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Abstract
Background: A newly developed multiprofessional medication management (MuMM) intervention in an
oncologic outpatient care setting was evaluated for its feasibility to enhance the tolerability of cancer-
directed therapy. The intervention consisted of a basic care module for medication review including drug-
drug interaction checks, and four supplementary modules for the management of common adverse
events, speci�cally nausea/vomiting, mucositis, fatigue, and pain.

Methods: A single-centre, unblinded, randomized two-arm trial was conducted in the oncologic outpatient
ward of a municipal hospital in Bonn, Germany, with an associated community pharmacy. Feasibility of
the intervention was assessed by analyzing the application of individual care modules and semi-
structured interviews with the participating health care providers. Symptom burden was assessed by the
Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE)
using generalized estimating equation (GEE) models. Furthermore, health-related quality of life was
analyzed.

Results: 51 patients were randomized either to a control group receiving standard care (25 patients) or the
intervention group receiving MuMM (26 patients). The results indicate that the MuMM intervention
delivered by physicians, pharmacists, and nurses is needed and feasible, but hampered by several barriers
concerning cooperation and communication within the multiprofessional health care team. The
intervention did not affect symptom burden and quality of life.

Conclusion: The degree of implementation of the MuMM intervention was apparently not high enough to
show a preliminary e�cacy signal. Nevertheless, our study provides a starting point and methodological
framework for future trials aiming at enhancing the tolerability of cancer-directed therapy.

TRIAL REGISTRATION NUMBER

DRKS00010128 at the German Clinical Trials Register (DRKS)

Date of registration: March 7th, 2016 (retrospectively registere

Background
Cancer patients undergoing chemotherapy are at high risk for drug-related toxicity and further drug-
related problems because of the complexity of chemotherapy regimens, typically including several
different anticancer agents, each with its own toxicity pro�le. Additionally, supportive therapy is required
to avoid or attenuate therapy-associated toxicity, which makes the treatment regimen even more complex.
Further complicating the problem is the older age of many cancer patients. Elderly patients often have
comorbid conditions, and the management of these conditions often introduces polymedication [1].
Cancer patients have been shown to take a median of �ve to nine prescribed drugs before starting
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anticancer treatment [2]. Furthermore, complementary and integrative therapy use is also common
among older cancer patients [3].

As a consequence, cancer patients are exposed to a high risk for drug-related problems like drug-drug and
drug-complementary and integrative therapy (CIT) interactions, and adverse drug reactions. These drug-
related problems are of high relevance for patient safety and can lead to unnecessary toxicity [4].
Moreover, elderly cancer patients have age-related physiological and functional changes like decreased
renal and hepatic function. This may further increase the risk for drug-related toxicity and compromise
treatment success [2, 5].

To enhance tolerability and limit the adverse effects of cancer treatment and drug-related problems,
various strategies are required, including stronger patient involvement in symptom monitoring and better
education and counseling of the patient regarding drug treatment [6–8]. Other effective measures are the
participation of pharmacists on ward rounds, the integration of pharmacists into a medication
management, and the performance of a thorough medication history for every patient [9, 10]. Besides, the
change from individual and independent care to collaborative multiprofessional teamwork is essential to
identify and minimize risks within the whole medication process [11, 12]. The establishment of
multiprofessional teams increases the continuity of the care process as well as the coordination and
communication across the health care professions and is demanded in cancer care by international
medical societies [13–15]. Promising results on multiprofessional cancer care including a pharmacist
could be obtained in a previous study of our group, showing improved response to the antiemetic
prophylaxis in breast or ovarian cancer patients [16].

The aim of this project was to develop a new multiprofessional medication management intervention and
to evaluate its feasibility and potential to reduce severe chemotherapy-associated symptom burden.
Several distinct strategies including facilitating interprofessional cooperation, optimizing the supportive
therapy, and strengthening the patient role were combined to a new care intervention and implemented in
an oncologic outpatient clinic of a German municipal hospital with pharmaceutical care services provided
by a community pharmacy.

Our study adheres to the CONSORT guidelines. A completed CONSORT checklist is provided as Suppl. 1.

Methods

Study design and setting
This trial is a single-centre, unblinded, randomized two-arm study with a nested qualitative study. A
multiprofessional medication management (MuMM) intervention was implemented at an oncologic
outpatient ward of the Johanniter-Hospital, a municipal hospital in Bonn, Germany, to assess its
feasibility in clinical practice. The hospital does not have an own pharmacy, pharmaceutical services are
provided by a community pharmacy.
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Patients were enrolled by the study team after signing written informed consent and the randomization
was carried out in terms of a computer-generated block randomization with variable block size by a staff
member not involved in the study. Because of the nature of the intervention, including repeated
medication reviews and counseling, patients and medical staff could not be blinded. Data collection and
assessment were not blinded either. Patients were observed for a maximum of �ve chemotherapy cycles.
The sample size was set to 50 patients aiming at evaluating the feasibility of a full-scale e�cacy study.

Participants
Eligible patients were randomized 1:1 either to the control group receiving standard care, or to the
intervention group receiving the MuMM intervention. Inclusion criteria required that patients were age 18
or older, had been diagnosed with a solid tumor, were receiving anticancer drug therapy, and were able to
speak, read and write German. Exclusion criteria included a diagnosis of a hematologic malignancy, the
presence of comorbid conditions (e.g. Alzheimer’s disease) that would preclude the ability to provide
informed consent or limit comprehension of the patient-reported outcome measures.

Intervention development
To develop a structured and standardized medication management for a multiprofessional team of
physicians, nurses, and pharmacists, the current evidence on medication management and supportive
care was searched by a detailed literature review. The medication management process was based on a
modular approach. Hence, different care modules were developed including a basic care module and four
supplementary modules. The basic care module corresponds to the core components of a medication
management. These are a comprehensive medication review including an interaction check and the
identi�cation of drug-related problems, patient counseling on their medication, and the provision of a
written medication plan. A prescreening for chemotherapy-induced toxicity is also part of the basic care
module. The four supplementary modules comprise the management of the common adverse drug
reactions nausea/vomiting, mucositis, fatigue, and pain. Each supplementary module consists of a
bundle of measures on three different levels of the medication process: (1) the therapy, (2) the patient,
and (3) the health care providers. The therapy level is addressed by written evidence-based
recommendations for supportive therapy of the corresponding toxicity. At the patient level written lea�ets
for patient information and counseling on prevention and therapy of the corresponding symptoms are to
support the patient in taking a more active role. And �nally, the level of the health care providers is
addressed by care algorithms illustrating every step of the care process and de�ning and allocating tasks
and responsibilities to the different members of the multiprofessional care team (see Fig. 1 for the
structure of the MuMM intervention). The individual modules were discussed and �nalized in several
meetings consisting of at least one physician, one pharmacist, and one nurse.

Study intervention
Patients in the control arm received standard care, which does not include a regular and structured
medication management guideline including a pharmacist in Germany so far.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Participants randomized to the intervention arm received the modular MuMM intervention. After the
randomization to the intervention group the basic care module was applied to every patient by the study
pharmacist. Within a patient interview, a comprehensive medication reconciliation was conducted and the
patient was informed and counseled in detail regarding his or her therapy and possible adverse drug
reactions. Subsequent to the patient interview, a medication review focusing on drug-drug interactions
was conducted, and a written medication plan was compiled. In case of identi�ed medication-related
interactions, the medication was adjusted in collaboration with the responsible physician. The basic
module was applied by the study pharmacist after patient inclusion and at the beginning of every new
cycle until the �fth cycle of chemotherapy. In the case that patients showed symptoms like
nausea/vomiting, mucositis, fatigue or pain, the corresponding supplementary modules were initiated by
the pharmacist (see Fig. 2 for the course of the intervention). The modules for nausea/vomiting and
mucositis were also initiated if the chemotherapy had a low to high emetogenic risk or the patient had a
risk > 10% to develop severe mucositis, respectively. All supplementary modules included the evidence-
based supportive therapy for the corresponding adverse drug reaction in close cooperation between all
health care professions as well as patient counseling with regard to non-pharmacological and
pharmacological self-care measures to prevent or alleviate symptoms. Patient counseling was supported
by the provision of written information and documentation material in terms of information booklets. The
algorithms of the supplementary modules are provided as supplementary information (Suppl. 2–5).

Feasibility assessment
The feasibility of the intervention by the different health care providers was assessed by analyzing the
application of the different care modules, i.e. the frequency of patient counseling within the basic care
module, the extent of delivery of written medication plans, the number of patients with active modules,
and the number of applied modules per patient.

Moreover, the experience gained by the clinical staff after implementation of the MuMM intervention was
evaluated by means of semi-structured interviews with open questions. Hence, questions were
prespeci�ed but changes in sequence and formulation as well as further enquiry were allowed. The
interviews were recorded, transcribed, and the main statements of the participants categorized and coded
by intuitive coding according to a qualitative content analysis with the Software MAXQDA 11 (VERBI
GmbH, Berlin).

Outcome measures

Symptom burden
Symptom burden was assessed according to the Patient-Reported Outcomes version of the Common
Terminology Criteria for Adverse Events (PRO-CTCAE™) of the National Cancer Institute (NCI), USA [17].
The PRO-CTCAE item library includes items that capture the full range of symptomatic treatment effects
that may be experienced across a variety of disease sites and cancer treatment modalities [18, 19]. It was
validated in a large population of cancer patients in the USA [20].Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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A set of 31 items drawn from the translated German PRO-CTCAE item library has been evaluated
concerning its quantitative measurement properties [21]. Out of the validated German PRO-CTCAE item
set 19 items were selected as relevant for this study focusing on the four anticancer treatment-related
symptoms nausea and vomiting, mucositis, fatigue, and pain, which were covered by the four
supplementary modules of the intervention. The recall period was the past seven days. Symptom burden
was assessed after randomization (cycle 0) and at the beginning of every new cycle for a maximum of
�ve cycles (cycle 1 to 5).

Quality of life
Health-related quality of life (HRQoL) was assessed with the global health status scale of the Quality of
Life Questionnaire-Core 30 (QLQ-C30), version 3.0, from the European Organization for Research and
Treatment of Cancer (EORTC). [22].

Statistical analysis
Scores for PRO-CTCAE item clusters were calculated per cycle according to the following equations. The
composite PRO-CTCAE item clusters are speci�ed in Table 1. The raw score (RS) was formed by the
average of the items I1,2,…,n that contribute to a cluster:

Eq. 1 RS= 
I1+ I2+…+ In

n

The scores for PRO-CTCAE item clusters were standardized by a linear transformation to a scale from
0 to 100 according to Eq. 2 with higher scores indicating a higher symptom burden:

Eq. 2
Score = 

RS
range  × 100 ,

where range refers to the difference between the maximum possible value and the minimum possible
value of the answer options. In cases of missing data, scores for PRO-CTCAE item clusters were
calculated if at least 50% of the item values were available [25].

Data entry and statistical data analysis were carried out using Excel™ 2007 (Microsoft, Redmond,
Washington, USA), SPSS, version 22 (SPSS Inc., Chicago, Illinois, USA), SAS, version 9.3 (SAS Institute
Inc., Cary, North Carolina, USA), and R, version 3.3.3 [23]. Descriptive statistics (means, standard
deviations, medians, ranges, counts, percentages) was used to characterize the patient population and
summarize the study results. The level of signi�cance was set to 5% (p < 0.05) for all analyses.

Repeated measures of symptom scores (nausea, vomiting, mucositis, fatigue, pain, frequency, severity,
interference) formed according to equations 1 and 2 were analyzed using generalized estimating
equation (GEE) models. In all GEE models, repeated measures of a symptom score (determined during
the �rst �ve cycles of chemotherapy) were used as dependent variable. Covariates included in the
analysis were treatment group, therapy cycle, and treatment modi�cation (yes/no, de�ned by dose
reductions, dose delays, adjustments of therapy, or discontinuation of therapy). Generalized score
tests were used to analyze the effects of covariates on symptom scores. For each symptom score a
separate model was �tted.

{ }
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Table 1
PRO-CTCAE item clusters for symptom terms

Item cluster Number of items Item dimensions

Nausea 2 Frequency, severity

Vomiting 2 Frequency, severity

Mucositis 2 Severity, interference

Fatigue 2 Severity, interference

Pain 3 Frequency, severity, interference

Results
Participant recruitment and characteristics

A total of 96 patients were assessed for eligibility for this study during the data collection period. Fifty-
one patients were enrolled in the study. The patient recruitment process is shown in Fig. 3.

Twenty-six patients were analyzed in the intervention group and 25 in the control group. Table 2 shows
the socio-demographic and disease-related patient characteristics. The two study groups were well
balanced.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Table 2
Socio-demographic and disease-related patient characteristics

    Intervention

group (n = 
26)

  Control

group (n 
= 25)

    n %   n %

Age (years) ≤ 50 5 19.2   5 20.0

51–60 11 42.3   11 44.0

61–70 8 30.8   5 20.0

71–80 2 7.7   4 16.0

Gender Female 21 80.8   22 88.0

Education High school or less 13 50.0   12 48.0

Some college 3 11.5   3 12.0

College graduate or
more

7 26.9   8 32.0

Missing 3 11.5   2 8.0

Disease site Breast cancer 13 50.0   11 44.0

Colorectal cancer 5 19.2   4 16.0

Ovarian cancer 2 7.7   4 16.0

Lung cancer 2 7.7   2 8.0

Other 4 15.4   4 16.0

Time since diagnosis < 6 months 17 65.4   18 72.0

6–24 months 5 19.2   5 20.0

> 24 months 4 15.4   2 8.0

Treatment regimen1 FEC-Doc 5 19.2   4 16.0

FOLFOX4 4 15.4   2 8.0

TAC 3 11.5   0 0.0

EC-Doc 1 3.8   2 8.0

DC 1 3.8   2 8.0

FUFOX 1 3.8   2 8.0

GC-B 0 0.0   3 1.0
Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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    Intervention

group (n = 
26)

  Control

group (n 
= 25)

Other 11 42.3   10 40.0

Treatment modi�cation Dose reduction 2 7.7   0 0.0

Therapy
interruption

5 19.2   7 28.0

Change of therapy 4 15.4   2 8.0

Discontinuation of
therapy

2 7.7   2 8.0

Number of observed treatment cycles 5 16 61.5   19 76.0

3–4 5 19.2   3 12.0

1–2 3 11.5   3 12.0

0 2 7.7   0 0.0

Number of simultaneously taken /
administered drugs in total

6–10 10 38.5   11 44.0

11–15 13 50.0   12 48.0

> 15 3 11.5   2 8.0

1Therapy regime: FEC-Doc = Fluorouracil + Epirubicin + Cyclophosphamide followed by Docetaxel;
FOLFOX4 = Calcium folinate + Fluorouracil + Oxaliplatin; TAC = Docetaxel + Doxorubicin + 
Cyclophosphamide; EC-Doc = Epirubicin + Cyclophosphamide followed by Docetaxel; DC = Docetaxel + 
Cyclophosphamide; FUFOX = Fluorouracil + Calcium folinate + Oxaliplatin; GC-B = Carboplatin + 
Gemcitabin + Bevacizumab

Module application

Twenty-six patients were randomized to get the MuMM intervention. These patients were counseled in
total 66 times by the pharmacist. The mean duration of the patient interviews was 16 minutes with a
range of 5 to 50 minutes. Every patient received a written medication plan.

The supplementary modules for mucositis, fatigue, nausea/vomiting, and pain were applied in 18, 18, 16,
and 11 patients, respectively. Most patients had three active supplementary modules and four patients
had no active supplementary module.

Semi-structured interviews

The interviews with the involved physician, nurse, and pharmacist showed that all three were satis�ed
with the preparation process. All of them used the written lea�ets for patient information and counseling.
The physician appreciated the pharmacist very much for the comprehensive medication review and

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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identi�cation of drug-related problems. All involved professionals emphasized that the patient interviews
during the intervention intensi�ed the involvement of the patients. However, the transfer of the
intervention to clinical practice revealed some problems and barriers interfering with the optimal
application of the multiprofessional medication management. From the physician’s point of view there
was often not enough time for proper patient interviews and documentation regarding symptoms and
adverse drug reactions as demanded for the medication management and as requirement for the
supplementary modules of the intervention. The nurse felt herself only poorly integrated into the
multiprofessional health care team and in some occasions did not know if she should contact the
physician or the pharmacist. The pharmacist perceived the communication with the physician as limited
and as mainly taking place within the written patient records. She missed a feedback from the physician
concerning her documentation of the medication management in the patient records.

All three interviewed health care providers suggested changes for improvement of the MuMM
intervention. These were:

to use a digital hub for central documentation of patient data with access from the outpatient ward
as well as from the pharmacy to optimize and facilitate communication,

to implement patient consultation via telephone by the pharmacist or a regular consultation-hour by
the pharmacist for patients at the outpatient ward once a week,

to include oral anticancer therapies and further symptoms like neuropathic symptoms into the
MuMM intervention, and

to implement meetings with all participating health care providers on a regular basis to discuss
speci�c patient cases and to discuss the further care process for the individual patient.

Symptom burden

Figure 4 shows the proportion of patients per cycle and treatment group suffering from nausea, vomiting,
mucositis, fatigue, or pain of PRO-CTCAE scores ≥ 75, corresponding to grade 3 or 4 (severe or very
severe; frequently or almost constantly; quite a bit or very much) symptomatic toxicity. There was a
relatively high symptom burden at baseline for fatigue and pain; 20% of the patients in the control group
and 8% of the patients in the intervention group reported PRO-CTCAE scores ≥ 75 for both symptoms at
cycle 0. In total, a median of seven patients (34%, range 5–9) in the intervention group and of eight
patients (43%, range 6–14) in the control group suffered from toxicity of PRO-CTCAE score ≥ 75 nausea,
vomiting, mucositis, fatigue, or pain within the �ve cycles of chemotherapy.

To analyze the effect of the MuMM intervention on symptom burden we used GEE models. Table 3 shows
the parameter estimates and the p values obtained from the GEE models to analyze the associations
between the de�ned predictor variables and the occurrence of the symptoms nausea, vomiting, mucositis,
fatigue, or pain. No statistically signi�cant associations could be found for any of the symptoms with the
variables treatment group, therapy cycle, or treatment modi�cation except for the association between
nausea and the therapy cycle (1 to 3) as well as mucositis and the therapy cycle (1 to 5).

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Table 3
Association between predictor variables and the outcomes nausea, vomiting, mucositis, fatigue and pain:

parameter estimates (ß), standard error (SE), 95% con�dence interval (CI) and p values based on GEE
analyses

Predictor variable Nausea   Vomiting

ß SE 95% CI P

value

  ß SE 95% CI P

value

Intercept 11.10 3.44 4.34–
17.85

0.001   3.24 2.17 -1.01-
7.50

0.136

Intervention groupa -5.47 4.93 -15.13-
4.19

0.267   0.15 1.89 -3.55-
3.86

0.936

Cycle 1b 9.47 3.81 2.01–
16.93

0.013   2.23 2.63 -2.92-
7.37

0.397

Cycle 2 b 12.89 4.42 4.22–
21.57

0.004   -1.17 2.24 -5.56-
3.22

0.600

Cycle 3 b 11.88 4.63 2.81–
20.96

0.010   0.39 3.22 -5.92-
6.70

0.904

Cycle 4 b 5.66 4.11 -2.39-
13.71

0.168   -3.04 1.70 -6.37-
0.30

0.074

Cycle 5 b 6.82 4.18 -1.36-
15.01

0.102   -3.02 1.70 -6.35-
0.31

0.075

Treatment
modi�cationc

0.55 4.73 -8.71-9.82 0.907   -1.71 0.88 -3.44-
0.02

0.053

Predictor variable Mucositis   Fatigue

ß SE 95% CI P

value

  ß SE 95% CI P

value

Intercept 3.03 2.62 -2.11-8.17 0.248   29.70 5.18 19.53–
39.83

< 
0.001

Intervention groupa -3.06 3.78 -10.47-
4.36

0.419   2.42 5.71 -8.77-
13.62

0.671

Cycle 1b 15.30 3.96 7.53–
23.07

< 
0.001

  5.12 3.45 -1.66-
11.87

0.139

Cycle 2 b 11.27 2.98 5.43–
17.12

< 
0.001

  7.20 3.92 -0.50-
14.89

0.067

aReference group: control group; bReference group: Cycle 0;
cReference group: noLoading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Predictor variable Nausea   Vomiting

ß SE 95% CI P

value

  ß SE 95% CI P

value

Cycle 3 b 13.41 4.03 5.51–
21.31

0.001   7.37 5.38 -3.17-
17.90

0.171

Cycle 4 b 10.57 3.47 3.77–
17.37

0.002   6.34 4.55 -2.57-
15.25

0.163

Cycle 5 b 10.94 3.59 3.90-
17.98

0.002   8.11 5.38 -2.43-
18.65

0.132

Treatment
modi�cationc

-6.13 4.22 -14.42-
2.14

0.146   12.28 6.62 -0.71-
25.26

0.064

Predictor variable Pain

ß SE 95% CI P

value

Intercept 30.13 4.76 20.80-
39.47

< 
0.001

Intervention groupa 2.19 5.69 -8.95-
13.34

0.700

Cycle 1b -2.45 4.00 -10.29-
5.39

0.540

Cycle 2 b -3.07 4.69 -12.26-
6.11

0.512

Cycle 3 b -1.77 5.48 -12.50-
8.97

0.747

Cycle 4 b -0.31 5.27 -10.63-
10.01

0.953

Cycle 5 b -1.98 4.36 -10.51-
6.56

0.650

Treatment
modi�cationc

-6.58 5.57 -17.50-
4.35

0.238

aReference group: control group; bReference group: Cycle 0;
cReference group: no

Non-signi�cant reductions of symptom burden in the intervention group were estimated for nausea and
mucositis. Treatment modi�cation, i.e. dose reduction, therapy interruption, change of therapy, or
discontinuation of therapy, led to lower estimates of symptom burden for vomiting, mucositis, and pain.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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There might have been interaction effects between therapy cycle and treatment modi�cation, which
however, could not be analyzed in our GEE models due to the relatively small sample size.

Health-related quality of life

Health-related quality of life is shown per cycle and group in Suppl. 6. We observed a large variability of
health-related quality of life among patients. However, the differences between the two groups were small
and not signi�cant at any treatment cycle.

Discussion
In this study, we tested for the �rst time a newly developed MuMM intervention for standardized and
structured outpatient cancer care. Due to the modular approach the intervention is very �exible and can
be applied in a patient-tailored manner according to the individual medication, symptom status, and risk
for toxicity. The study was conducted in terms of health services research with broad inclusion and
minimal exclusion criteria allowing the formation of a heterogeneous patient sample. The study design
enabled the evaluation of the intervention in daily routine of an outpatient setting re�ecting real-life
conditions. The high rate of application of the individual care modules indicates that a MuMM
intervention delivered by a team comprised of a physician, a nurse, and a pharmacist is needed and
feasible. The use of GEE models to analyze the association between independent variables and the
dependent outcome parameters permits to assess the in�uence of different factors on the outcome of
interest in such a study setting and could be a framework for analysis in similar studies in the future.

As the results show, no signi�cant improvements of symptom burden could be reached in cancer patients
undergoing chemotherapy by means of the MuMM intervention. However, it cannot be concluded that the
intervention is not effective. First, the study cohort was relatively heterogeneous as most adult patients
with a solid tumor were eligible irrespective of their tumor entity and stage. Second, the number of
parameters contained in the GEE models (n = 8) was rather large relative to the sample size (n = 51), so
that the size of the study may have been too small to detect intervention effects at the 5% signi�cance
level. On the other hand, many of the GEE estimates were highly plausible in terms of direction and
magnitude, implying that these estimates could be used in a next step to calculate the sample size of a
future trial achieving higher power by larger sample sizes.

The interviews with the involved health care providers revealed several problems concerning the
implementation of the intervention in clinical practice. The basic principles for effective multiprofessional
patient care are clear responsibilities and accountabilities, shared goals, and effective communication
[16]. Subsequent evaluations should therefore be focused on optimized preparation and training of the
participating health care providers and intensify the support during implementation. Multiprofessional
cooperation and communication certainly have to be intensi�ed and well-rehearsed before initiating
further e�cacy evaluations of the presented intervention.
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An important limitation associated with the single center study design is the risk of contamination
between the groups. This could not be avoided completely since a strict spatial separation of the two
study groups was not possible. Hence, information regarding prevention and treatment of symptoms
could have been interchanged between patients of the intervention and control group. To avoid this risk
and to provide signi�cant �ndings, further trials to evaluate the effect of the multiprofessional care
intervention should be designed multi-centered and cluster-randomized [24].

An improvement in health-related quality of life in the intervention arm compared to the control arm was
not observed either. The score of the EORTC QLQ-C30 global health status scale decreased in both groups
from cycle 0 to 5. Nevertheless, there was a high variability in quality of life in both groups during the �ve
study cycles, which is probably due to the heterogeneity of the patient cohort in the present study.

The MuMM intervention is based on a structured collaboration among physicians, nurses, and
pharmacists. Diagnosis, treatment decision and adjustment are the main responsibility of the physician.
The responsibilities of the nurse are routine patient care and to pass information concerning symptoms
and drug-related problems from the patient to the physician and pharmacist. The pharmacist is primarily
responsible for the comprehensive medication review and for provision of information and counseling of
the patients. This task assignment was supported by a nationwide study in Germany about task
allocation in multiprofessional cancer medication management [25]. The positive effect of integrating a
pharmacist into a multiprofessional cancer care team for medication management has been shown
already in several studies for in- and outpatient care [26, 27]. In subsequent projects inclusion of
nutritionists, psycho-oncologists, and physical therapists should be considered to broaden the delivery of
multiprofessional care. Moreover, additional modules could be integrated in the intervention.

Conclusions
A multiprofessional medication management intervention delivered by physicians, pharmacists, and
nurses is feasible in a German municipal hospital with pharmaceutical care provided by a community
pharmacy. The qualitative study provides information on barriers and optimization potential for a
successful implementation of this complex intervention. The measured endpoints were not affected by
the intervention suggesting that the degree of its implementation was not high enough to show a
preliminary e�cacy signal. Nevertheless, our trial provides a starting point and methodological
framework for developing multiprofessional interventions aiming at enhancing the tolerability of cancer-
directed therapy.
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Figure 1

Proportion of patients per cycle and treatment group suffering from PRO-CTCAE score ≥75 nausea (A),
vomiting (B), mucositis (C), fatigue (D), or pain (E).
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Figure 2

Patient recruitment �ow diagram
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Figure 3

Algorithm of modular medication management in the intervention group.
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Figure 4

Structure and content of the MuMM intervention.
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