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ABSTRACT

Radiodermatitis (RD) is a major side effect after radiotherapy (RT). It has negative effect on patient’s quality
of life. Recent studies have explored the use of photobiomodulation therapy (PBMT) in preventing or reducing
the incidence of RD. The present study systematically reviews existing literature on PMBT with regards to
protection against RD. A systematic search of the electronic databases including PubMed, Scopus, Embase and
Google Scholar was conducted to retrieve articles on the protective effect of PBMT against RD. The search
timeframe ranged from the inception of each database to date. From an initial search of 647 articles, and after
removal of duplicates as well as applying the predetermined inclusion and exclusion criteria, 8 articles were
finally included for this systematic review. All included studies were clinical, with their results showing
promising protective effect of PBMT against RD. Furthermore, no adverse effect was observed in patients after
administering PBMT. PBMT showed potentials to protect against RD while improving patient’s quality of life.
However, further studies would need to address grey areas such as optimization of PBMT treatment
parameters, long time of application and small sample size.
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INTRODUCTION

In today’s world, ionizing radiation is of immense benefit in many ways including medical (diagnostic imaging
and radiotherapy (RT) for cancer), industrial, agriculture etc. Although in recent times, it has attracted negative
aims such as for terrorism. Most radiation exposure to human arises from medical aims. This could give rise to
side effects to normal tissues. Exposure to ionizing radiation could lead to detrimental effects, which can be
early or late ([1], [2]). The former which occurs within few hours following irradiation could be in the form of
vascular permeability, apoptosis, lymphocyte adhesion, endothelial swelling, and edema [3], while the latter
which manifests after some years include carcinogenesis, necrosis, organ dysfunction, and death [4].

The DNA is the most critical target when cells are exposed to ionizing radiation, giving rise to chromosomal
aberrations or cell death. Most detrimental effects of ionizing radiation are due to the generation of free
radicals following the interaction of ionizing radiation with water molecules in living tissues [5]. When free
radicals such as reactive oxygen species (ROS) and reactive nitrogen species (RNS) interact potently with the
DNA, cell death or neoplasm could occur if DNA damage overcomes DNA damage responses [6], [7].

There are several mechanisms through which ionizing radiation cause cell death. They include necroptosis,
apoptosis, necrosis, mitotic catastrophe, autophagy and senescence [8]. Inability to repair complex DNA
damage could lead to any of these effects. The degree of cell death varies with cell type [9] as well as radiation
dose [10]. After DNA damage and cell death following irradiation, some danger alarms are released from
damaged cells. Danger alarms can be recognized by macrophages and lymphocytes, leading to several
signaling pathways involved in inflammation, DNA repair and redox (reduction/oxidation) metabolism [11].
These mechanisms are responsible for enormous free radical production as well as increase in the level of
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several cytokines and chemokines including TNF-a, TGF-f, IL-1 etc. [12]. They reduce the antioxidant levels
in cells, thereby giving rise to further DNA breaks, oxidative stress and cell death [13], [14], [15].

Side effects from exposure to ionizing radiation can also arise in cells or tissues which were not directly
irradiated. This is known as systemic effect. Moreover, this has even been observed for radiation doses less
than 1 Gy [16].

Radiotherapy is one of the most utilized treatment modalities for cancer. During this process, the skin tissues
are inevitably exposed to ionizing radiation. The epithelial layer of the skin can be easily damaged after
irradiation [17]. Acute radiodermatitis (ARD) with indications including erosion, ulcer, scaling, edema and
erythema may occur 3 months following radiotherapy. Moreover, from 6 months to some years post
radiotherapy, chronic radiodermatitis including changes in nature of skin, poikiloderma, and
hyperpigmentation may be observed.

Due to negative consequences of exposure to ionizing radiation, it is imperative to have adequate protective
measures to counter these effects. Thus, several approaches have been developed to achieve this aim. Recent
technological advancements involving modern radiotherapy devices have been developed with the aim of
limiting exposure to healthy tissues. The use of natural and chemical agents as radioprotectors have also been
employed in several experimental and clinical studies [12], [18].

In recent times, photobiomodulation therapy (PBMT) has been explored. PBMT which is also referred to as
low-level laser therapy (LLLT), involves the use of red or near infrared (NIR) light to heal, restore and
stimulate multiple physiological processes as well as repair damages from injuries or diseases [19], [20]. The
effects of PBMT on various tissues have been confirmed by numerous in vitro and in vivo studies and are
influenced by cell type, laser wavelength and energy dose [21], [22], [23]. It is well known that PBMT
increases fibroblast proliferation [24], which also favours collagen synthesis [25] as well as angiogenesis [26];
in which case it reduces cyclooxygenase-2 (COX-2), TNF-a as well as pro-inflammatory cytokines IL-6 and
IL-1B [24], [25], [26], [27], [28]. Furthermore, it promotes the differentiation of anti-inflammatory cytokines
including IL-2, IL-4, IL-8 and IL-10; and also acts on NF-kB signaling pathway [29].

The present study aimed to systematically assess current literatures on the use of PBMT in preventing
radiation-induced dermatitis following RT.

MATERIALS AND METHODS

Search strategy

This study was conducted in accordance with the statement of preferred reporting items for systematic reviews
and meta-analyses (PRISMA) (Moher et al, 2009). The following online databases including Scopus, PubMed,
Google Scholar and Embase were searched for articles investigating the protective effect of PBMT against
ionizing radiation-induced dermatitis, without restriction on year of publication. The search keywords were as
follows: “photobiomodulation” and ‘“dermatitis”, “ionizing radiation”, “photobiomodulation therapy”
“radiotherapy”, “cancer and radiotherapy”. To ensure that no relevant study was missed, manual screening of
the references from studies from initial search was conducted.

Inclusion criteria
Articles were included based on the following criteria:

e Studies which made use of PBMT techniques such as LLLT, LED, laser therapy (LT) and phototherapy;,
whose language of publication is English.

e Studies about the protective effective effect of PBMT against ionizing radiation-induced dermatitis.

e Studies which involved cancer treatment with ionizing radiation.
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e Preclinical/experimental as well as clinical studies with full texts.
Exclusion criteria
Exclusion of studies was as follows:
e Studies which did not utilize PBMT.
e Studies which did not investigate the effect of PBMT with ionizing radiation.

e Review studies, abstracts, editorials, studies without full texts as well as studies whose language of
publication is not English.

Study selection

Relevant studies from online and manual literature searches were exported into EndNote software X6
(Thomson Reuters, New York, USA) for removal of duplicates. Subsequently, the titles and abstracts of
remaining studies were carefully screened by two authors for eligibility according to the predetermined
inclusion and exclusion criteria. Factual evidences were used in cases of disagreements involving inclusion.

Data extraction

The following data were carefully extracted from each included article: first author name, number of patients,
cancer type, radiation dose, PBMT parameters, time for outcome assessment and main outcomes. Afterwards,
these data were presented in a tabular form.

RESULTS

Summary of our search result is presented in figure 1. Initial search produced 647 articles. After removing
duplicates, 580 articles were left, from which 529 articles were excluded after reviewing their titles and
abstracts. A further 43 articles were excluded based on our predetermined inclusion and exclusion criteria as
well as careful examination of their full texts. Finally, 8 studies ([30], [31], [32], [33], [34], [35], [36], [37])
were selected for this systematic review.

The included studies were all clinical studies involving a total of 276 cancer patients (breast cancer = 246 and
head and neck cancer (HNC) = 30) treated with PBMT (LED, LT and RLPT). Furthermore, the RT treatment
doses ranged from 50.4-66 Gy. Table 1 gives a summary of the included studies.

In a study by [30]; 19 breast cancer (BC) patients were treated with LED PBM after IMRT (with total doses up
to 50.4 Gy). Their result showed that 94.7% of patients treated with LED had grade 0 or 1 reaction while 5.3%
of patients had grade 2 reactions. Furthermore, treatment of BC patients with LED PBM immediately after
IMRT reduced the incidence of grades 1, 2 and 3 skin reactions (based on National Cancer Institute (NCI)
grades) as well as reduced inflammation. They attributed this protective effect to the stimulation of fibroblast
function with reduced inflammation, thereby preventing radiotherapy-induced skin damages. No side effect
from treatment with LED PBM was observed in all patients.

[31] demonstrated the efficacy of PBMT in ameliorating radiation-induced dermatitis. In this study, 18 BC
patients received LED PBM in addition with 3D conformal RT (of total dose up to 61.2 Gy). From their
results, it was observed that in the LED PBM treated group, no patient had grade O reactions, 33.3% had grade
1 reactions, 66.7% had grade 2 reactions and none had grade 3 reactions. However, in contrary to the study by
DelLand et al., (2007) there was no significant reduction in radiation induced-dermatitis when RT was
administered with LED. They attributed these discrepancies to small sample size and also because subjects
were treated before and after each RT session, instead of only after each session. Nevertheless, no adverse
effect from this method was observed.
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[32] investigated the effect of low-power laser treatment in preventing RD. Twenty-six BC patients were
treated with PBMT for 5 days a week before each RT session (with total dose up to 57.5 Gy). Their results
showed that this approach prevented RD via reducing inflammation and inducing collagen synthesis. Similar
to previous studies, no adverse effect was observed.

The effectiveness of PMBT + RT in comparison with RT only was assessed by [33]. In this study, 38 BC
patients received PMBT + RT (up to 66 Gy) while 41 BC patients received RT only. Their results showed
significant reduction of skin toxicity in the PMBT + RT group compared to the RT only group. A limitation of
their study was that allocation of patients into treatment groups was done without randomization. In terms of
patient’s quality of life, no significant difference between both groups was observed. Nevertheless, this
treatment approach was found to be more effective compared to RT only regimen.

[34] demonstrated the beneficial effects of PBMT in reducing or preventing radiation-induced dermatitis. In
one group, 25 BC patients were treated with LED PBM twice a week before 3D conformal RT (up to 50.4 Gy)
while in the other group, 45 BC patients received only RT. Their results showed that PBMT was effective in
reducing RD (with 12% developing grade 2 RD in the PBMT group and 40% in the RT only group).
Furthermore, in terms of the intensity of pain, 60% of patients reported no pain in the PMBT group while
28.9% reported no pain in the RT only group.

[35] studied the effect of red-light phototherapy (RLPT) in the treatment of RD. Thirty HNC patients were
enrolled to receive RLPT twice daily till the end of RT. Compared to the control group which received only
RT, patients who received RLPT+ RT showed grades 0-2 RD while the former showed grades 2-3 RD. Thus,
these results showed the effect of PBMT in reducing RD. Furthermore, PBMT accelerated wound healing as
well as reduced pain within a short time. They concluded that PBMT could ensure the smooth progress of RT
and also improve patient’s quality of life.

[36] evaluated the effectiveness of PBMT in preventing ARD. Sixty BC patients received LT twice a week
immediately after each RT session (up to 66 Gy). By contrast to control group (RT only), PBMT was effective
in preventing the development of grade 2 ARD or higher in BC patients. Moreover, in comparison to control,
patients’ quality of lives in the LT group were significantly improved. In a further study by this group, using
similar parameters, they also showed this method to be effective in ameliorating moist desquamation in BC RT
patients [37].

647 articles 1dentified
from initial search

Study
Identification

67 duplicate articles removed

580 articles screened

_| 329 articles excluded based on
titles and abstracts

Screening of
articles

A

51 full-text articles assessed
for eligibility

Eligibility

| 43 articles screened out based on
inclusion and exclusion criteria

y

8 studies included in
systematic review

Inclusion

Fig. 1 PRISMA flow diagram of the systematic literature search.
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Table 1. Summary Of Included Studies In The Systematic Review.

First Number | Cancer | Radiation Photobiomodulation parameters Time for | Main outcome
author of type | dose (Gy) outcome
patients Wavelength | Power | Time | Energy | assessme
(nm) (mW) | (s) | (Ilem?) nt

DelLand 19 BC 50.4 590 - - 0.15 90/180 | LED PBMT treatments

etal., immediately  after IMRT

2007 [30] reduced the incidence of NCI
grades 1, 2, and 3 skin
reactions in BC patients
treated with RT  after
lumpectomy.

Fife et al., 18 BC 61.2 590 - - 15 35 LED PBMT is of no harm to

2010 [31] patients undergoing RT for
BC, but the efficacy of LED
PBMT in preventing RD
requires further studies.

Costa et 26 BC 57.5 660 80 1320 108 90 Application of PBMT

al., 2014 enhanced tissue repair via

[32] reduction of inflammation and
inducing collagen synthesis.

Censabell 38 BC 66 808/905 4 - PBMT could be effective in

a et al, preventing ARD.

2016 [33]

Strouthos 25 BC 50.4 660/850 44.6 300 0.15 LED PBMT applied prior to

et al., RT might be effective in

2017 [34] decreasing the incidence and
sequelae of radiation-induced
skin toxicity in BC patients.

Zhang et 30 HNC - 620/760 - - - - RLPT can accelerate the

al., 2018 healing ability of wound and

[35] significantly ~ shorten  the
healing time. It relieves pain,
promotes healing and ulcer,
but also guarantees the
smooth progress of RT and
improves patient’s quality of
life.

Robijns et 60 BC 66 808/905 3.3 | 46,727 4 42-49 PBMT is able to prevent the

al., 2018 days development of severe acute

[36] skin reactions and it seems to
provide symptomatic relief
during RT.

Robijns et 60 BC 66 808/905 0.168 - 4 42-49 PBMT is an effective tool to

al., 2019 days prevent the development of

[37] severe ARD in BC patients.
Further, screening patients on
breast volume before the start
of RT can allow the
radiotherapist to optimize the
skin management during the
course of RT.

BC: Breast cancer; HNC: Head and neck cancer; LED: light emitting diode; PBMT: Photobiomodulation
therapy; ARD: Acute radiodermatitis;
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NCI: National Cancer Institute; RT: Radiotherapy; RLPT: Red light phototherapy;

DISCUSSION

This study systematically reviewed the available literature on the use of PBMT in protecting against RD.
Radiotherapy, though effective for cancer treatment, often leads to collateral damage in normal tissues due to
oxidative stress, inflammation, and impaired tissue repair [55]. Photobiomodulation therapy (PBMT) has
emerged as a supportive treatment to mitigate these effects, especially in conditions like oral mucositis,
dermatitis, fibrosis, and neuropathy.

PBMT uses non-ionizing light in the red to near-infrared (NIR) spectrum (600-1100 nm) to stimulate
beneficial cellular responses [19]. Recent advances have further clarified how PBMT influences cellular
metabolism, gene expression, inflammation, and tissue regeneration ([56], [57]).

Findings from these studies have shown promising results for this aim. Furthermore, its safety was not in
question as no study showed no side effect following treatment with PBMT. While this approach has been
shown to induce apoptosis and cell death in malignant neoplastic cells in a dose-dependent manner; [25], [38],
[39]; however, some studies have shown that PBMT could influence cellular metabolic activities via
stimulation of malignant cells’ proliferation as well as altering tumor microenvironment, thereby increasing
tumor volume [40], [41]. These conflicting evidences should be given due consideration in future studies.

PBMT has been shown to stimulate and enhance wound healing, regeneration, and immune responses as well
as preventing aberrant immune responses, inflammation and pain [42]. These properties of PBMT have been
utilized in protecting against oral mucositis (OM) from chemotherapy or RT [43], [44], [45], [46], [47], [48]. It
has also been shown to protect against lymphedema [49], [50], [51], [52] and peripheral neuropathy [53].

In terms of PBMT treatment parameters, the reviewed studies showed variations in their parameters used.
Thus, for maximum protection against RD, the parameters would need to be optimized so as to achieve
common therapeutic ground for clinical purposes. A systematic review for PBMT in protecting against
radiation-induced OM recommended the following PMBT parameters: wavelength centered at 650 nm, power
density of 40 mW and tissue energy dose of 2 J/cm?, in adult patients receiving hematopoietic stem cell
transplantation conditioned with high-dose chemotherapy, with or without total body irradiation [54].
Furthermore, they suggested a wavelength of 632.8 nm for the prevention of OM in patients undergoing RT
with PBMT, without concomitant chemotherapy for HNC.

From the reviewed studies, a major advantage of PBMT is its convenience for patients and ease of use by
medical personnel [34]. Furthermore, its cost effectiveness was also reported [32]. However, its long duration
during application could lead to patient’s discomfort.

Limitations were observed in the included studies. One of such is the small sample size of patients enrolled. As
a result, some insignificant effects between study groups were observed [31]. We suggest larger sample sizes in
order to detect small differences in skin reactions between groups. Another limitation is the very few clinical
studies evaluating the use of PBMT in protecting against RD. This is in contrast to the many studies which
have utilized this technique in protecting against OM. Therefore, we suggest more clinical investigations for
PBMT against RD, for more insights.

RD has a negative effect on the quality of life of RT patients. Going by the findings from the reviewed studies,
PMBT has shown potentials to prevent or even reduce the incidence of RD. However, it remains to be seen
how this method would fare in future clinical trials.

PBMT is a highly cost-effective adjunct in the management of radiation-induced tissue damage [59]. While the
initial capital and training investment are modest, the clinical and economic returns are significant, particularly
in reducing side effect burden, enhancing patient comfort, and improving compliance with oncologic
treatment.
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Future directions include integration into clinical pathways, adoption of standardized treatment protocols, and
inclusion in reimbursement frameworks, which will enhance PBMT’s viability and scalability in routine cancer
care.

CONCLUSION

In conclusion, findings from this systematic review gives further credence to existing evidences on the
potentials of PBMT in reducing or preventing RD. Grey areas such as optimization of PBMT treatment
parameters, small sample size and longer treatment time should be further addressed in future studies. This
would go a long way in ensuring optimal protection as well as improving RT patients’ quality of lives.

Conflict of Interest: The author declared no known conflict of interest in this study.

Financial Disclosure: The author declared that this study did not receive any funding.

REFERENCES

1. Rodemann, H. P, & Blaese, M. A. (2007). Responses of Normal Cells to lonizing Radiation.
In Seminars in Radiation Oncology, 17(2), 81-88.

2. Agbele, A. T., Fasoro, O. J., Fabamise, O. M., Oluyide, O. O., Idolor, O. R., & Bamise, E. A. (2020).
Protection Against lonizing Radiation-Induced Normal Tissue Damage by Resveratrol: A Systematic
Review. Eurasian J Med., 52(3), 298-303.

3. Pefia, L. A., Fuks, Z., Koksnick, R. (1997). Stress-induced Apoptosis and the Sphingomyelin Pathway.
Biochemical Pharmacology, 53(5), 615-21.

4. Pena, L. A, Fuks, Z., & Kolesnick, R. N. (2000). Radiation-induced Apoptosis of Endothelial Cells in
the Murine Central Nervous System: Protection by Fibroblast Growth Factor and Sphingomyelinase
Deficiency. Cancer Research, 60(2), 321-327.

5. Mozdarani, H. (2012). Biological Complexities in Radiation Carcinogenesis and Cancer Radiotherapy:
Impact of New Biological Paradigms. Genes, 3(1), 90-114.

6. Najafi, M., Cheki, M., Rezapoor, S., Geraily, G., Motevaseli, E., Carnovale, C., Clementi, E., &
Shirazi, A. (2018). Metformin: Prevention of Genomic Instability and Cancer: A Review. Mutation
Research/Genetic Toxicology and Environmental Mutagenesis, 827, 1-8.

7. Agbele, A. T., Faromika, O. P., Awe, O. O., Amodu, F. R., Edaogbogun, G. O., & Bello, K. A. (2021).
Impact of Metformin on the Therapeutic Effect of Radiotherapy. Radiation Medicine and
Protection, 2(01), 17-22.

8. Manda, K., Glasow, A., Paape, D., & Hildebrandt, G. (2012). Effects of lonizing Radiation on the
Immune System with Special Emphasis on the Interaction of Dendritic and T cells. Frontiers in
oncology, 2, 102.

9. Hekim, N., Cetin, Z., Nikitaki, Z., Cort, A., & Saygili, E. 1. (2015). Radiation triggering immune
response and inflammation. Cancer letters, 368(2), 156-163.

10. Rodel, F., Frey, B., Multhoff, G., & Gaipl, U. (2015). Contribution of the immune system to bystander
and non-targeted effects of ionizing radiation. Cancer letters, 356(1), 105-113.

11. Yahyapour, R., Motevaseli, E., Rezaeyan, A., Abdollahi, H., Farhood, B., Cheki, M., Rezapoor, S.,
Shabeeb, D., Musa, A.E., Najafi, M., & Villa, V. (2018). Reduction—oxidation (redox) system in
radiation-induced normal tissue injury: molecular mechanisms and implications in radiation
therapeutics. Clinical and Translational Oncology, 20, 975-988.

12. Yahyapour, R., Amini, P., Rezapoor, S., Rezaeyan, A., Farhood, B., Cheki, M., Fallah, H., & Najafi, M.
(2018). Targeting of inflammation for radiation protection and mitigation. Current molecular
pharmacology, 11(3), 203-210.

13. Holley AK, Miao L, St. Clair DK, St. Clair WH. Redox-modulated phenomena and radiation therapy:
the central role of superoxide dismutases. Antioxidants & redox signaling. 2014;20(10):1567-89.

14. Miao L, Holley AK, Zhao Y, St. Clair WH, St. Clair DK. Redox-mediated and ionizing-radiation-
induced inflammatory mediators in prostate cancer development and treatment. Antioxidants & redox
signaling. 2014;20(9):1481-500.

Page 119 . .
www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS |[Volume X Issue V May 2025

%, S
4 RSIS ~

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Castellani P, Balza E, Rubartelli A. Inflammation, DAMPs, tumor development, and progression: a
vicious circle orchestrated by redox signaling. Antioxidants & redox signaling. 2014;20(7):1086-97.
Mavragani IV, Laskaratou DA, Frey B, Candéias SM, Gaipl US, Lumniczky K, et al. (2016). Key
mechanisms involved in ionizing radiation-induced systemic effects. A current review. Toxicology
Research. 5(1), 12-33.

Prise, K.M., Saran A. (2011). Concise review: stem cell effects in radiation risk. Stem Cells. 29(9),
1315-1321

Musa, A.E., Shabeeb, D., Okoro, N.O. and Agbele, A.T., (2020). Radiation protection by Ex-RAD: a
systematic review. Environmental Science and Pollution Research, 27, 33592-33600.

Agbele, A.T., Dehpour, A.R., Jafari, R.M., Mahdavi, S.R.M., Elyassi, A., Seydi, M., Bagheri, M., Ala,
M., Roudsari, B.A. and Hejazi, S.M. (2023). Development and Application of Prototype System Based
on Light-Emitting Diode Arrays (660 nm) with a Top Hat Beam Profile in Order to Optimize
Photobiomodulation  Protocols for Treatment of Radiation-Induced Oral Mucositis in
Rats. Photobiomodulation, Photomedicine, and Laser Surgery, 41(11), 622-631.

Ala, M., Jafari, R.M., Ala, M., Agbele, A.T., Hejazi, S.M., Tavangar, S.M., Mahdavi, S.R.M. and
Dehpour, A.R., (2020). Sumatriptan alleviates radiation-induced oral mucositis in rats by inhibition of
NF-kB and ERK activation, prevention of TNF-o and ROS release. Archives of oral biology, 119,
p.104919.

Braverman, B., McCarthy R.J., Ivankovich A.D, Forde D.E, Overfield M, Bapna MS (1989). Effect of
helium-neon and infrared laser irradiation on wound healing in rabbits. Lasers in surgery and medicine.
9(1), 50-58.

Pereira, A.N., Eduardo, C.P., Matson, E., Marques M.M. (2002). Effect of low-power laser irradiation
on cell growth and procollagen synthesis of cultured fibroblasts. Lasers in Surgery and Medicine: The
Official Journal of the American Society for Laser Medicine and Surgery. 31(4), 263-267.

Hopkins, J.T., McLoda, T.A., Seegmiller, J.G., Baxter, G.D. (2004). Low-level laser therapy facilitates
superficial wound healing in humans: a triple-blind, sham-controlled study. Journal of athletic training.
39(3), 223.

Lopes, K., Campos, Velho, N., Munin, E. (2009). A study of low power laser on the regenerative
process of Girardia tigrina (Girard, 1850) (Turbellaria; Tricladida; Dugesiidae). Brazilian Journal of
Biology. 69(2), 327-332

Sonis, ST, Hashemi S, Epstein JB, Nair RG, Raber-Durlacher JE (2016). Could the biological
robustness of low-level laser therapy (Photobiomodulation) impact its use in the management of
mucositis in head and neck cancer patients. Oral oncology. 54, 7-14.

Franca, C.M., Franca, C.M., Nufez, S.C., Prates, R.A., Noborikawa, E., Faria, M.R., et al (2009). Low-
intensity red laser on the prevention and treatment of induced-oral mucositis in hamsters. Journal of
Photochemistry and Photobiology B: Biology. 94(1), 25-31.

Gavish, L., Perez, L., Gertz, S.D. (2006). Low-level laser irradiation modulates matrix
metalloproteinase activity and gene expression in porcine aortic smooth muscle cells. Lasers in Surgery
and Medicine: The Official Journal of the American Society for Laser Medicine and Surgery. 38(8),
779-786.

Agbele, A.T., Hejazi, S.M., Dehpour, A.R., Jafari, R.M., Elyassi, A., Bagheri, M. and Seydi, M.,
(2021). Treatment parameters of photobiomodulation in the prevention of non-surgical cancer
treatment-induced oral mucositis: A review of preclinical studies. Journal of Lasers in Medical
Sciences, 12.

Chen, A.C., Arany P.R., Huang, Y-Y., Tomkinson, E.M., Sharma, S.K., Kharkwal, G.B., et al. (2011).
Low-level laser therapy activates NF-kB via generation of reactive oxygen species in mouse embryonic
fibroblasts. PloS one. 6(7), e22453.

DelLand MM, Weiss RA, McDaniel DH, Geronemus RG. Treatment of radiation-induced dermatitis
with light-emitting diode (LED) photomodulation. Lasers in Surgery and Medicine: The Official
Journal of the American Society for Laser Medicine and Surgery. 2007;39(2):164-8.

Fife D, Rayhan DJ, Behnam S, Ortiz A, Elkeeb L, Aquino L, et al. A randomized, controlled,
double-blind study of light emitting diode photomodulation for the prevention of radiation dermatitis in
patients with breast cancer. Dermatologic surgery. 2010;36(12):1921-7.

Page 120

www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS |[Volume X Issue V May 2025

%, S
4 RSIS ~

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Costa MM, Silva SB, Quinto ALP, Pasquinelli PFS, dos Santos VdQ, de Céssia Santos G, et al.
Phototherapy 660 nm for the prevention of radiodermatitis in breast cancer patients receiving radiation
therapy: study protocol for a randomized controlled trial. Trials. 2014;15(1):330.

Censabella S, Claes S, Robijns J, Bulens P, Mebis J. Photobiomodulation for the management of
radiation dermatitis: the DERMIS trial, a pilot study of MLS® laser therapy in breast cancer patients.
Supportive Care in Cancer. 2016;24(9):3925-33.

Strouthos I, Chatzikonstantinou G, Tselis N, Bon D, Karagiannis E, Zoga E, et al. Photobiomodulation
therapy for the management of radiation-induced dermatitis. Strahlentherapie und Onkologie.
2017;193(6):491-8.

Zhang X, LiH, LiQ, LiY, Li C, Zhu M, et al. Application of red-light phototherapy in the treatment of
radioactive dermatitis in patients with head and neck cancer. World journal of surgical oncology.
2018;16(1):222.

Robijns J, Censabella S, Claes S, Pannekoeke L, Bussé L, Colson D, et al. Prevention of acute
radiodermatitis by photobiomodulation: A randomized, placebo-controlled trial in breast cancer patients
(TRANSDERMIS trial). Lasers in surgery and medicine. 2018;50(7):763-71.

Robijns J, Censabella S, Claes S, Pannekoeke L, Bussé L, Colson D, et al. Biophysical skin
measurements to evaluate the effectiveness of photobiomodulation therapy in the prevention of acute
radiation dermatitis in breast cancer patients. Supportive Care in Cancer. 2019;27(4):1245-54.

Barasch A, Raber-Durlacher J, Epstein JB, Carroll J. Effects of pre-radiation exposure to LLLT of
normal and malignant cells. Supportive Care in Cancer. 2016;24(6):2497-501.

Tsai S-R, Yin R, Huang Y-Y, Sheu B-C, Lee S-C, Hamblin MR. Low-level light therapy potentiates
NPe6-mediated photodynamic therapy in a human osteosarcoma cell line via increased ATP.
Photodiagnosis and photodynamic therapy. 2015;12(1):123-30.

Frigo L, Luppi JS, Favero GM, Maria DA, Penna SC, Bjordal JM, et al. The effect of low-level laser
irradiation (In-Ga-Al-AsP-660 nm) on melanoma in vitro and in vivo. BMC cancer. 2009;9(1):404.
Monteiro JSAC, Pinheiro ALB, Oliveira S. Influence of laser phototherapy (660 nm) on the outcome of
oral chemical carcinogenesis on the hamster cheek pouch model: histological study. Photomed Laser
Surg. 2011; 29:741-5.

de Freitas LF, Hamblin MR. Proposed mechanisms of photobiomodulation or low-level light therapy.
IEEE Journal of selected topics in quantum electronics. 2016;22(3):348-64.

Antunes HS, Herchenhorn D, Small 1A, Aratjo CM, Viégas CMP, Cabral E, et al. Phase 111 trial of low-
level laser therapy to prevent oral mucositis in head and neck cancer patients treated with concurrent
chemoradiation. Radiotherapy and Oncology. 2013;109(2):297-302.

Antunes HS, Herchenhorn D, Small 1A, Aradjo CM, Viégas CMP, de Assis Ramos G, et al. Long-term
survival of a randomized phase Ill trial of head and neck cancer patients receiving concurrent
chemoradiation therapy with or without low-level laser therapy (LLLT) to prevent oral mucositis. Oral
oncology. 2017; 71:11-5

Branddo TB, Morais-Faria K, Ribeiro ACP, Rivera C, Salvajoli JV, Lopes MA, et al. Locally advanced
oral squamous cell carcinoma patients treated with photobiomodulation for prevention of oral
mucositis: retrospective outcomes and safety analyses. Supportive Care in Cancer. 2018;26(7):2417-23.
Freitas ACC, Campos L, Brandao TB, Cristéfaro M, Eduardo FdP, Luiz AC, et al. Chemotherapy-
induced oral mucositis: effect of LED and laser phototherapy treatment protocols. Photomedicine and
laser surgery. 2014;32(2):81-7.

Gautam AP, Fernandes DJ, Vidyasagar MS, Maiya GA. Low level helium neon laser therapy for
chemoradiotherapy induced oral mucositis in oral cancer patients—A randomized controlled trial. Oral
oncology. 2012;48(9):893-7.

Guedes CdCFV, de Freitas Filho SAJ, Faria PRd, Loyola AM, Sabino-Silva R, Cardoso SV. Variation
of energy in photobiomodulation for the control of radiotherapy-induced oral mucositis: a clinical study
in head and neck cancer patients. International journal of dentistry. 2018;2018.

Li K, Zhang Z, Liu NF, Feng SQ, Tong Y, Zhang JF, et al. Efficacy and safety of far infrared radiation
in lymphedema treatment: clinical evaluation and laboratory analysis. Lasers in medical science.
2017;32(3):485-94.

Page 121

www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

Wiy
X “’/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS |[Volume X Issue V May 2025

3, 5
4 RSIS ~

50. Storz MA, Gronwald B, Gottschling S, Schépe J, Mavrova R, Baum S. Photobiomodulation therapy in
breast cancer-related lymphedema: a randomized placebo-controlled trial. Photodermatology,
photoimmunology & photomedicine. 2017;33(1):32-40.

51. Carati CJ, Anderson SN, Gannon BJ, Piller NB. Treatment of postmastectomy lymphedema with
low-level laser therapy: a double blind, placebo-controlled trial. Cancer. 2003;98(6):1114-22.

52. Kaviani A, Fateh M, Nooraie RY, Alinagi-zadeh M-r, Ataie-Fashtami L. Low-level laser therapy in
management of postmastectomy lymphedema. Lasers in Medical Science. 2006;21(2):90-4.

53. Argenta PA, Ballman KV, Geller MA, Carson LF, Ghebre R, Mullany SA, et al. The effect of
photobiomodulation on chemotherapy-induced peripheral neuropathy: A randomized, sham-controlled
clinical trial. Gynecologic Oncology. 2017;144(1):159-66.

54. Migliorati C, Hewson I, Lalla RV, Antunes HS, Estilo CL, Hodgson B, et al. Systematic review of laser
and other light therapy for the management of oral mucositis in cancer patients. Supportive Care in
Cancer. 2013;21(1):333-41.

55. Zhao, W., & Robbins, M. E. (2009). Inflammation and chronic oxidative stress in radiation-induced late
normal tissue injury: therapeutic implications. Current medicinal chemistry, 16(2), 130-143.

56. Pilar, E. F. S., Brochado, F. T., Schmidt, T. R., Leite, A. C., Deluca, A. A., Marmora, B. C., ... &
Martins, M. D. (2024). Modulation of gene expression in skin wound healing by photobiomodulation
therapy: A systematic review in vivo studies. Photodermatology, photoimmunology &
photomedicine, 40(4), €12990.

57. Rosso, M. P. D. O., Buchaim, D. V., Kawano, N., Furlanette, G., Pomini, K. T., & Buchaim, R. L.
(2018). Photobiomodulation therapy (PBMT) in peripheral nerve regeneration: a systematic
review. Bioengineering, 5(2), 44.

58. Oluwatuyi, S. V., Agbele, A. T., Ogunrinde, M. E., Ayo, A. T. V., Ayo, A. M., Fayoke, A. B., ... &
Deborah, A. A. (2020). Alcohol-based hand sanitizers: Review of efficacy and adverse
effect. Alcohol, 81, e229.

59. Quah, B., Yong, C. W,, Lai, C. W. M., & Islam, I. (2024). Efficacy of adjunctive modalities during
tooth extraction for the prevention of osteoradionecrosis: A systematic review and meta-analysis. Oral
diseases, 30(6), 3732-3744.

Page 122 . .
www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

