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Abstract

Introduction: This pilot study aimed to investigate the
effects of using an app-based certified medical product
named PINK! on breast cancer patients and survivors. The
objectives were to measure psychological distress, physical
activity, and therapy-related fatigue of patients using PINK!
to identify trends and develop a study design for a sub-
sequent multicentric proof of efficacy RCT. Materials and
Methods: PINK! offers individualized, evidence-based ther-
apy and side-effect management, mindfulness-based stress
reduction, nutritional and psychological education, physical
activity tracking, and motivational exercises to implement
lifestyle changes sustainably in daily routine. A prospective,
intraindividual RCT was performed with n = 60 patients in
2021 at Comprehensive Cancer Center Munich. Patients with
BC were included independent of the stage of diseases.
The intervention group got access to PINK! over 12 weeks.

Control group served as a waiting-list comparison to “stan-
dard of care.” Results: Primary efficacy variable analysis
revealed a relative average decrease of 32.9% in psycho-
logical distress, which corresponds to a statistically signifi-
cant reduction (p < 0.001) within 12 weeks compared to the
control group. Linear regressions within usage groups
showed a correlation of high app usage and a reduction
of psychological distress. Fatigue data presented a statisti-
cally significant antifatigue efficacy (p < 0.001) and physical
activity increased by 63.9%. Conclusion: App-based
supportive care offers a promising, low-threshold, and
cost-efficient opportunity to improve psychological well-
being, quality of life, fatigue, and physical activity. More
research is needed to implement eHealth solutions in clinical
cancer care. © 2023 S. Karger AG, Basel

Introduction

Although the long-term survival has increased within
the last decades and the individualization of treatment
options has improved substantially, breast cancer is still
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the leading malignant disease of women worldwide and
the number of cases still increases. Research of the last
years focused on the development of personalized ther-
apeutic concepts. Therapeutic decisions are mainly based
on molecular and histological characteristics of the tu-
mor. The main goal is to find optimal treatment pathways
or to tailor treatments especially for early breast cancer
(EBC) patients, with respect to long-term toxicity-related
side effects and improving quality of life. An integration
of multimodal therapeutic concepts for EBC patients
leads to full recovery in more than 70-80%. Treatment
of metastatic breast cancer (MBC) aims to improve
progression-free survival, overall survival, and therapy-
related side effects as well as to improve symptom control
and quality of life. Both EBC and MBC patients suffer
from psychological and social distress after diagnosis,
during therapy, and in aftercare even 1 year after diag-
nosis [1, 2].

However, actual treatments can result in poor health-
related quality of life, adherence, psychological distress,
fatigue, and lower physical activity levels. Generating
further evidence in research of psycho-oncological inter-
ventions and digital behavioral coaching is one of the
main goals of this project. The current status of research
clearly shows that increased psychological well-being and
health-related quality of life are associated with better
treatment responses and significant improvement of
disease-free survival rates [3, 4]. Psychological well-
being and patient empowerment are complex and very
individual factors in patients with a serious disease such
as breast cancer. It can be improved by lifestyle behaviors
such as health-promoting nutrition [5], physical activity
[6, 7], and stress reduction [8-10] as well as side-effect
management, self-management, empowerment, patient
engagement, and education [11]. Patient education im-
proves patient’s health literacy that is by definition the
knowledge, motivation, and ability to find, understand,
assess, and apply health information in order to make
decisions about health-related topics in daily routine [12].

The PINK! app offers individualized, evidence-based
therapy and side-effect management, mindfulness-based
stress reduction, nutritional and psychological education,
physical activity tracking, and motivational exercises to
implement lifestyle changes sustainably in daily routine of
breast cancer patients. Side-effect management supports
patient empowerment, which in turn reduces anxiety and
depression symptoms [13, 14]. Mindfulness-based stress
reduction interventions have been found efficacious in
treating psychological distress among cancer patients and
survivors [8, 10, 13, 14]. Patient education has been
shown in many studies as very effective in terms of
reducing therapy-related side effects such as fatigue
and psychological distress [9, 15]. Patient education
also leads to increased physical activity in patients re-
ceiving systematic therapy and in survivors. Moreover,
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recent research shows that physical activity decreases the
risk of mortality from breast cancer by up to 40% [6]. The
biological mechanisms explaining these associations are
still not well investigated even though many studies that
prove those findings exist. Especially psychological dis-
tress, physical activity, and fatigue seem to be related
[16-19].

A substantial proportion of breast cancer patients are
dealing with fatigue symptoms, which are partly trig-
gered by the diseases itself and the treatment and what
results in psychologically and physically impairments.
Current research shows that improving physical activity
during and after therapy leads to improved psycholog-
ical well-being and a significant reduction of fatigue
symptoms [16, 17].

PINK! aims to support patients with breast cancer in
every stage of disease and therapy in order to empower
patients to become an active role during their therapy and
in aftercare independent of factors such as stage of
disease, type of therapy, age, place of residence, or the
clinic the patient is being treated or was treated. Using
PINK! offers patients a personalized, time- and location-
independent coaching. Investigating the personalized
app-based therapeutic concept of PINK!, not only with
patients in initial therapy (surgery, chemotherapy neo-
adjuvant or adjuvant, post-neoadjuvant; aapecitabine,
abemaciclib, bisphosphonate, endocrine therapy +/-
GbRH, radiation) but also in aftercare and adjuvant
treatment, was the main goal of this pilot study. The
main focus was set on the connection of psychological
distress, fatigue, and physical activity. Besides that, the
feasibility of implementing an App-based support in
clinical cancer routine of a large German breast cancer
center was investigated. We hypothesized that PINK!
empowers breast cancer patient in therapy and aftercare
to increase their level of physical activity and reduce at the
same time psychological distress and fatigue symptoms
compared to patients in the control group.

Materials and Methods

General

In total, 60 women with breast cancer were recruited to this
pilot study at the LMU Breast Cancer Center, Munich in August
2021. Participants in this study had to meet the following inclusion
criteria: (1) they were at least 18 years old, (2) they were German
speaking as the app is in German, (3) they had a breast cancer
diagnosis and are in therapy or aftercare at least 12 more weeks
(study duration time for each patient), (4) they had an e-mail
address and were willing to answer 4 digital questionnaires, and (5)
they had a smartphone to use PINK!. Furthermore, the following
exclusion criteria were defined: (1) strong psychological distress at
baseline (PHQ-9 > 20) and (2) participation in other clinical study
with digital support and/or measurements of quality of life. The
primary endpoint PHQ-9 is a multipurpose instrument for screen-
ing, diagnosing, monitoring, and measuring the severity of
depression.
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Fig. 1. PINK! Coach App Screens.
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Population

Randomization was 1:2 to control and intervention groups.
Control group served as a waiting-list group starting PINK! use after
12 weeks and as comparison to “standard of care” (primary endpoint).
“Standard of care” means best practice care. Nine of 60 patients were
MBC patients: 39 patients were undergoing chemotherapy and 21
were in aftercare. Undergoing chemotherapy means that they were in
therapy for the entire time of the study (12 weeks). There was no other
specific definition of therapy. All types of therapy ways (neoadjuvant,
adjuvant, post-neoadjuvant, and metastatic) were included. Patients
that were defined as “in aftercare” had their surgery performed at least
6 months ago. They completed surgery, chemotherapy, and, if
necessary, radiotherapy, and optional received adjuvant endocrine,
adjuvant oral Her2-targeted therapy, or no therapy during aftercare.
All patients in the subgroup “aftercare” were EBC patients.

The PINK app pilot study has been approved by the Medical Ethical
Committee of the LMU University of Munich, Germany, on August 19,
2021 (Reference number: 21-0757). The trial has been registered on
October 6, 2021 on the DRKS Trial Registry (DRKS00025811).

Procedure

Patients were identified, informed, and included in the study at
LMU Breast Cancer Center. All patients in this study signed a written
informed consent to participate in this study. After baseline documen-
tation and the patients’ first questionnaire, they were randomized in an
intervention or a control group. Patients in the intervention group got
access and introduction in PINK! app and started immediately using it.
PINK! offers personal coaching, evidence-based therapy and side-effect
management, mindfulness-based stress reduction, nutritional and psy-
chological education, physical activity tracking, and motivational ex-
ercises to implement lifestyle changes sustainably in daily routine.
Patients were instructed to use the app as often as they need it during
daily routine. There was no predefined usage time they were supposed
to achieve. Figure 1 shows the main PINK! Coach App functionalities.

Intervention

PINK! offers multimodal content in 3 categories: nutrition,
physical activity, and mental health. Content is provided as
articles, videos, podcasts, and daily goals to achieve. Those daily
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goals are steps counts, nutritional habits, physical exercises, MBSR
exercises, and more. The patients decide themselves if and how
many goals they try to achieve each day. The goal is to motivate
patients to start changing daily lifestyle habits. All information is
evidence-based, validated, and permanently updated based on
recent research results, German Breast Cancer Guidelines
(AGO S3 guidelines), and the PINK! Research Expert Board [12].

Questionnaires were all standardized. They were sent out with
Redcap as database after 4, 8, and 12 weeks. Control group got
access to PINK! after completing T3 questionnaire (12 weeks).
Primary endpoint of this pilot study was psychological distress
measured by validated PHQ-9. Secondary outcomes were sub-
scores of EORTC-QLQ-C30 such as fatigue and physical activity
level (International Physical Activity Questionnaire [IPAQ])
[20-22]. Additionally, the app usage time was measured with
usage time in minutes per week to define usage groups. Demo-
graphic and medical information (marital status, age, gender,
cancer type, therapy type, treatment, date of surgery, chemo-
therapy start and radiation therapy, TNM) was collected at
baseline.

Objectives

The primary objective of this study was that using PINK! over
12 weeks during therapy or in aftercare leads to a significant
reduction of psychological distress in patients with breast cancer
compared to control group that provided comparison to “standard
of care” Moreover, we expected as secondary objectives an
increase of physical activity level and a decrease of fatigue symp-
toms in the intervention group. Finally, this pilot study aimed to
investigate the feasibility of integrating a digital lifestyle solution in
clinical routine cancer care at a large breast cancer center. Based on
those findings, a multicentric randomized-controlled trial was
designed to investigate effects of PINK! in a larger patient cohort
and specified subgroups.

Statistics and Endpoints

To investigate changes on the primary outcome PHQ-9 score
and secondary outcomes (fatigue and physical activity level), a
paired samples t-test was used both between baseline and
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posttreatment. The PHQ-9 is a multipurpose instrument for
screening, diagnosing, monitoring, and measuring the severity
of depression. The total score is calculated by assigning scores
of 0, 1, 2, and 3, to the response categories of “not at all,” “several
days,” “more than half the days,” and “nearly every day,” respec-
tively. PHQ-9 total score for the nine items ranges from 0 to 27.
PHQ-9 total score was determined by adding up item scores. Total
scores of 5, 10, 15, and 20 represent cutpoints for mild, moderate,
moderately severe, and severe depression, respectively [20].

Fatigue was measured with a subscore of EORTC-QLQ-C30.
Fatigue is one of the symptom scales of this questionnaire. To
calculate the symptom score, the raw score needs to be calculated
to do a linear transformation and obtain a value between 0 and 100.
Symptomatic scales as the fatigue scale should be interpreted as
follows: 100 corresponds to a high level of symptoms, while 0
corresponds to no symptoms at all [21].

IPAQ is a survey to describe physical activity levels. There are
two forms of output from scoring the IPAQ. Results can be
reported in categories (low activity levels, moderate activity levels,
or high activity levels) or as a continuous variable (MET minutes a
week). In this study, we choose to use MET minutes. MET minutes
represent the amount of energy expended carrying out physical
activity. The activity level is considered as high if patients achieve
at least 3,000 MET minutes per week. As in this study the intervals
of questionnaires are 4 weeks, the data presented below refer to the
MET minutes within 4 weeks. At least 600 MET minutes per week
is considered as the moderate activity level. To calculate MET
minutes a week, multiply the MET value of the questionnaire given
(remember walking = 3.3, moderate activity = 4, vigorous activity =
8) by the minutes the activity was carried out and again by the
number of days that the activity was undertaken [22].

Multiple imputation algorithms (predictive mean matching)
were used to deal with missing values at post-assessment [23, 24].
At first, we performed an intention-to-treat (ITT) analysis includ-
ing both adherent and nonadherent patients. Adherent patients
were all patients that at least finished baseline and T3 (12 weeks
primary endpoint). Second, we analyzed data sets and changes in
scores for only adherent patients. Due to the small number of
patients, the ITT analysis was chosen for this paper. To measure
the effect size for the dependent samples -test analyses, Cohen’s d
was calculated as follows: Cohen’s d = mean difference/standard
deviation of the difference [25, 26]. A significance level was set at
p < 0.05. Usage groups were defined as high, medium, and low
according to average usage time in minutes over 12 weeks. Linear
regression was performed to investigate the correlation of usage
time and changes in primary endpoint. The demographic, medical
history, and outcome variables were described using frequency and
descriptive statistics. Analyses were performed using SPSS
Version 27.0.0.

Results

In August 2021, in total 72 patients were asked to
participate in this pilot study. 61 patients met the in-
clusion and did not meet exclusion criteria. 60 patients
signed the informed consent, answered the baseline
questionnaire, and were randomized to one of the study
groups. 38 patients were randomized to the intervention
group and 22 to the control group whereby 39 were in
therapy and 21 in aftercare. Over 12 weeks, there were 5
dropouts in the intervention group and 2 in the control
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group, which corresponds to 11.7% dropout rate. Figure 2
displays the recruitment flowchart.

Table 1 displays baseline characteristics and therapy
status of all mITT EBC patients. All patients received
chemotherapy and had surgery. Nine of 53 mITT patients
were MBC patients who underwent first-line chemother-
apy. Table 2 displays baseline characteristics of patients
with MBC in this pilot study.

Primary Endpoint PHQ-9

Primary endpoint of this pilot study was a group
comparison of PHQ-9 total scores in intervention and
control groups after 12 weeks of app usage in the inter-
vention group. The PHQ-9 is a multipurpose instrument
for screening, diagnosing, monitoring, and measuring the
severity of depression. A paired samples t-test in the
mITT analysis indicated that patients experienced sig-
nificantly less psychological distress after the intervention
than before the intervention, with a large effect size
(Cohen’s d) of 0.8 and a p value <0.01. PHQ-9 total
score decreased by 2.5 score points in the intervention
group and by 0.8 after 12 weeks. Compared to baseline
values, this reduction is equivalent to 32.9%. A subgroup
analysis of patients in therapy showed also a significant
reduction of psychological distress after 12 weeks as well
as a higher value of PHQ-9 total score at baseline. Patients
in therapy showed a decrease of 2.3 score points in PHQ-
9. These effects were lower in the subgroup of aftercare
patients as this group started at a lower level of psycho-
logical distress at baseline. Figure 3 shows the changes of
the primary endpoint PHQ-9 average score points in the
intervention and control groups over 12 weeks.

Concerning the degree of app use, the subgroup “high”
used the app more than 200 min over 12 weeks, “medium”
used the app between 100 and 200 min over 12 weeks, and
“low” users used the app <100 min over 12 weeks. The
reduction in psychological distress was seen, especially in
participants who showed high app use, in comparison to
medium, low, and nonusers and participants in the control
group. Patients with high app usage time used PINK!
Coach on average 312 min per months, which is equivalent
to 11 min per day. This group contained 12 out of 33
patients in the intervention group. Effects of PINK! Coach
on those patients’ psychological distress were higher than
in the other usage groups.

PHQ-9 total score decreased by 3.0 score points in the
“high” usage group. The levels of psychological distress in
medium and low app users, nonusers, and control par-
ticipants did not statistically differ after 12 weeks (Fig. 4).

App usage in the subgroup of therapy and aftercare did
not differ within 12 weeks. Age did also not impact the
app usage time. MBC patient used the app less intense
compared to EBC patients. Effects were stronger in EBC
patients than in MBC patients. Hormone receptor status
and Her2 status did not impact effects or usage time.
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Fig. 2. Flowchart of recruitment, 1:2 randomization to intervention and control groups (waiting list) and 1:2

randomization to “therapy” and “aftercare”
intervention group at baseline.

Secondary Endpoint EORTC-QLQ-C30 Fatigue Scale

One secondary endpoint of this pilot study was a group
comparison of fatigue levels in intervention and control
groups after 12 weeks of app usage in intervention
group. A paired samples t-test in the mITT analysis
showed that patients experienced significant less
fatigue symptoms after the intervention than before
the intervention, with a small effect size (Cohen’s d)
of d = 0.2 and a p value <0.01. On average, there was a
significant mean fatigue score decrease from the baseline
of 9.9 score points, which corresponds to a relative
average decrease of 19.5% compared to baseline.

PINK! Lifestyle Coaching in BC

subgroups. Control group started PINK! usage after 12 weeks;

A subgroup analysis of patients in therapy also showed
a significant reduction of psychological distress after
12 weeks as well as a higher value of fatigue symptoms
at baseline. Patients in therapy showed a decrease of 14.2
score points in fatigue symptoms, which corresponds to a
relative average decrease of 23.7%. Figure 5 shows the
fatigue score changes over 12 weeks in intervention and
control groups as well as in the subgroup of patients
undergoing chemotherapy.

Concerning the degree of fatigue symptoms at base-
line, the subgroup “high” had a fatigue score from 66.8 to
100, the subgroup “medium” had a fatigue score from

Breast Care
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Table 1. Baseline characteristics of study EBC participants n = 53, mITT data set EBC n = 44

Parameter Value Intervention Control Therapy Aftercare
Number of patients EBC n (%) miTT n = 28 (%) mITT n = 16 (%) miTT n =24 mITT n =20
Age years 494 499 49,2 494
T pT1 18 (64.3) 6 (37.5) 13 10
pT2-T4d 10 (35.7) 10 (62.5) 1 10
N pNO 21 (75.0) 8 (50.0) 17 12
pN+ 7 (25.0) 8 (50.0) 7 8
M MO 28 (100.0) 16 (100.0) 24 20
HR Luminal A 2(7.1) 2 (12.5) 0 4
Luminal B 13 (46.4) 11 (68.8) 11 13
TNBC TNBC 7 (25.0) 2 (12.5) 8 1
HER2 Her2+ 6 (21.4) 1(6.3) 5 2
Therapy status neoadjuvant 21 (75.0) 12 (75.0) 18 15
Adjuvant 5(17.9) 2 (12.5) 6 1
Endocrine therapy only + BP 2(7.1) 2 (12.5) 0 4
mITT, modified intention to treat data set.
Table 2. Baseline characteristics of . . | - c ;
MBC patients of study cohort arameter alue ntervention ontro
Number of patients MBC n (%) miTTn=>5 miTT n=4
Age Years 47,0 49,0
HR Positive 4 4
Negative 1 0
HER2 Positive 3 3
Negative 2 1
TNBC 1 0
Therapy status In therapy 9 0
In aftercare 0 9
—O— [ntervention —0O— Control +++Q++ Subgroup ,, Therapy*
10
9
8.5
@ 7
é
o
9 6
=
3 p<0.01 5.1
Fig. 3. Changes of primary endpoint PHQ- d=038
9 total score over 12 weeks’ intervention |
versus control and versus intervention sub-
group “therapy” (mITT) with SD, p value,
and Cohen’s d effect size: intervention 3 .
group n = 33, control group n = 20, and Baseline I I2
subgroup therapy n = 24.
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(hig}'l >200 min. usage iI'I 12 weeks; o(low)>0.01 _: _ "“”"»‘H\__ T
medium >100 min usage in 12 weeks; 4 plmedium)>0.01 ~5
low <100 min usage in 12 weeks) versus p(high)<0.01
PHQ-9 total score changes over time in the
intervention group with SD and p values, _ _ _ _
with “high” n = 12, “medium” »n = 6, and Baseline I'l I2 I3
“low” n = 11.
— —Intervention —-— Control ...o... Subgroup "therapy" - Intervention
650
600
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=
e
&
9 500
-
E
45
g o
3
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w
=
Fig. 5. Fatigue symptoms measured with & 350
EORTC-QLQ-C30 fatigue scale from base- g
line to T3 (after 12 weeks) — intervention 300
versus control group and subgroup “inter- -
vention in therapy” with SD, p value of
intervention group and Cohen’s d effect 250 . - - e
size, intervention group n = 33, control Baseline I 2 r3
group n = 20, subgroup therapy n = 24.

33.4 to 66.7, and the subgroup “low” had a fatigue score
from 0 to 33.3 at baseline.

Patients who started with strong (high) fatigue symp-
toms at baseline also started with a low physical activity
level (IPAQ MET minutes per week <600) but increased
their activity level by 3,005 MET minutes per month,
which corresponds to 751 MET minutes per week and a
total value of 1,405 MET minutes per week. According to
the IPAQ scoring manual, this number of MET minutes
per week is equivalent to a medium activity level (medium

PINK! Lifestyle Coaching in BC

activity level means 600-1,500 MET minutes per week).
Patients who started at a medium fatigue symptom level
at baseline also started with a low activity level and
increased their activity level by 2,027 MET minutes per
month which corresponds to 506 MET minutes per week
and a total value of 996 MET minutes per week. Accord-
ing to the IPAQ scoring manual, this is equivalent to a
medium activity level. Patients with low fatigue symp-
toms started with a medium activity level (821 MET
minutes per week) at baseline and increased their activity

Breast Care 7
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Fig. 6. a Physical activity levels (MET mi- f SN Hu"g
nutes of IPAQ questionnaire over 4 weeks) x 40 /// TN ?
from baseline to T3 (after 12 weeks) in 3 = 0// x"‘\o_
fatigue intensity groups: “high fatigue,” | T T R
“medium fatigue,” “low fatigue” and con-
trol at baseline with “high” n = 12, “me- 20
dium” n = 6, and “low” n = 11. b Fatigue
symptom changes in usage groups: “high,”
“medium,” and "low” from baseline to T3.
c Fatigue changes from baseline to T3 in 3 ¢ 2 iy o = 5
fatigue intensity groups with “high” n = 12, o ; .
“medium” n = 6, and “low” n = 11.

by 526 MET minutes per month, which is equivalent to
131 MET minutes per week and a total score of 689 MET
minutes per week. According to the IPAQ scoring man-
ual, this value corresponds to a medium activity level.
This is shown in Figure 6a [22].

Concerning the degree of app use, the subgroup “high”
used the app more than 200 min over 12 weeks, “medium”
used the app between 100 and 200 min over 12 weeks, and
“low” users used the app <100 min over 12 weeks. Patients
with overall high app usage showed the highest reduction
in fatigue symptoms after 12 weeks. Medium and low app
usage groups showed a small decrease of fatigue symptoms
after 12 weeks. App usage group “high” reduced fatigue
symptoms by 15 score points, app usage group “medium”
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increased fatigue symptoms by 1 score point, and app
usage group “low” showed a reduction of fatigue by 8 score
points. According to the EORTC-QLQ-C30 scoring man-
ual, a change of 15 score points is equivalent to a moderate
change [27]. This is shown in Figure 6b.

Figure 6¢ shows the data pattern of fatigue symptoms
within fatigue intensity groups at baseline. The sub-
group of” high” fatigue symptoms at baseline showed a
reduction of 20.4 score points after 12 weeks, which
corresponds to a large effect according to the scoring
manual. The subgroup with “medium” fatigue symp-
toms showed a decrease of 8.8 score points and the
subgroup of “low” symptoms decreased by 1.1 score
points after 12 weeks.
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Discussion

This waiting-list randomized controlled pilot study
primarily examined whether psychological distress, one
of the main side effects of breast cancer diagnosis, treat-
ment, and aftercare, can be improved by an app-
based coaching. Psychological distress and fatigue were
effectively reduced with the self-management app PINK!
for breast cancer patients and survivors. Our data showed
that having 12-week access to the PINK! app and its
individual coaching significantly improved levels of psy-
chological distress and fatigue symptoms on average.
Physical activity level could also be increased within
12 weeks of usage. These effects were found, especially
among those participants who used the app to a high
degree, which was in practice related to >200 min of app
use in 12 weeks. On average, patients in the usage group
“high” used PINK! 312 min per month, which corresponds
to 10.4 min per day. Nevertheless, more research on
potential moderating factors is needed, and the present
results suggest that the self-management apps like PINK!
could be beneficial for patients with breast cancer in any
stage of disease and therapy (therapy, aftercare).

As this was a pilot study, the number of patients is too
small to allow a definite statement about the effectiveness of
PINK!. Nonetheless, these are initial promising results that led
us to plan and perform a multicentric randomized-controlled
waiting-list trial in German breast cancer centers with a
specified study design and a higher number of patients.

We demonstrated that a digital intervention such as
PINK! shows independent large effect sizes in the reduction
of psychological distress (d = 0.8) and a small effect size
regarding a reduction of fatigue symptoms. The effects on
psychological distress are comparable to face-to-face ther-
apy [28]. However, it is important to note that the pop-
ulation was heterogeneous in terms of therapy status (in
initial therapy or in aftercare), tumor stage, and biology as
all breast cancer patients were included in this pilot study.
Statements about effects on specific groups of breast cancer
patients cannot be made. Still, with digital self-management
interventions, a higher number of patients and survivors
can be reached and helped simultaneously at lower costs. At
the same time, it offers immediate, individualized help and
self-determined use for patients.

Furthermore, the data indicated an association be-
tween app usage and fatigue reduction as well as between
app usage and increase of physical activity level, which
also leads to fatigue reduction. Running a waiting-list
RCT has the disadvantage that it might artificially inflate
intervention effect estimates since participants in the
control group could have been influenced by the design
to literally “wait-to-change” and thus do not improve
during study duration. Nevertheless, as the control group
data also changed, this seems not to be the case [29].

PINK! Lifestyle Coaching in BC

Our data indicate that supportive care in the form of
digital lifestyle interventions is worth to be routinely
implemented in breast cancer care. Aside from that,
lifestyle interventions may be suitable for patients who
seek a low-threshold treatment that is easy to integrate
into daily life activities and routines, as one can follow the
program when and wherever preferred. As almost all
breast cancer patients are using the Internet and 67.3%
were interested in assistance via the Internet regarding
health-related topics [30]. Studies also showed a high
usage of Internet-related technologies among physicians
and breast cancer patients. This indicates that the use of
eHealth for advanced and individualized support in
breast cancer care could be a promising addition in
therapy management. Such technology-based interven-
tions have the potential to enhance adherence and com-
pliance in therapy among cancer patients [31].

The currently ongoing multicenter randomized con-
trolled study on the app was initiated to confirm the
previously presented results. The PINK! main study
design was specified regarding the patient groups, inclu-
sion and exclusion criteria, and the definition of “therapy”
and “aftercare.” This multicentric study will also explore
the mechanisms behind the app in order to investigate
which specific functionalities of the app were used to
influence study endpoints.

PINK! is the first app-based and lifestyle coaching
DiGA (German: Digitale Gesundheitsanwendung) for
breast cancer patients in Germany. Nevertheless, many
app- and web-based offers or programs were designed
within the last years all over the world for lifestyle
coaching of breast cancer patients and survivors during
therapy and in rehabilitation or aftercare. Studies [32]
show that lifestyle coaching programs can improve gen-
eral health, bodily pain, vitality, and global physical and
mental health significantly. Also, the physical activity
level and adherence can be improved [33] in addition to
cancer-related fatigue [34]. Digital app- or web-based
interventions exist in various categories and high varia-
tion in attributes, recommendation of usage time, and
provision of content. Nevertheless, there is a high de-
mand for supportive care during and after therapy, and
digital intervention is accepted by most of the patients
[35]. Studies with other coaching apps indicate that
cancer patients were interested in having a straightfor-
ward app for monitoring symptoms and daily goal
setting. They also suggest that cancer patients are looking
for a digital, personalized, simple, guiding, encouraging,
and trustworthy solution for being coached during ther-
apy and aftercare [36]. Looking at other digital inter-
ventions for breast cancer patients worldwide to improve
psychological distress and quality of life, CANKADO
PRO-React Onco [37, 38], Kaiku Health [39], Attune
[40], and Optimune [41] also focus on breast cancer
patients and their psychological well-being, symptom
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monitoring, and supportive care needs. Those digital
interventions can address unmet needs of patients in
regard to self-care, lifestyle, and symptom management,
which leads to higher adherence, educated, and empow-
ered patients that self-manage their disease and treat-
ment. This in turn improves the quality of care, access to
new treatment options, safety of medications, health
outcomes such as side effects and quality of life, and
in the end the medical costs [42]. Other studies show that
empowering breast cancer patients to increase their
physical activity level has potential to improve survival
and to decrease the risk of mortality from breast cancer
by up to 40%. A reduction in sex hormone levels, insulin
resistance, and inflammation have been examined to
explain those associations [43]. Further research with
digital therapeutics for breast cancer patients should take
study endpoints such as overall survival, mortality, and
pPCR into account in order to improve study outcomes
and therefore the quality of personalized digital thera-
peutics such as PINK!. However, the PINK! Coach app is
one of only two certified apps in oncology that have been
approved as a digital health application. The barriers
regarding the evidence of effectiveness for digital health
application reimbursement in Germany are high. Dem-
onstrating scientific evidence of such a digital interven-
tion and communication of these results in the oncology
community including patients’ feedback is important. It
can be recognized that digital interventions like the PINK
app can provide relevant benefits and improvement of
quality of life independent of time and distance com-
pared to individuals who would otherwise have limited
access to supportive care.

Furthermore, economic analyses are increasingly dem-
onstrating the benefits of additional interventions such as
apps or patients with cancer. Its effects on survival need to
be investigated in further trials.

Acknowledgments
The authors gratefully acknowledge the help of the following
people who have assisted in the evaluation of this pilot study: all

participants of this pilot study, the entire PINK! team, Christine zu
Eulenburg, and Prof. Dr. Hans-Peter Zenner.

References

1 Harbeck N, Gnant M. Breast cancer. Lancet.

3 Modi ND, Danell NO, Perry RNA, Abuhelwa

Statement of Ethics

The PINK app pilot study has been approved by the Medical
Ethical Committee of the LMU University of Munich, Germany,
on August 19, 2021 (Reference number: 21-0757). The trial has
been registered on October 6, 2021 on the DRKS Trial Registry
(DRKS00025811). All patients in this study signed a written
informed consent to participate in this study, which are archived
at LMU Breast Cancer Center.

Conflict of Interest Statement

The authors declare the following conflicts of interest: Josefine
Wolff has currently a working contract with PINK! gegen Brustkrebs
GmbH, Prof. Dr. Pia Wiilfing is the CEO of PINK! gegen Brustkrebs
GmbH. Prof. Dr. Nadia Harbeck and PD Dr. Rachel Wiirstlein
(Breast Center, Department of Gynecology and Obstetrics, and
Comprehensive Cancer Center Munich) received funding for the
subsequent multicentric proof of efficacy RCT with PINK! Coach. Dr.
Martin Smollich and Prof. Dr. Freerk Baumann received consulting
fees from PINK! gegen Brustkrebs GmbH.

Funding Sources

This research was initiated by Breast Center, Department of
Gynecology and Obstetrics, and Comprehensive Cancer Center
Munich, Ludwig-Maximilians-University, University Hospital to
investigate the PINK! app and offer it to their patients. LMU was
the sponsor of this study.

Author Contributions

Josefine Wolff and PD. Dr. Rachel Wiirstlein planned and con-
ducted the study and evaluated the data. Prof. Dr. Nadia Harbeck was
the scientific advisor. Prof. Dr. Pia Wiilfing, Dr. Martin Smollich, and
Dr. Freerk Baumann developed the PINK! app and provided the
entire content of the App. Alexander Koenig, Brigitte Ehrl, and Jana
Damsch helped finding patients to include in the study.

Data Availability Statement

The data that support the findings of this study are not
available.

5 De Cicco P, Catani MV, Gasperi V, Sibilano

)

2017 Mar 18;389(10074):1134-50 Epub 2016
Nov 17.

Voigt V, Neufeld F, Kaste J, Bithner M,
Sckopke P, Wuerstlein R, et al. Clinically
assessed posttraumatic stress in patients
with breast cancer during the first year after
diagnosis in the prospective, longitudinal,
controlled COGNICARES study. Psychoon-
cology. 2017 Jan;26(1):74-80 Epub 2016
Feb 22.

AY, Rathod A, Badaoui S, et al. Patient-reported
outcomes predict survival and adverse events
following anticancer treatment initiation in ad-
vanced HER2-positive breast cancer. ESMO
Open. 2022 Jun;7(3):100475 Epub 2022 Apr 28.
Zhou K, Bellanger M, Le Lann S, Robert M,
Frenel JS, Campone M. The predictive value
of patient-reported outcomes on the impact
of breast cancer treatment-related quality of
life. Front Oncol. 2022 Oct 14;12:925534.

10

Breast Care

DOI: 10.1159/000531495

M, Quaglietta M, Savini I. Nutrition and
breast cancer: a literature review on preven-
tion, treatment and recurrence. Nutrients.
2019 Jul 3;11(7):1514.

Friedenreich CM, Morielli AR, Lategan I,
Ryder-Burbidge C, Yang L. Physical activity
and breast cancer survival-epidemiologic evi-
dence and potential biologic mechanisms.
Curr Nutr Rep. 2022 Dec;11(4):717-41
Epub 2022 Aug 11.

Wolft/Wuelfing/Koenig/Ehrl/Damsch/
Smollich/Baumann/Harbeck/Wuerstlein


https://www.karger.com/Article/FullText/531495?ref=1#ref1
https://www.karger.com/Article/FullText/531495?ref=2#ref2
https://www.karger.com/Article/FullText/531495?ref=2#ref2
https://www.karger.com/Article/FullText/531495?ref=3#ref3
https://www.karger.com/Article/FullText/531495?ref=3#ref3
https://www.karger.com/Article/FullText/531495?ref=4#ref4
https://www.karger.com/Article/FullText/531495?ref=5#ref5
https://www.karger.com/Article/FullText/531495?ref=6#ref6
https://doi.org/10.1159/000531495

10

11

12

13

14

15

16

17

18

19

Aguifaga S, Ehlers DK, Cosman J, Severson J,
Kramer AF, McAuley E. Effects of physical
activity on psychological well-being outcomes
in breast cancer survivors from prediagnosis to
posttreatment survivorship. Psychooncology.
2018 Aug;27(8):1987-94 Epub 2018 Jun 1.
Cillessen L, Johannsen M, Speckens AEM,
Zachariae R. Mindfulness: based interven-
tions for psychological and physical health
outcomes in cancer patients and survivors: a
systematic review and meta-analysis of
randomized controlled trials. Psychooncol-
ogy. 2019;28(12):2257-69.

Matis J, Svetlak M, Slezackova A, Svoboda M,
Sumec R. Mindfulness-based programs for
cancer patients via eHealth and mHealth: a
systematic review and synthesis of quantita-
tive research (preprint). ] Med Internet Res.
2020;22:1-21.

Nissen ER, O’Connor M, Kaldo V, Hegjris 1,
Borre M, Zachariae R, et al. Internet-
delivered mindfulness-based cognitive ther-
apy for anxiety and depression in cancer
survivors: a randomized controlled trial. Psy-
chooncology. 2020;29(1):68-75.

Hoeg BL, Frederiksen MH, Andersen
EAW, Saltbaek L, Friberg AS, Karlsen RV,
et al. Is the health literacy of informal
caregivers associated with the psychologi-
cal outcomes of breast cancer survivors?
J Cancer Surviv. 2021 Oct;15(5):729-37
Epub 2020 Nov 9.

Arbeitsgruppe  Gynikologische Onkologie
(AGO). Guidelines Breast Version 2022.1D,
Gesundheitskompetenz und Kommunikation.
Di Nardo P, Lisanti C, Garutti M, Buriolla S,
Alberti M, Mazzeo R, et al. Chemotherapy in
patients with early breast cancer: clinical
overview and management of long-term
side effects. Expert Opin Drug Saf. 2022
Nov;21(11):1341-55 Epub 2022 Dec 5.

Piet J, Wiirtzen H, Zachariae R. The effect of
mindfulness-based therapy on symptoms of
anxiety and depression in adult cancer pa-
tients and survivors: a systematic review and
Meta-analysis. ] Consult Clin Psychol. 2012;
80(6):1007-20.

Zernicke KA, Campbell TS, Speca M,
McCabe-Ruff K, Flowers S, Carlson LE. A
randomized wait-list controlled trial of fea-
sibility and efficacy of an online mindfulness-
based cancer recovery program: the eTherapy
for cancer applying mindfulness trial. Psy-
chosom Med. 2014;76(4):257-67.

Berger AM, Mooney K, Alvarez PA, et al.
Cancer-related fatigue, version 2.2015. J Natl
Compr Canc Netw. 2015;13(8):10121039.
Bower JE. Cancer-related fatigue: mecha-
nisms, risk factors, and treatments. Nat Rev
Clin Oncol. 2014;11(10):597-609.
Galiano-Castillo N, Ariza-Garcia A, Cantar-
ero-Villanueva I, Fernandez-Lao C, Diaz-Ro-
driguez L, Arroyo-Morales M. Depressed
mood in breast cancer survivors: associations
with physical activity, cancer-related fatigue,
quality of life, and fitness level. Eur J Oncol
Nurs. 2014 Apr;18(2):206-10 Epub 2013
Nov 5.

Pagola I, Morales JS, Alejo LB, Barcelo O,
Montil M, Olivén J, et al. Concurrent exercise

PINK! Lifestyle Coaching in BC

20

21

22

23

24

25

26

27

28

29

30

31

32

interventions in breast cancer survivors with
cancer-related fatigue. Int J Sports Med. 2020
Oct;41(11):790-7 Epub 2020 Jun 29.
Kroenke K, Spitzer RL, Williams JB. The PHQ-
9: validity of a brief depression severity measure.
] Gen Intern Med. 2001;16(9):606-13.
Aaronson NK, Ahmedzai S, Bergman B, Bul-
linger M, Cull A, Duez NJ, et al. The Euro-
pean Organization for Research and Treat-
ment of Cancer QLQ-C30: a quality-of-life
instrument for use in international clinical
trials in oncology. J Natl Cancer Inst. 1993;
85(5):365-76.

Meh K, Jurak G, Soriee M, Rocha P, Sember
V. Validity and reliability of IPAQ-SF and
GPAQ for assessing sedentary behaviour in
adults in the European union: a systematic
review and meta-analysis. Int ] Environ Res
Public Health. 2021 Apr 26;18(9):4602.
Schenker N, Taylor J. Partially parametric
techniques for multiple imputation. Stat
Data Anal. 1996;22(4):425-46.

Heitjan D, Little R. Multiple imputation for
the fatal accident reporting system. Appl Stat.
1991;40(1):13-29.

Cohen J. Statistical power analysis for the
behavioral sciences. 2nd ed. Hillsdale, NJ:
Lawrence Erlbaum Associates, Publishers;
1988.

Borenstein M, Hedges LV, Higgins JPT,
Rothstein HR. Effect sizes based on correla-
tions Introduction to Meta-Analysis. 2009.
p. 21-32.

Fayers PM, Aaronson NK, Bjordal K, Groen-
vold M, Curran D. Bottomley A, on behalf of
the EORTC quality of life group the EORTC
QLQ-C30 scoring manual. 3rd ed. European
organisation for research and treatment of
cancer. Brussels; 2001. Published by.
Compen F, Bisseling E, Schellekens M,
Donders R, Carlson L, van der Lee M,
et al. Face-to-face and internet-based
mindfulness-based cognitive therapy com-
pared with treatment as usual in reducing
psychological distress in patients with cancer:
a multicenter randomized controlled trial.
J Clin Oncol. 2018;36(23):2413-21.
Cunningham JA, Kypri K, McCambridge J.
Exploratory randomized controlled trial eval-
uating the impact of a waiting list control
design.

Drewes C, Kirkovits T, Schiltz D, Schinkoethe
T, Haidinger R, Goldmann-Posch U, et al.
EHealth acceptance and new media prefer-
ences for therapy assistance among breast
cancer patients. JMIR Cancer. 2016 Sep 14;
2(2):el3.

Kirkovits T, Schinkoethe T, Drewes C, Gehr-
ing C, Bauerfeind I, Harbeck N, et al. eHealth
in modern patient-caregiver communication:
high rate of acceptance among physicians for
additional support of breast cancer patients
during long-term therapy. JMIR Cancer.
2016 Sep 19;2(2):el4.

Seib C, Anderson D, McGuire A, Porter-
Steele J, McDonald N, Balaam S, et al. Im-
proving health-related quality of life in wom-
en with breast, blood, and gynaecological
Cancer with an eHealth-enabled 12-week
lifestyle intervention: the women’s wellness

33

34

35

36

37

38

39

40

41

42

43

after Cancer program randomised controlled
trial. BMC Cancer. 2022 Jul 8;22(1):747.
Signorelli GR, Monteiro-Guerra F, Rivera-
Romero O, Nufiez-Benjumea FJ, Ferndn-
dez-Luque L. Breast cancer physical activity
mobile intervention: early findings from a
user experience and acceptability mixed
methods study. JMIR Form Res. 2022 Jun
22;6(6):€32354.

Niépoles AM, Santoyo-Olsson J, Chacén L,
Stewart AL, Dixit N, Ortiz C. Feasibility of
a mobile phone app and telephone coach-
ing survivorship care planning program
among Spanish-speaking breast cancer
survivors. JMIR Cancer. 2019 Jul 9;5(2):
el3543.

Beenhakker L, Witteveen A, Wijlens KAE,
Siemerink EJM, van der Lee ML, Bode C, et al.
Patient preference attributes in eHealth in-
terventions for cancer-related fatigue: a scop-
ing review. Eur ] Cancer Care 2022 Nov;
31(6):e13754 Epub 2022 Nov 16.
Monteiro-Guerra F, Signorelli GR, Rivera-
Romero O, Dorronzoro-Zubiete E, Caul-
field B. Breast cancer survivors’ perspec-
tives on motivational and personalization
strategies in mobile app-based physical
activity coaching interventions: qualitative
study. JMIR Mhealth Uhealth. 2020 Sep
21;8(9):¢18867.

Degenhardt T, Harbeck N, Fasching PA,
Wouerstlein R, Liiftner D, Kates RE, et al.
Documentation patterns and impact on ob-
served side effects of the CANKADO ehealth
application: an exploratory analysis of the
PreCycle trial. J Clin Oncol. 2020;
38(15_Suppl 1):2083.

Harbeck N, Wuerstlein R, Schinkoethe T.
Improved patient management using
EHealth tools: potential and pitfalls. Breast
Cancer Manag. 2015;4(1):1-5.

Denis F, Yossi S, Septans AL, Charron A,
Voog E, Dupuis O, et al. Improving survival
in patients treated for a lung cancer using
self-evaluated symptoms reported through a
web application. Am J Clin Oncol. 2017 Oct;
40(5):464-9.

Penedo FJ, Fox RS, Oswald LB, Moreno PI,
Boland CL. Technology-based psychosocial
intervention to improve quality of life and
reduce symptom burden in men with ad-
vanced prostate cancer: results from a
randomized controlled trial. Int ] Behav
Med. 2020 Oct;27(5):490-505.

Holtdirk F, Mehnert A, Weiss M, Mayer J,
Meyer B, Brode P. Results of the Optimune
trial: a randomized controlled trial evaluating
a novel Internet intervention for breast can-
cer survivors. PLoS One. 2021 May 7;16(5):
€0251276.

Gussoni G, Ravot E, Zecchina M. Digital
therapeutics in Oncology: findings, barriers
and prospects. A narrative review. Ann Res
Oncol. 2022.

Hayes SC, Steele ML, Spence RR, Gordon L,
Battistutta D, Bashford J, et al. Exercise fol-
lowing breast cancer: exploratory survival
analyses of two randomised, controlled trials.
Breast Cancer Res Treat. 2018 Jan;167(2):
505-14 Epub 2017 Oct 23.

Breast Care

DOI: 10.1159/000531495

11


https://www.karger.com/Article/FullText/531495?ref=7#ref7
https://www.karger.com/Article/FullText/531495?ref=8#ref8
https://www.karger.com/Article/FullText/531495?ref=8#ref8
https://www.karger.com/Article/FullText/531495?ref=9#ref9
https://www.karger.com/Article/FullText/531495?ref=10#ref10
https://www.karger.com/Article/FullText/531495?ref=10#ref10
https://www.karger.com/Article/FullText/531495?ref=11#ref11
https://www.karger.com/Article/FullText/531495?ref=12#ref12
https://www.karger.com/Article/FullText/531495?ref=12#ref12
https://www.karger.com/Article/FullText/531495?ref=13#ref13
https://www.karger.com/Article/FullText/531495?ref=14#ref14
https://www.karger.com/Article/FullText/531495?ref=15#ref15
https://www.karger.com/Article/FullText/531495?ref=15#ref15
https://www.karger.com/Article/FullText/531495?ref=16#ref16
https://www.karger.com/Article/FullText/531495?ref=16#ref16
https://www.karger.com/Article/FullText/531495?ref=17#ref17
https://www.karger.com/Article/FullText/531495?ref=17#ref17
https://www.karger.com/Article/FullText/531495?ref=18#ref18
https://www.karger.com/Article/FullText/531495?ref=18#ref18
https://www.karger.com/Article/FullText/531495?ref=19#ref19
https://www.karger.com/Article/FullText/531495?ref=20#ref20
https://www.karger.com/Article/FullText/531495?ref=21#ref21
https://www.karger.com/Article/FullText/531495?ref=22#ref22
https://www.karger.com/Article/FullText/531495?ref=22#ref22
https://www.karger.com/Article/FullText/531495?ref=23#ref23
https://www.karger.com/Article/FullText/531495?ref=23#ref23
https://www.karger.com/Article/FullText/531495?ref=24#ref24
https://www.karger.com/Article/FullText/531495?ref=25#ref25
https://www.karger.com/Article/FullText/531495?ref=25#ref25
https://www.karger.com/Article/FullText/531495?ref=26#ref26
https://www.karger.com/Article/FullText/531495?ref=26#ref26
https://www.karger.com/Article/FullText/531495?ref=27#ref27
https://www.karger.com/Article/FullText/531495?ref=27#ref27
https://www.karger.com/Article/FullText/531495?ref=27#ref27
https://www.karger.com/Article/FullText/531495?ref=28#ref28
https://www.karger.com/Article/FullText/531495?ref=29#ref29
https://www.karger.com/Article/FullText/531495?ref=29#ref29
https://www.karger.com/Article/FullText/531495?ref=29#ref29
https://www.karger.com/Article/FullText/531495?ref=30#ref30
https://www.karger.com/Article/FullText/531495?ref=31#ref31
https://www.karger.com/Article/FullText/531495?ref=32#ref32
https://www.karger.com/Article/FullText/531495?ref=33#ref33
https://www.karger.com/Article/FullText/531495?ref=34#ref34
https://www.karger.com/Article/FullText/531495?ref=35#ref35
https://www.karger.com/Article/FullText/531495?ref=36#ref36
https://www.karger.com/Article/FullText/531495?ref=37#ref37
https://www.karger.com/Article/FullText/531495?ref=38#ref38
https://www.karger.com/Article/FullText/531495?ref=38#ref38
https://www.karger.com/Article/FullText/531495?ref=39#ref39
https://www.karger.com/Article/FullText/531495?ref=40#ref40
https://www.karger.com/Article/FullText/531495?ref=40#ref40
https://www.karger.com/Article/FullText/531495?ref=41#ref41
https://www.karger.com/Article/FullText/531495?ref=42#ref42
https://www.karger.com/Article/FullText/531495?ref=42#ref42
https://www.karger.com/Article/FullText/531495?ref=43#ref43
https://doi.org/10.1159/000531495

	App-Based Lifestyle Coaching (PINK!) Accompanying Breast Cancer Patients and Survivors to Reduce Psychological Distress and ...
	Introduction
	Materials and Methods
	General
	Population
	Procedure
	Intervention
	Objectives
	Statistics and Endpoints

	Results
	Primary Endpoint PHQ-9
	Secondary Endpoint EORTC-QLQ-C30 Fatigue Scale

	Discussion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


