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ABSTRACT

Considering the beneficial and non-invasive effects of laser as a therapy, the possibility of
using it in cancer patients would be of great interest to the clinical area. However, the
available literature is still scarce for the definition of the ideal dosimetric parameters of
photobiomodulation (FBM) in cancer cells, and when considering the use of the therapy as
a bioinhibitory treatment in this cell type, more studies are needed to elucidate the main
factors responsible for the different behaviors in these cells, since in specific parameters
this therapy can promote biostimulation or even cell inhibition, It should be used with
caution in clinical practice, avoiding increasing existing cancerous tissue.
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INTRODUCTION

Cancer is a serious global public health problem, characterized by the uncontrolled
proliferation of a group of cells within the body, and is one of the main causes of morbidity
and mortality in many parts of the world. (1)

According to the estimates of Fitzmaurice et al. (2), in 2015 there were at least 17.5
million cases of cancer in the world, with at least 8.7 million deaths and according to the
World Health Organization this number will reach 21 million by 2030. (3)

This disease has multiple causes, and can be triggered by etiological factors, such
as age, endocrine alterations and genetics. (4,5) and several risk factors that predispose to
the disease, with 90% of cases being related to environmental factors.

When it comes to antineoplastic treatment, new less invasive therapies have been
investigated and have generated great interest in the health area, seeking a better
prognosis and fewer side effects. One of the current therapies under investigation is
Photobiomodulation (FBM) (6). This therapy has also been suggested in cases of sequelae
of antineoplastic treatment, such as in cases of osteonecrosis associated with
bisphosphonates. (7,8)

However, there are controversies regarding the use of FBM during the neoplastic
process. Some studies show that this therapy can favor an increase in cell proliferation and
differentiation, since it has significant biomodulatory effects, being a form of therapy
contraindicated in regions with the presence of tumors (9). However, it is known that this
process will depend on the parameters that will be applied (10).

Although the studies are not conclusive, the literature shows that there is a tendency
for higher doses to lead to tumor cell death (11). However, in this context, when using FBM
in high doses, while some authors have demonstrated that it can inhibit the tissue repair
process (4), causing aggressive effects at the cellular level, other studies have shown
satisfactory results in the repair process. (9,12).

There is a lack of evidence on the effects of FBM in conditions of malignancy, both in
relation to the parameters to be used and in relation to the biological mechanisms resulting
from irradiation at the cellular level (13). Considering the beneficial and non-invasive effects
of laser as a therapy, the possibility of using it in cancer patients would be of great interest
to the clinical area, and it could be used as an adjuvant in the treatment of cancer patients.

Health in the Global Context: Challenges, Policies, and Practices
Effects of laser photobiomodulation on tumor cells



LITERATURE REVIEW
CANCER

Cancer is understood as a disease that is characterized by the uncontrolled
proliferation of a group of cells within the body, much faster than that of normal cells (4,14).
These cells attack tissues and organs, dividing rapidly and tend to be very aggressive and
uncontrollable, leading to the formation of tumors, which can spread to other regions of the
body. (15)

Cancer is the leading public health problem in the world and is already among the
four leading causes of premature death in most countries (1). It is a disease of multiple
causes, and can be caused by factors such as age, endocrine changes and genetics.
(18,19). In addition, several risk factors predispose to the disease, and 90% of the cases
are related to environmental factors, those that can be modified by changes in behavior and
lifestyle habits, such as: exposure to radiation and chemical products, smoking, alcoholism,
inadequate diet, obesity and physical inactivity. (5,16,17)

When it takes on an advanced form, cancer can evolve into a condition that cannot
be cured, with the presence of uncontrollable signs and symptoms such as pain, fatigue,
nausea, vomiting, anorexia, anxiety, depression, among others. The manifestations may be
related to tumor invasion, as well as to the adverse effects of the treatment being
performed, causing intense discomfort to the patient and a negative impact on quality of life.
In view of this, the care provided to cancer patients is no longer curative and becomes
palliative. (20)

This disease is considered a global public health problem, with a 20% high incidence
in the last decade (21). Most of the time, the diagnosis of cancer is interpreted as a disease
with a negative stigma considered as synonymous with suffering and death(22) and this
image that the disease conveys is a consequence of its impact on the patient's life, since
there is impairment in the physical, psychological, social, economic and spiritual aspects.
(22,23)

Currently, cancer is the second leading cause of mortality in developed countries
and, in a few decades, it will become the main cause of morbidity and mortality in the
poorest regions of the planet (17). It stands out among chronic non-communicable
diseases, reaching alarming levels, and is considered a global public health problem. (25)

According to research by the World Health Organization, by 2030 cancer will reach
approximately 27 million incident cases, 17 million deaths, and 75 million people with an
annual diagnosis worldwide, with 50% of cases being metastatic (26). In Brazil, statistical
data made available by the National Cancer Institute (INCA), 2020 showed an incidence of

Health in the Global Context: Challenges, Policies, and Practices
Effects of laser photobiomodulation on tumor cells



about 626 thousand new cases of cancer, thus revealing the magnitude of the problem in
the country. (5,20,25)

Although the number of individuals diagnosed is increasing, it is believed that 1/3 of
the cases are preventable. Thus, there is a need to incorporate new habits into the lifestyle
so that the organic defenses can be able to fight against mutated cells and capable of
developing a tumor mass. (27)

In this sense, it seems urgent to implement public health policies aimed at the most
affected populations, associated with the reduction of social inequities and access to
primary prevention, early diagnosis and treatments, in order to reduce disparities in cancer

mortality in Brazil. (17)

Osteossarcoma

Osteosarcoma (OS) is a primary malignant bone tumor, originating from
mesenchymal stem cells, characterized by a high rate of metastasis (36), high mortality,
and a high rate of disability (29). It originates from mesenchymal tissue and acquires
features of strong early metastasis, which are associated with a poor prognosis. (30)

Epidemiological data indicate that its incidence is 30% of bone tumor cases in
Ireland, while in the United States it is approximately 1.7 cases per million inhabitants per
year, representing 600 to 900 new cases annually. In Brazil, it is believed that the incidence
is approximately 400 to 600 new cases per year. (31)

The disease has a bimodal incidence, predominantly affecting children and
adolescents (primary osteosarcomas) (32) during the period of greatest growth, with a
second peak incidence in adults over 65 years of age (secondary osteosarcomas), (33,34)
in which men are affected more frequently than women, in a ratio of 1.6:1.

As for its etiology, studies indicate that the origin of osteosarcoma is still unclear,
however, it is known that certain environmental factors, such as irradiation and hereditary
conditions, such as Li-Fraumeni syndrome, familial retinoblastoma, and Rothmund-
Thomson syndrome, are associated with germline mutations in the TP53, RB1, and
RECQL4 genes, respectively, which predispose to osteosarcoma. (35)

The tumor can affect any bone, but it is usually located in the metaphyseal regions of
the long bones. The distal region of the femur and the proximal region of the tibia and
humerus are the most frequently affected locations. More than 50% of cases occur near the
knee. (36)

The typical presentation includes the appearance of pain and expansion of the
affected bone, and a hallmark of the pain is that it is sufficiently intense to awaken the
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patient from sleep. Occasionally, patients will present with the onset of severe pain or other
signs associated with a pathologic fracture. Approximately 15% to 20% of patients will have
clinically detectable metastases, and more than 85% of metastatic disease occurs in the
lung, the most common site of metastasis. (32)

A study conducted by Mirabello et al. (28) showed that osteosarcoma metastasis is
one of the leading causes of treatment failure and patient death. The mechanism of
metastasis of malignant tumors is that tumor cells that break off from the lesion enter the
blood or lymphatic system and circulation of the body and proliferate and form metastatic
focus in the metastatic organs, which is basically consistent with the mechanism of
metastatic osteosarcoma. (29)

Traditionally, the gold standard for primary bone malignancies located in extremities
has been amputation (32). In recent decades, therapy has shifted to salvaging limbs with
intact local function in order to improve patients' quality of life. (37)

Thus, the current standard treatment of osteosarcoma consists of surgery associated
with chemotherapy (38), leading to a 70% survival at 5 years in patients with non-metastatic
disease. However, the 5-year survival rate of patients with metastatic disease is about 20%,
emphasizing the importance of developing new therapeutic strategies (34). However, the
effectiveness of these therapeutic strategies is limited, and some of them can cause serious
complications and adverse effects.

In recent years, scientific evidence on FBM has been pointing to a better
understanding of its effects, and researchers and clinicians have begun to investigate its
use in increasingly innovative applications. Among these new clinical approaches are its
application to repair damaged bone tissue and its place in oncology as an adjunct

treatment, slowing or even leading to cancer cell death. (11)

Cancer cells

Cancer cells are thought to be altered normal cells, formed by cellular transformation
(39) and they differ from healthy cells due to a multitude of molecular changes (40,41),
many of which may be mechanically linked to metabolic reprogramming.

These cells have some special characteristics, such as unlimited proliferation
capacity, loss of response to growth inhibition factors, evasion of apoptosis (programmed
cell death), ability to invade other tissues (metastases), production of new blood vessels
(angiogenesis), (42) ability to produce a greater number of reactive oxygen species and

greater dependence on an antioxidant defense system. (43)

\
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As for the development of a cancer cell, initially the cell is stimulated, either by a
hormone or growth factor, and its division process is no longer normal and becomes
permanent. Next, the "safety brakes" that prevent excessive cell division must be eliminated
and these brakes are controlled by two main genes: RB1 and TP53, also known as P53.
When these genes are mutated, they prevent apoptosis, thus allowing a tumor mass to
form. Making these changes is enough for the cells to become cancerous. (4)

The Inactivation of the RB1 It is reported in 20-40% of sporadic cases of
osteosarcoma and is associated with a poor disease outcome. Its inactivation has also
been associated with abnormalities of cell differentiation, cell death, angiogenesis,
metastasis, and senescence (44). The mutants of the TP53 they lose the ability to inhibit
cell growth, gain the ability to proliferate and transform, and possibly lead to malignancy.

Nakase et al.(45) They transfected the gene P53 in osteosarcoma cells in vitro and in
vivo, which apparently leads to the establishment of tumor growth. However, the functions
of these gene mutants P53 in different osteosarcoma cell lines are not completely

consistent and further investigation is needed.

LOW-POWER LASER

The term Laser - Light Amplification By Stimulated Emission of Radiation (light
amplification by stimulated emission of radiation) (46) it was initially described by Albert
Einstein in 1917, in a theoretical way, but it was only in 1960 that Theodore H. Maiman
announced its operation for therapeutic purposes (47), being applied clinically for wound
healing, pain relief, inflammation, and various orthopedic conditions. (48)

In 1967, Dr. Endre Mester was the first scientist to discover that a low-power laser
had a stimulating effect on hair growth in mice and since then, low-power laser has been
applied in various conditions to increase physiological function in humans and animals. (49)

Radiation is characterized by electromagnetic waves, visible or invisible, in which the
applied energy performs work in the tissue area to be treated. Its purpose is the
photoactivation of cellular mechanisms that help in the rehabilitation of injured areas. (50)

Among all the existing low-power laser types, the most commonly reported devices
are: helium-neon gas (HeNe), gallium arsenide (GaAs), yttrium aluminum garnet (YAG),
aluminum gallium arsenide (GaAlAs), aluminum aluminum gallium diode laser (AlGalnP).
(51)

This radiation has unique characteristics, such as coherence: ordered displacement

of waves in relation to time with their equal amplitudes; collimation: photons travel in
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parallel, moving great distances; and monochromaticity: which is characterized by
presenting a pure color, being a single color. (52)

Currently, the term FBM has replaced the old low-power laser, and FBM was
introduced as a descriptor in PUBMED in 2015 (49). This form of irradiation has gained
great prominence worldwide in health science due to the search for less invasive forms of
treatment. A variety of pathological conditions using FBM are described in the literature,
such as modulation of the inflammatory process, acceleration of the tissue repair process,
pain relief, and treatment of some neurological disorders. (54,61)

FBM has become a widely used method in most countries and has been studied
worldwide, one of the reasons for its popularity is related to its less invasive, athermal,
painless, low-cost action (66) and with a shorter applicability time than other physical
therapy resources. (67)

Therefore, taking into account its efficacy and non-invasive action, FBM has been

studied as an adjuvant treatment option for cancer. (49,68)

Dosimetry

Multiple variables affect the clinical therapeutic effects of FBM, such as wavelength
(A), energy density (dE), power density (DP), and treatment time (53), because when
applied it exposes cells or tissue to both a biostimulatory and bioinhibitory effect. (6)

Wavelength is considered an essential parameter for beneficial application results,
as it determines the ability of the laser to penetrate the tissue (54) And depending on the
wavelength the light can be classified as visible or red (380 to 750nm) and invisible or
infrared (above 750nm) (55), although there is still divergence in the literature regarding
these values. What is worth mentioning is that the longer the wavelength, the greater the
depth of penetration of the energy into the tissue (54). De acordo com Huang et al.(56),
wavelengths in the range of 700-1000 nm are most often used to treat deep tissue because
of their deep penetration.

Regarding the dispersion, it is inversely proportional to the wavelength, the longer
the wavelength, the lower the dispersion. (57)

The energy radiated in Joule (J) corresponds to the amount of energy employed
during the treatment time. Another important factor is energy density, which is defined as
the total amount of energy (J) per radiated area (cm?) (57), given in Joule per square
centimeter (J/cm?), which will designate the irradiation time and its power, presented in
Watts (W). (58,59)
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It is important to highlight that energy cannot be confused with dose, as it
presupposes reciprocity (the inverse relationship between power and time). It is calculated
as: Energy (J) = Power (W) x Time (s). Energy density or fluence is an important dose

descriptor, which assumes a reciprocal relationship between irradiance and time, obtained
PxT

according to the following equation: FROM = — (82,83)

Power (P) can be calculated by the following equation: P =, where E = radiated
energy (dose) (in J) and T = irradiation time (in s). The power density (DP) or irradiance is
related to the power (W) per unit area (A) radiated (in W/cm?), and can be calculated by the
following equation: ?DP = %. (60,61)

Knowledge of these parameters is essential to establish safe and adequate doses,
according to the physiological characteristics and objectives of each individual.

It is known that if incorrect parameters are applied, the treatment is likely to be
ineffective. There is a biphasic dose response curve in that when very low or very high
doses (fluence (J/cm?), irradiance (mW/cm?), delivery time or number of repetitions may
lead to no significant effect or sometimes excessive light delivery may lead to undesired
inhibitory effects (62). Underdosing results in poor cellular response, but overdosing can

paradoxically inhibit cell proliferation or induce apoptosis. (63)

Mechanisms of Action of Photobiomodulation

Several studies in vitro and in vivo report the effects of FBM on cell proliferation,
metabolism, angiogenesis, apoptosis, and inflammation (9,12,63) and that FBM is
correlated with accelerated wound healing due to the stimulation of cellular processes, such
as cell migration and differentiation. It is also found that the respiratory chain in the
mitochondria is stimulated by FBM, which results in an increase in the production of
adenosine triphosphate (ATP) and thus increased synthesis of Deoxyribonucleic Acid
(DNA), Ribonucleic Acid (RNA), and proteins.

Mitochondria contain chromophores that absorb photons from FBM. The primary
chromophore that absorbs red light is the enzyme cytochrome c oxidase, the site of action
of FBM being the main receptor and transducer of photosignal (63), is located in unit IV of
the mitochondrial respiratory chain, resulting in the activity of several molecules, such as
nitric oxide, promotes the production of ATP, calcium ions, reactive oxygen species, and
several other signaling molecules. (71)

As for ATP production, they are promoted due to the FBM-stimulating electrons in the

chromophores, and then electron carriers such as the cytochrome C oxidase chromophore,
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deliver these electrons to their final electron acceptors, while a proton gradient is made, as
well as creating a proton gradient that increases ATP production. (71)

Regarding mitochondrial alterations that increase the release of reactive oxygen
species, this alteration is capable of inducing transcriptional alterations and production of
nuclear factor-kB (NF-kB). NF-kB induces anti-apoptotic proteins along with cell proliferation

and migration. (63)

Action of Photobiomodulation on Tumor Cells

The effects of FBM on cell proliferation and differentiation were investigated in vitro in
different malignant cell lines and generated conflicting data when exploring a wide diversity
of tumor parameters and cell lines. (49,51)

Werneck et al.(94) described that the tumor cell has a nutritional deficiency, due to its
intense metabolic activity, and is therefore susceptible to the action of FBM.

The mechanism of FBM is based directly on the application of biostimulatory light
energy to cells. Cellular photoreceptors absorb light, and can transfer it to the mitochondria
to produce ATP (73). With increased vasodilation via ATP synthesis, the use of oxygen is
increased and the activity of cytoplasmic enzymes with nucleic acids stimulates cell mitosis,
which can likewise induce negative outcomes by proliferating cancer cells. (4)

In fact, studies in vitro show that, depending on the light parameters and cell type,
pre-exposure to FBM can modulate the cytotoxic response of cancer cells exposed to
irradiation. (74)

The cellular proliferative potential of irradiation has attracted some negative
speculation that it could also increase tumor growth in neoplastic diseases. (13)

Studies in vitro and in vivo have demonstrated that FBM presents biomodulatory
results on different cell types, characterized by increased viability, gene and protein
expression by cells submitted to irradiation. (10,64)

The proliferation of both normal and tumor cells can be stimulated, and this process
will depend on the parameters of the laser and the rate of cell proliferation at the time of
irradiation. Depending on the parameters used, the use of FBM during this neoplastic
process may favor an increase in cell proliferation and differentiation, since it has significant
biomodulatory effects, and this is not a desirable effect in neoplasms. (9)

In order to elucidate the biological mechanism of cell proliferation, Sroka et al.(75)
evaluated the effect of FBM on cells of different origins and different degrees of malignancy,
comparing them with normal cells. An increase in the mitotic pattern was observed in

benign and malignant cells after irradiation with doses in the range of 4 to 8 J/cm?2.

Health in the Global Context: Challenges, Policies, and Practices
Effects of laser photobiomodulation on tumor cells



However, a reduction in the rate of cell proliferation was observed when the dose exceeded
this energy range, regardless of the wavelength.

Carnevalli, et al.76), demonstrated in their study that CHO K-1 cells cultured and
irradiated with low-intensity laser (830 nm and 2 J/cm?) exhibited greater ATP synthesis and
mitotic capacity when subjected to nutritional stress when compared to non-irradiated cells
in the control group.

Renno, and collaborators (77) investigated the effects of laser irradiation of 670, 780
and 830 nm on the proliferation of cells from human osteosarcoma and found that only the
dose of 10 J/cm? at 830 nm was able to increase the proliferation of osteoblasts, while the
energy densities of 1, 5 and 10 J/cm? at 780 nm decreased proliferation. Osteosarcoma
cells were not affected by laser irradiation at 830 nm, while laser at 670 nm had a mild
proliferative effect.

Frigo, and collaborators (13) used B16F10 murinho melanoma cells for irradiation
with the laser emitting a wavelength of 660 nm, power of 50 mW and irradiance of 2.5
W/cm? at energy densities 150 J/cm? and 1050 J/cm?, fractioning the energy delivered in 3
consecutive days, 9 J and 63 J respectively. After performing the exclusion test with tripan
blue, they did not identify a statistically significant difference in relation to the control group.

Pinheiro, and collaborators (78) conducted a study analyzing the effect of FBM on
malignant cells in vitro. In particular, they studied epithelial-type cancer cells, exposing them
to irradiation at wavelengths of 635 and 670 nm. They found that the irradiated cells (both
wavelengths) proliferated more than the non-irradiated control group. The group exposed to
670 nm proliferated more than the group at 635 nm. The authors concluded, therefore, that
exposure to laser light could significantly increase the proliferation of cancer cells.

A recently published systematic review by da Silva et al.(11)suggested that FBM can
be used in cancerous lesions in order to decrease the proliferation of cancer cells,
depending on the parameters used; however, the lack of standardization of laser irradiation
protocols for investigations does not allow the establishment of optimal parameters for this
purpose, so FBM should be used with caution in cancer patients until further studies are
conducted.

Thus, it is important to seek a better therapeutic approach for osteosarcoma, taking
into account the need to minimize adverse effects, reduce the incidence of metastases,
increase survival time and provide better quality of life to patients, considering that
depending on the energy density applied to these cells, FBM can stimulate metastasis,

being a form of therapy contraindicated, as it will lead to an increase in the disease, or it
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can inhibit cell proliferation, being considered a favorable therapy that can be used as an

adjuvant in the treatment of cancer patients.

CONCLUSION

The available literature is still scarce for the definition of the ideal dosimetric
parameters of photobiomodulation in cancer cells and when considering the use of the
therapy as a bioinhibitory treatment in this cell type, more studies are needed to elucidate
the main factors responsible for the different behaviors in these cells, since in specific
parameters this therapy can promote biostimulation or even cell inhibition and should be

used with caution in practice clinic, avoiding increasing existing cancerous tissue.
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