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Effectiveness of non-pharmacological interventions (photobiomodulation
versus oral cryotherapy) on oral-mucositis among patients undergoing
chemotherapy conditioning prior to haematological stem cell transplantation
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Background on oral-mucositis

Oral-mucositis is a debilitating complication of chemo-conditioning regimens before
haematopoietic stem cell transplantation (HSCT). Various health organisational
guidelines recommended photobiomodulation (PBM) and oral cryotherapy (OC) as
non-pharmacological oral-mucositis prevention for HSCT patients. However, current
evidence is inadequate to assist clinicians in choosing the best-suited intervention for
evidence-based individualized care plans.

What is Photobiomodulation (PBM)?

Chemotherapy generates reactive oxygen species (ROS), which causes oxidative stress
and tissue destruction, leading to oral-mucositis [1]. Thus, interventions that protect cells
from chemo-induced ROS may aid in preventing oral-mucositis. At low concentrations,
ROS are useful for normal cell signalling processes. At high concentrations, ROS are
highly reactive molecules that can disrupt DNA bonds, and cause cell-mediated
apoptosis. ROS are created by mitochondrial metabolism and are increased when the
mitochondrial membrane potential (MMP) changes. MMP may be low due to oxidative
stress, excitotoxicity, or electron transport inhibition. Photobiomodulation light absorption
raises MMP to normal levels, lowering ROS generation [2]. It has been demonstrated
that photobiomodulation photonic energy can reduce oxidative stress in oral-mucositis
development [3].

Comparing PBM vs OC

Figure 1: Effectiveness of photobiomodulation and oral cryotherapy on severe oral-mucositis incidence.

PBM/OC non-pharm int Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 PBM

Antunes et al., 2007a 19 13 19 3.1% 0.08[0.01,053] ¢
Antunes et al., 2007b 19 17 19 6.0% 0.18[0.06, 0.50] ¢
Djavid et al., 2011 27 28 1.7% 0.15[0.01,2.74) ¢
Ferreiraetal., 2015 17 18 58% 0.29[0.10,0.86] ¢
Hodgsonetal, 2011a 20 20 8.0% 1.33[0.73, 2.44]
Hodgson etal, 2011b 20 20 8.3% 1.09 [0.64, 1.86)]
Hodgson et al, 2011¢c 20 20 7.5% 1.57[0.77, 3.22]
Hodgson et al,, 2011d 20 20 4.0% 2.00[0.41,9.71]
Khouri et al,, 2009a 12 10 1.9% 0.05 [0.00,0.77] ¢
Khouri et al., 2009b 12 10 1.8% 0.08 [0.00,1.24] ¢
Salvadoretal, 2017 27 24 1.7% 0.10[0.01,1.75]) +
Silva et al., 2011 21 21 1.8% 0.08 [0.00,1.28] ¢
Silvaetal, 2015 20 19 1.7% 0.11[0.01,1.84] ¢
Subtotal (95% CI) 254 248 53.2% 0.37 [0.17,0.77]
Total events 46 100

Heterogeneity: Tau*=1.12; Chi*=51.22, df=12 (P < 0.00001); F=77%

Test for overall effect: Z= 2.63 (P = 0.009)
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Gori etal.,, 2007 62 32 60 ) 0.88 [0.61,1.29]
Lilleby et al., 2006 21 14 19 ] 0.19[0.07,0.57] ¢
Luetal, 2019a 38 13 35 : 0.35[0.14,0.89] ¢
Luetal, 2019b 7 36 13 35 : 0.52[0.24,1.16]
Luetal, 2019c¢ 36 13 35 : 1.12[0.63, 2.00]
Svanberg et al., 2007 39 24 39 : 0.58 [0.36, 0.95]
Toroetal, 2013 0 40 9 38 g 0.05[0.00,0.83] ¢
Subtotal (95% CI) 272 261 8% 0.56 [0.35, 0.88]
Total events 118

Heterogeneity: Tau*=0.22; Chi*=17.48, df=6 (P = 0.008); F= 66%

Test for overall effect: Z=2.49 (P = 0.01)

e

Total (95% CI) 526 509 100.0% 0.48 [0.32, 0.73]
Total events 119 218

Heterogeneity: Tau*=0.47; Chi*=66.47, df=19 (P <= 0.00001); F=71%

Test for overall effect: 2= 3.45 (P = 0.0006)

Test for subdgroup differences: Chi*=0.89, df=1 {(P=0.35). F=0%
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Results

Meta-analyses included 18 RCTs (1018 HSCT patients). Both PBM and OC were
effective in reducing oral-mucositis severity, severe oral-mucositis incidence, duration,
and pain with small to large effect sizes. No significant differences were detected
between PBM and OC across all outcomes. Subgroup analyses showed significant
differences for chemo-conditioning regimens. The overall GRADE quality of evidence
was low.

Application and future implications

Despite evidence showing similar effectiveness of PBM, current local practices only use
OC in the management of oral-mucositis. There remained insufficient scientific evidence
to determine which is superior. Therefore, future RCTs should conduct multicentre
studies with large sample sizes that directly compare PBM versus OC effectiveness in
preventing oral-mucositis among HSCT patients receiving chemo-conditioning. This is
only possible with the application of PBM in real-life practices.

Implementation of PBM in Singapore

The PBM will be implemented in four hemato-oncological paediatric wards with
evidence-based practice models to guide its execution. For PBM, the recommended
parameters to reduce oral-mucositis severity and duration in HSCT patients before
chemo-conditioning is 660-nm wavelength, 40mw power, 0.16J power, 1W/cm2 power
density, 4J/cm2 energy density, and 0.04cm2 spot size [17]. For pain relief, the range of
PBM total energy should be 15.36-20.16J [18].
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Conclusion

With the data collected from the execution of PBM in Singapore, future research should
explore the influence of chemo-conditioning intensities, patient-related risk factors and
genetic-metabolic determinants of oral-mucositis on the severity of oral-mucositis.

References

Sardaro N, della Vella F, Incalza MA, di Stasio D, Lucchese A, Contaldo M, Laudadio C,
Petruzzi M. Oxidative stress and oral mucosal diseases: an overview. In Vivo. 2019;
https://doi.org/10.21873/invivo.11474

de Freitas LF, Hamblin MR. Proposed mechanisms of photobiomodulation or low-level light
therapy. IEEE Journal of Selected Topics in Quantum Electronics. 2016;
https://doi.org/10.1109/jstqe.2016.2561201

Oberoi S, Zamperlini-Netto G, Beyene J, Treister NS, Sung L. Effect of prophylactic low level

Silva LC, Sacono NT, Freire MDCM, Costa LR, Batista AC, Silva GBL. The impact of Low-Level
laser therapy on oral mucositis and quality of life in patients undergoing hematopoietic stem cell
transplantation using the oral health impact profile and the functional assessment of cancer
Therapy-Bone marrow transplantation questionnaires. Photomedicine and Laser Surgery. 2015;
https://doi.org/10.1089/pho.2015.3911

Gori E, Arpinati M, Bonifazi F, Errico A, Mega A, Alberani F, Sabbi V, Costazza G, Leanza S,
Borrelli C, Berni M, Feraut C, Polato E, Altieri MC, Pirola E, Loddo MC, Banfi M, Barzetti L,
Calza S, Baccarani M. Cryotherapy in the prevention of oral mucositis in patients receiving
low-dose methotrexate following myeloablative allogeneic stem cell transplantation: a
prospective randomized study of the gruppo italiano trapianto di midollo osseo nurses group.
Bone Marrow Transplantation. 2007b; hittps://doi.org/10.1038/sj.bmt. 1705590

Lilleby K, Garcia P, Gooley T, McDonnnell P, Taber R, Holmberg L, Maloney DG, Press OW,
Bensinger W. A prospective, randomized study of cryotherapy during administration of
high-dose melphalan to decrease the severity and duration of oral mucositis in patients with

laser therapy on oral mucositis: a systematic review and meta-analysis. PLoS ONE. 2014;
https://doi.org/10.1371/journal.pone.0107418

Antunes HS, de Azevedo AM, da Silva Bouzas LF, AdaO CAE, Pinheiro CT, Mayhe R, Pinheiro
LH, Azevedo R, D’Aiuto De Matos V, Rodrigues PC, Small 1A, Zangaro RA, Ferreira CG.
Low-power laser in the prevention of induced oral mucositis in bone marrow transplantation
patients: a randomized trial. Blood. 2007; https://doi.org/10.1182/blood-2006-07-035022

Djavid GE, Emami A, Ataie-Fashtami L, Safaeinodehi SR, Merikh-Baiat F, Fateh M, Zand N.

Low level laser therapy in management of chemotherapy-induced oral mucositis: prophylaxis or
treatment? Journal of Lasers in Medical Sciences. 2011;2(1):12—7.
Ferreira B, da Motta Silveira FM, de Orange FA. Low-level laser therapy prevents severe oral

multiple myeloma undergoing autologous peripheral blood stem cell transplantation. Bone
Marrow Transplantation. 2006; https://doi.org/10.1038/sj.bmt.1705384

LuY, Zhu X, Ma Q, Wang J, Jiang P, Teng S, Zhou L, Wu D, Wang H. Oral cryotherapy for oral
mucositis in patients submitted to hematopoietic stem cell transplantation: a randomized clinical mucositis management in patients receiving allogeneic hematopoietic stem cell transplantation:
trial. Supportive Care in Cancer. 2015; https://doi.org/10.1007/s00520-015-2881-8 a prospective randomized study. Supportive Care in Cancer. 2019;
Hodgson BD, Margolis DM, Salzman DE, Eastwood D, Tarima S, Williams LD, Sande JE, https://doi.org/10.1007/s00520-019-04966-z

Vaughan WP, Whelan HT. Amelioration of oral mucositis pain by NASA near-infrared Svanberg A, Birgegard G, Ohrn K. Oral cryotherapy reduces mucositis and opioid use after
light-emitting diodes in bone marrow transplant patients. Supportive Care in Cancer. 2011; myeloablative therapy—a randomized controlled trial. Supportive Care in Cancer. 2007;
https://doi.org/10.1007/s00520-011-1223-8 https://doi.org/10.1007/s00520-007-0245-8

Khouri VY, Stracieri ABPL, Rodrigues MC, Moraes DAD, Pieroni F, Simdes BP, Voltarelli JC. Toro J, Schneider D, Alonzo R, Hasan A, Lee S, Gushiken F, Haile DJ, Freytes CO. A
randomized ftrial of oral cryotherapy, saline solution and caphosol for the prevention of
high-dose melphalan-induced oral mucositis followed by autologous hematopoietic stem cell
transplantation. Supportive Care in Cancer. 2013;21(1 Suppl):S138.

da Silva BM, Prosdécimo ML, Gasparini LR, da Silva BM, de Araujo MR, Amenabar JM. Most
used photobiomodulation dosimetry parameters to treat oral mucositis after preconditioning for
hematopoietic stem cell transplantation: systematic review and meta-analysis. Supportive Care
in Cancer. 2022; https://doi.org/10.1007/s00520-022-06817-w

Kate RJ, Rubatt S, Enwemeka CS, Huddleston WE. Optimal laser phototherapy parameters for
pain relief. Photomedicine and Laser Surgery. 2018; https://doi.org/10.1089/pho.2017.4399

Use of therapeutic laser for prevention and treatment of oral mucositis. Brazilian Dental Journal.
2009; https://doi.org/10.1590/s0103-64402009000300008

Salvador DRN, Soave DF, Sacono NT, de Castro EF, Silva GBL, E Silva LP, Silva TA, Valadares
MC, Mendonga EF, Batista AC. Effect of photobiomodulation therapy on reducing the
chemo-induced oral mucositis severity and on salivary levels of CXCL8/interleukin 8, nitrite, and
myeloperoxidase in patients undergoing hematopoietic stem cell transplantation: a randomized
clinical trial. Lasers in Medical Science. 2017; https://doi.org/10.1007/s10103-017-2263-1

Silva GBL, Mendonga EF, Bariani C, Antunes HS, Silva MAG. The prevention of induced oral
mucositis with Low-Level laser therapy in bone marrow transplantation patients: a randomized
clinical trial. Photomedicine and Laser Surgery. 2011; https://doi.org/10.1089/ph0.2009.2699



https://doi.org/10.21873/invivo.11474
https://doi.org/10.1109/jstqe.2016.2561201
https://doi.org/10.1371/journal.pone.0107418
https://doi.org/10.1182/blood-2006-07-035022
https://doi.org/10.1007/s00520-015-2881-8
https://doi.org/10.1007/s00520-011-1223-8
https://doi.org/10.1590/s0103-64402009000300008
https://doi.org/10.1007/s10103-017-2263-1
https://doi.org/10.1089/pho.2009.2699
https://doi.org/10.1089/pho.2015.3911
https://doi.org/10.1038/sj.bmt.1705590
https://doi.org/10.1038/sj.bmt.1705384
https://doi.org/10.1007/s00520-007-0245-8
https://doi.org/10.1007/s00520-022-06817-w
https://doi.org/10.1089/pho.2017.4399
https://doi.org/10.21873/invivo.11474
https://doi.org/10.1109/jstqe.2016.2561201
https://doi.org/10.1371/journal.pone.0107418
https://doi.org/10.1182/blood-2006-07-035022
https://doi.org/10.1007/s00520-015-2881-8
https://doi.org/10.1007/s00520-011-1223-8
https://doi.org/10.1590/s0103-64402009000300008
https://doi.org/10.1007/s10103-017-2263-1
https://doi.org/10.1089/pho.2009.2699

