative
care interventions may have more beneficial effects on
quality of life and symptom intensity than usual cancer
care alone among patients with advanced cancer.39 The
studies included in the review and meta-analyses were
performed in North America, Europe, and Australia and
included a total of 1614 participants.6,13,16–20 As with the
present study the effect sizes were small but the authors
of the review concluded that they may still be clinically
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relevant in a population likely to suffer from a decline in
quality of life.39

Strengths and weaknesses
The study has several methodological strengths. Blinding
was used in all possible steps during allocation, data management, and analysis to reduce the risk of bias. The risk
of confounding factors was reduced by using a multivariate regression analysis for the primary outcome.
Some limitations of the study must be noted. The study
was performed at a single center due to the novelty of the
intervention design, which may limit generalizability, and
blinding of participants and the treating personnel was
not possible. The individual tailoring of the intervention
makes it difficult to isolate effective components and
make assumptions about dose-response. Likewise, using
an individualized primary outcome measure adds complexity to the interpretation which is not yet fully explored.
These issues should be investigated in future research
perhaps using a mixed methods design where methods
such as semi-structured interviews might also be helpful
in understanding the change process.
The risk of selection bias is a challenge in palliative
care research.40 We found that participants were significantly younger and better educated than non-participants (Table 2).
It is noteworthy that 18 patients allocated to the intervention either withdrew consent or did not want to stay in
the study resulting in skewed attrition. However, the vast
majority of this type of attrition happened before any
intervention procedures had taken place.
Rehabilitation services tend to be more effective in the
early stages of cancer related functional loss, a time when
patients and clinicians perhaps focus too narrowly on
treating the malignancy and may postpone interventions
relating to the maintenance of function or prevention of
functional impairments.41 The desire to stay mobile may
contribute to improved and prolonged quality of life and
likewise, inactivity may play a critical role in the interaction between symptom burden and functional decline.22,42
Theoretically, there are therefore sound arguments for
initiating a palliative rehabilitation intervention as early as
possible, but the optimal timing, intensity, and goals
should be explored in further research.
The present study was designed to measure the effect
of the intervention over 12 weeks. Three previous trials
on the integration of early palliative care into standard
oncology care showed a significant improvement in quality of life at 12 weeks9,13,20 whereas another three found
improvements at later time points.6,8,19 Our intervention
was not finalized within the planned 12 weeks and our
findings suggest that the effect of palliative rehabilitation
increases with time. We might have been able to show a
stronger effect if we had included a later follow-up
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assessment, for example, after 18 weeks enabling us to
assess the effect of the total intervention.
In conclusion, the quality of life of newly diagnosed
advanced cancer patients was significantly improved in
the group that received palliative rehabilitation integrated
in the anticancer treatment as opposed to the group
receiving standard oncology care alone. The study adds to
the evidence on the effect of early integrated palliative
care and offers additional and new knowledge of a highly
flexible and interdisciplinary model of delivery.
Acknowledgements
The authors wish to thank all patients and family caregivers participating in the study along with all staff at the Department of
Oncology, the Clinical Research Unit, and the Palliative Team,
Vejle University hospital, for making the study possible. We
thank the Patient and Relatives Council of Vejle University
Hospital for valuable input and inspiring discussions before, during, and after the trial. We thank the Research Secretary at the
Department of Oncology for linguistic editing of the manuscript
and all the financial benefactors mentioned under “Funding.”
The abstract was presented at the ASCO Palliative & Supportive
Care in Oncology Symposium and the abstract published online
in connection to the event.43

Authors’ contributions
MG and TBV conceived the study and its design and have
revised the manuscript with substantial contributions. MAP did
the statistical analysis of the primary outcome and contributed
with revision of the manuscript. LN did the literature search,
data collection, remaining statistical analyses, and the first
draft of this manuscript. LHJ sponsored the trial and revised the
manuscript with a substantial contribution. All authors were
involved in the data interpretation and read and approved the
final manuscript.

Research ethics and patient consent
Study participants were enrolled following written and verbally
informed consent. The study was approved by The Regional
Committees on Health Research Ethics for Southern Denmark
on April 2nd, 2014 (ID S-20140038) and was performed in
accordance with the Declaration of Helsinki.

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
This work was supported by the Danish Cancer Society [R113A6938-14-S34 to Lars Henrik Jensen], the Research Council of
Lillebaelt Hospital [(no grant number) to Lise Nottelmann], The
Andreas and Grethe Gullev Hansen Foundation [(no grant number) to Lise Nottelmann], and The Hede Nielsen Family Foundation

Palliative Medicine 35(7)

1354
[(no grant number) to Lise Nottelmann]. Funders played no role in
any part of the research process or drafting of this manuscript.

ORCID iD
Lise Nottelmann

https://orcid.org/0000-0002-2900-3091

Data availability
Sharing of the data is prohibited by Danish Law unless approved
by The Danish Data Protection Agency (trial reference 2008-580035, approval dates December 1, 2014—June 30, 2023 after
which the data will be anonymized and transferred to a national
archive).

Supplemental material
Supplemental material for this article is available online.

References
1. World Health Organization (WHO). WHO definition of palliative care. http://www.who.int/cancer/palliative/definition/en/ (2012, accessed 12 November 2018).
2. Ferrell BR, Temel JS, Temin S, et al. Integration of palliative
care into standard oncology care: American society of clinical oncology clinical practice guideline update. J Clin Oncol
2017; 35(1): 96–112.
3. Cherny NI, Catane R, Kosmidis P; ESMO Taskforce on
Supportive and Palliative Care. ESMO takes a stand on supportive and palliative care. Ann Oncol Off J Eur Soc Med
Oncol 2003; 14(9): 1335–1337.
4. Kaasa S, Loge JH, Aapro M, et al. Integration of oncology
and palliative care: a Lancet Oncology Commission. Lancet
Oncol 2018; 19(11): e588–e653.
5. Jordhøy MS, Fayers P, Loge JH, et al. Quality of life in palliative cancer care: results from a cluster randomized trial. J
Clin Oncol 2001; 19(18): 3884–3894.
6. Bakitas M, Lyons KD, Hegel MT, et al. Effects of a palliative care intervention on clinical outcomes in patients with
advanced cancer. JAMA 2009; 302(7): 741–749.
7. Groenvold M, Petersen MA, Damkier A, et al. Randomised
clinical trial of early specialist palliative care plus standard
care versus standard care alone in patients with advanced
cancer: the Danish palliative care trial. Palliat Med 2017;
31(9): 814–824.
8. Temel JS, Greer JA, El-Jawahri A, et al. Effects of early integrated palliative care in patients with lung and GI cancer: a
randomized clinical trial. J Clin Oncol 2017; 35(8): 834–841.
9. Vanbutsele G, Pardon K, Van Belle S, et al. Effect of early
and systematic integration of palliative care in patients
with advanced cancer: a randomised controlled trial.
Lancet Oncol 2018; 19(3): 394–404.
10. Nordly M, Skov Benthien K, Vadstrup ES, et al. Systematic
fast-track transition from oncological treatment to dyadic
specialized palliative home care: DOMUS—a randomized
clinical trial. Palliat Med 2019; 33(2): 135–149.
11. Rabow MW, Dibble SL, Pantilat SZ, et al. The comprehensive care team: a controlled trial of outpatient palliative
medicine consultation. Arch Intern Med 2004; 164(1):
83–91.

12. Brumley R, Enguidanos S, Jamison P, et al. Increased satisfaction with care and lower costs: results of a randomized
trial of in-home palliative care. J Am Geriatr Soc 2007;
55(7): 993–1000.
13. Temel JS, Greer JA, Muzikansky A, et al. Early palliative care
for patients with metastatic non-small-cell lung cancer. N
Engl J Med 2010; 363(8): 733–742.
14. Dyar S, Lesperance M, Shannon R, et al. A nurse practitioner directed intervention improves the quality of life of
patients with metastatic cancer: results of a randomized
pilot study. J Palliat Med 2012; 15(8): 890–895.
15. Higginson IJ, Bausewein C, Reilly CC, et al. An integrated palliative and respiratory care service for patients with advanced
disease and refractory breathlessness: a randomised controlled trial. Lancet Respir Med 2014; 2(12): 979–987.
16. Tattersall M, Martin A, Devine R, et al. Early contact with
palliative care services: a randomised trial in patients
with newly detected incurable metastatic cancer. Palliat
Care Med 2014; 4(1). http://hdl.handle.net/2123/15453
(accessed 16 August 2018).
17. McCorkle R, Jeon S, Ercolano E, et al. An advanced practice nurse coordinated multidisciplinary intervention for
patients with late-stage cancer: a cluster randomized trial.
J Palliat Med 2015; 18(11): 962–969.
18. Bakitas MA, Tosteson TD, Li Z, et al. Early versus delayed
initiation of concurrent palliative oncology care: patient
outcomes in the ENABLE III randomized controlled trial. J
Clin Oncol 2015; 33(13): 1438–1445.
19. Zimmermann C, Swami N, Krzyzanowska M, et al. Early
palliative care for patients with advanced cancer: a cluster-randomised controlled trial. Lancet 2014; 383(9930):
1721–1730.
20. Maltoni M, Scarpi E, Dall’Agata M, et al. Systematic versus
on-demand early palliative care: results from a multicentre, randomised clinical trial. Eur J Cancer 2016; 65: 61–68.
21. World Health Organization & World Bank. World report on
disability, 2011.
22. Barawid E, Covarrubias N, Tribuzio B, et al. The benefits of
rehabilitation for palliative care patients. Am J Hosp Palliat
Care 2015; 32(1): 34–43.
23. Tiberini R and Richardson H. Rehabilitative palliative care:
enabling people to live fully until they die. London: Hospice,
2015.
24. Nottelmann L, Groenvold M, Vejlgaard TB, et al. A parallel-group randomized clinical trial of individually tailored,
multidisciplinary, palliative rehabilitation for patients with
newly diagnosed advanced cancer: the Pal-Rehab study
protocol. BMC Cancer 2017; 17(1): 560.
25. Grande GE and Todd CJ. Why are trials in palliative care so
difficult? Palliat Med 2000; 14(1): 69–74.
26. Urbaniak GC and Plous S. Research Randomizer (Version
4.0) [Computer software]. Research Randomizer. https://
www.randomizer.org/ (accessed 22 June 2013).
27. Software—REDCap. https://projectredcap.org/software/
(accessed 7 June 2018).
28. Nottelmann L, Jensen LH, Vejlgaard TB, et al. A new model
of early, integrated palliative care: palliative rehabilitation
for newly diagnosed patients with non-resectable cancer.
Support Care Cancer 2019; 27(9): 3291–3300.

Nottelmann et al.
29. Fayers PM, Aaronson NK, Bjordal K, Groenvold M, Curran
D, Bottomley A, on behalf of the EORTC Quality of Life
Group. The EORTC QLQ-C30 Scoring Manual (3rd Edition).
Published by: European Organisation for Research and
Treatment of Cancer, Brussels 2001.
30. Petersen MA, Aaronson NK, Arraras JI, et al. The EORTC CAT
Core—the computer adaptive version of the EORTC QLQC30 questionnaire. Eur J Cancer 2018; 100: 8–16.
31. Liegl G, Petersen MA, Groenvold M, et al. Establishing
the European Norm for the health-related quality of life
domains of the computer-adaptive test EORTC CAT Core.
Eur J Cancer 2019; 107: 133–141.
32. SAS Institute Inc. SAS® 9.4 SQL procedure user’s guide. 4th
ed. Cary, NC: SAS Institute Inc., 2016.
33. Wood AM, White IR and Royston P. How should variable
selection be performed with multiply imputed data? Stat
Med 2008; 27(17): 3227–3246.
34. von Hippel PT. How many imputations do you need? A twostage calculation using a quadratic rule. Sociol Methods Res
2020; 49(3): 699–718.
35. Yuan Y. Multiple imputation using SAS software. J Stat
Softw 2011; 45(6): 1–25.
36. Kahan BC, Jairath V, Doré CJ, et al. The risks and rewards of
covariate adjustment in randomized trials: an assessment
of 12 outcomes from 8 studies. Trials 2014; 15(1): 139.

1355
37. Minosso JSM, de Souza LJ, de Oliveira MA, et al.
ReHabilitation in Palliative CaRe. Texto Context Enferm
2016; 25(3).
38. Jones L, FitzGerald G, Leurent B, et al. Rehabilitation in
advanced, progressive, recurrent cancer: a randomized
controlled trial. J Pain Symptom Manage 2013; 46(3):
315–325.e3.
39. Haun MW, Estel S, Rücker G, et al. Early palliative care for
adults with advanced cancer. Cochrane Database Syst Rev
2017; 6: CD011129.
40. Kars MC, van Thiel GJ, van der Graaf R, et al. A systematic review of reasons for gatekeeping in palliative care
research. Palliat Med 2016; 30(6): 533–548.
41. Cheville AL, Morrow M, Smith SR, et al. Integrating function-directed treatments into palliative care. PM R 2017;
9(9S2): S335–S346.
42. Cheville AL, Kornblith AB and Basford JR. An examination
of the causes for the underutilization of rehabilitation services among people with advanced cancer. Am J Phys Med
Rehabil 2011; 90(Suppl. 1): S27–S37.
43. Nottelmann L, Groenvold M, Petersen MA, et al. A singlecenter randomized clinical trial of palliative rehabilitation versus standard care alone in patients with newly
diagnosed non-resectable cancer. J Clin Oncol 2018;
36(Suppl. 34): 75.

