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ABSTRACT

Objective: This study aimed to investigate the effects of curative
radiochemotherapy on muscle oxygen saturation dynamics using the Moxy
oxygen monitor in individuals with locally advanced lung cancer.

Materials and Methods: A prospective study was conducted at Atatiirk
University Sports Sciences Application and Research Center. Male patients aged
30-70 years with a diagnosis of locally advanced lung cancer were recruited from
the Radiation Oncology Clinic of Erzurum Regional Training and Research
Hospital. Before and after curative radiochemotherapy, participants performed a
low-intensity acute aerobic walking exercise protocol on a treadmill for 10
minutes. Muscle oxygen saturation (SmO:) and total hemoglobin (tHb) levels in
the rectus femoris muscle were monitored during and after the test using near-
infrared spectroscopy with the Moxy monitor. Data were analyzed using SPSS
26.0 software.

Results: The results demonstrated a significant increase in total hemoglobin
values in both the right and left legs following curative radiochemotherapy.
Conclusion: Curative radiochemotherapy positively influenced muscle oxygen
saturation and total hemoglobin levels, suggesting a potential improvement in
muscle oxygenation dynamics in patients with locally advanced lung cancer.
Keywords: Moxy Oxygen Monitor, SmO2, Locally Advanced Lung Cancer,

Curative Radiochemotherapy
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1. INTRODUCTION

The Moxy oxygen monitor is a muscle oxygen monitor that can measure
local oxygen saturation (SmO2) and total hemoglobin (Thb) using near-infrared
spectroscopy, thanks to the sensor embedded in the skin. Data storage and
telemetric capability are safe for assessing localized O, ®. Technically, these
devices illuminate the skeletal muscle with infrared light. By sensing the light
reflected from it as a result of the amount of light absorbed by the tissue, they
recognize variables such as hemoglobin, deoxyhemoglobin, oxyhemoglobin, and
total hemoglobin. They can measure muscle oxygen saturation as a percentage

(%). 2
Oxygen is essential for eukaryotic life. The increase in body size of
humans and other vertebral creatures requires a physiological infrastructure to
maintain oxygen homeostasis and provide adequate oxygen delivery to the tissues.
Oxygen is an important element necessary for energy gain in maintaining
homeostasis and for the organism's survival. Hypoxia, a decrease in oxygen level,
results in many changes at the cellular level. While hypoxia occurs in natural
physiological processes such as embryonic development, it also occurs in
pathophysiological conditions such as inflammation and solid tumor formation. 34
Hypoxia is a major consequence of tumor growth in cancerous cells. Lung cancers
have hypoxia and when the tumor increases in mass, the blood supply is impaired
because it is far from the blood vessels. This, in turn, impairs the regulation of the
hypoxic environmental repair mechanism, thereby accelerating cancer
development. Hypoxia is a common pathological feature commonly observed in
solid tumors due to decreased or insufficient oxygen supply. *° In addition, the
presence of oxygen is an important prognostic factor known to increase the
response of tumor cells to radiotherapy. Due to the size of the tumoral mass in the
lung and pressure on the airways, shortness of breath and consequently
hypoxemia will inevitably increase. #° Curative radiochemotherapy is a treatment
whose main goal is to cure the tumor or reduce the local recurrence rate. Although
the treatment plan in curative radiochemotherapy covers an average of 5-7 weeks,

this period may vary depending on the type of tumor and its response to radiation.
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Curative radiochemotherapy can be applied in different ways. This treatment is
performed in 3 different types. One of them is called adjuvant therapy. This
treatment is a form of treatment that is combined with chemotherapy after
surgery. This treatment is aimed at reducing the local recurrence rate of cancer.
Adjuvant therapy is mostly preferred in brain tumors, breast, rectum, larynx,
endometrium, stomach and cervix cancers. One of these treatments is neoadjuvant
therapy. The main goal of this treatment is to reduce the tumor size by targeting it,
to make the surgical intervention more effective and thus to ensure more effective
regional control. Neoadjuvant therapy is preferred in lung, rectum and soft tissue
cancers. The third is the definitive treatment. This treatment, on the other hand, is
the preferred treatment when radiotherapy is used alone or simultaneously with
chemotherapy. In definitive treatment, patients are not treated surgically. If the
disease recurs, surgery is considered. Definitive treatment is applied to prostate,
cervix, lung, nasopharynx, and early-stage glottic larynx cancers. % The main
purpose of radiotherapy is to the water molecules in the cells, where free radicals
are produced that cause damage to DNA. Hypoxic cells formed due to decreased
oxygen levels are more resistant to radiotherapy. The majority of the tumor
structure has less oxygen content. Radiotherapy is a form of treatment in which
more than one dose is usually administered in weekly periods. The main purpose
of radiotherapy is to cause maximum damage to the tumor cells with the radiation
dose given while ensuring that the healthy cells are minimally affected by the
radiation dose. Radiation therapy works best when the oxygen levels in the cells
are highest, as the hypoxic environment allows the cells to become more
oxygenated and more sensitive to radiation. >

No studies have investigated SMO2 changes as assessed by the moxy
oxygen monitor before and after curative radiochemotherapy in individuals
diagnosed with locally advanced lung cancer. This study aimed to examine the
possible effects of curative radiochemotherapy on muscle oxygen saturation
dynamics with moxy oxygen monitor in individuals with locally advanced lung

cancer.
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2. MATERIAL AND METHOD

The study was conducted prospectively at Atatiirk University Sports
Sciences Application and Research Center. In the Radiation Oncology Clinic of
Erzurum Regional Training and Research Hospital, male patients with locally
advanced lung cancer who met our criteria had normal blood values and
volunteered were included in the study. For these patients, planning was done for
local oxygen saturation and total hemoglobin evaluations with near-infrared
spectroscopy method using a 10-minute low-intensity acute aerobic walking
exercise protocol using a treadmill (treadmill) twice, before and after curative
radiochemotherapy and after curative radiochemotherapy.
In addition, similar studies in the literature were used to calculate the sample size
of this study. ** Similar studies' mean and standard deviation values were inserted
into the G*Power 3.1.9.4 analysis program [Bidirectional, a= 0.05, Power (1-B)=
0.95, Effect size=1.43]. According to the calculation result, this study’s minimum
number of samples was 9. The study is planned to be conducted in 10 patients

with locally advanced lung cancer.

Inclusion criteria for the study:
1. Male patients aged 30-70 years diagnosed with locally advanced lung cancer
2. Stable patients who do not interfere with treadmill exercise

3. Those who voluntarily agreed to participate in the study

Exclusion criteria:

1. Those who do not agree to participate in the study

2. Being under 30 years old and over 70 years old and being a woman

3. Cardiologically unstable patients with recent Ml

4. Oxygen saturation <85% in room air

5. Patient group with unstable severe lung cancer diagnosis

6. Presence of diseases such as diabetes, hypertension, cardiovascular disorder,

neurodegenerative disease, head trauma, alcohol and drug addiction, epilepsy
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7. Patients with treadmill exercise contraindications (acute muscle spasm,
limitation in joint range of motion, joint effusion, severe osteoporosis around the
joint, just after surgical procedures)

In our study, all kinds of explanations and information about the study
were made before the volunteer patient group signed an informed consent form.

This research is experimental research with pre-test and post-test designs.
The height, body weight and body mass index of 10 patients participating in the
study were calculated. Before and after curative radiochemotherapy, patients were
walked on a treadmill for 10 minutes by the low-intensity acute aerobic walking
exercise protocol, and muscle oxygen saturation and total hemoglobin levels were
monitored in the rectus femoris muscle with near-infrared spectroscopy, both
during and after the test, with a Moxy monitor device. After resting in a sitting
position for five minutes, SmO2 and THb resting measurements were recorded.
Rectus femoris muscle oxygenation (SmO2 rest, %SmO2min, %SmO2 recovery)
and total hemoglobin level (Thbirest, Thomin, Thbrecovery) were measured with
a Moxy monitor during and after the rest and low-intensity acute aerobic walking

exercise.

Test Protocol

Based on evidence from the American Cancer Society (ACS) and
American Sports Medicine (ACSM), a moderate aerobic exercise program is
recommended for cancer patients. For 3-4 days a week, 30-60 minutes of maximal
oxygen uptake or 40%-80% of the heart rate reserve, more walking, brisk
walking, cycling or swimming exercises are recommended 2.

The patient volunteers in this study applied low-intensity acute aerobic
walking on the treadmill for 10 minutes at the exercise intensity recommended by
the ACSM (heart rate reserve or pulse range corresponding to 50-60% of the
target heart rate). This exercise measured muscle oxygen saturation only twice,
before and after curative radiochemotherapy. Against any health problem that
may be experienced during the test protocol, the researchers involved in the study

were personally present and necessary precautions were taken. Before starting the
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walking exercise, the exercise intensity was calculated by the Karvonen method
for the walking exercise patients would do.?
Karvonen Formula
Maximum Heart Rate = 220- Age
Heart Rate Reserve or Target Heart Rate = (Maximal Heart Rate - Resting Heart
Rate) x Exercise Intensity + Resting Heart Rate

The specified calculations were calculated with the above formula and the

heart rate of the patients was followed on the treadmill screen during walking.

Placing Moxy

Before Moxy is placed, the area should be shaved with an electric shaver
and cleaned with alcohol wipes. The device must be secured with a light shield
and athletic tape to prevent the near-infrared light from interfering with the
detectors while recording. Moxy can be placed on the rectus femoris or vastus
lateralis muscles of both the dominant and non-dominant leg. During our study,
we planned to record using the rectus femoris muscle. The rectus femoris is
involved in flexion of the thigh concerning the pelvis and provides flexion of the
pelvis concerning the thigh when the thigh is fixed; therefore, it is chosen as the
location of Moxy both because it is a part of the knee extensor group that makes
the primary contribution to strength formation and because it is easier to place. 3
Considering these details, we placed the Moxy and took the measurements (Figure
1). Taking measurements on the treadmill with the near-infrared spectroscopy
method using the Moxy oxygen monitor is also shown in Figure 2.
Planning will be done so that the total process time will be approximately 15-20

minutes.
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Figure 1: Placement of moxy in the rectus femoris muscle
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Figure 2: SmO2 and THb monitoring and recording with the moxy device during

low-intensity acute aerobic walking exercise on the treadmill
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3. FINDINGS

Table 1. Dependent groups t-test results of pre-test and post-test results of SmO2
Live right and left legs

Parameter N Side Test Time X+S.S t P
10 . Pre Test 39.96+11.21
SmouLive |10 Right Leg 0 - Test | 39.35:14.20 0253 0807
2
10 Pre Test 43.19+13.48
10| oMLY [T HnaiTest | 448282147 | 0244|0815
) Test Time
I Pre Test
B Final Test
70,00
60,00
5
N' 50,00
(e}
E
w
40,00
30,00
20,00
Right Leg Left Leg
Side

Graph 1. All group and individual changes for SmO2 Live right and left leg

Considering the SmO2 Live parameter, the right leg pre-test average is
39.96, and the post-test average is 39.35. The t-value calculated on the scores of
the two tests is 0.253. The p=0.807 value obtained as a result of the dependent
groups (Paired sample t-test) t-test performed to determine whether there is any
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difference between the pre-test and the post-test indicates no difference between
the tests at the 0.05 significance level. Considering the SmO2 Live parameter, the
left leg pre-test average is 43.19, and the post-test average is 44.82. The t value
calculated on the scores of the two tests is -0.244. The p=0.815 value obtained as
a result of the dependent groups (Paired sample t-test) t-test performed to
determine whether there is any difference between the pre-test and the post-test
indicates no difference between the tests at the 0.05 significance level (Table 1
and Graph 1).

Table 2. Dependent groups t-test results regarding SmO2 Averaged pre-test and
post-test results of right and left legs

Parameter N Side Test Time X+S.S t P
10 : Pre Test 39.97+11.23
smo, | 10 | RONtLeg i Test | 30.42+1408 | 0226 | 0828
Averaged 10 Pre Test 43.21+£13.46
10 | Leftled EiaiTest | 44832118 | 0248|0815

Test Time

[ Pre Test
B Final Test

80,00

70,00

60,00

ged

50,00

SmO2_Avera

40,00

30,00

20,00

Right Leg Side Left Leg
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Graph 2. SmO2 Averaged all group and individual changes for right and left
legs

Considering the SmO2 Averaged parameter, the right leg pre-test average
Is 39.97, and the post-test average is 39.42. The t-value calculated on the scores of
the two tests is 0.226. The p=0.828 value obtained as a result of the dependent
groups (Paired sample t-test) t-test performed to determine whether there is any
difference between the pre-test and the post-test indicates no difference between
the tests at the 0.05 significance level. Considering the SmO2 Averaged
parameter, the left leg pre-test average is 43.21, and the post-test average is 44.83.
The t value calculated on the scores of the two tests is -0.243. The p=0.815 value
obtained as a result of the dependent groups (Paired sample t-test) t-test performed
to determine whether there is any difference between the pre-test and the post-test
indicates no difference between the tests at the 0.05 significance level ( Table 2
and Graph 2).

Table 3. Dependent groups t-test results regarding the pre-test and post-test
results of THb right and left legs

Parameter N Side Test Time X+S.S t P
10 . Pre Test 12.64+0.46
b 10 | RONLed i Test | 12.63:0.42 0062 0.952
10 Pre Test 12.65+0.38
10| LeMLled T EiaiTest | 12.72:0.33 -0.308 | 0.767
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Graph 3. All group and individual changes for THb right and left legs

Considering the THb parameter, the right leg pre-test average is 12.64, and
the post-test average is 12.63. The t-value calculated on the scores of the two tests
is 0.062. The p=0.952 value obtained as a result of the dependent groups (Paired
sample t-test) t-test performed to determine whether there is any difference
between the pre-test and the post-test indicates no difference between the tests at
the 0.05 significance level. Considering the THb parameter, the left leg pre-test
average is 12.65, and the post-test average is 12.72. The t-value calculated on the
scores of the two tests is -0.308. The p=0.767 value was obtained as a result of the
dependent groups (Paired sample t-test) t-test performed to determine whether any
difference between the pre-test and the post-test indicates no difference between
the tests at the 0.05 significance level ( Table 3 and Graph 3).

4. DISCUSSION

Fort he first time, we described changes in skeletal muscle O2 saturation
induced by a moxy oxygen monitor with a 10-minute low-intensity acute aerobic

walking exercise protocol using a treadmill twice, before and after curative
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radiochemotherapy, in a population diagnosed with locally advanced lung cancer.
In lung cancers, it is inevitable to increase shortness of breath and hypoxemia due
to the size of the tumoral mass and pressure on the respiratory tract #°. Curative
radiochemotherapy is a treatment whose primary goal is to cure the tumor or
reduce the local recurrence rate. ®8

In addition to the results of rectus femoris, trunk strength, and large muscle
mass, the patella and patellar tendon is a special structure that performs movement
and fixation of the joints. The rectus femoris is a dynamic muscle that flexes and
extends the knee joints. 1> It also plays a role in the expectation of posture. For
the rectus femoris to perform these objects, the capillary vascular system network
that feeds these regions must also be well-developed and have vasodilator use.
Oxygenation of the muscle, the ability to use the incoming oxygen, and the
amount of incoming oxygen to the muscle are extremely important for the volume
of the muscle. 1>18

There is hypoxia in lung cancers and when the mass of the tumor
increases, blood supply is impaired because it stays away from the blood vessels.
4,5

Considering that curative radiochemotherapy can reduce tumor size with
multiple imaging studies during treatment in individuals with advanced lung
cancer, they predicted this might be the most effective adaptive control method.
19,20

Although studies have shown that there is a decrease in muscle strength
due to toxicities in the musculoskeletal system of cancer patients, and the decrease
in muscle strength becomes more evident as the dosage of treatments and the
number of cures increase 27%', studies investigating the relationship between
muscle strength and quality of life are insufficient in the literature. In 2007, an 18-
week combined exercise (aerobic, resistant) program was applied to cancer
patients whose treatments were completed in the Netherlands. It has been shown
that these patients have improvements in their muscle strength and cardiovascular
capacity, and accordingly, the quality of life, functional performance, symptoms

and general health score parameters. 2 The findings from this study support our
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research. In our study, although there was no statistically significant difference
(p>0.05) between the SmO2 Live, SmO2 Averaged and THb parameters of the
participants after curative radiochemotherapy application, a higher increase was
found in the left leg compared to the right leg.

According to the findings of the study, Sig. Although there was no
significant difference since the (2-tailed) values were higher than 0.05, it was
determined that the participants’ right and left leg total hemoglobin values

increased after curative radiochemotherapy application.

5. CONCLUSION AND RECOMMENDATIONS

As a result, curative radiochemotherapy has shown an improved effect on
muscle oxygen saturation and total hemoglobin.

As a result of our study, we have analyzed the skeletal muscle O2
saturation with moxy oxygen monitor with scientific data in individuals diagnosed
with locally advanced lung cancer. We believe that providing adequate muscle
oxygen saturation while establishing a treatment protocol in individuals with
locally advanced lung cancer who have received or will receive curative
radiochemotherapy will benefit the treatment's success and the patient's survival.

Finding patients was tough since our study was voluntary and conducted in
a specific patient group. A study can be conducted in which the low-intensity
exercise program recommended by the ACS and ACSM is applied simultaneously
as the number of patients is kept higher and/or curative radiochemotherapy is

received.
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