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Received: E2 August 24, 2020 The aim of the study was to examine the effect of physical activity (PA) training on

. . immune system indices while providing chemotherapy. The retrospective research was
Published: 8 September 07, 2020 conducted at the Oncology Department of Barzilai Hospital, Israel. 62 chemotherapy
treated participants aged 47-93 years met the inclusion criteria of pre and post-exercise
blood tests. 17 were men (27.4%). The PA training protocol constituted of 15 minutes
daily exercise. The first instructions were given by a physiotherapist at the day of
chemotherapy and supervised thereafter. Training consisted of exercises to develop
. X - muscle endurance, aerobic fitness, coordination and agility in a low-intensity mode
mune System Indices. Biomed ] Sci & Tech  ;qahted to the patients’ condition. The investigative time duration ranged from 1 to 19.5
Res 30(1)-2020. BJSTR. MS.ID.004899. weeks; categorized as three groups. Group A: 1 to 4.5 weeks, Group B: 5 to 9 weeks and
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Chemotherapy; Immune System; NLR lymphocytes and neutrophils counts and the Neutrophils to Lymphocytes ratio (NLR),
o ) o were statistically analyzed among the three groups of participants. An upward trend was
Abbreviations: PA: Physical Activity; found in WBC, neutrophils and lymphocytes counts, after 5 weeks and more of exercise

WBC: White Blood Cells; NLR: Neutrophils along with chemotherapy. Group C counts rose by 13.3%, 12% and 22% respectively.

to Lymphocytes Ratio; G-CSF: Granulocyte  Thjs study found no statistically significant effect of PA on NLR after the training regime

Colony Stimulating Factor among all groups. The results of the study may increase awareness of the benefits of PA
as an adjunctive treatment for the disease in these patients. Further research is needed
to determine the optimal length and a larger sample size at multi-center settings.

Introduction

. . control, body control and weight control [8-12]. As well, it revamps
Cancer is the second leading cause of death globally among ] ) ) )
. i appetite, reduces stress, anxiety and depression, and lowers risk
men and women [1]. The 5-year survival rate is about 70% [2]. . .
o . of falls [7,13-15]. In addition, research has shown that exercise
Regular exercising by cancer patients helps counteract the adverse . . ) L.
] i ] among cancer patients improves daily functioning, preserves bone
effects associated with treatments [3,4]. 60-75 minutes per day ) ) .
) ) o ) ) mass, and strengthens muscles function that may be impaired by
of moderate-intensity activity may decrease the risk of mortality ) o
. i ] o ] chemotherapy and steroids [10,15,16]. Furthermore, it increases
[2]. Additional benefits of physical activity (PA) during cancer . . . )
) . ) chances of survival, enhances the ability to cope with pain, and
treatment have shown that it reduced fatigue, caused by the disease, . .
o e improves body image and mood [13,16-20]. PA reduces risk of
radiation and chemotherapy [5-7]. Moreover, exercising improves o . . .
comorbidities such as hypertension, diabetes, and cardiovascular

li f life, self-esteem, i igor, i bal
quality of life, self-esteem, increases vigor, improves balance disease [21-26].
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Resistance training helps lessen the side effects associated
with cancer treatment in addition to improved muscle strength
and increased bone mass density [3,27,28]. Galvdo et al. found
that resistance training in prostate cancer patients treated with
androgenic hormone reduction, raised levels of lymphocytes and
neutrophils indices which indicate improved immune system
response [29]. It has been suggested that training regulates and
advances the immune system surveillance [30,31]. PA is a strategy
postulated for the treatment of cancer through its enhancement
of anti-tumor immune response. Exercise has immunostimulatory
effects on the immune system in several stages of combating the
tumor [30]. It is stipulated that exercise exert modulation of the
immune system and may serve, as an adjunctive approach to
properly activate the treatment of cancer. Neutrophil to lymphocyte
ratio (NLR) score is a parameter related to the inflammatory status
of an individual. It was found to indicate the risk level of breast
cancer and gastrointestinal cancer. NLR index can predict the
prognosis of these diseases [32-34].

The normal range of NLR is from 1 to 3 [35]. A higher-than-
normal ratio has been associated with mortality from malignancies
and from heart failure [36]. An association between NLR and
training intensity was found among cyclists [37]. Therefore,
the purpose of this study is to examine the effect of PA training
- that combines muscle endurance, work on range of motions,
coordination and agility - performed during chemotherapy, on
patients’ immune system indices e.g. White blood cells (WBC),
Neutrophils, lymphocytes and NLR scores. To explore the research
hypothesis, assessment of the patients’ immune system following
training exercise sessions was compared with their baseline
scores. It is assumed that the average count of WBC, neutrophils
and lymphocytes will increase between the beginning and the
end of the PA training intervention program. Additionally, the
study hypotheses that there will be an enhanced immune system
response, expressed as a difference between NLR at the beginning
of the intervention program and at the end of the intervention

program.

Methods

This retrospective consecutive study was conducted from
June 10, 2019 to November 11, 2019 at Barzilai Medical Center
Oncology department in conjunction with the Physiotherapy Unit.
One hundred and three participants diagnosed with various types
of cancer, men and women from the south of the country, treated
with chemotherapy in the oncology department were recruited to
this study. Inclusion criteria were age =18 years and completing
blood tests before and after the PA training program. Compliance
was achieved with 62 participants. Exclusion criteria included
missing a blood test and or training session. Participation in this PA
intervention program was voluntary.

Intervention Program

Intervals of chemotherapy course administration determined
the instructed training schedule. The PA intervention was
implemented over three time periods, Group A: 1 to 4.5 weeKks,
Group B: 5 to 9 weeks and Group C: 12 to 19.5 weeks. There were
no intervention programs of 10, 11 and 14-weeks duration. PA
training frequency ranged between twice a week to once every two
weeks. The patient exercised while in a sitting position receiving
chemotherapy. Each workout lasted 15 minutes and consisted of
exercises to develop muscle endurance, aerobic physical fitness,
coordination, increased range of motion in the joints and agility
in a low intensity adapted to the patients’ condition. The training
was delivered by a qualified physical education teacher or
physiotherapist from the hospital staff. Each participant was asked
to perform these PA training exercises independently at home

every day.
Laboratory Blood Tests

The assessments took place on 2 different dates throughout
the intervention program - pre PA training and after completing
the chemotherapy course, post PA intervention program. Blood
tests counted immune indices: WBC, neutrophils and lymphocytes.
In addition, the ratio between the numbers of neutrophils to
lymphocytes was calculated.

Statistical Processing

The data processing included statistics calculations and
statistical inference for testing the research hypotheses. The results
of the pre and post PA intervention program served to analyze the
mean of each index and T-statistics were used for comparing pre
and post training exercise parameters. The results are expressed as
the mean * standard deviation.

Adherence to Ethical Rules and Privacy Protection

The study was approved by the Ethics Committee of Barzilai
Medical Center. The study is retrospective which contains data
collected as part of the routine care and approved by the Helsinki
Committee. All participants gave written informed consent.

Results

62 patients aged 47 to 93 years old were included and had
their blood drawn pre and post- chemotherapy course. The study
time period ranged from one week to 19.5 weeks. The number
of participants in Group A, Group B, and Group C were 27, 17
and 18, respectively. Table 1 presents the study’s demographic
characteristics. The mean age was 69.9 + 9.99 years, and gender
mean age was without statistical significance between females and
males (69.1+10 years and 72.5+9.6 years, respectively). The mean
age was similar among Group A, Group B and Group C. In each of the
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groups, most of the subjects were women. No statistically significant
changes were found between the immune system indices when
comparing pre and post PA intervention program (Appendix 1). In
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Group A, PA training intervention resulted in a decrease in all three
indices: WBC, neutrophils and lymphocytes by 3%, 3% and 11%
respectively (Figure 1).

Figure 1: Trendline of mean change in immune system indices post training intervention program. The change in mean
immune system indices: WBC, neutrophils and lymphocytes, post-training program presents the difference as percentage of
the baseline preprogram counts. Trend lines were drawn using excel graphing program. Negative and positive change indicate
decrease and increase, respectively; compared to pre PA mean counts. Group A exercised one to 4.5 weeks, Group B exercised

5 to 9 weeks and Group C exercised 12 to 19.5 weeks during their chemotherapy course.

Table 1: Demographic Characteristics.

Group A Group B Group C
1 to 4.5 Weeks 5 to 9 Weeks 12 to 19.5 Weeks
Gender
Male (%) 9 (33.3%) 4 (23.5%) 4 (22.2%)

Female (%)

18 (66.7%)

13 (76.5%)

14 (77.8%)

Age (Years)

1 to 4.5 Weeks (n=27)

5 to 9 Weeks (n=17)

Mean 69.07 69.12 71.72
Standard Deviation 11.15 9.12 9.2
Minimum 47 54 54
Maximum 93 86 86

Intervention Time (Weeks)

Mean 2.52 6.47 16.31

Standard Deviation 1.01 1.23 2.38
Minimum 1 5 12

Maximum 4.5 9 19.5

Appendix 1: Immune system cells” study data pre and post physical intervention plan.
Group A Group B Group C

12 to 19.5 Weeks (n=18)

Pre Post Pre Post Pre Post
White Blood Cells (x10°/L)
Mean 6.71 6.5 6.27 6.76 7.28 8.25
Standard Deviation 3.63 2.68 2.3 2.65 2.45 3.12
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T-Statistic 0.31 -0.69 -1.57
P value 0.7599 0.5007 0.1354
Neutrophils (x10°/L)
Mean 3.98 3.86 4.14 4.02 4.68 5.25
Standard Deviation 3.32 2 2.22 2.12 2.11 2.93
T-Statistic 0.18 0.24 -1.03
P value 0.8562 0.8146 0.3152
Lymphocytes (x10°/L)
Mean 2 1.79 1.44 1.57 1.72 2.1
Standard Deviation 1.69 1.67 0.82 0.85 1.02 1.94
T-Statistic 1.03 -1.22 -0.84
P value 0.3116 0.2393 0.4113

In Group B, a similar decrease in neutrophil values was observed
(2.9%), however the number of WBC and lymphocytes increased
by 7.8% and 6.9%, respectively. In Group C, PA training, increased
further in each of the indices: WBC, neutrophils and lymphocytes,
13.3%, 12% and 22% respectively. Figure 1 shows that as the
training period extended, the indices change rose. The upward
trend line manifests that a longer period of PA exercise training

12 4
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time could give more noticeable results. No statistically significant
change was found in mean NLR following the completion of PA
intervention program (Figure 2) in all three participants groups.
Group A and Group C exhibited an NLR increase of 9% and 7.4%
respectively, while Group B revealed 5% NLR decrease. Group B and
Group C NLR means, both pre and post intervention program, are
considered higher than in the general healthy population.

Neutrophils to Lymphocytes Ratio (NLR)

Group A

Group B Group C

OPre MPost

Figure 2: Comparison of Neutrophils to Lymphocytes Ratio (NLR) index, pre and post exercise intervention program. Group
A:1 to 4.5 weeks, Group B: 5 to 9 weeks and Group C: 12 to 19.5 weeks. Data presented as mean + Standard Deviation.

Discussion

This is the first study examining the effect of physical training
on cancer patients which is performed while administering
chemotherapy. The study findings reinforce previous reports
showing that PA benefits patients through an ascend of the
immune system at the end of the training period, especially when
the intervention period exceeds 12 weeks. In addition, the longer
the training period the more effect it tends to have on the immune
system indices, although not statistically significant. Therefore, an

extended and a more intense mode of PA may have a greater impact
on the immune system parameters.

Interpretation of WBC Neutrophils and Lymphocytes
and NLR Indices

Regular physical activity augment aspects of immune
competency, thus promoting anti-cancer effect in humans was
reported for lymphocytes [29,38]. Indices of WBC, neutrophils
and lymphocytes were used as indicators of the immune system

functional abilities. Group A exercised the shortest session and
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exhibited a reduction of the immune indices. A low lymphocyte
counts after exercise, was found to be a result of immune cells
surveillance at the peripheral tissues [38]. All three indices
increased at the end of the intervention program compared to
its inception after lengthy PA and chemotherapy course in Group
C. Exercise oncology field studies demonstrated that being active
leads to natural Kkiller cells mobilization into tumor lesions [38].
Thus, performing “exercise immunotherapy” mediated by these

lymphocytes anti-tumor effect on neoplastic growth.

A pitfall of NLR could be due to an active hematologic
disorder: Leukemia, cytotoxic chemotherapy, or granulocyte colony
stimulating factor (G-CSF) may affect cell counts [39].

Therefore, the biphasic response expressed as NLR over the
time of training program could be attributed to medical status of
the participating patients. In addition, the low sample size could
be the cause for the high variability between individuals. The
study participants consisted of older adults (mean age 70 years).
Aging is typically associated with decrease in immune competence
which presents as lower counts [38]. Hence the challenge to elicit
an enhanced immune response in these individuals who are also
burdened by cancer. Aging has been reported to be associated with
an increase in neutrophil counts [38]. Apparently, this could be a
partial probable explanation for high NLR presented in participants
of Group B and C. However, the mean age of Group A participants
was similar to Groups B, C (69.7 vs 69.12, 71.72 years, respectively)
thus other factors could be responsible for the differences of high
baseline counts pre-exercise in groups B, C such as individuals’
inherent medical condition.

Strengths and Limitations

The fact that the training was found to be safe and non-harmful
to heterogeneous population of both females and males indicates
that this strategy can be used to encourage cancer patients to
exercise during chemotherapy. Other intervening factors may affect
the patient’s body response that were beyond the scope of this
study, such as cancer type, disease status, co-existing maladies and
more. Self-exercising at home was not monitored which could be
a possible reason for insignificant difference between the baseline
pre and “post” exercise program results.

Future Research Directions

An extended period training program and at a moderate to
higher intensity should be investigated as a trend to increase the
physiological effect of the immune system on the body. In addition
to absolute number counts, it is pertinent to further examine the
immune cells functionality to gain insight and verify their active
potential exerting conjunctive cytotoxic effect on tumor cells during
chemotherapy course. Future directions will explore more detailed
molecular mechanism involved in the body reaction to physical

exercise while chemotherapy is administered, such as specific

cytokines and inflammatory factors.

Conclusion

The implication of this research may suggest that PA should be
encouraged, in particular to achieve exercise induced benefit on
the immune potency of the oncological population and a change in
their lifestyle [40]. As a result, all cancer patients are recommended
to have physical exercise as part of the standard care guidelines
instructed by the ministry of health authorities. In conclusion, a
long-term training period may help strengthen the immune system
and thus also in dealing with the disease, as the immune system has

an important role in eliminating cancer cells [30].
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