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Background: A tailored and reliable intervention program developed based on
evidence is necessary for patients with serious health conditions.

Objective: We describe the development of an exercise program for HSCT
patients based on evidence from a systematic process.

Methods: We developed the exercise program for HSCT patients using eight
systematic steps: (1) a literature review, (2) understanding patient characteristics,
(3) first expert group discussion, (4) development of the first draft of the exercise
program, (5) a pre-test, (6) second expert group discussion, (7) a pilot
randomized controlled trial (n=21), and (8) a focus group interview.

Results: The developed exercise program was unsupervised and consisted of
different exercises and intensities according to the patients’ hospital room and
health condition. Participants were provided with instructions for the exercise
program, exercise videos via smartphone, and prior education sessions. In the
pilot trial, the adherence to the exercise program was only 44.7%, however, some
changes in physical functioning and body composition favored the exercise
group despite the small sample size.

Conclusion: Strategies to improve adherence to this exercise program and larger
sample sizes are needed to adequately test if the developed exercise program
may help patients improve physical and hematologic recovery after HSCT. This
study may help researchers develop a safe and effective evidence-based exercise
program for their intervention studies. Moreover, the developed program may
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benefit the physical and hematological recovery in patients undergoing HSCT in
larger trials, if exercise adherence is improved.

Clinical trial registration: https://cris.nih.go.kr/cris/ search/detailSearch.do?
seq=24233&search_page=L, identifier KCT 00082609.
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Introduction

Although hematopoietic stem cell transplantation (HSCT) is a
primary medical treatment option for patients with hematologic
diseases such as leukemia, lymphoma, and multiple myeloma (1),
it has many physiological and psychological side effects (1-4).
Previous randomized controlled trials have reported that exercise
improves physical function (5-7), fatigue (7, 8), depression (9, 10),
anxiety (9), and quality of life (11) in patients receiving HSCT.
However, the exercise programs described in previous studies
have limited applicability to HSCT patients in real clinical settings
in terms of different treatment processes and environments (e.g.,
isolation period, size of the hospital room, and access to exercise
equipment and therapist). For example, aerobic exercises on a
treadmill or stationary bike that were used in previous studies (5-
7, 11-18) require space and equipment. Moreover, the supervised
exercise programs (7, 15-18) are difficult to implement in an
isolated room due to limited access.

Intervention programs must be cautiously and carefully
developed in clinical trials. Particularly for patients receiving
intense treatment or with serious health conditions such as
HSCT, a reliable intervention program which guarantees safety
and feasibility is required. Evidence-based medicine involves
integrating the clinical expertise, proficiency, and judgment that
individual clinicians acquired from clinical experience and practice,
with the best available external clinical evidence from systematic
research (19-21). Therefore, the purpose of this study was to
develop an evidence-based inpatient exercise program for patients
undergoing HSCT using a systematic process used by An et al. (21).
Here, we describe the development process of an evidence-based
exercise program for patients receiving HSCT.

Methods
Study design and participants

In the current study, we developed an exercise program using 10
systematic steps developed by An et al. (21). We changed the order

of the focus group interview from the original process and included
only the first eight steps. The development process in this study
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included (1) a literature review, (2) understanding patient
characteristics, (3) first expert group discussion, (4) development
of the first draft of the exercise program, (5) a pre-test, (6) second
expert group discussion, (7) a pilot study, and (8) a focus group
interview. Patients with hematologic disease receiving HSCT
participated in this study. The purpose of the eight-step
procedure below was to develop a safe, reliable, and effective
exercise program based on solid evidence.

Step 1. Literature review

We conducted a literature review as the first step. The purpose
of this step was to collect evidence on exercise programs for HSCT
patients from previous studies. The electronic online literature
databases such as Embase, Pubmed, and CENTRAL were
searched. To identify relevant studies, all available articles that
were published before March in 2016 were searched using the
following search terms: (hematopoietic stem cell transplantation
OR bone marrow transplantation OR autologous transplantation
OR allogeneic transplantation OR peripheral blood stem cell
transplantation) AND (exercise OR physical activity (PA) OR
training) AND (randomized controlled trial). Two investigators
(KYA, MSY) independently filtered the references retrieved from
the literature search by screening the titles and abstracts. The
selected articles were re-filtered based on full-text review to
identify relevant information. The articles were included if they
met the following inclusion criteria: 1) published in English, 2) full-
text article, 3) randomized controlled trial, 4) included inpatient
exercise intervention, and 5) included patients with hematologic
diseases receiving HSCT. The literature search adhered to the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses statement guidelines.

Step 2. Understanding
patient characteristics

The purpose of step 2 was to collect evidence on patients’
performance status, physical activity levels, and opinions about
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exercise directly from the patients. In this step, we collected data by
observation, survey, interview, and physical assessment during
patients’ hospitalization. An exercise therapist accompanied a
hematologist on the daily ward rounds, and observed and
recorded the changes in patient performance status from the
treatment process by the Karnofsky Performance Status Scale
(KPS) (22) for four weeks.

The patient survey was conducted to identify the PA level,
performance status, exercise barriers, and exercise beliefs of HSCT
patients. Pre-diagnosis and current PA level were assessed by the
International PA Questionnaire short form (23), while exercise
belief was assessed using the modified Exercise & Quality of Life
Questionnaire (24). Exercise barriers were investigated using an
open question and performance status was assessed by the KPS (22).

Participants were also interviewed about their exercise barriers
and preferences, expected effects of exercise, and changes in
physical and psychological condition according to treatment
during the hospitalization. A face-to-face interview was conducted
with trained research staff in an independent space to ensure
participant comfort.

Range of motion at eight joints (i.e. neck, shoulder, elbow, wrist,
trunk, hip, knee, and ankle) was assessed using goniometers and
patient-perceived pain levels during each movement were recorded
using the Wong-Baker Faces Pain Rating Scale (0-10) (25).

Step 3. First expert group discussion

The purpose of this meeting was to collect experts’ opinions
about patients’ performance status and health conditions which are
important information to develop a draft of the exercise program.
An expert group consisted of two hematologists, a nurse, and a
fellow in hematology, and three exercise specialists including one
professor in kinesiology. Patients” condition and physical functions,
exercise goals, and precautions for exercise intervention
were discussed.

Step 4. Development of the first draft of
the exercise program

A draft version of the exercise program was developed based on
the results of steps 1 to 3. First, possible resistance and stretching
exercises for main muscle groups according to the anatomical
motions of each joint were identified. Thereafter, the necessary
and feasible exercises to meet the exercise goals were selected.
Finally, the most appropriate exercises for HSCT patients varying
intensities, ranging from extremely low to moderate, were included
in the draft considering the patients’ conditions, exercise
precautions, and space availability.

Step 5. Pre-test

The purpose of the pre-test step was to examine the feasibility
and safety of the draft program with three HSCT patients before we
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completed the final program. Participants learned tailored exercises
and were provided with an exercise brochure, exercise videos, and
daily log book before they entered the isolated room (i.e. bio-clean
room or laminar air flow room) for HSCT. The participants were
asked to perform the exercise program for approximately three
weeks while staying in the isolated room. The adherence to the
program was recorded in the log book.

Step 6. Second expert group discussion

In this meeting, the expert group discussed any changes and
additions to the draft program. Specifically, they discussed the
intensity, feasibility, safety, suitability, and effects of each exercise
based on the results of the pre-test.

Step 7. Pilot randomized controlled trial

The purpose of the pilot RCT was to assess feasibility,
acceptability, adherence and safety in the small number of patients
undergoing HSCT. Examining the effects of the developed exercise
program on health-related fitness and hematological recovery is
exploratory. For recruitment, a nurse who worked with physicians
sent the eligible patients list to the research coordinator, then the
research coordinator visited the patients to explain the study and to
ask to participate in the study with a written informed consent form.
A total of 21 participants with hematologic diseases who were
initiating HSCT in the Severance hospital in Seoul, South Korea
were recruited and randomly assigned to either the exercise group or
the usual care group in a 1:1 ratio by the research coordinator using
the permuted block design considering sex and transplantation type.
Participants were randomized after baseline assessment but for the
post-intervention test, testers were not blinded to group allocation.
Participants in the exercise group learned the exercise program prior
to admission to the isolated room and were asked to perform the
exercise program during their hospitalization. Printed information
and video on exercise (https://youtu.be/2TyjelwsrvU) along with a
daily log book were provided. Exercise specialists (KYA, MSY) visited
the participants 2-3 times per week and encouraged participants to
comply with the prescribed exercise. The exercise specialists were
certified for exercise training and were in master’s and doctoral
programs in Exercise Medicine, respectively. Body composition,
physical function, and symptoms were assessed before and after
their stay in the isolated room. Blood transfusion volume and time to
engraftment were obtained from each patient’s electronic medical
record. The paired t-test was used to compare baseline and post-
intervention assessments in each group. The independent t-test was
used to compare differences between groups.

Step 8. Focus group interview
We also collected qualitative data on the barriers and facilitators

to completion of the exercise intervention during HSCT. A total of
six participants in the exercise group of the pilot RCT participated
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in a face-to-face interview. All interviews were recorded and then
transcribed and summarized by an interviewer, and the transcript
and summary of the interview were confirmed by each participant
to ensure their accuracy. The method of the qualitative data
collection has been reported elsewhere (26).

Results
Step 1. Literature review

A total of 149 articles were initially found in the literature search
and 18 articles (11 intervention programs) were included in the
literature review. The literature search protocol is described in
Figure 1, and the characteristics of the exercise programs in the
included articles are shown in Supplementary Table 1.

The literature review identified that the previous exercise
programs included aerobic, resistance, breathing, core, and
stretching exercises, and an elastic band, bare hand, or ankle
weight were used for the resistance exercise and a stationary bike
or treadmill walking was used for the aerobic exercise. Stretching
was performed as a warm-up or cool-down exercise in most of the
included studies.

Exercise intensity was 50-70% of the heart rate (HR) reserve or
rate of perceived exertion (RPE) of 10-14. The intensity of the
resistance exercise was 40-60% of 1 repetition maximum, an RPE of

10.3389/fonc.2023.1132776

10-16, or slightly strenuous to strenuous. Exercise duration was
gradually increased in the range of 20-40 min/day. The range of
exercise frequency was 3-7 days/week. Among 11 programs, seven
were supervised interventions. We identified the possible type,
intensity, and frequency of exercise that HSCT patients
can perform.

Step 2. Understanding
patient characteristics

A total of three HSCT patients were observed for four weeks.
Their KPS scores were in the range of 20-70 depending on the
treatment process and individual health condition. The patients who
had KPS scores of 20-30 spent most of their time lying on the bed in
the laminar air flow/bio-clean room. Participants initially stayed in
the general room for about a week, followed by a stay in the laminar
air flow or bio-clean room of about three weeks for chemotherapy,
transplantation, and engraftment. After engraftment, they moved
back to the general room and stayed there for one or two weeks
before discharge. The room type (laminar air flow or bio-clean) is
generally decided by transplantation type (autologous or allogeneic).
Participants in the laminar air flow room were restricted from
contacting with others and leaving the room to prevent infection.
The patients in the bio-clean room have a caregiver in the room but
the bed space is sterile and covered with plastic curtains to minimize

Initial search from
Pubmed

v

Articles retrieved for
further evaluation

(hematopoietic stem cell transplantation

autologous transplantation OR allogeneic
transplantation OR peripheral blood stem

Search terms:
OR bone marrow transplantation OR
cell transplantation) AND (exercise OR

physical activity OR training) AND
(randomized controlled trial)

N=149

v

v

Articles excluded on
basis of title
N=98

Potentially appropriate
articles
N=51

Articles excluded on
basis of abstract
N=16

Included articles
N=35

v

A4

Articles excluded on
basis of Full text
N=17

Final included articles
N=18

FIGURE 1
The literature search protocol.

Frontiers in Oncology

04 frontiersin.org


https://doi.org/10.3389/fonc.2023.1132776
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

An et al.

contact with other people. The patients in the bio-clean room had to
stay on the bed within the plastic curtain whenever possible except
when going to the bathroom. Thus, the PA levels of the patients were
extremely low. The results of the observation were summarized as
follows: 1) exercise intensity should be started very low; 2) exercises
that can be performed on the bed are required because of the limited
ambulation; 3) an unsupervised exercise program was needed
because of the limited contact; and 4) recovery of physical function,
maintenance of muscle mass and range of motion, and improvement
of psychological factors might be the primary goals of the
exercise program.

A total of 15 HSCT patients were surveyed. The results of the
patient survey are shown in Table 1. The mean current light PA
time was shorter than the pre-diagnosis light PA. No participants
had current moderate to vigorous PA and participants with
multiple myeloma were the least active. The KPS score during
chemotherapy was lower than those in the pre-chemotherapy and
the recovery period. Specifically, in pre-chemotherapy period, three
participants (75%) reported the KPS score 60 (i.e., requires
occasional assistance, but it able to care for most of his personal
needs) and one participant (25%) reported the score 90 (i.e., able to
carry on normal activity; minor signs or symptoms of disease). The
one participant (100%) during chemotherapy reported the score 50
(i.e., requires considerable assistance and frequent medical care). In
the recovery period, the performance status varied (40 to 80) and it
improved over time. Four participants (40%) reported the score 60,
two participants (20%) reported the score 70 (i.e., cares for self;
unable to carry on normal activity or to do active work), and two
participants (20%) reported the score 40 (i.e., disable; requires
special care and assistance). Dry mouth, fatigue, drowsiness,
numbness, and pain were the most common symptoms. All

TABLE 1 Participants’ physical activity level and performance status.

Pre-diagnosis

10.3389/fonc.2023.1132776

participants reported that they believed that exercise positively
affects the recovery from HSCT.

A total of 14 participants completed the interview. We
identified that participants experienced physical symptoms such
as nausea, vomiting, exhaustion, and anemia during chemotherapy
and recovery period as well as psychological distress due to
loneliness and claustrophobia in the isolated room and wanted a
daily exercise program because of boredom and loneliness.
Additionally, the participants thought that resistance exercise,
stretching, and stepping were appropriate during HSCT treatment
and expected those exercises would help them maintain muscle
mass, muscle strength, and physical fitness as well as improve their
blood circulation. The exercise barriers included limited space, lack
of information, decreased physical fitness, and the presence of
medical tubes and intravenous lines. In particular, the patients
with multiple myeloma reported bone-related problems such as
dislocation and severe pain that were caused by osteolytic lesions at
the shoulder or lower back. Participants additionally wanted an
exercise program that featured: 1) reliable exercise information; 2)
supervised exercise with an expert; 3) therapeutic exercise programs
as a standard treatment; 4) tailored and modified exercise intensity
according to individual daily condition; 5) exercises that could be
performed in a limited space; 6) sufficient pre-exercise education
before entering the isolated room; and 7) availability of self-exercise
materials in the isolated room.

A total of nine participants participated in in the measurement
of the range of motion. Two participants with multiple myeloma
were unable to complete the measurement because of osteolytic
lesion-related problems. The other seven participants had full range
of motion without any limitations or pain at all joints. This test
identified that patients with multiple myeloma commonly had

Current Karnofsky score (0~100)

daily walking time (min/day)

daily walking time (min/day)

Total (n=15) 27.86 + 38.47 1.74 + 4.12 60.67 + 13.35
Diagnosis
Lymphoma (n=7) 40.36 + 51.87 3.02 £ 5.69 62.86 + 16.04
Leukemia (n=>5) 23.65 + 20.88 1.00 + 2.24 62.00 = 10.95
Multiple myeloma (n=3) 5.71 + 9.90 0 53.33 £ 11.55
Stem Cell Transplantation
Autologous (n=8) 4.29 + 8.57 0 50.00 + 11.55
Allogenic (n=3) 22.72 +19.89 6.67 + 7.64 70.00 = 10.00
Haploidentical (n=4) 32.62 +31.48 0 60.00 + 10.00
Treatment Process
Pre-chemo therapy (n=4) 2232 +21.65 1.54 +2.79 67.50 £ 15.00
Chemo therapy (n=1) 145.50 + 0.00 0 50.00 + 0.00
*Recovery (n=10) 18.32 +22.24 2.00 + 4.83 59.00 + 12.87

Values are mean + SD.

*Recovery means the patient’s status after being discharged from a bioclean/laminar flow room.
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osteolytic lesions that limited their movement, while other HSCT
patients did not have any limited movements for exercise.

Step 3. First expert group discussion

The hematologist (JWC) suggested different types of exercise
for the three different hospital rooms because of different spaces and
contact limitations, and for participants with multiple myeloma
because of osteolytic lesions. The kinesiology professor (JY])
suggested different intensities of the exercise program according
to an individual’s daily condition, and extra exercises to strengthen
the joints of participants with multiple myeloma. He also suggested
a daily exercise because the exercise intensity would be low. The
exercise goal was deemed to be the maintenance of muscle mass,
muscular fitness, walking ability, and cardiopulmonary function, all
of which may decline due to lack of PA and immobilization in the
isolated room. Aerobic exercise such as walking or biking was not
included in the program due to the limited equipment and space.
Instead, rest intervals between exercises were minimized to increase
heart rate during exercise.

Step 4. Development of the first draft of
the exercise program

The exercises included stretching, resistance exercises, and
joint-specific exercises using body weight or an elastic band. The
exercises were performed in three different positions (supine,
sitting, and standing) according to patient condition (bad,
normal, or good) and hospital room type (general, laminar air
flow, or bio-clean room). Three extra joint exercises (shoulder,
lower back, and knee) were included for patients with
osteolytic lesions.

10.3389/fonc.2023.1132776

Step 5. Pre-test

A total of three participants participated in the pre-test: two in the
bio-clean room and one in the laminar air flow room. Participants had
no problem performing exercises following the instruction of the
brochure and exercise videos. Participants reported that all exercises
in the program were feasible and safe when their physical condition
was good. However, they reported difficulty completing the prescribed
exercises daily when their physical condition was poor, even though
exercise prescribed to them was extremely low- or low-intensity
exercise program which they could perform in the supine position. A
lack of motivation and energy to comply with the prescribed exercise
program were the most significant barriers to exercise. The participants
reported that they laid on bed all day when their physical condition was
extremely bad.

Step 6. Second expert group discussion

In the second expert group discussion, all expert group
members agreed to use the first draft of the exercise program
without changes for the next step.

Step 7. Pilot RCT

Table 2 reports the baseline characteristics of participants for
the pilot RCT. A total of 21 participants (exercise =10, control=11)
were included in the trial. Males accounted for 50% and 45% and
the average ages were 46.3 years and 53.7 years in the exercise group
and control group, respectively. The results of pilot RCT are shown
in Table 3. The average adherence to the exercise program was
44.7% which was calculated as the total number of completed
sessions divided by the total number of planned sessions. The

TABLE 2 Participants’ characteristics for the pilot randomized controlled trial.

Variables Total (n=21) Exercise group (n=10) Control group (n=11)
Sex (M/F) 10/11 5/5 5/6 0.84
Age (year) 50.2 £ 13.5 46.3 £12.8 53.7 +13.7 0.22
Diagnosis 0.50
Leukemia 4 3 1
Lymphoma 4 1 3
Multiple myeloma 11 6 5
Myelodysplastic syndrome 1 0 1
Amyloidosis 1 0 1
Transplant 0.55
Autologous 16 7 9
Allogenic® 5 3 2

BMI, body mass index.
“Allogenic includes haploidentical transplant.
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TABLE 3 The effects of the exercise program on recovery from HSCT.

Variables Exercise group (n=

Baseline

At discharge

10.3389/fonc.2023.1132776

Control group (n=11)

Baseline At discharge

Body composition

Weight(kg) 10 66.7 £ 17.0 64.4 + 154* -23£26 10 58.8 £ 11.7 57.2 + 11.9* -1.6 £ 1.9 0.49
BMI(kg/mZ) 10 241+ 4.6 23.0 £ 3.9* -1.1£15 10 228 +3.6 22.1 £ 3.7* -0.6 £ 0.8 0.37
Muscle mass(kg) 10 255+ 8.3 251+ 77 05+ 1.3 10 232 +49 223 +45 -09 £ 1.9 0.55
Fat mass(kg) 10 199 + 5.6 182 + 44 -1.7£24 10 158 £ 4.2 158 + 6.3 00+28 0.16
Fat percent(%) 10 303 +6.3 288 £5.2 -1.6 £ 3.3 10 26.7 £ 3.5 268 £ 6.8 02 +47 0.36
BMR (kcal) 10 1379.3 £ 295.8 1367.6 £ 276.3 -11.7 £49.2 10 1298.4 + 173.6 1264.4 + 158.2 -34.0 £ 69.9 0.42
Physical function
2-min knee up(reps) 7 96.0 + 15.1 91.6 £ 22.0 -44 +12.8 8 94.0 £ 14.9 729 + 35.7 -21.1 £ 31.8 0.22
Sit and reach (cm) 9 16 +11.1 -5.4 +10.5 -7.0 £10.7 11 1.7 £ 154 -1.8 £14.2 -3.5 £ 10.0 0.47
Hand-grip strength(kg) 9 27.6 £ 132 27.1 £11.0 -0.5+£35 11 26.0 + 8.3 243+ 74 -1.8 £ 44 0.48
Chair stand(reps) 9 134+ 3.8 14.0 £ 1.7 0.6 3.0 10 133 +24 11.7 + 44 -1.6 £ 3.5 0.17
8 foot up and go(sec) 9 6.1+12 59+0.7 -0.1£1.0 10 7.0 £ 1.6 8.7 +2.1* 1.7 £2.1 0.030
Symptoms
Symptom (0-130) 9 42.0 +23.1 542 £20.3 123 +174 10 31.7 £ 18.6 46.5 + 23.3* 14.8 £19.3 0.77
Interference (0-60) 9 232 +18.3 29.8 +13.7 6.6 + 149 10 24.6 £ 10.0 26.7 £19.4 21 +19.1 0.58
Recovery
Platelet transfusion (ml) 10 987.2 + 856.2 11 1243.8 + 1208.8 0.59
Red blood cell transfusion (ml) 10 368.9 + 428.1 11 807.3 + 875.1 0.17
Platelet engraftment (day) 10 115 + 6.9 11 129 £ 6.5 0.64

N/A, not applicable; EG, exercise group; CG, control group.
p value for comparison of change of variables between exercise and control group.
* p <0.05 vs. baseline.

time for 8-foot up-and-go (p=0.032) and the symptom score
(p=0.039) were significantly increased in the control group while
there was no significant change in the exercise group. Moreover,
there was a significant difference between groups for the time for 8-
foot up-and-go (p=0.030). There were no significant differences
between groups for other body compositions and physical functions
but fat mass and fat percent tended to decrease more in the exercise
group, and the 2-min knee up, hand-grip strength, and chair stand
tended to decrease more in the control group compared to the
exercise group. There was no exercise-related complication reported
in the exercise group. These results showed the safety and potential
positive effects of the exercise program on the patients’ health-
related fitness, symptoms, and recovery-related variables. However,
an advanced strategy to improve exercise adherence during HSCT is
needed to optimize the effects of the exercise program.

Step 8. Focus group interview

The result of this process has previously been reported (26).
Through this process, three exercise barriers and four exercise
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facilitators were identified. The exercise barriers included physical
barriers such as nausea, vomiting, sore throat, reduced appetite;
psychological barriers such as decreased willpower and anxiety due
to isolation; and environmental barriers such as neighboring
patients’ negative opinions about the exercise program and a lack
of encouragement from the medical professionals. Exercise
facilitators included the desire to exercise; easy, simple, and safe
nature of the exercises; and the availability of detailed and reliable
information about the importance and potential benefits of exercise
from the medical professionals rather than an exercise therapist.
Finally, the participants preferred the exercise program to be
supervised by the exercise therapists rather than unsupervised.

Final exercise program

Despite the participants preferring a supervised program, the
supervised sessions were provided only before the isolation period
started due to limited access to the isolated room. Instead, a
brochure including pictures of and instructions for each
movement and online videos viewable by smartphone for self-
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managed sessions during the isolation. The exercise program is
shown in Tables 4, 5. The exercise program is daily and included
stretching and resistance exercises using body weight in three
different positions (i.e., lying down, sitting, and standing). The
exercise intensity was classified as very low, low, or moderate,
among which the participants were allowed to choose depending
on their daily condition. The choice of the sitting or standing
position was decided according to the room space. One to two sets
of 10 repetitions for all isotonic exercise and 10 seconds for all
isometric exercises and stretches were performed each day. If the
participants had osteolytic lesions, they were prescribed extra
exercises for the problematic joint. The daily maximum exercise
time was less than 30 minutes, which was shorter than previous
exercise programs considering the patients’ low physical condition
and daily exercise frequency.

Discussion

Although exercise is a safe intervention method, it can cause
injury, tiredness, or even fainting in patients with poor health

TABLE 4 Contents of inpatient exercise program for HSCT patients.

10.3389/fonc.2023.1132776

condition. Nevertheless, no reliable standardized exercise program
for HSCT patients has been developed to date. This study
introduced the development process of an evidence-based exercise
program for HSCT patients, which is a modified version of the An
et al’s development process of the exercise program for
postoperative colorectal cancer patients (21).

Through the literature review, we realized that medical
environments for HSCT among different countries differ and that
we needed a tailored program suitable for the Korean medical
environment. In most previous studies, the participants performed
aerobic exercise using a treadmill or stationary bike (5-7, 11-18)
and participated in a supervised program (5-11, 14-18, 27).
However, in the Korean medical environment, the use of a
treadmill and stationary bike, and a supervised program were not
available because of confined space and lack of access to the isolated
room. For these reasons, we developed a suitable program for the
Korean medical environment that included bed exercises requiring
minimal exercise equipment and space. These findings suggest that
the development of a tailored intervention program based on
participant needs and study environments may be essential in
different circumstances.

Exercise type Detailed exercises

Stretching in a supine position
(very low intensity)

Neck and ankle stretching
Shoulder circle

Trunk rotation
Hamstring stretching

Hip stretching

Thigh isometric exercise

Calisthenics exercise in a supine position (low intensity)

Calisthenics exercises mostly in sitting position
(moderate intensity)

Calisthenics exercises mostly in standing position
(moderate intensity)

Joint exercise Shoulder

Lower back

Knee

HSCT, hematopoietic stem cell transplantation.
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Neck bridge

Lying band front raise
Lying band arm curl
Posterior pelvic tilt
Shoulder bridge

Ball squeeze (hip adduction)
Calf raise against bed frame

Sitting band row

Kneeling wall push-up

Crunch

Straight-leg bridge on bed
Side leg raise

Sitting thigh isometric exercise
Calf raise against bed frame

Standing band row

Standing bed push-up

Crunch

Good morning and side band exercise

Standing hip exercise (abduction, flexion, and extension)
Sit and stand

Standing calf raise

Lying band external-rotation exercise
Lying band internal-rotation exercise

Posterior pelvic tilt (focus on transverse abdominis muscle)
Shoulder bridge

Lying thigh isometric exercise
Sitting isometric leg curl
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TABLE 5 Exercise program tailored to the patient’s daily condition and room type.

Condition

Bad (very low intensity)

Normal (low intensity) Good (moderate intensity)

Laminar air flow room Stretching Stretching and Stretching and

or lying down resistance exercise standing resistance exercise
General room

Bio-clean room Stretching Stretching and Stretching and

Joint exercise®

“Patients with joint problems add exercise for each problematic joint.

Participants in the exercise group tended to maintain their body
composition, physical function, and symptoms, and to improve
hematologic recovery after HSCT compared to the control group,
despite the modest exercise adherence, a small sample size, and the
short period of intervention. These findings are consistent with Ahn
et al’s study (28) which showed the trends of maintaining body
composition and physical functions in the exercise group but
decreasing in the control group only after 7 to 9 days in
colorectal cancer patients after surgery. Abo et al. (29) reported a
significant decline in functional exercise capacity in patients
undergoing allogeneic bone marrow transplantation despite
exercise intervention. Simply maintaining physical functions
during HSCT is very difficult in this vulnerable population, which
indicates our findings are significantly meaningful and the exercise
program could be helpful for patients during HSCT. Moreover, the
findings suggest that greater exercise adherence, continuous
exercise after discharge, and a large sample size may be able to
make significant improvements in body composition, physical
function, and recovery in patients undergoing HSCT.

Low adherence to the exercise program was the most important
limitation of this study. Previous studies (7, 15, 17, 30) reported 94%
and 87% rates of exercise adherence with the supervised program,
respectively. However, we were unable to use the supervised
program because of the inaccessibility during the isolation period;
thus, our adherence rate was much lower (45%). In the focus group
interview, the participants mentioned poor physical and
psychological conditions as exercise barriers; and the easy and
simple nature of the exercises, and reliability of the information.
Many participants admitted that the exercise program was easy and
simple to perform. Nevertheless, they may not be motivated when
their physical and psychological conditions are extremely poor due
to chemotherapy and HSCT.

Participants also reported a lack of motivation from medical
professionals as an exercise barrier. According to the Theory of
Planned Behavior, if they think their significant others want them to
perform the behavior (subjective norm), they will have the intention
to perform the behavior (31). Furthermore, Park et al. (32) showed
that an oncologist’s exercise recommendation with an exercise
motivation package significantly increased exercise participation
among breast and colorectal cancer patients. If not only exercise
therapists but also medical professionals such as physicians or

Frontiers in Oncology

lying down resistance exercise sitting resistance exercise

Shoulder/lower back/knee exercise

nurses provided exercise recommendations and encouragements,
it might have been able to improve exercise adherence and show
significant differences between groups.

Limitations of this study include the low exercise adherence rate,
small sample size, lack of data on recruitment rate in the pilot RCT,
and non-significant differences between groups in the feasibility
study. Nevertheless, this study showed the detailed process of
development of the exercise program for HSCT patients using
evidence from the literature, expert opinions, patient feedback, and
objective measures. Furthermore, this study demonstrated the
potential of the developed program to improve the health-related
fitness and recovery of HSCT patients. A randomized controlled trial
using this evidence-based exercise program with additional support
by medical professionals is required to validate its effects.

In conclusion, this study described the development process of an
evidence-based exercise program for Korean HSCT patients. Despite
evidence from the literature review, patient needs, and expert opinions,
exercise adherence was low in the real clinical setting. To validate the
effects of this evidence-based exercise program, a randomized
controlled trial with a large sample size and strategies to improve
exercise adherence involving medical professionals’ cooperation are
required. If adherence to the program is improved, the developed
evidence-based exercise program may provide benefits in maintaining
physical functions and improving hematologic recovery in patients
undergoing HSCT. Furthermore, the development process shown in
this study would provide researchers and medical practitioners with
fundamental information to develop an evidence-based program for
patients with different diseases.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

All study procedures were approved by the institutional review board
and the research ethics committee of Severance Hospital (no. 4-2016-
0676). Written informed consent was obtained from all participants.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1132776
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

An et al.

Author contributions

JJ, J-WC, M-SY, and K-YA participated in the study concept and
design. J-WC and MC participated in participants recruitment. K-YA
had full access to all of the data in the study and participated in data
analysis. K-YA, M-SY, and MC participated in data collection. K-YA
participated in the drafting of the manuscript. WC, MC, KC, J-WC,
and JJ participated in critical revision of the manuscript. All authors
contributed to the article and approved the submitted version.

Funding

The National R&D Programme for Cancer Control, Republic of
Korea (HA21C0067000021) and the Yonsei Signature Research
Cluster Project (2021-22-0009).

Acknowledgments

We specially thank Professor YH Min, Professor JS Kim, Professor
SJ Kim, and Professor JE Jang for enrolling the patients in this study.

References

1. Copelan EA. Hematopoietic stem-cell transplantation. N Engl ] Med (2006) 354
(17):1813-26. doi: 10.1056/NEJMra052638

2. Wiskemann J, Huber G. Physical exercise as adjuvant therapy for patients
undergoing hematopoietic stem cell transplantation. Bone Marrow Transplant (2008)
41(4):321-9. doi: 10.1038/sj.bmt.1705917

3. Baker F, Zabora ], Polland A, Wingard J. Reintegration after bone marrow
transplantation. Cancer Pract (1999) 7(4):190-7. doi: 10.1046/j.1523-5394.1999.74005.x

4. Hayes SC, Rowbottom D, Davies PS, Parker TW, Bashford J. Immunological
changes after cancer treatment and participation in an exercise program. Med Sci Sports
Exerc (2003) 35(1):2-9. doi: 10.1097/00005768-200301000-00002

5. Oechsle K, Aslan Z, Suesse Y, Jensen W, Bokemeyer C, de Wit M. Multimodal
exercise training during myeloablative chemotherapy: a prospective randomized pilot
trial. Support Care Cancer (2014) 22(1):63-9. doi: 10.1007/s00520-013-1927-z

6. Baumann FT, Zopf EM, Nykamp E, Kraut L, Schule K, Elter T, et al. Physical
activity for patients undergoing an allogeneic hematopoietic stem cell transplantation:
benefits of a moderate exercise intervention. Eur ] Haematol (2011) 87(2):148-56. doi:
10.1111/§.1600-0609.2011.01640.x

7. Wiskemann J, Dreger P, Schwerdtfeger R, Bondong A, Huber G, Kleindienst N,
et al. Effects of a partly self-administered exercise program before, during, and after allogeneic
stem cell transplantation. Blood (2011) 117(9):2604-13. doi: 10.1182/blood-2010-09-306308

8. Kim SD, Kim HS. Effects of a relaxation breathing exercise on fatigue in
haemopoietic stem cell transplantation patients. J Clin Nurs (2005) 14(1):51-5. doi:
10.1111/§.1365-2702.2004.00938 x

9. Kim SD, Kim HS. Effects of a relaxation breathing exercise on anxiety, depression,
and leukocyte in hemopoietic stem cell transplantation patients. Cancer Nurs (2005) 28
(1):79-83. doi: 10.1097/00002820-200501000-00012

10. Bargi G, Guclu MB, Aribas Z, Aki SZ, Sucak GT. Inspiratory muscle training in
allogeneic hematopoietic stem cell transplantation recipients: a randomized controlled
trial. Support Care Cancer (2016) 24(2):647-59. doi: 10.1007/s00520-015-2825-3

11. Baumann FT, Kraut L, Schule K, Bloch W, Fauser AA. A controlled randomized study
examining the effects of exercise therapy on patients undergoing haematopoietic stem cell
transplantation. Bone Marrow Transplant (2010) 45(2):355-62. doi: 10.1038/bmt.2009.163

12. DeFor TE, Burns L], Gold EM, Weisdorf DJ. A randomized trial of the effect of a
walking regimen on the functional status of 100 adult allogeneic donor hematopoietic
cell transplant patients. Biol Blood Marrow Transplant (2007) 13(8):948-55. doi:
10.1016/j.bbmt.2007.04.008

13. Mello M, Tanaka C, Dulley FL. Effects of an exercise program on muscle
performance in patients undergoing allogeneic bone marrow transplantation. Bone
Marrow Transplant (2003) 32(7):723-8. doi: 10.1038/sj.bmt.1704227

Frontiers in Oncology

10.3389/fonc.2023.1132776

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1132776/
full#supplementary-material

14. Dimeo F, Fetscher S, Lange W, Mertelsmann R, Keul J. Effects of aerobic exercise
on the physical performance and incidence of treatment-related complications after
high-dose chemotherapy. Blood (1997) 90(9):3390-4. doi: 10.1182/blood.V90.9.3390

15. Wiskemann J, Kuehl R, Dreger P, Schwerdtfeger R, Huber G, Ulrich CM, et al.
Efficacy of exercise training in SCT patients—-who benefits most? Bone Marrow
Transplant (2014) 49(3):443-8. doi: 10.1038/bmt.2013.194

16. Jarden M, Baadsgaard MT, Hovgaard DJ, Boesen E, Adamsen L. A randomized
trial on the effect of a multimodal intervention on physical capacity, functional
performance and quality of life in adult patients undergoing allogeneic SCT. Bone
Marrow Transplant (2009) 43(9):725-37. doi: 10.1038/bmt.2009.27

17. Jarden M, Hovgaard D, Boesen E, Quist M, Adamsen L. Pilot study of a
multimodal intervention: mixed-type exercise and psychoeducation in patients
undergoing allogeneic stem cell transplantation. Bone Marrow Transplant (2007) 40
(8):793-800. doi: 10.1038/sj.bmt.1705807

18. Jarden M, Nelausen K, Hovgaard D, Boesen E, Adamsen L. The effect of a
multimodal intervention on treatment-related symptoms in patients undergoing
hematopoietic stem cell transplantation: a randomized controlled trial. J Pain
Symptom Manage (2009) 38(2):174-90. doi: 10.1016/j.jpainsymman.2008.09.005

19. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS. Evidence
based medicine: what it is and what it isn’t. BMJ (1996) 312(7023):71-2. doi: 10.1136/
bmj.312.7023.71

20. Sackett DL. Evidence-based medicine. Semin Perinatol (1997) 21(1):3-5. doi:
10.1016/50146-0005(97)80013-4

21. An KY, In Yang H, Kang DW, Courneya KS, Jeon JY. Development process of
an evidence-based exercise program for post-operative colorectal cancer patients.
Support Care Cancer (2020) 28(2):755-65. doi: 10.1007/s00520-019-04864-4

22. Mor V, Laliberte L, Morris JN, Wiemann M. The karnofsky performance status
scale. an examination of its reliability and validity in a research setting. Cancer (1984)
53(9):2002-7. doi: 10.1002/1097-0142(19840501)53:9<2002::aid-cncr2820530933>
3.0.co;2-w

23. Chun MY. Validity and reliability of korean version of international physical
activity questionnaire short form in the elderly. Korean ] Fam Med (2012) 33(3):144-
51. doi: 10.4082/kjfm.2012.33.3.144

24. Chung]JY, Lee DH, Park JH, Lee MK, Kang DW, Min J, et al. Patterns of physical
activity participation across the cancer trajectory in colorectal cancer survivors. Support
Care Cancer (2013) 21(6):1605-12. doi: 10.1007/s00520-012-1703-5

25. Garra G, Singer AJ, Taira BR, Chohan J, Cardoz H, Chisena E, et al. Validation
of the Wong-baker FACES pain rating scale in pediatric emergency department
patients. Acad Emerg Med (2010) 17(1):50-4. doi: 10.1111/§.1553-2712.2009.00620.x

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1132776/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1132776/full#supplementary-material
https://doi.org/10.1056/NEJMra052638
https://doi.org/10.1038/sj.bmt.1705917
https://doi.org/10.1046/j.1523-5394.1999.74005.x
https://doi.org/10.1097/00005768-200301000-00002
https://doi.org/10.1007/s00520-013-1927-z
https://doi.org/10.1111/j.1600-0609.2011.01640.x
https://doi.org/10.1182/blood-2010-09-306308
https://doi.org/10.1111/j.1365-2702.2004.00938.x
https://doi.org/10.1097/00002820-200501000-00012
https://doi.org/10.1007/s00520-015-2825-3
https://doi.org/10.1038/bmt.2009.163
https://doi.org/10.1016/j.bbmt.2007.04.008
https://doi.org/10.1038/sj.bmt.1704227
https://doi.org/10.1182/blood.V90.9.3390
https://doi.org/10.1038/bmt.2013.194
https://doi.org/10.1038/bmt.2009.27
https://doi.org/10.1038/sj.bmt.1705807
https://doi.org/10.1016/j.jpainsymman.2008.09.005
https://doi.org/10.1136/bmj.312.7023.71
https://doi.org/10.1136/bmj.312.7023.71
https://doi.org/10.1016/S0146-0005(97)80013-4
https://doi.org/10.1007/s00520-019-04864-4
https://doi.org/10.1002/1097-0142(19840501)53:9%3C2002::aid-cncr2820530933>3.0.co;2-w
https://doi.org/10.1002/1097-0142(19840501)53:9%3C2002::aid-cncr2820530933>3.0.co;2-w
https://doi.org/10.4082/kjfm.2012.33.3.144
https://doi.org/10.1007/s00520-012-1703-5
https://doi.org/10.1111/j.1553-2712.2009.00620.x
https://doi.org/10.3389/fonc.2023.1132776
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

An et al.

26. Yu MS, An KY, Byeon J, Choi M, Cheong JW, Courneya K, et al. Exercise
barriers and facilitators during hematopoietic stem cell transplantation: a
qualitative study. BMJ Open (2020) 10(9):e037460. doi: 10.1136/bmjopen-2020-
037460

27. Kim SD, Kim HS. A series of bed exercises to improve lymphocyte count in
allogeneic bone marrow transplantation patients. Eur ] Cancer Care (Engl) (2006) 15
(5):453-7. doi: 10.1111/j.1365-2354.2006.00668.x

28. Ahn KY, Hur H, Kim DH, Min J, Jeong DH, Chu SH, et al. The effects of
inpatient exercise therapy on the length of hospital stay in stages I-III colon cancer
patients: randomized controlled trial. Int J Colorectal Dis (2013) 28(5):643-51. doi:
10.1007/s00384-013-1665-1

29. Abo S, Ritchie D, Denehy L, Panek-Hudson Y, Irving L, Granger CL. Feasibility
of early-commencing group-based exercise in allogeneic bone marrow transplantation:

Frontiers in Oncology

11

10.3389/fonc.2023.1132776

the BOOST study. Bone Marrow Transplant (2021) 56(11):2788-96. doi: 10.1038/
s41409-021-01411-w

30. Jacobsen PB, Le-Rademacher J, Jim H, Syrjala K, Wingard JR, Logan B, et al.
Exercise and stress management training prior to hematopoietic cell transplantation:
Blood and marrow transplant clinical trials network (BMT CTN) 0902. Biol Blood
Marrow Transplant (2014) 20(10):1530-6. doi: 10.1016/j.bbmt.2014.05.027

31. Ajzen 1. The theory of planned behavior. organizational behavior and human
decision process. Organizational Behavior and Human Decision Processes (1991) 50
(2):179-211. doi: 10.1016/0749-5978(91)90020-T

32. Park JH, Lee J, Oh M, Park H, Chae ], Kim DI, et al. The effect of oncologists’
exercise recommendations on the level of exercise and quality of life in survivors of
breast and colorectal cancer: A randomized controlled trial. Cancer (2015) 121
(16):2740-8. doi: 10.1002/cncr.29400

frontiersin.org


https://doi.org/10.1136/bmjopen-2020-037460
https://doi.org/10.1136/bmjopen-2020-037460
https://doi.org/10.1111/j.1365-2354.2006.00668.x
https://doi.org/10.1007/s00384-013-1665-1
https://doi.org/10.1038/s41409-021-01411-w
https://doi.org/10.1038/s41409-021-01411-w
https://doi.org/10.1016/j.bbmt.2014.05.027
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1002/cncr.29400
https://doi.org/10.3389/fonc.2023.1132776
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	An 8-step approach for the systematic development of an evidence-based exercise program for patients undergoing hematopoietic stem cell transplantation
	Introduction
	Methods
	Study design and participants
	Step 1. Literature review
	Step 2. Understanding patient characteristics
	Step 3. First expert group discussion
	Step 4. Development of the first draft of the exercise program
	Step 5. Pre-test
	Step 6. Second expert group discussion
	Step 7. Pilot randomized controlled trial
	Step 8. Focus group interview

	Results
	Step 1. Literature review
	Step 2. Understanding patient characteristics
	Step 3. First expert group discussion
	Step 4. Development of the first draft of the exercise program
	Step 5. Pre-test
	Step 6. Second expert group discussion
	Step 7. Pilot RCT
	Step 8. Focus group interview
	Final exercise program

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


