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Abstract

Background Polypharmacy is very common in older cancer patients and these patients are particularly vulnerable to
drug-drug interactions and adverse drug reactions because they often receive chemotherapy and symptom-relieving
agents.

Methods The primary aim of the randomized, controlled Optimization of Polypharmacy in Geriatric Oncology
(OPTIMAL) trial is to test whether an advisory letter with the results of a comprehensive medication review conducted
with the Fit fOR The Aged (FORTA) list to the caring physician in rehabilitation clinics improves the quality of life (Qol)
of older cancer patients exposed to polypharmacy more than usual care. The FORTA list detects medication overuse,
underuse, and potentially inappropriate drug use among older adults. In the oncology departments of approximately
10 German rehabilitation clinics, we aim to recruit 514 cancer patients (22 common cancers; diagnosis or recurrence
requiring treatment in the last 5 years; all stages) who are > 65 years old, regularly take > 5 drugs, and have > 1
medication-related problem. All necessary information about the patients will be provided to a pharmacist at the
coordinating center (German Cancer Research Center, Heidelberg), who will perform randomization (1:1) and conduct
the medication review with the FORTA list. For the intervention group only, the results are sent by letter to the treating
physician in the rehabilitation clinics, who shall discuss medication changes with the patient at the discharge visit, as
well as implement them afterwards and disclose them in the discharge letter to the general practitioner. The control
group gets the usual care provided in German rehabilitation clinics, which usually does not include a comprehensive
medication review but can include medication changes. Patients will be blinded, as they cannot know whether
proposed medication changes were part of the study or part of usual care. Study physicians cannot be blinded.

The primary endpoint will be the EORTC-QLQ-C30 global health status/QolL score, assessed via self-administered
questionnaires 8 months after baseline.

Discussion If the planned study shows that a medication review with the FORTA list improves the QoL of older
cancer patients in oncological rehabilitation more than usual care, it would provide the necessary evidence to
translate the trial’s findings into routine care.

Trial registration German Clinical Trials Register (DRKS): DRKS00031024.
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Background

The number of older cancer patients in Germany is rela-
tively large and it is expected to increase further due to
demographic changes and trends towards improved can-
cer survival rates by adopting the best practice in cancer
treatment and management [1]. In Germany, the majority
of cancer patients receives at least 3 weeks of in-patient
rehabilitation shortly after primary cancer therapy to
support them in coping with functional impairments that
may occur as a result of the cancer therapy [2].

The prevalence of multimorbidity and polypharmacy
strongly increases with age, making treatment of older
cancer patients complex and challenging. For example,
although guidelines exist for the management of many
major chronic diseases, adherence to these guidelines
may lead to polypharmacy and adverse drug-drug and
drug-disease interactions in the presence of multiple
chronic conditions [3]. Older cancer patients are par-
ticularly prone to the unintended consequences of poly-
pharmacy because they often receive chemotherapy and
symptom-relieving agents, which may entail additional
risk for drug-drug-interactions and adverse drug reac-
tions [4].

The term “polypharmacy” is mostly defined by 5 or
more concurrently prescribed drugs [5]. For example,
every second colorectal cancer patient aged 65 years or
older was exposed to polypharmacy in a German study,
and polypharmacy was significantly inversely associated
with overall and cancer-specific survival although poten-
tial confounding was well controlled by adjustment for all
other major risk factors for poor cancer survival [6].

With an increasing number of prescribed drugs in
general, the likelihood for potentially inappropriate pre-
scribing (PIP) increases. PIP is an umbrella term for
medication overuse, underuse, and the use of poten-
tially inappropriate medication (PIM) in older adults. An
assessment tool for all these three aspects of PIP is the Fit
fOR The Aged (FORTA) list [7]. A German study applied
the FORTA list and showed how common these medica-
tion problems are among older colorectal cancer patients
aged 65 years and older [8]. The prevalence of PIM, medi-
cation over-, and underuse was 52.6%, 66.7% and 48.7%,
respectively.

Objectives

The aim of the OPTIMAL study is to test with a single-
blinded, randomized, controlled trial (RCT) design,
whether an advisory letter with the results of a compre-
hensive medication review conducted with the FORTA
list to the treating physician in rehabilitation clinics

improves the global quality of life (QoL) of older cancer
patients exposed to polypharmacy more than usual care.
Secondary endpoints will be QoL sub-domains, hospital-
izations, falls, mortality, fatigue, frailty, and medication
quality.

A further aim of the OPTIMAL study is to establish
a biobank with blood sample based data (including bio-
marker and genetic data) and other data collected in this
study to investigate risk and protective factors for the
development and unfavorable course of cancer. The term
“unfavorable course” is broadly defined and includes
death, hospitalizations, concomitant diseases, symptoms
and QoL, and difficulties in performing activities of daily
living.

Methods/Design

The trial protocol has been developed in line with the
SPIRIT guideline (Standard Protocol Items: Recommen-
dations for Interventional Trials) [9]. This manuscript is
based on the trial protocol version 4.0 from April 7, 2023.
At the time of submission of the trial protocol, recruit-
ment for the OPTIMAL study is planned to start in June
2023 and to be completed within 3 years.

Study design

The OPTIMAL study is a national, multicenter, prospec-
tive, single-blinded, randomized, controlled trial aiming
to test the superiority of an intervention over usual care.
Figure 1 shows the schematic flow-chart of the study. By
applying a parallel group design, the participants are ran-
domly assigned in a 1:1 ratio either to the intervention
group or to the usual care (control) group.

Recruitment is planned in approximately 10 rehabili-
tation clinics located all over Germany. The coordinat-
ing center is the Division of Clinical Epidemiology and
Ageing Research, German Cancer Research Center, Hei-
delberg, which will not participate in the recruitment of
study participants but will conduct follow-ups after the
rehabilitation clinic phase of the study.

Endpoints

The primary endpoint of the study is the change of the
European Organisation for Research and Treatment of
Cancer’s Quality of Life Questionnaire’s Core 30 items
(EORTC’s QLQ-C30 [10]) global health status (GHS)/
QoL score. The GHS/QoL score can change in the time
between filling of the baseline questionnaire (which takes
place in the first 1-2 weeks of the rehabilitation clinic
stay) and filling of the 8-month follow-up questionnaire
(which takes place in study month 8-9). The GHS/QoL
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Screening

Screening of cancer patients admitted to rehabilitation clinics (n=1,928)

Not eligible for participation:

No diagnosis of one of 22 selected
cancers, < 65 years old, and/or no
exposure to polypharmacy
(Approx. 66.7%, n=1,286)

A 4

Informed about the trial (n=642)

No interest in participation
(Approx. 20%, n=128)

A 4

Randomization (n=514)

Intervention group (n=257) Control group (n=257)
- Medication review with the - Usual care (No use of FORTA or
FORTA list similar medication review tool).
- Visit to discuss potential - Visit to discuss potential
medication changes medication changes (usually
none for control group)
v v
Ascertainment of primary endpoint
Questionnaire at 8-month follow-up Questionnaire at 8-month follow-up
Drop out Drop out
>  (Approx. > (Approx.
10%, n=26) 10%, n=26)
A 4 \ 4

Intention-to-treat analysis (n=462)
n=231 n=231

A A
Ascertainment of short- and long-term secondary endpoints

* Questionnaires at 4-, 8- and 12-month follow-up
+ Ascertainment of up to 10-year overall, non-cancer and cancer specific survival via
mortality register inquiries

Fig. 1 Flow-chart of the OPTIMAL study. Abbreviations: FORTA, Fit fOR The Aged
score is based on the following two questions: “How  past week?, both of which have a scale from 1 (“very

would you rate your overall health during the past week?”  poor”) to 7 (“excellent”). According to the EORTC-QLQ-
and “How would you rate your overall QoL during the  C30 manual, the two numbers are being summed up, the
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sum is being divided by two and subsequently standard-
ized to a scale from 0 to 100 points.

The following Table 1 lists all endpoints that will be
examined in the OPTIMAL study and the time-points of
their assessment. Secondary endpoints will be the change
of medication quality (total FORTA score and its sub-
scores [7]) from rehabilitation clinic admission to dis-
charge in week 3, other time-points of assessments of the
GHS/QoL score (at 4- and 12-month follow-ups, which
take place in study months 4-5 and 12-13, respectively),
the other domains of the EORTC-QLQ-C30 including
physical and cognitive functioning as well as symptom
scores that often reflect adverse drug reactions (nausea,
constipation diarrhea), dizziness, fatigue, frailty, falls,

Table 1 Outcomes and their Operationalization
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hospitalizations, as well as overall, non-cancer, and can-
cer-specific survival [10-12].

Study population

The target population is older cancer patients (=65
years), exposed to polypharmacy, who undergo in-patient
rehabilitation in a cooperating clinic for at least 3 weeks.
The target population will be representative for older,
multi-morbid cancer patients in the German rehabilita-
tion setting because it will be carried out as a multi-cen-
ter study and the in- and exclusion criteria are restricted
to the necessary minimum (e.g., by excluding only rare
cancer sites, and by not excluding specific cancer stages
or patients with specific cancer treatments).

Outcomes Ascertainment/Operationalization Time of assessment
Week Month Month Month Year
3 4-5 8-9 12-13 1-10

Total medication quality Total FORTA score X X
Medication underuse FORTA medication underuse sub-score X X
Medication overuse FORTA medication overuse sub-score X X
PIM use FORTA PIM use sub-score X X
Global health status EORTC-QLQ-C30 questions: 29+ 30 X X (primary) X
Physical functioning EORTC-QLQ-C30 questions: 1-5 X X X
Role functioning EORTC-QLQ-C30 questions: 6,7 X X X
Emotional functioning EORTC-QLQ-C30 questions: 21-24 X X X
Cognitive functioning EORTC-QLQ-C30 questions: 20,25 X X X
Social functioning EORTC-QLQ-C30 questions: 26,27 X X X
Dyspnoea EORTC-QLQ-C30 question: 8 X X X
Pain EORTC-QLQ-C30 questions: 9, 19 X X X
Insomnia EORTC-QLQ-C30 question: 11 X X X
Appetite loss EORTC-QLQ-C30 question: 13 X X X
Nausea and vomiting EORTC-QLQ-C30 questions: 14,15 X X X
Constipation EORTC-QLQ-C30 question: 16 X X X
Diarrhoea EORTC-QLQ-C30 question: 17 X X X
Dizziness Self-developed
Fatigue EORTC-QLQ-C30 questions: 10,12,18 X X X
Physical fatigue EORTC-FA12 X X X

questions: 1-5
Emotional fatigue EORTC-FA12 X X X

questions: 6-8
Cognitive fatigue EORTC-FA12 X X X

questions: 9-10
Interference of fatigue with daily life EORTC-FA12 X X X

question: 11
Frailty FRAIL-SCALE X
Falls Frequency, self-reported X
Hospitalizations Frequency, self-reported X
All-cause mortality All deaths X
Cancer mortality ICD-10 codes C00-C97 X
Non-cancer mortality AllICD-10 codes except C00-C97 X

Abbreviations: European Organisation for Research and Treatment of Cancer’s Quality of Life Questionnaire’s Core 30 items; EORTC-QLQ-FA12, EORTC's Quality of
Life Module Measuring Cancer Related Fatigue with 12 items; FORTA, Fit fOR The Aged; FRAIL-SCALE, Fatigue, Resistance, Ambulation, llinesses, & Loss of Weight; ICD,
International Classification of Diseases; PIM, potentially inappropriate medication
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In detail, the following inclusion criteria will be applied
in the OPTIMAL study:
1. Diagnosis or recurrence requiring treatment of
one of 22 selected, frequent cancers (International
Classification of Diseases (ICD)-10 codes) in the
last 5 years: esophagus (C15), stomach (C16), small
intestine (C17), colorectal (C18-20), anus (C21),
liver (C22), gallbladder/other biliary tract (C23-
24), pancreas (C25), lung (C33-C34), malignant
melanoma (C43), breast (C50), vulva (C51), cervix
(C53), uterus (C54-55), ovary (C56), prostate (C61),
kidney (C64), bladder (C67), Hodgkin lymphoma
(C81), non-Hodgkin lymphoma (C82-C88), multiple
myeloma (C90), and leukemia (C91-C95).
2. Age>65 years.
3. Exposure to polypharmacy, defined as
>5 chronically, concurrently used active
substances (including on-demand medication if used
at least once per month). Food supplements (except
vitamin D), homeopathic drugs, anthroposophical
drugs, herbal drugs without systemic action and
other non-systemic acting drugs (for local action
in the skin, eyes, ears, nose or throat, only) are
not counted because they do not cause (systemic)
adverse drug reactions if they are not overdosed. This
definition of “clinically relevant polypharmacy” has
been published previously [13].
4. At least 3 weeks of in-patient rehabilitation in a
cooperating clinic are planned.
5. Sufficient capabilities for informed consent.
The following exclusion criteria will be applied in the
OPTIMAL study:
1. No written informed consent to participate.
2. No sufficient mental and physical capabilities to fill
self-administered questionnaires.

No sufficient knowledge of the German language.

4. Missing information needed to conduct the
medication review with the FORTA list (medical
diagnoses and drugs used at the start of
rehabilitation).

5. No medication related problem at baseline (FORTA
score =0).

6. Missing baseline information needed for the primary
endpoint (change in EORTC-QLQ-C30 GHS/QoL
scale).

w

Measures during the course of the study
The contacts with study participants during the course of
the study and their scope is shown in Fig. 2.

Screening (before or at the start of rehabilitation)

Screening for eligible study participants will be done by a
study nurse or a study physician via checking the patient’s
files (which captures clinical diagnoses and current drug
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use) before or shortly after their admission to the reha-
bilitation clinic with a standardized screening checklist
stating the in- and exclusion criteria.

1st study visit for information about the study (week 1 of
rehabilitation)

During the first appointment in the rehabilitation clinic,
eligible patients will be informed about the OPTIMAL
study by a study nurse or a study physician and will
receive the printed study information and baseline ques-
tionnaire. They will have the opportunity to ask questions
and will be given enough time to consider their partici-
pation. A written informed consent to participate in the
OPTIMAL study will be obtained.

Study participants will be asked to fill the baseline
questionnaire in the next 2 days. The questionnaires are
used for the collection of important parameters (e.g. drug
use, medical diagnoses, vaccinations, lifestyle factors,
baseline levels of endpoint scales (e.g. EORTC-QLQ-
C30), and information needed to be able to contact the
study participants for the follow-ups (name, sex, birth-
day, address and phone number). A study physician/
nurse should ensure that the study participant completely
fill the questionnaire. Furthermore, the study nurse/phy-
sician will copy information about medical diagnoses and
prescribed drugs from the patient’s files to the appendix
of the standardized screening checklist. Towards the end
of rehabilitation week 1, the study nurse/physician will
mail the screening checklist, the signed informed consent
form, and the patient’s questionnaire to the coordinating
center.

Blood sampling (week 1 of rehabilitation)

Usually in the morning after the first visit, 38.6 ml blood
will be collected in 6 tubes (1x2.6 ml EDTA plasma, 1x9
ml EDTA plasma, and 3X9 ml serum) from each patient.
All tubes will be mailed to the laboratory of the coordi-
nating center with DHL express while ensuring a tem-
perature between 2 and 8 °C. The blood samples will be
stored in the coordinating center in freezers at -80 °C to
serve as a biobank for future research.

Randomization, blinding, and medication review by
pharmacist (week 2 of rehabilitation)

The pharmacist in the coordinating center will check cor-
rect inclusion into the study and randomize the study
participants 1:1 to the intervention and control group.
Computer-generated randomization lists will be pre-
pared by the pharmacist before study initiation with ran-
domizer.at, which will be stratified by recruiting center
using permuted blocks of random sizes. The block sizes
will not be disclosed, to ensure concealment. The alloca-
tion sequence will be stored in a locker whose keys will
only be available for the pharmacist and his/her deputy.
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1) Rehabilitation Clinic Phase
Before or at start Week 1 of Week 2 of Week 3 of
of rehab rehab rehab rehab
ot -
K . /ilfotmgt)i,:r:sa:tt)?l:t\ Randomization and 2nd study visit for
Screening medication review in potential

the study and blood

. coordinating center
sampling

medication changes

- Randomization of eligible
patients with complete
paperwork by coordinating
center

- Pharmacist in the
coordinating center will
perform the medication
review

- Submission of outcome of
medication review to study
physician for patients in the
intervention group

- Information about the study
and collection of signature
of consent to participation
- Handing out of baseline
questionnaire

- The study nurse will
document disease and drug
use information from the
patient’s files on a
standardized form and mail it
together with the signed
informed consent form and
filled patient’s questionnaire
to the coordinating center.

- Donation of blood sample,

- Screening for eligible
study participants in the
patient’s files (which
captures clinical diagnoses
and current drug use)
before or shortly after
admission to the
rehabilitation clinic

which will be shipped to the
@ordinating center /

N / N

2) Phase after discharge from rehabilitation clinic

/

Study Month
4+5

Study Month Study Month

8+9 12+13

- Visit for discussion of
potential medication
changes of study physician
and study participant for
both intervention and
control group.

- Documentation of
medication changes
implemented on
standardized form.

N

Study Year
1-10

O

t t
/B-month foIIow-up\ /12-month foIIow-up\

t
/Survival endpoints\

/ 4-month foIIow-up\
- Questionnaire sent by mail

- Questionnaire sent by mail
to study participants to to study participants to
determine quality of life and
secondary endpoints, and

determine quality of life and
secondary endpoints, and

compliance with 2 reminder
mailings

- Questionnaire sent by
mail to study participants to
determine quality of life and
secondary endpoints, and

compliance with 2 reminder compliance with 1 reminder

mailing
- For non-responders to
mailings: Telephone

mailings
interview to collect

k / @estionnaire information / K

Fig. 2 Contacts with study participants during the course of the study and their scope

/

The randomization numbers will be linked to the study
participant’s IDs. The study participant’s IDs are used to
label the informed consent forms, questionnaires, and
all other study materials for a specific patient. The study
materials will be packed for each study participant’s ID

- Inquiry at local
population registries for
survival status (up to 10-
year survival)

N /

in the coordinating center and shipped to the rehabilita-
tion clinics. Study participants will get their ID with the
package containing the study materials after giving their
written informed consent to participate in the study. Staff
in the recruiting study centers and the study participants
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will not see the randomization lists or any randomization
number at any time. Unblinding of study participants will
be prohibited until end of study month 13 (end of time
for collection of 12-month follow-up questionnaires).

The pharmacist in the coordinating center will further
perform the medication review with the 4 version of
the FORTA list updated in 2021 [7]. Medical diagnoses
and drug use obtained from two sources (patient’s medi-
cal files and patient’s questionnaires) will be combined to
ensure a high completeness.

The use of the FORTA list will be done in two steps:

1st step: Each of the medical diagnoses will need to be
checked. The FORTA list comprises the 30 most frequent
medical diagnoses and a list of frequently used active
substances for each diagnosis. The active substances have
a rating from A (indispensable) to D (avoid). The phar-
macist will then compare the present medication with
the rated active substances in the FORTA list and rates
each drug/diagnosis found as follows:

+ Appropriate use: The medication is indicated; a drug
classified as A (indispensable) or B (beneficial) is
prescribed.

+ PIM use: The medication is indicated but a drug
classified as C (questionable) or D (avoid) in the
FORTA list is given despite available classes A
(indispensable) or B (beneficial) alternatives.

+ Underuse: An indication is not treated.

2nd step: Drugs not rated in the first step will then be
checked and rated as follows:

+ Overuse: The medication is prescribed in the absence
of an appropriate indication.

+ Appropriate use: The medication is appropriately
prescribed according to clinical guidelines for a
disease not listed in the FORTA list, which is limited
to 30 diseases.

The pharmacist will subsequently calculate the FORTA
sub-scores for underuse, overuse, and PIM use for every
patient and sum the three scores up to obtain the total
FORTA score. Each medication underuse and overuse
scores 1 point. Each PIM use scores 2 points.

For patients randomized to the intervention group, the
pharmacist will fax an advisory letter to the study phy-
sicians stating suggested medication changes to over-
come PIM use (by replacing drugs with a C or D rating by
drugs with an A or B rating), underuse (by adding drugs
with an A or B rating), and overuse (by withdrawal of
drugs without indications). If the FORTA list suggests no
medication changes, the letter will contain only the sen-
tence: “No medication changes suggested” For patients
randomized to the control group, the letter will include
the same sentence: “No medication changes suggested”

Thus, the study physicians will be partly blinded
because they cannot know the randomization group
for patients for whom they received the sentence “No
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medication changes suggested” in the advisory letter
from the coordinating center. However, they could still
correctly guess that patients with medication changes
suggested in the letter are in the intervention group.
Thus, due to the nature of the intervention, the study
physicians cannot be fully blinded and the study design
is only a single-blinded study (only study participants will
be blinded).

2nd study visit for potential medication changes (week 3 of
rehabilitation)

The study physician will have a visit with the study par-
ticipants to discuss his/her medication. This should take
place for both the intervention and control group to
avoid accidental unblinding of study participants. For
study participants in the intervention group, the study
physician can follow the advice from the letter of the
pharmacist, who conducted the comprehensive medi-
cation review with the FORTA list. However, the study
physician is free to decide which medication changes
he or she will suggest to his/her patient and the patient
is also free to decide which changes he/she wants to be
implemented.

To maintain blinding of study participants, it is prohib-
ited for the study physician to tell the study participant
about the advisory letter he received from the coor-
dinating center or to show the letter to the study par-
ticipant. Furthermore, it is important for the blinding of
study participants that the study physician in addition
provides the patient the information that these medica-
tion changes could either mean that he/she is part of the
intervention group of the study or that these medication
changes were based on the physician’s own judgement
because the study physicians are allowed to suggest med-
ication changes as part of usual care also to patients ran-
domized to the control group.

In the control group receiving usual care, medication
reviews and changes are not prohibited as they are some-
times done as part of usual care in the German oncologic
rehabilitation setting. However, medication reviews are
usually not comprehensive by checking the total medi-
cation with a medication management software and/or
PIM lists. To ensure that intervention and control group
are treated differently enough to test the intervention,
we will not collaborate with study physicians who con-
duct comprehensive medication reviews with medication
management software or apply a PIM list as part of usual
care for older cancer patients.

If no medication changes are discussed in the 2nd study
visit, the study physician shall give the study participant
the information that this could either mean that the med-
ication review result was that no medication changes are
necessary or that they were in the control group. As the
exact wording is important in the communication with
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the patient to avoid accidental unblinding, the coordi-
nating center will provide cards with the text to be com-
municated from the study physician to the patient in the
two different scenarios (Medication changes suggested or
not). The study physician shall read the text of the respec-
tive card to the patient.

Medication changes to be implemented after the 2nd
visit should be documented by the study physician in a
standardized form and communicated to the study par-
ticipants’ general practitioners in the discharge letter. The
standardized form should be mailed to the coordinating
center.

Prescription monitoring

To check adherence of the study physicians regarding the
implementation of the medication changes suggested by
the FORTA list, a pharmacist in the coordinating cen-
ter will conduct a second medication review with the
FORTA list based on the information from the stan-
dardized form documenting the medication changes to
be implemented after 2nd visit. Non-adherence of the
study physician is defined by a FORTA score at rehabili-
tation clinic discharge worse by more than 2 points than
the FORTA score of optimal medication as assessed by
the coordination center in the first medication review. If
non-adherence of a single study physician is much higher
than that of most other study physicians, he/she will be
excluded from further patient recruitment to the study.

It is theoretically possible that learning effects from
using the advisory letters about medication changes
in the intervention group get translated to the control
group (so-called cross-contamination). Thus, all study
physicians will be told that it is important that they do
not change routine medical care during the study. As a
measure to prohibit changes of routine care in the con-
trol group, the same prescription monitoring described
above for the intervention group will also be applied to
the patients of the control group. The average change in
FORTA score from the first to the second visit for the first
10 control group participants for each study physician
will be used as a baseline. If improvement in the FORTA
score increases in control group participants during the
study for certain physicians, they will be notified about
this and asked to go back to their routine before starting
the study. If this is not being done by the study physicians
(or if it is not possible for them), they will be excluded
from further patient recruitment to the study.

Follow-up questionnaires after discharge from rehabilitation
clinic (4, 8, and 12 months after baseline)

To obtain primary and secondary outcome information,
short follow-up questionnaires will be sent from the
coordinating center to the study participants by mail in
study months 4, 8, and 12. Two reminders will be mailed
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to non-responders within 8 weeks after the first sending
of a questionnaire at the 4- and 12-month follow-up. For
the 8-month follow-up questionnaire, which contains the
information of the primary study endpoint, a high com-
pleteness rate shall be ensured by additional replacing the
second contact reminder via mail by a contact attempts
via telephone. The study participants will have the oppor-
tunity to give the information asked for in this question-
naire on the phone.

Adherence assessment of patients and their general
practitioners

The questionnaire at 8-month follow-up will ask the
study participant to list all drugs he/she currently uses
and if the take>80% of the prescribed dose. The pharma-
cist in the coordinating center will perform a third medi-
cation review with the FORTA list and calculate the total
FORTA score for the medication used with sufficient
adherence at the 8-month follow-up. If this FORTA score
at the 8-month follow-up is worse than the FORTA score
of the medication at the rehabilitation clinic discharge
visit by more than 2 points, the patient will be regarded
as non-adherent. It should be mentioned that this is not
only an adherence assessment for the patients but also
for the general practitioners and other caring physicians
in the outpatient setting that may prescribe new or differ-
ent drugs compared to the intended medication after the
patient got discharged from the rehabilitation clinic.

Survival follow-up (up to 10 years)

The personal data will be regularly compared with data
from registration offices and health authorities to moni-
tor the participants’ vital status and to determine the
cause of death of the deceased.

Statistical analysis plan

Sample size estimation

A GHS/QoL score difference of 5.86 scale points was
shown to be the minimally important improvement
[14], and the study is designed with a sufficient statisti-
cal power of 80% to detect such a difference or greater in
changes of the score between the intervention and con-
trol group with p<0.05. The sample size calculation was
conducted with Proc Power, SAS 9.4, SAS Institute Inc.,
Cary, NC, USA using data from the first n=38 study par-
ticipants of the MIRANDA (Mit Dabei!Reha nachDarm-
krebs) study, which is another study, currently being
conducted by the coordinating center (https://www.drks.
de/drks_web/setLocale_EN.do). The MIRANDA study
recruits colorectal cancer patients in German rehabilita-
tion clinics. The change in the EORTC-QLQ-C30 GHS/
QoL score from baseline to the 9-month follow-up was
approximately normally distributed. For the estimation of
meantstandard deviation (SD) GHS/QoL score change
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in the control group in the OPTIMAL study from base-
line to 8-month follow-up, the mean*SD change of the
GHS/QoL score from baseline to 9-month follow-up in
the MIRANDA study was taken. In the MIRANDA study,
the mean+SD GHS/QoL score increased from base-
line (52.41+19.17) to 9-month follow-up (60.96+18.89)
by 8.55 (£16.15) score points. For the estimation of
meantSD GHS/QoL score change in the intervention
group, the minimal important difference of 5.86 points
was added (8.55+5.86=14.41) and the SD was assumed
to change proportionally ((16.15/8.55)*14.41=27.22).
With these assumptions and applying a significance
level of 0.05 and 80% power, n=462 patients need to be
randomized 1:1 to the intervention and control group
(i.e., n=231 patients are needed in each group) to detect
a score change difference of 5.86 or more points using
a two-sided, two-sample, t-test for the mean difference.
Taking into account a drop-out rate of 10% (drop-out
defined as no follow-up questionnaire available and/or
no documented visit with a study physician at the end of
rehabilitation), n=514 patients need to be randomized.

Statistical methods

Homogeneity of the intervention and control group will
be described by comparison of the demographic data and
key baseline characteristics. All statistical tests will have
a two-sided significance level of 0.05. In addition, 95%
confidence intervals will be estimated for all outcomes in
the intervention and control groups. All analyses will be
done using SAS software version 9.4 or later.

The primary analysis will test the null hypothesis:

H, The change in the EORTC-QLQ-C30 GHS/QoL score
from baseline to 8-month follow-up is the same in the two
groups.

versus the alternative hypothesis:

H,; The change in the EORTC-QLQ-C30 GHS/QoL score
from baseline to 8-month follow-up is different in the two
groups.

The primary endpoint EORTC-QLQ-C30 GHS/
QoL score will be analyzed with an intention-to-treat
approach, including all randomized patients in the “Full
Analysis Set” who had a documented visit at the end
of rehabilitation and have any follow-up data (4-, 8- or
12-month follow-up). If data for the primary outcome
are missing, multiple imputation of 20 data sets will be
conducted using an imputation model including all
socio-demographic and health related factors assessed
at baseline, 4-, 8- and 12-month follow-up. The Markov
Chain Monte Carlo (MCMC) method of the SAS proce-
dure PROC MI will be used for multiple imputation and
the SAS procedure PROC MIANALYZE will be used for
the analysis, considering the variation between the 20
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data sets. In sensitivity analysis, the primary outcome will
be imputed for all randomized patients, including sub-
jects with no follow-up data. A per-protocol analysis will
be done additionally as a sensitivity analysis excluding
all patients with non-adherent study physicians (FORTA
score at rehabilitation clinic discharge>2 points or no
2" study visit with discussion of medication changes
performed before rehabilitation clinic discharge) and
non-adherent patients (FORTA score of actually used
mediation at 8-month follow-up worse by more than 2
points than the FORTA score of medication at rehabili-
tation clinic discharge) from the intervention group. In
a further sensitivity analysis, subjects who received che-
motherapy or radiotherapy or had a tumor surgery in
the month prior to the 8-month follow-up questionnaire
date will be excluded because this may have a very large
impact on their QoL, which could superpose all potential
effects of the intervention.

As normal distribution can be assumed for the out-
come “change in GHS/QoL score’, the primary test sta-
tistic will be the two-sample Satterthwaite’s t-test for the
mean difference with unequal variances.

All normally distributed secondary endpoints with a
continuous scale will also be analyzed with the two-sam-
ple Satterthwaite’s t-test. If normal distribution cannot
be assumed, the Wilcoxon rank-sum test will be used. All
dichotomous secondary endpoints will be tested with a
Chi? test. In addition, a generalized estimating equation
model will be applied for all outcomes that will be repeat-
edly assessed during 12 months of follow-up.

A priori defined subgroup analyses will be conducted
for groups defined by rehabilitation clinic, age (65-79 /
> 80 years), sex, cancer stage (I or II / III or IV), tumor
site (lung, breast, prostate, colorectal, or other), baseline
EORTC-QLQ-C30 GHS/QoL score (<52 / > 52 points),
baseline drug burden (5-9 / = 10 medications), baseline
frailty (robust / pre-frail / frail), and use of anti-depres-
sant or anti-psychotic medication at baseline (yes/no).

Because of the multiplicity of tests for subgroup and
secondary outcome analyses, all results except for the
primary endpoint, will be regarded as exploratory and
not confirmatory.

No interim analyses are planned.

Data management & protection

The names of the patients and all other confidential
information are subject to medical confidentiality, the
General Data Protection Regulation (Datenschutz-
Grundverordnung (DSGVO)) and the Federal / State
Data Protection Law (Bundes-/Landesdatenschutzge-
setzes (BDSG / LDSG BW)). The appropriate regu-
lations of local data legislation will be fulfilled in its
entirety. All data obtained in the course of the study will
be treated pursuant to the Federal Data Protection Law
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(BDSG) and the European ordinance (EU) 2016/679
(Datenschutz-Grundverordnung).

Patient data will be documented anonymized/pseudon-
ymized and may only be passed on to universities, clin-
ics, or companies in anonymized/pseudonymized form.
Third parties do not have access to original documents.
A decoding of the pseudonymization will only be con-
ducted in case of complete data deletion for study partici-
pants who demanded it.

Study data stored on a computer will be stored in
accordance with the local data protection law and will be
handled in strictest confidence. Distribution of these data
to unauthorized persons will be strictly prevented. The
only persons who have access to the pseudonymization
code are the study’s medical documentarist and his/her
deputy who is also a medical documentarist and is not
involved data analyses.

A data monitoring committee, monitoring of study
centers and a trial auditing system will not be imple-
mented because the trial will not be conducted according
to the laws of a drug trial. This is also the reason, why no
data on adverse events or other unintended drug effects
will be collected and no provisions for post-trial care are
made.

Patient questionnaires, declaration of consent, and
transfer agreement

The questionnaires to be completed by the study partici-
pants are marked with a unique identification number
(=study participant’s ID). Study participants are asked to
give their name, address, date of birth, phone and mobile
number on the questionnaire cover sheet. After receipt
of the questionnaire at the coordinating center, the cover
sheet with the personal data is separated from the rest of
the questionnaire, which only contains the ID.

The further storage and processing of the personal data
will be carried out completely separately from the pro-
cessing of the study data. The cover sheet of the ques-
tionnaire is stored exclusively in a separate steel cabinet
in a room with a special locking system. Only a limited
group of appointed persons has a key to this room. The
personal data on the cover sheet are processed on a com-
puter located in the coordinating center. This computer
contains the software as well as the files for administer-
ing the study participants. Access to this computer is
restricted to the persons responsible for organizing the
study. The computer is secured by a special security soft-
ware, for which a special password is required in order to
gain access.

The declaration of consent contains the name and sig-
nature of the participant. After receipt at the coordinat-
ing center, it will be kept in the same way as described for
the cover sheet of the questionnaire (see above).
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Blood samples

The samples will be collected, transported, stored and
processed/analyzed in pseudonymized form, provided
only with the unique study participant’s ID.

Long-term data storage & anonymization

All study data and samples will be stored in a biobank
at the German Cancer Research Center for a minimum
of 20 years after the end of recruitment. Subsequently,
it will be determined whether further storage is neces-
sary. If no scientific data analyses were conducted over a
5-year period after the minimum storage time, the study
data will be deleted. Person identifying data will be stored
for a maximum of 15 years to complete the 10-year sur-
vival follow-up (10 years of follow-up time+3 years of
recruitment time+2 years of data availability delay). As
soon as vital status and cause of death needed for 10-year
survival were ascertained, the personal data (names,
addresses, birth date and phone numbers) will be deleted.
A subsequent assignment of samples and data to a spe-
cific person is then no longer possible (=anonymization).

Discussion
We will assess whether an advisory letter with the results
of a comprehensive medication review conducted with
the FORTA list to the treating physician in rehabilitation
clinics improves the global QoL of older cancer patients
exposed to polypharmacy more than usual care in a
multi-center, single-blinded RCT. QoL is a highly patient-
relevant outcome for older cancer patients [15, 16]. Fur-
thermore, multiple secondary endpoints, specifically
relevant for the elderly, will be tested, such as physical
functioning, cognitive functioning, fatigue, frailty, falls,
hospitalizations, and survival. The RCT is novel in mul-
tiple aspects:

+ First RCT with a QoL score as the primary endpoint

and not as a secondary endpoint.
+ First RCT in the oncological rehabilitation setting.
+ First trial applying the FORTA list in older cancer
patients.

In recent years, increasing efforts have been made to
reduce PIP by implementing medication reviews in
older cancer patients. Recent studies presented benefi-
cial effects of medication reviews with respect to reduc-
ing PIP rates and functional assessment scores in cancer
patients [17-23]. However, evidence for the effects on
patient-relevant endpoints, such as QoL, hospital (re-)
admissions, or mortality is sparse because previous stud-
ies with older cancer patients were mostly feasibility-ori-
ented (to test if implementing medication reconciliation
in oncology ambulatory settings is feasible), underpow-
ered, with relatively short follow-up periods, or they did
not record the mentioned patient-relevant outcomes.
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Effectiveness concerning patient-relevant endpoints is
largely unknown and neither proven in RCTs for under-
use [24], overuse, nor PIM use [25-28]). The FORTA list
is no exception because the primary outcome tested in
the VALFORTA-RCT with 409 hospitalized older adults
was medication appropriateness and this outcome was
significantly improved [29]. However, application of the
FORTA list also improved patient-relevant secondary
outcomes in that trial, which were the total number of
adverse drug reactions, limitations in activities of daily
living and renal failure. This distinguishes the available
evidence for the FORTA list from that of most other drug
lists. However, it needs to be mentioned that the VAL-
FORTA trial had methodological weaknesses, including
problems with the randomization leading to unbalanced
patient characteristics among the two groups, no correc-
tion for multiple testing when analyzing multiple second-
ary outcomes and a lack of a per-protocol-analysis. Thus,
it is important to check the results of the VALFORTA
trial in another trial applying the highest methodology
standards of RCTs.

However, despite its methodological weaknesses, the
VALFORTA trial’s results are encouraging to use the
FORTA list in further RCTs. Other reasons for choos-
ing the FORTA list include aspects of feasibility to trans-
late the study’s results into regular care. FORTA is being
updated annually. Although it was specifically designed
for the German drug market it is increasingly being made
available for other countries like the US and Japan [30,
31]. Moreover, there is a smartphone app specifically
designed for the FORTA list, which allows the healthcare
providers to apply it more efficiently. The app is free of
charge and is quickly used. It takes approx. 5-10 min to
put in information about a patient and to obtain the rec-
ommendations for medication changes.

Thus, if the RCT is successful and shows that the com-
prehensive medication review with the FORTA list has an
impact on the patients’ QoL, the trial results could eas-
ily be translated into the routine of care for older can-
cer patients. As the FORTA list and smartphone app are
free of charge, only the time the physician spends to do
the medication review is a cost issue. We are very confi-
dent that the medication review with the FORTA list is a
highly cost-effective measure in the care for older cancer
patients exposed to polypharmacy because it should be
able to improve drug safety by preventing adverse drug
events (by reduction of PIP, drug-drug interactions, and
drug overdosing), by maximizing therapeutic effective-
ness (by avoiding medication underuse), and by reducing
unnecessary costs for drugs (by omitting duplicate pre-
scriptions or prescriptions of drugs without proven effi-
cacy in older adults).

We think, that the results of the OPTIMAL trial will
be generalizable to other developed countries with
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comparable cancer care as in Germany. Although other
health care systems may not have rehabilitation clin-
ics for oncological care, they will have other institutions
caring for older cancer patients after primary cancer
therapy, like oncological specialists’ practices, in which
the medication review with the FORTA list could be
implemented.

Results of the OPTIMAL trial will be presented in
international meetings and published following the
CONSORT statement in a high-ranked international
medical peer-reviewed journal, independent of the
results. Moreover, all oncological rehabilitation clinics in
Germany will be informed about the results per letter to
ensure effective translation into practice. Lastly, patient
advocacy groups for cancer patients in Germany will be
informed about the trial’s results for further distribution
among their members.

List of abbreviations

EORTC QLQ-C30  European Organisation for Research and Treatment of
Cancer's Quality of Life Questionnaire’s Core 30 items,
EORTC QLQ-FA12

FORTA Fit fOR The Aged

GHS Global Health Status

ICD International Classification of Diseases
MIRANDA Mit Dabei! Reha nach Darmkrebs
OPTIMAL Optimization of polypharmacy in geriatric oncology
PIM potentially inappropriate medication

PIP potentially inappropriate prescribing

QoL Quiality of life

RCT randomized controlled trial

SD standard deviation

SPIRIT Standard Protocol

Items Recommendations for Interventional Trials

Acknowledgements
We acknowledge gratefully the collaboration and commitment of all staff in
rehabilitation clinics involved in the OPTIMAL study.

Author contributions

BS designed the trial. BS, LJC and HB and obtained the funding. BS drafted the
protocol and LJC, RC and HB revised it. All authors contributed to refinement
of the trial protocol and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Data availability

The data will not be made available in an Open Access Platform. After
completion of the study, interested scientists can request data and can receive
pseudonymized data upon approval of this application by the principal
investigator of the OPTIMAL study (Dr. Ben Schottker; b.schoettker@dkfz.de)
and a signed data transfer agreement with the DKFZ.

Declarations

Ethics approval and consent to participate

Ethical approval for the study was granted by the responsible Ethics
Committee of the Medical Faculty, Heidelberg University at February 8th,
2023. If needed, protocol amendments will be issued to this ethics committee
before implementing them. The study will be conducted in adherence with
the "Ethical principles for medical research involving human subjects” of the
18th World Medical Association General Assembly in Helsinki (1964) in their
current version. All data obtained in the course of the study will be treated
pursuant to the Federal Data Protection Law (Bundesdatenschutzgesetz) and



Schottker et al. BMC Cancer (2023) 23:357

the European ordinance (EU) 2016/679 (Datenschutz-Grundverordnung). The
trial was registered in the German Clinical Trials Register “DRKS" before the

first patient was recruited. All participants provide written informed consent
before enrolment in the OPTIMAL trial. Patient participation in the study is
voluntary. The informed consent to participate in the study may be withdrawn
by the patient at any time without disadvantages for further medical care.

Competing interests
The authors declare no competing interests.

Consent for publication
Not applicable.

Author details

'Division of Clinical Epidemiology and Aging Research, German Cancer
Research Center (DKFZ), Im Neuenheimer Feld 581, 69120 Heidelberg,
Germany

“Rehabilitation Clinic Niederrhein, HochstraRe 13-19,

53474 Bad Neuenahr-Ahrweiler, Germany

3Division of Preventive Oncology, German Cancer Research Center (DKFZ)
and National Center for Tumor Diseases (NCT), Im Neuenheimer Feld 460,
69120 Heidelberg, Germany

“4German Cancer Consortium (DKTK), German Cancer Research Center
(DKFZ), Im Neuenheimer Feld 280, 69120 Heidelberg, Germany

Received: 15 February 2023 / Accepted: 5 April 2023
Published online: 18 April 2023

References

1. Robert Koch-Institut und die Gesellschaft der epidemiologischen Krebsregis-
ter in Deutschland. (2019). Krebs in Deutschland. https://www.krebsdaten.de/
Krebs/DE/Content/Krebsarten/Darmkrebs/darmkrebs_node.html. Accessed
21 Dec 2022.

2. Rick O, Dauelsberg T, Kalusche-Bontemps EM. Oncological Rehabilitation.
Oncol Res Treat. 2017;40(12):772-7.

3. Tinetti ME, Bogardus ST Jr, Agostini JV. Potential pitfalls of disease-
specific guidelines for patients with multiple conditions. N Engl J Med.
2004,351(27):2870-4.

4. Maggiore RJ, Dale W, Gross CP, Feng T, Tew WP, Mohile SG, Owusu C, Klepin
HD, Lichtman SM, Gajra A, et al. Polypharmacy and potentially inappropriate
medication use in older adults with cancer undergoing chemotherapy: effect
on chemotherapy-related toxicity and hospitalization during treatment. J Am
Geriatr Soc. 2014,62(8):1505-12.

5. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A
systematic review of definitions. BMC Geriatr. 2017;17(1):230.

6. Chen LJ,Nguyen TNM, Chang-Claude J, Hoffmeister M, Brenner H, Schottker
B. Association of Polypharmacy with Colorectal Cancer Survival among older
patients. Oncologist. 2021;26(12):e2170-80.

7. Pazan F, Weiss C, Wehling M, Bauer JM, Berthold HK, Denkinger M, Arnim Cv,
Dovjak P, Frohnhofen H, Gosch M, et al. The FORTA (fit fOR the aged) list 2021:
Fourth Version of a validated clinical aid for Improved Pharmacotherapy in
older adults. Drugs Aging. 2022;39(3):245-7.

8. ChenLJ, Nguyen TNM, Laetsch DC, Chang-Claude J, Hoffmeister M, Brenner
H, Schéttker B. Association of co-medication quality with chemotherapy-
related adverse drug reactions and survival in older colorectal cancer
patients. J Gerontol A Biol Sci Med Sci. 2022;77(5):1009-19.

9. Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gatzsche PC, Krleza-Jeri¢ K,
Hrobjartsson A, Mann H, Dickersin K, Berlin JA, et al. SPIRIT 2013 State-
ment: defining standard protocol items for clinical trials. Ann Intern Med.
2013;158(3):200-7.

10.  Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, Filiberti
A, Flechtner H, Fleishman SB, de Haes JC, et al. The European Organization
for Research and Treatment of Cancer QLQ-C30: a quality-of-life instru-
ment for use in international clinical trials in oncology. J Natl Cancer Inst.
1993;85(5):365-76.

11, Weis J, Wirtz MA, Tomaszewski KA, Hammerlid E, Arraras JI, Conroy T, Lanceley
A, Schmidt H, Singer S, Pinto M, et al. Sensitivity to change of the EORTC
quality of life module measuring cancer-related fatigue (EORTC QIQ-Fa12):

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 12 of 13

results from the international psychometric validation. Psychooncology.
2019,28(8):1753-61.

Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL)
predicts outcomes in middle aged African Americans. J Nutr Health Aging.
2012;16(7):601-8.

Schéttker B, Saum KU, Muhlack DC, Hoppe LK, Holleczek B, Brenner H.
Polypharmacy and mortality: new insights from a large cohort of older
adults by detection of effect modification by multi-morbidity and com-
prehensive correction of confounding by indication. Eur J Clin Pharmacol.
2017;73(8):1041-8.

Musoro JZ, Coens C, Singer S, Tribius S, Oosting SF, Groenvold M, Simon C,
Machiels JP, Grégoire V, Velikova G, et al. Minimally important differences for
interpreting european Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30 scores in patients with head and neck
cancer. Head Neck. 2020;42(11):3141-52.

Chen LJ, Trares K, Laetsch DC, Nguyen TNM, Brenner H, Schéttker B. Sys-
tematic review and Meta-analysis on the Associations of Polypharmacy and
potentially inappropriate medication with adverse outcomes in older Cancer
Patients. J Gerontol A Biol Sci Med Sci. 2021;76(6):1044-52.

Mohamed MR, Ramsdale E, Loh KP, Arastu A, Xu H, Obrecht S, Castillo D,
Sharma M, Holmes HM, Nightingale G, et al. Associations of Polyphar-

macy and Inappropriate Medications with adverse outcomes in older

adults with Cancer: a systematic review and Meta-analysis. Oncologist.
2020;25(1):e94-e108.

Extermann M, Meyer J, McGinnis M, Crocker TT, Corcoran MB, Yoder J, Haley
WE, Chen H, Boulware D, Balducci L. A comprehensive geriatric intervention
detects multiple problems in older breast cancer patients. Crit Rev Oncol
Hematol. 2004;49(1):69-75.

Lund CM, Vistisen KK, Olsen AP, Bardal P, Schultz M, Dolin TG, Renholt F,
Johansen JS, Nielsen DL. The effect of geriatric intervention in frail older
patients receiving chemotherapy for colorectal cancer: a randomised trial
(GERICO). Br J Cancer. 2021;124(12):1949-58.

Vega TG, Sierra-Sanchez JF, Martinez-Bautista MJ, Garcfa-Martin F, Suédrez-
Carrascosa F, Baena-Canada JM. Medication Reconciliation in Onco-

logical Patients: a Randomized Clinical Trial. J Manag Care Spec Pharm.
2016;22(6):734-40.

Nipp RD, Ruddy M, Fuh CX, Zangardi ML, Chio C, Kim EB, Li BKM, Long Y,
Blouin GC, Lage D, et al. Pilot randomized Trial of a pharmacy intervention for
older adults with Cancer. Oncologist. 2019,24(2):211-8.

Schlichtig K, Darr P, Fromm MF, Dérje F. Medication safety in patients treated
with new oral Antitumor Agents: a prospective, Randomized Investigation
on the impact of intensified Clinical Pharmaceutical/Clinical Pharmacological
Care on Patient Safety and Well-Being (AMBORA). Supported by the German
Cancer Aid (70112447) within the Comprehensive Cancer Center Erlangen-
EMN. Oncol Res Treat. 2020;43(suppl 1):1-265.

Periasamy U, Mohd Sidik S, Rampal L, Fadhilah SI, Akhtari-Zavare M, Mahmud
R. Effect of chemotherapy counseling by pharmacists on quality of life and
psychological outcomes of oncology patients in Malaysia: a randomized
control trial. Health Qual Life Outcomes. 2017;15(1):104.

Tan BK, Chua SS, Chen LC, Chang KM, Balashanker S, Bee PC. Efficacy of a
medication management service in improving adherence to tyrosine kinase
inhibitors and clinical outcomes of patients with chronic myeloid leukaemia:
a randomised controlled trial. Support Care Cancer. 2020;28(7):3237-47.
Meid AD, Lampert A, Burnett A, Seidling HM, Haefeli WE. The impact of phar-
maceutical care interventions for medication underuse in older people: a
systematic review and meta-analysis. Br J Clin Pharmacol. 2015;80(4):768-76.
Gallagher PF, O'Connor MN, O'Mahony D. Prevention of potentially inap-
propriate prescribing for elderly patients: a randomized controlled trial using
STOPP/START criteria. Clin Pharmacol Ther. 2011,89(6):845-54.

Dalleur O, Boland B, Losseau C, Henrard S, Wouters D, Speybroeck N, Degryse
JM, Spinewine A. Reduction of potentially inappropriate medications using
the STOPP criteria in frail older inpatients: a randomised controlled study.
Drugs Aging. 2014;31(4):291-8.

Garcia-Gollarte F, Baleriola-Julvez J, Ferrero-Lopez |, Cuenllas-Diaz A, Cruz-
Jentoft AJ. An educational intervention on drug use in nursing homes
improves health outcomes resource utilization and reduces inappropriate
drug prescription. J Am Med Dir Assoc. 2014;15(12):885-91.

Frankenthal D, Lerman Y, Kalendaryev E, Lerman Y. Intervention with the
screening tool of older persons potentially inappropriate prescriptions/
screening tool to alert doctors to right treatment criteria in elderly residents
of a chronic geriatric facility: a randomized clinical trial. J Am Geriatr Soc.
2014;62(9):1658-65.


https://www.krebsdaten.de/Krebs/DE/Content/Krebsarten/Darmkrebs/darmkrebs_node.html
https://www.krebsdaten.de/Krebs/DE/Content/Krebsarten/Darmkrebs/darmkrebs_node.html

Schottker et al. BMC Cancer (2023) 23:357

29.

30.

Wehling M, Burkhardt H, Kuhn-Thiel A, Pazan F, Throm C, Weiss C, Frohnhofen

H. VALFORTA: a randomised trial to validate the FORTA (fit fOR the aged) clas-

sification. Age Ageing. 2016;45(2):262-7.

Pazan F, Gercke Y, Weiss C, Wehling M. The U.S-FORTA (Fit fOR The Aged) List:
Consensus Validation of a Clinical Tool to Improve Drug Therapy in Older
Adults. JAm Med Dir Assoc 2020, 21(3):439.e439-439.e413.

Pazan F, Gercke Y, Weiss C, Wehling M. The JAPAN-FORTA (Fit fOR the aged)
list: Consensus validation of a clinical tool to improve drug therapy in older
adults. Arch Gerontol Geriatr. 2020,91:104217.

Page 13 of 13

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Protocol of the optimal study: Optimization of polypharmacy in geriatric oncology - A randomized controlled trial
	﻿Abstract
	﻿Background
	﻿Objectives

	﻿Methods/Design
	﻿Study design
	﻿Endpoints
	﻿Study population
	﻿Measures during the course of the study
	﻿Screening (before or at the start of rehabilitation)
	﻿1st study visit for information about the study (week 1 of rehabilitation)
	﻿Blood sampling (week 1 of rehabilitation)
	﻿Randomization, blinding, and medication review by pharmacist (week 2 of rehabilitation)
	﻿2nd study visit for potential medication changes (week 3 of rehabilitation)
	﻿Prescription monitoring
	﻿Follow-up questionnaires after discharge from rehabilitation clinic (4, 8, and 12 months after baseline)
	﻿Adherence assessment of patients and their general practitioners
	﻿Survival follow-up (up to 10 years)


	﻿Statistical analysis plan
	﻿Sample size estimation
	﻿Statistical methods

	﻿Data management & protection
	﻿Patient questionnaires, declaration of consent, and transfer agreement
	﻿Blood samples
	﻿Long-term data storage & anonymization
	﻿Discussion
	﻿References


