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Abstract

This study was conducted to develop an aerobic exercise training program and to
asses the effect of exercise training on fatigue and cytokine levels in breast cancer
women receiving adjuvant chemotherapy. A randomized, controlled research design
was used. Data were collected within one week after chemotherapy but before
beginning the exercise intervention, the 8" and 12" weeks of the intervention. Woman
diagnosed with stage I, 11 or llla breast cancer, age between 30 and 69 years old, and
accept into a program of adjuvant chemotherapy were recruited. A least one week
after initiation of the chemotherapy, all subjects performed a graded exercise test.
Concentration of serum IL-1p, IL-6, and TNF-a of the subjects were determined using
DuoSet enzyme-linked immunosorbent assay kits. The Brief fatigue Inventory was
used to measure the severity of fatigue. The exercise training program consists of 20
to 30 minutes of supervised walking exercise on atreadmill, 3 times each week for 12
weeks.

Thirty-three subjects completed the 12-weeks study (18 in the exercise group and
15 in the control). Levels of fatigue were reduced in the exercise participants in the
12" week of the study. Whereas, fatigue severity of the control group increased from
the start of chemotherapy to the 8" week of chemotherapy but did not change from
the 8" week to the 12 week. At the end of intervention, the exercise participants
showed an increase in their physical fitness as indicated by the volume of oxygen
intake. The control group did not show an increase in physical fitness. The mean
plasma of TNF-a concentration decreased significantly from the start to the 8" and
12" weeks of chemotherapy in exercise participants, whereas it did not change in the
control. Change in mean fatigue scores compared to the start of chemotherapy were

paralleled to the change of plasma INF-a concentrations in exercisers at the end of the



study.

The plasma IL-6 concentrations following the initiation of chemotherapy were
not significant different between the two groups. No significant different was found in
the change in IL-6 over time in exercisers, whereas it increased in the control. No
significant different was found in the change of IL-1 over time for either group.
Result from this study suggested that a moderate exercise program for breast cancer
women undergoing chemotherapy may heighten their physical capacity, decrease

concentration of TNF-a cytokines and levels of fatigue.
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Introduction

Fatigue is a common problem among women undergoing treatment for breast
cancer and may endure for months or years following completion of treatment in
some patients. The majority of breast cancer women experienced fatigue regardless of
diagnosis, stage of disease, or type of treatment (Morrow et al., 2002; Schwartz, 1999).
Because of its prevalence, it is often reported as the symptom that is the most
distressing and causes the greatest amount of interference with daily life (Mendoza et
al., 1998). Fatigue may affect cognition, reduce functiona ability and impair one’s
ability to interact with family and friends (Cimprich, 1992; Pickard-Holley, 1991).

Although fatigue has been associated with inadequate nutrition, sleep,
disease-related biochemical changes and reduce levels of activity; the etiology of
cancer related fatigue remains unclear (Schwartz, 1999). Cytokines are also proposed
to be associated with symptoms of fatigue (Kurzrock, 2001). Elevation blood levels of
IL-153, IL-6, TNF-a have been observed in patients receiving treatment for cancer
who reported feeling fatigued (Bower et al., 2002; Morrow et al., 2002).

Fatigue in human may be defined as a subjective of overwhelming, sustained
exhaustion and decreased capacity for physical and mental work that is not relieved
by rest. This definition has both subjective and objective elements, and any
explanation of the pathophysiology of this symptom account for both dimensions
(Piper, 1992). A critical aspect of cancer induced fatigue is the consistent observation

that eved by rest, suggesting that cancer-related fatigue probably involves









inflammatory responses (Ardies, 2002). However, few studies have looked at cytokine
response and adaptation to long-term physical training in patients with chronic disease
(Pedersen, 2000). The cytokine response to endurance exercise remans
controversially, depending on the levels and duration of physical activity. Larsen and
colleagues (2002) observed a decrease in TNF-a levels (from 29.9£22.4 to
25.2+15.2pg/ml) in men with congestive heart failure (CHF) after 12 weeks exercise
training. In a study by Gielen and colleagues (2003), exercise training significant
reduced the expression of TNF-a, IL-6, IL-1B in CHF patients after 6 months exercise
training.

Effects of exercise in patients undergoing cancer treatment and cancer survivors
have been studied in several experimental studies. These studies tested an aerobic
exercise intervention (e.g., cycling, waking, or patient selected activities) and
followed exercise prescription guideline suggested by the American College of Sport
Medicine (2000). Each study prescribed 3 to 5 days per week of an aerobic activity
that can be maintained continuously for 20 to 60 minutes at a moderate intensity.
Exercise intensity depending on patient’s current fitness level and severity of side
effects from treatment. Guidelines include 50% to 75%VO.,max or heart rate reserve,
60% to 80% maximal heart rate, or a Rating of Perceived Exertion of 11-14. These
studies have shown that many breast cancer survivors, even during adjuvant therapy,
can adhere to a conventional exercise prescription. Program ranged from 6 to 12
weeks of exercise for patients during breast cancer treatment, and 8 to 24 weeks for
breast cancer patients after treatment. All studies showed significant beneficia effects
of exercise in multiple domains of functioning, reduction in fatigue or emotiona

distress (Dimeo at al., 1999; Mock et a., 1994; Schwartz, 2000, Winningham, 2001).



Methods

Research Design

A randomized, controlled research design was used to examine the effects of
exercise training on fatigue and cytokine levels in breast cancer patients who
undergoing adjuvant chemotherapy. Data were collected within one week after
chemotherapy but before beginning the exercise intervention (O,), the 8" (O,) and
val (O3) weeks of the exercise training program.
Subject and setting

Women with breast cancer who were evaluated for postsurgery adjuvant
chemotherapy protocols in a university-based teaching hospital were recruited in this
study. Subject selection criterions were: age between 30 and 69 years old; have been
diagnosed with stage |, 1l or Illa breast cancer; and accept into a program of adjuvant
chemotherapy. Exclusion criterions included: a history of cardiovascular disease,
pulmonary disease, or skeletolmuscular disease. This study had been approved by the
Institutional Review Board of the teaching hospital and informed consent was
obtained from all participants.
Exercise Tests

All subjects underwent a physical evaluation. A least one week after initiation of
the chemotherapy, all subjects performed a graded exercise test using the Bake
protocol on a Schiller Treadmill (Cardiovit CS-100) fitted with an Schiller
electrocardiogram monitor and controller (Schiller AG Basel, Switzerland). Patients
who show abnormalities on the exercise EKG were excluded from this study. The
Balke protocol was selected due to its moderate intensity increases per stage (ACSM,
2000). The subjects will performed the second test at the end of the study. Functional
capacity of each subject was determined based on the results of individual exercise

tests.



Blood Sample Measurements

To concentration of IL-1B, IL-6, and TNF-a in the serum of the subjects were
determined using commercial available DuoSet enzyme-linked immunosorbent
assay kits (R & D Systems, Minneapolis, MN). Blood samples were drawn from
subjects within one week following chemotherapy at the 3 data collection times of the
study. All blood sample measurements were preformed with subjects in a 12-h fasted
between 8:00 and 10:00 in the morning.
The Brief Fatigue Inventory

The Brief fatigue Inventory (BFI) was used to measure the severity of fatigue
and interference caused by fatigue. The BFI has nine items, with the items measured
on 0-10 numeric rating scales. Three items ask patients to rate the severity of their
fatigue at its “worst,” “usual,” and “now” during normal waking hours, with 0 being
“no fatigue” and 10 being “fatigue as bad as you can imagine.” Six items assess the
amount that fatigue has interfered with different aspects of the patient’s life during the
past 24 hours. The interference items are measured on a 0-10 scale, with O being
“doses not interfere” and 10 being “completely interfere.”” Concurrent validity was
established by showing that the BFI is closely related to existing instruments that
measure fatigue. Two previously validated measures, POM S-fatigue and the fatigue
subscale of the Functional Assessment of Cancer Therapy (FACT), were used in the
anaysis. The BFI was significantly correlated with both the FACT (r =-0.88, p<0.001)
and the POM S (r = 0.84, p<0.001) fatigue subscales.
Demographic and Laboratory Data Collection Form

Additional data on possible confounding variables including: age, employment,
marital status, stage of diagnosis, and type of chemotherapy were analyzed for each

subject. These data were collected in a structure data collection form.



Experimental Groupings and Trials

Prior to initial the randomized-control trail, the investigator obtained informed
consent from subjects then randomly assign them into one of the two experimental
groups:. a control group and a moderate intensity exercise training group. The exercise
training program consists of 10 minutes warm up, 20 to 30 minutes of supervised
walking exercise on a treadmill, and 10 minutes cool down three times each week for
12 weeks.

During walking exercise, the subjects maintained about 60-70% maximal heart
rate reserve. To ensure compliance with the exercise prescription, exercise heart rate
for each subject will be continuously monitored by a well-trained research assistant.
In addition, subject’s blood pressure and values of RPE will be taken every 10
minutes during exercise to ensure the safety of the exercise participants. Subjects in
the control group remained their usual lifestyle and receive standard care given by the
staff in the outpatient oncology clinic. Regular follow-up through outpatient
department or by telephone interview was arranged every 4 weeks for the control
group.

Satistical Analysis

Values were expressed as mean + standard deviations in this study. Independent
t-tests, Mann-Whitney U test, or Chi-square test were preformed to analyze the
differences among baseline data between groups. Pre-training versus post-training and
between group differences in physical capacity, concentration of cytokines, and levels
of fatigue at 8-week and 12-week were analyzed using repeated-measures analysis of
variance and the post-hoc tests. A p-value of < 0.05 was considered to be statistically
significant.

Result and Discussion

At the beginning of the study, 40 subjects were recruited in this study (22 in the
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exercise group and 18 in the control). Of these, 4 exercises and 3 nonexercisers
dropped out during the study period, resulting in 33 subjects completing the 12-weeks
study (18 in the exercise group and 15 in the control). The mean age of the subjects
was 51 years (range of 30-69). Treatment for chemotherapy lasted 12 to 24 weeks. No
statistical difference was found between the groups in age, weight, stage of cancer,
and type of treatment at the baseline (Table 1).

The subjects’ age, stage of cancer, and type of chemotherapy were not
significantly related to fatigue severity or disruptiveness score across the three
assessment times (p > 0.05). Levels of fatigue were reduced in the exercise
participants in the 12" week of the study (Os). Whereas, fatigue severity of the control
group increased from the start of chemotherapy (O.) to the 8" week of chemotherapy
(O,) but did not change significantly from the 8" week (O,) to the 12" week (Os) (p =
0.43).

At the end of intervention, the exercise participants showed an increase in their
physical fitness as indicated by the volume of oxygen intake (VO,max). The control
group did not show an increase in physica fitness (Table 3). The mean plasma of
TNF-a concentration decreased significantly from the start (Oy) to the 8" (O,) and
12" weeks (O3) of chemotherapy in exercise participants, whereas it did not changein
the control. This change in the mean plasma TNF-o concentration between the two
groups was significantly different (Table 4). In addition, change in mean fatigue
scores compared to the start of chemotherapy were paralleled to the change of plasma
INF-o concentrations in exercisers at the end of the study (r = 0.44, p = 0.03).

The plasma IL-6 concentrations following the initiation of chemotherapy (O;)
were not significant different between the two groups. No significant different was
found in the change in IL-6 over timein exercisers, whereas it increased in the control.

No significant different was found in the change of IL-1f over time for either group
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(Table 4).

Results of this study suggested that chemotherapy led to an increase in the
circulating levels of IL-6, as well as increased ratings of fatigue. A moderate exercise
program for breast cancer women undergoing chemotherapy may heighten their
physical capacity, decrease concentration of TNF-a cytokines and levels of fatigue.
Future studies are needed to examine the long tern effects of exercise intervention on
inflammation and complaints of fatigue in breast cancer women receiving

chemotherapy.
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Table 1. Patient Demographics

Exerciser Control group Total
Variables (n=18) (n=15) (n=33)
n(%) n(%) n(%)
Age (yr)? 49.8+9.0 52.5+11.2
Weight (kg)? 63.8+10.7 64.2+11.6
Marital status
Married 14(78) 12(80) 26(79)
Single/divorced 4(22) 3(20) 7(21)
Employment status
Full-time 9(50) 7(47) 16(48)
Part-time 4(22) 3(20) 7(21)
Unemployment/retired 5(28) 5(33) 10(31)
Education
College degree or above 9(50) 7(47) 16(48)
High school 9(50) 8(53) 17(52)
Stage of cancer
I 6(33) 4(27) 10(30)
I 7(39) 6(40) 13(40)
[la 5(28) 5(33) 10(30)
Type of chemotherapy
CA 8(44) 6(40) 14(42)
CAF 5(28) 4(27) 9(27)
CMF 4(22) 3(20) 7(21)
Other 1(6) 2(13) 3(10)

&: Values for meantstandard deviation
CA = Cyclophosphamide/Doxorubicin;
CAF = Cyclophosphamide/Doxorubicin/Finorouracil;
CMF = Cyclophosphamide/M ethotrexate/Fiuorouracil
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Table 2. Fatigue severity of the subjects receiving chemotherapy

_ Worst Usua Fatigue Interference
Group Time _ i
Fatigue Fatigue Now Score
Exercisers o)} 54+1.3 45+1.7 4.6x1.9 4.0+1.6
(n=18) 0O, 4.7+1.5 3.7+1.2 4.3+2.0 3.6+1.8
O3 4.3+1.7% 3.4+1.0° 3.6£1.3% 3.0£1.3°
Control group o)} 52+1.9 43+1.7 47+1.6 3.9+1.5
(n=15) 0, 6.4+1.4° 5.6+0.8° 4.8+1.9 4.2+1.4
O3 57+2.0 5.0£1.5 4.6x1.2 44+1.2
& decreased as compared to O; within the group (p < 0.05)
b increased as compared to O; within the group (p < 0.05)
O:1: one week following the initiation of chemotherapy
O;: the 8th week of the study
Ogs: the 12th week of the study
Table 3. Physical capacity of the subjects
Group Volume of oxygen intake
(ml/kg/min)
Ol 03 Ol- 03
Exercisers (n = 18) 20.1+4.5 24.5+5.2° 4.4+3.2°
Control group (n = 15) 19.2+2.3 19.5+3.0 0.7+1.2

&p < 0.05 as compared to O; within the group

P n < 0.05 as compared to the change between groups
O;: one week following the initiation of chemotherapy
Ogs: the 12th week of the study
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Table 4. Plasma cytokine concentrations of the subjects

Group Time TNF-a (pg/ml) IL-6 (pg/ml) IL-1B (pg/ml)
Exercisers O, 114.3+19.1 52.4+13.4 74.7+19.2
(n=18) O, 100.5+18.7% 58.2+13.2 69.0+13.5
O3 97.4+22.3° 57.6+15.9 68.9+18.5
Control group o)} 112.2+24.1 54.4+12.1 72.8£21.3
(n=15) Oz 109.9+22.4 67.6+13.3" 71.6+17.5
O3 107.8+30.0 73.0£12.5° 72.1+20.9

& decreased as compared to O; within the group (p < 0.05)
P increased as compared to O, within the group (p < 0.05)
“ increased as compared to O; within the group (p < 0.01)
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