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Did you choose appropriate mouthwash for managing chemoradiotherapy-induced oral mucositis? The therapeutic effect compared by a Bayesian network meta-analysis.












	
	TYPE Systematic Review

PUBLISHED 30 January 2023
DOI 10.3389/froh.2022.977830






[image: image2]

Did you choose appropriate mouthwash for managing chemoradiotherapy-induced oral mucositis? The therapeutic effect compared by a Bayesian network meta-analysis.

Xue Wang, Li Zeng, Xue Feng, Na Zhao, Na Feng and Xin Du*

Medical Center of Hematology, The Second Affiliated Hospital, Army Medical University, Chongqing, China

EDITED BY
Morenike Oluwatoyin Folayan, Obafemi Awolowo University, Nigeria

REVIEWED BY
Guangzhao Guan, University of Otago, New Zealand
Fatemeh Ahmadi-Motamayel, Hamadan University of Medical Sciences, Iran
Anmar AL-TAIE, Istinye University, Turkey
José Sergio Zepeda Nuño, University of Guadalajara, Mexico

*CORRESPONDENCE Xin Du xinqiaoduxin@163.com

SPECIALTY SECTION This article was submitted to Oral Epidemiology, a section of the journal Frontiers in Oral Health

Abbreviations CI, confidence interval; CT, chemotherapy; GM-CSF, granulocyte-macrophage colony-stimulating factor; IARC, International Agency for Research on Cancer; OM, oral mucositis; RCT, randomized controlled trial; RT, radiotherapy; SD, standard deviation; WHO, World Health Organization; WMD, weighted mean difference.

RECEIVED 06 August 2022
ACCEPTED 12 December 2022
PUBLISHED 30 January 2023

CITATION Wang X, Zeng L, Feng X, Zhao N, Feng N and Du X (2022) Did you choose appropriate mouthwash for managing chemoradiotherapy-induced oral mucositis? The therapeutic effect compared by a Bayesian network meta-analysis..
Front. Oral. Health 3:977830.
doi: 10.3389/froh.2022.977830

COPYRIGHT © 2023 Wang, Zeng, Feng, Zhao, Feng and Du. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Oral mucositis (OM) is one of the most common adverse effects of radiotherapy and chemotherapy. It greatly affects the patients' quality of life and hinders cancer treatment implementation. Treating OM with mouthwash is a widely used strategy that can effectively relieve symptoms and promote healing. However, the wide mouthwash selection confuses clinicians. This Bayesian network meta-analysis aimed to compare the effects of various mouthwash types used to treat OM and provide high-level evidence-based recommendations for OM treatment.



Methods: Database search included PubMed, Embase, Cochrane Library, and Web of Science from inception to April 21, 2022. The primary outcome was OM score improvement following the World Health Organization grades. The randomized controlled trial (RCT) bias risk assessment tool provided in the Cochrane Handbook assessed the studies' risk of bias. We performed pairwise and Bayesian network meta-analysis with random effects following the PRISMA guideline.



Results: The study included 13 RCTs with 570 patients. Pairwise comparisons showed that povidone-iodine was more effective than chlorhexidine (weighted mean difference [WMD], −2.64; 95% confidence interval [CI], −2.72 to −2.56) but inferior to granulocyte-macrophage colony-stimulating factor (GM-CSF; WMD, 0.20; 95% CI, 0.06–0.34) after one week of mouthwash treatment. Vitamin E (WMD, −0.94; 95% CI, −1.03 to −0.85), natural drugs (WMD, −0.93; 95% CI, −1.46 to −0.40), and phenytoin (WMD, −0.38; 95% CI, −0.59 to −0.17) exhibited better therapeutic effects than a placebo after three weeks of treatment. Bayesian network meta-analysis showed that povidone-iodine was superior to chlorhexidine in treating OM (WMD, 2.63; 95% CI, 0.20–5.01). Other mouthwashes showed no significant differences. Rank probability indicated that the best OM therapeutic mouthwashes were GM-CSF (54%), vitamin E (24%), and natural drugs (43%) after one, two, and three weeks of treatment, respectively.



Conclusion: GM-CSF was the most effective mouthwash type for OM treatment. When considering the cost and effectiveness, povidone-iodine and sodium bicarbonate might be the most advantageous. Furthermore, natural drugs have the same potential in treating OM. Safety and acceptability are their most outstanding characteristic.
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Introduction

Cancer is one of the leading cause of human death (1). According to authoritative data from the International Agency for Research on Cancer (IARC), about 19.29 million patients were newly diagnosed with cancer worldwide, and 9.96 million died due to cancer in 2020, posing a serious threat to human health (2). Radiotherapy and/or chemotherapy are the main treatments for cancer in the clinic, effectively improving survival and prognosis. However, their accompanying adverse effects greatly affect the patients’ quality of life and hinder the implementation of treatment plans (3).

Oral mucositis (OM) is one of the most common complications caused by radiotherapy and chemotherapy. Almost all patients receiving head and neck radiotherapy, and 20%–40% of those receiving chemotherapy develop OM (4–6). Among the underlying mechanisms, the antineoplastic drugs and radiation can directly interfere with the renewal and metabolism of normal epithelial cells, induce epithelial cell apoptosis, and disturb the oral microenvironment, leading to oral mucosa injury, secondary inflammation, and the development of ulcerative lesions (7, 8).

Patients receiving chemotherapy could experience some oral discomfort within 5–10 days, while patients receiving radiotherapy develop OM within 1–2 weeks after treatment (9). The most prominent clinical symptoms of OM are ulcerative pain and the resulting difficulty in swallowing and eating (10). The World Health Organization (WHO) categorized OM into four grades according to its symptom. Patients with Grades 1 and 2 can tolerate eating, while about 70% of those with Grades 3–4 switch to tube feeding because of severe pain. Some patients might develop depression, which greatly reduces their quality of life, increases the hospital stay and related costs, and even leads to treatment interruption in severe cases (11, 12). Therefore, OM treatment for patients undergoing radiotherapy and chemotherapy is of great significance for improving their prognosis.

During OM treatment, mouthwash application could keep the oral environment clean and with fewer bacteria, thereby lowing the risk of infection following mucosal damage (13, 14). More importantly, mouthwash can effectively relieve OM symptoms, reduce OM grade, and promote OM recovery. However, clinically applied mouthwashes have diverse compositions, and a unified induction and comparison between them is still lacking, seriously hindering the optimization and selection of OM treatment. Although a related meta-analysis compared the preventive effect of several types of mouthwash on OM (13), the reference value is still relatively limited, especially for treating already present OM. This study performed a Bayesian network meta-analysis of the existing literature reporting OM treatment with mouthwashes. The specific effects of various mouthwash types in treating OM were compared, providing a theoretical and reference basis for clinical treatment of OM caused by radiotherapy and/or chemotherapy (Figure 1).
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FIGURE 1
The summarised diagram of this Bayesian network meta-analysis. Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor.




Materials and methods


Evidence acquisition

This Bayesian network meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline (15). Since the data analyzed in this Bayesian network meta-analysis were derived from previously published studies, no procedure on human participants was performed by any of the authors.



Search strategy

We searched four commonly used electronic databases, PubMed, Embase, Cochrane Library, and Web of Science, from their inception to April 21, 2022, without restricting the regions or publication type but restricting the language to English. The searched used the following combined search terms: (oral mucositis OR stomatitis OR dental ulcer OR mouth ulcer OR oral ulcer OR canker sore) AND (mouthwash OR mouth rinse OR mouth wash) AND (radiotherapy OR radiation treatment OR radiation therapy OR chemotherapy OR chemical therapy OR chemical treatment). The reference lists of the included studies and reviews were searched manually to identify reports not returned by the electronic search.



Inclusion and exclusion criteria

We included studies that assessed the clinical efficacy of various mouthwashes vs. placebo or other agents in radiation/chemotherapy-induced OM. The predetermined study inclusion criteria were: 1) study design: randomized controlled trial (RCT); 2) population: patients with OM caused by radiotherapy/chemotherapy; 3) intervention: two or more mouthwash types; 4) outcome: OM severity score reported based on the WHO grading system; 5) duration of follow-up: 7–28 days. We excluded studies comparing the incidence of OM following prophylactic use of mouthwash, intervention studies with insufficient valid data (such as no statistical OM severity score displayed) that could be extracted, and retrospective studies, conference papers and abstracts, reviews, letters, and editorials.



Data extraction and risk of bias assessment

Two independent investigators (WX and LZ) assessed all candidate studies based on their titles and abstracts and eliminated duplicates and studies that did not meet the inclusion criteria. Disagreements during the data extraction process were decided by the adjudicating senior authors (NZ, NF and XD). A standardized Bayesian network meta-analysis tool was used to extract data from the full texts of the included studies: author, publication year, region, study design, type of therapy (chemotherapy, radiotherapy), type of mouthwash, sample size, patient baseline characteristics (sex, age), primary outcomes, and follow-up time. Subsequently, we used the RCT bias risk assessment tool of Cochrane Handbook 5.3.0 (https://training.cochrane.org/handbook) to assess the risk of bias in the included RCTs from the following seven aspects: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases. The assessment results were scored as low, high, and unknown risk.



Outcome measures

The primary outcome measure for this network analysis was the OM score improvement (post-treatment score minus pre-treatment score) using the WHO grades. The included studies were subdivided into 1-, 2-, and 3-week comparison subgroups based on the follow-up observations. It should be noted that we selected primary outcome indicators as close to the subgroup time as possible for studies in which the observation time differed from the subgroup cut-off point (for example, the results of day 10 were classified into the 1-week comparison group). Animal and plant extract mouthwashes were grouped as natural drug mouthwashes.



Data synthesis and statistical analysis

We pooled the results of all the direct and indirect comparisons to assess the OM score improvements in the various types of mouthwash. The results are reported as weighted mean differences (WMDs) with the corresponding 95% confidence intervals (CIs).

We used Stata, Version 12.0 (Stata Corporation, College Station, TX) to build a network for comparing the included mouthwashes, visually reflecting the direct and indirect relationship among them by a geometric pattern. Subsequently, we conducted pair-wise meta-analyses with a random-effects model to synthesize studies and obtain pooled evidence for direct comparisons. Statistical heterogeneity across studies was assessed by forest plots and the inconsistency statistic (I2). Statistical significance was set as P < 0.05.

We then built a random-effects network within a Bayesian framework using the Markov chain Monte Carlo methods in ADDIS, Version 1.15 (Aggregate Data Drug Information System, https://addis.drugis.org). We set the variance scaling factor to 2.5 to fit the model, used four chains for simulation, set the number of simulation iterations to 100,000 (the first 20,000 iterations were used for tuning the iterations to remove the effect of the initial value, and the subsequent 80,000 iterations were used for sampling), and set the thinning interval to 10. All indirect comparative evidences of OM score improvement (WMD) available by this network with P < 0.05% and 95% CI that did not include zero were considered statistically significant. Furthermore, we calculated the ranking probabilities of the various mouthwash types by calculating the WMD for each when compared with an arbitrary common control group and counting the proportion of iterations of the Markov chain in which each mouthwash had the highest WMD, the second-highest WMD, and so on.

Lastly, we evaluated the inconsistency within the Bayesian network meta-analysis by calculating the variance with ADDIS. A significant inconsistency was concluded if the random effects standard deviation between the consistency and inconsistency models was large or the inconsistency factor was not close to zero. In such cases, we adjusted the study inclusion according to a quantitative estimation, ultimately obtaining an ideal consistent network.




Results


Eligible studies

The initial search yielded 1,275 publications, of which 497 duplicate records were removed. The titles and abstracts of the remaining 778 publications were reviewed, and 704 were excluded for reporting on unrelated topics or not reporting data of interest (such as no statistical OM severity score displayed). After screening the full text of the remaining 74 studies, we excluded 47 that had a prevention design, one duplicate report, six that were not RCT, and seven without valid data. Finally, 13 studies met the inclusion criteria and were included in this Bayesian network meta-analysis (16–28). The literature search and study selection procedure is presented in Figure 2.
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FIGURE 2
PRISM flow diagram of the study selection for this Bayesian network meta-analysis.




Characteristics of eligible studies

Ten mouthwash types were investigated in the 13 eligible studies, including povidone-iodine, chlorhexidine, vitamin E, gabapentin, phenytoin, GM-CSF, phenylbutyrate, sodium bicarbonate, natural drugs (including Achillea extract, Althaea root extract, Plantago major extract, Curcumin, and Royal jelly), and placebo. The comparative relationships between the mouthwashes are shown in Figure 3. These studies were published between 2001 and 2021, covering a variety of tumor types treated by radiotherapy and/or chemotherapy. Among them, one study reported radiotherapy-induced OM (17), seven reported chemotherapy-induced OM (18–21, 23, 27, 28), and five reported chemoradiotherapy-induced OM (16, 22, 24–26). Seven of these studies were performed in Iran (17–20, 23, 24, 27), two in India (16, 22), and one each in Spain (21), Turkey (25), China (Taiwan) (26), and Australia (28). The total number of patients included in this Bayesian network meta-analysis was 570. The sample size varied across studies, ranging between 12 and 103. The enrollment OM grade (Grades 1–4) and post-treatment follow-up (3–28 days) also varied among studies. The main characteristics of the included studies are summarized in Table 1, and the study risk of bias assessment results are shown in Figure 4.


[image: Figure 3]
FIGURE 3
Network established for multiple mouthwash comparisons. Solid lines between mouthwashes represent direct comparisons. The circle area represents the sample size. Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor.
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FIGURE 4
Risk of bias assessment of the 13 RCTs included in this Bayesian network meta-analysis.



TABLE 1 Baseline characteristics of the trials included in this Bayesian network meta-analysis.
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Direct meta-analysis

Figure 5 shows the results of direct pairwise comparisons between the mouthwashes. One week after treatment, vitamin E displayed a better therapeutic effect than placebo (WMD, −0.76; 95% CI, −0.92 to −0.60). Povidone-iodine was more effective than chlorhexidine (WMD, −2.64; 95% CI, −2.72 to −2.56), but less effective than GM-CSF (WMD, 0.20; 95% CI, 0.06–0.34). Two weeks after treatment, vitamin E remained superior to the placebo (WMD, −0.74; 95% CI, −0.94 to −0.54), while the other mouthwashes showed similar effectiveness. Vitamin E (WMD, −0.94; 95% CI, −1.03 to −0.85), natural drugs (WMD, −0.93; 95% CI, −1.46 to −0.40), and phenytoin (WMD, −0.38; 95% CI, −0.59 to −0.17) exhibited superior therapeutic effect to the placebo after three weeks of treatment.


[image: Figure 5]
FIGURE 5
Combined forest plots showing comparisons between the mouthwash types based on their OM score improvement after one (A), two (B), and three (C) weeks of treatment. Abbreviations: CI, confidence interval; GM-CSF, granulocyte-macrophage colony-stimulating factor; WMD, weighted mean difference. Note: Natural drugs in Figure A include Achillea extract, Althaea root extract, Plantago major extract, Curcumin, and Royal jelly; in Figure B include Achillea extract, Althaea root extract, Plantago major extract, and Royal jelly; in Figure C include Achillea and Curcumin.




Network meta-analyses

The therapeutic effects of the ten mouthwash types on OM score improvement are shown in Figure 6. Eight mouthwash types evaluated the effect on OM score improvement after one week of treatment (chlorhexidine, GM-CSF, gabapentin, natural drugs, phenytoin, placebo, povidone-iodine, and vitamin E). Among these, povidone-iodine was superior to chlorhexidine (WMD, 2.63; 95% CI, 0.20–5.01) in improving OM score. The mouthwashes evaluated after two weeks of treatment were chlorhexidine, natural drugs, phenytoin, placebo, sodium bicarbonate, and vitamin E, and those evaluated after three weeks of treatment were natural drugs, phenylbutyrate, phenytoin, placebo, and Vitamin E. However, the WSD of these mouthwashes were similar after two and three weeks of treatment (95% CI contained 0 for all).


[image: Figure 6]
FIGURE 6
Comparative efficacy of the mouthwashes based on their OM score improvement after treatment for one (A), two (B), and three (C) weeks. Cells present WMD (95% credible interval) for comparisons between column- and row-defining mouthwashes. Red cells indicate significant differences. WMD > 0 favors the row-defining mouthwash, and WMD < 0 favors the column-defining mouthwash. Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor; WMD, weighted mean difference. Note: Natural drugs in Figure A include Achillea extract, Althaea root extract, Plantago major extract, Curcumin, and Royal jelly; in Figure B include Achillea extract, Althaea root extract, Plantago major extract, and Royal jelly; in Figure C include Achillea and Curcumin.




Rank probability

We performed probability ranking for the OM score improvement after mouthwash treatment to obtain more informative results for the ten mouthwash types (Figure 7). After one week of treatment, GM-CSF had the best therapeutic effect, followed by povidone-iodine, vitamin E, natural drugs, chlorhexidine, phenytoin, placebo, and gabapentin. After two weeks of treatment, sodium bicarbonate performed best, followed by natural drugs, while the placebo showed the worst performance. The placebo displayed the worst performance after three weeks of treatment. Unlike in the 2-week assessment, natural drugs were the best mouthwash type after three weeks of treatment, followed by vitamin E.


[image: Figure 7]
FIGURE 7
Ranking probabilities based on multiple comparisons for OM score improvement after treatment for one (A), two (B), and three (C) weeks. The total probability of a single histogram is 100%, and a larger band indicates a higher probability in this ranking. The worst effect was Rank 1 and the best, Rank 8. Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor. Note: Natural drugs in Figure A include Achillea extract, Althaea root extract, Plantago major extract, Curcumin, and Royal jelly; in Figure B include Achillea extract, Althaea root extract, Plantago major extract, and Royal jelly; in Figure C include Achillea and Curcumin.





Discussion

OM is one of the most common adverse events following cancer radiotherapy and chemotherapy, yet no specific medicine is currently available (6). Mouthwash is a practical and well-accepted OM treatment strategy that can effectively relieve the patients' symptoms and promote healing. However, the wide variety of mouthwashes confuses clinicians when considering OM treatment options. Therefore, obtaining high-level evidence-based data and comparing the therapeutic effects the various mouthwash types have on OM could help solve this dilemma. In this respect, our study is of fundamental clinical significance.

This study investigated the comparative therapeutic effect of ten mouthwash types on chemotherapy and/or radiotherapy-induced OM using a Bayesian network meta-analysis. Our results showed significant differences in the efficacy among mouthwashes at time points after treatment. For example, GM-CSF had the highest OM score improvement after one week of treatment, suggesting it is the best choice for treating OM. GM-CSF is a central cytokine that regulates myeloid hematopoiesis in the bone marrow (29). It can selectively act on myeloid hematopoietic stem cells, promote their proliferation and differentiation, increase undifferentiated granulocyte function, and enhance the chemotactic ability of macrophages and neutrophils (30, 31). Therefore, GM-CSF could improve the phagocytic activity and bactericidal ability of anti-inflammatory cells, help keep the oral microenvironment relatively clean and inhibit the infection-leaded inflammatory response, ultimately promoting ulceration healing (32). However, just because of the function of GM-CSF on myeloid hematopoietic stem cells, its application in leukemia patients needs careful consideration (especially in myeloid leukemia). As the most used external disinfectant in clinical practice, povidone-iodine could also treat OM. The patients' symptoms are relatively mild at the early stages of the disease, and the degree of personal attention is relatively low (33). In such cases, using the expensive GM-CSF mouthwash is likely to result in poor patient compliance, while povidone-iodine is just right because of its low price. It can address the clinical needs of such patients making it a good treatment option for some patients with mild symptoms.

Sodium bicarbonate had the best therapeutic effect after two weeks of treatment, possibly due to its excellent ability to dissolve bacterial mucin. Sodium bicarbonate could effectively alleviate the toxicity caused by oral acidic metabolites, inhibit fungi growth, protect the ulcer surface, reduce saliva viscosity, and neutralize oral acidity, promoting OM healing (34). It should be noted that we could not conclude which mouthwash was best among sodium bicarbonate, GM-CSF, and povidone-iodine after two weeks of treatment because comparative data on GM-CSF and povidone-iodine were lacking. This aspect needs further assessment in future clinical studies. Additionally, we found that natural drugs had a time-dependent characteristic in treating OM; they had relatively limited efficacy in the early treatment stages, but their efficacy gradually improved with the prolongation of treatment, becoming most effective after three weeks of treatment. Considering their good biological safety and high patient acceptance, we believe that natural drugs' advantages in treating OM are mainly reflected in their long-lasting efficacy and safety. They are suitable for patients with mild OM and a long course of chemoradiotherapy or as a complementary treatment to other mouthwashes.

In addition to screening for the best OM treatments, this study helped detect several ineffective mouthwash types, some even with adverse effects. The efficacy of gabapentin was similar to that of the placebo after one week of treatment, and it had a lower ranking probability than the placebo. Gabapentin is a central nervous system drug with antiepileptic, anticonvulsant, and analgesic effects (18). Using gabapentin mouthwash to treat OM can theoretically relieve the pain caused by OM. However, the clinical outcomes are not ideal. In fact, the pharmacological effects of gabapentin mainly depend on the inhibitory neurotransmitter γ-aminobutyric acid in the central nervous system (35); local or external application of gabapentin cannot fully exert its function. Furthermore, many studies have shown that gabapentin had specific cytotoxic effects on the liver, kidney, and hematopoietic system (36–38), making it likely to aggravate the damage to the mucosal epithelial cells when used locally, especially when the oral-mucosal barrier dysfunctions.

This Bayesian network meta-analysis had several limitations. First, although all included studies were RCTs, their sample sizes were relatively small, and the study quality varied, possibly increasing the risk of bias. Second, the various cancer type, different chemotherapy and radiotherapy protocols may lead to heterogeneity between studies, but current number of included studies is not sufficient for subgroup analysis. Last, the mutual comparisons between nodes in the Bayesian network constructed in this study were not comprehensive enough, being limited by the number of published studies. Fortunately, the conclusions of the consistency and inconsistency models in this study were highly consistent, suggesting that the Bayesian network meta-analysis had good repeatability and credibility.



Conclusion

This was the first Bayesian network meta-analysis study investigating the therapeutic effect of various mouthwash types in treating chemoradiotherapy-induced OM. After comparing and analyzing ten mouthwash types (povidone-iodine, chlorhexidine, vitamin E, gabapentin, phenytoin, GM-CSF, phenylbutyrate, sodium bicarbonate, natural drugs, and placebo), we consider GM-CSF the most effective mouthwash for OM treatment. When considering the cost and effectiveness, povidone-iodine and sodium bicarbonate might be more advantageous. Besides, natural drugs had the same potential in treating OM. Safety and acceptability are their most outstanding characteristics. With the continuous deepening of related research, we believe that new mouthwash types will be discovered and applied, increasing the diversity of treatment options for OM.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

XW: wrote the first draft of the paper; XF and XD: edited the paper; XW and XD: designed research; XW, LZ and NZ, NF: performed research; XW and LZ: analyzed data. All authors contributed to the article and approved the submitted version.



Acknowledgments

We thank the Vecteezy team (vecteezy.com) for providing the Vector image materials used in Figure 1.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Zaorsky NG, Churilla TM, Egleston BL, Fisher SG, Ridge JA, Horwitz EM, et al. Causes of death among cancer patients. Ann Oncol. (2017) 28:400–7. doi: 10.1093/annonc/mdw604

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics 2020: gLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

3. Rallis KS, Lai Yau TH, Sideris M. Chemoradiotherapy in cancer treatment: rationale and clinical applications. Anticancer Res. (2021) 41:7–11. doi: 10.21873/anticanres.14746

4. Fogh SE, Deshmukh S, Berk LB, Dueck AC, Roof K, Yacoub S, et al. A randomized phase 2 trial of prophylactic manuka honey for the reduction of chemoradiation therapy-induced esophagitis during the treatment of lung cancer: results of NRG oncology RTOG 1012. Int J Radiat Oncol Biol Phys. (2017) 97:786–96. doi: 10.1016/j.ijrobp.2016.11.022

5. Normando AGC, de Meneses AG, de Toledo IP, Borges GA, de Lima CL, Dos Reis PED, et al. Effects of turmeric and curcumin on oral mucositis: a systematic review. Phytother Res. (2019) 33:1318–29. doi: 10.1002/ptr.6326

6. Pulito C, Cristaudo A, Porta C, Zapperi S, Blandino G, Morrone A, et al., Oral mucositis: the hidden side of cancer therapy. J Exp Clin Cancer Res. (2020) 39:210. doi: 10.1186/s13046-020-01715-7

7. Chen C, Zhang Q, Yu W, Chang B, Le AD. Oral mucositis: an update on innate immunity and new interventional targets. J Dent Res. (2020) 99:1122–30. doi: 10.1177/00220345

8. Hong BY, Sobue T, Choquette L, Dupuy AK, Thompson A, Burleson JA, et al., Chemotherapy-induced oral mucositis is associated with detrimental bacterial dysbiosis. Microbiome. (2019) 7(1):66. doi: 10.1186/s40168-019-0679-5

9. Ana G S, Normando AGC, De Toledo I, Dos Reis PED, Guerra ENS. Topical treatment of oral mucositis in cancer patients: a systematic review of randomized clinical trials. Asian Pac J Cancer Prev. (2020) 21:1851–66. doi: 10.31557/APJCP.2020.21.7.1851

10. Kusiak A, Jereczek-Fossa BA, Cichonska D, Alterio D. Oncological-Therapy related oral mucositis as an interdisciplinary problem-literature review. Int J Environ Res Public Health. (2020) 17:2464. doi: 10.3390/ijerph17072464

11. Sonis ST, Elting LS, Keefe D, Peterson DE, Schubert M, Hauer-Jensen M, et al. Perspectives on cancer therapy-induced mucosal injury: pathogenesis, measurement, epidemiology, and consequences for patients. Cancer. (2004) 100:1995–2025. doi: 10.1002/cncr.20162

12. Maria OM, Eliopoulos N, Muanza T. Radiation-Induced oral mucositis. Front Oncol. (2017) 7:89. doi: 10.3389/fonc.2017.00089

13. Zhang X, Sun D, Qin N, Liu M, Zhang J, Li X. Comparative prevention potential of 10 mouthwashes on intolerable oral mucositis in cancer patients: a Bayesian network analysis. Oral Oncol. (2020) 107:104751. doi: 10.1016/j.oraloncology.2020.104751

14. Fan X, Peters BA, Min D, Ahn J, Hayes RB. Comparison of the oral microbiome in mouthwash and whole saliva samples. PLoS One. (2018) 13:e0194729. doi: 10.1371/journal.pone.0194729

15. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Br Med J. (2009) 339:b2535. doi: 10.1136/bmj.b2535

16. Jyothi LS, Pavithra K, Nalini M, Rao SJ, Mamatha B. Effect of povidone iodine versus chlorhexidine mouthwash on oral mucositis among cancer patients. J Clin Diagn Res. (2021) 15:XC09–12. doi: 10.7860/jcdr/2021/46216.15429

17. Agha-Hosseini F, Pourpasha M, Amanlou M, Moosavi M-S. Mouthwash containing vitamin E, triamcinolon, and hyaluronic acid compared to triamcinolone mouthwash alone in patients with radiotherapy-induced oral mucositis: randomized clinical trial. Front Oncol. (2021) 11:614877. doi: 10.3389/fonc.2021.614877

18. Ala S, Zamani N, Akbari J, Salehifar E, Janbabai G, Koulaeinejad N. Efficacy of gabapentin mouthwash in managing oral mucositis pain in patients undergoing chemotherapy: a prospective, randomised, double-blind, controlled clinical trial. Scott Med J. (2020) 65:12–8. doi: 10.1177/0036933019897237

19. Hajisalem T, Ghaffary S, Nejati B, Mashayekhi SO, Fathiazad F, Shokri J, et al. Effect of Achillea millefolium mouthwash on oral mucositis induced by chemotherapy in AML patients. Jundishapur J Nat Pharm Prod. (2019) 14:e14077. doi: 10.5812/jjnpp.14077

20. Ghorbani MS, Taghadosi M, Akbari H, Sharifi M. Effect of hydroalcoholic extract of Althaea officinalis root on improving chemotherapy-induced stomatitis: a randomized, double-blind, clinical trial. Nurs Midwifery Stud. (2019) 8:14–20. doi: 10.4103/nms.nms_42_18

21. Cabrera-Jaime S, Martinez C, Ferro-Garcia T, Giner-Boya P, Icart-Isern T, Estrada-Masllorens JM, et al. Efficacy of Plantago major, chlorhexidine 0.12% and sodium bicarbonate 5% solution in the treatment of oral mucositis in cancer patients with solid tumour: a feasibility randomised triple-blind phase III clinical trial. Eur J Oncol Nurs. (2018) 32:40–7. doi: 10.1016/j.ejon.2017.11.006

22. Patil K, Guledgud MV, Kulkarni PK, Keshari D, Tayal S. Use of curcumin mouthrinse in radio-chemotherapy induced oral mucositis patients: a pilot study. JCDR. (2015) 9:Zc59–62. doi: 10.7860/jcdr/2015/13034.634

23. Miranzadeh S, Adib-Hajbaghery M, Soleymanpoor L, Ehsani M. Effect of adding the herb Achillea millefolium on mouthwash on chemotherapy induced oral mucositis in cancer patients: a double-blind randomized controlled trial. Eur J Oncol Nurs. (2015) 19:207–13. doi: 10.1016/j.ejon.2014.10.019

24. Baharvand M, Hamian M, Moosavizadeh MA, Mortazavi A, Ameri A. Phenytoin mouthwash to treat cancer therapy-induced oral mucositis: a pilot study. Indian J Cancer. (2015) 52:81–5. doi: 10.4103/0019-509x.175597

25. Erdem O, Güngörmüş Z. The effect of royal jelly on oral mucositis in patients undergoing radiotherapy and chemotherapy. Holist Nurs Prac. (2014) 28:242–6. doi: 10.1097/hnp.0000000000000033

26. Yen SH, Wang LW, Lin YH, Jen YM, Chung YL. Phenylbutyrate mouthwash mitigates oral mucositis during radiotherapy or chemoradiotherapy in patients with head-and-neck cancer. Int J Radiat Oncol Biol Phys. (2012) 82:1463–70. doi: 10.1016/j.ijrobp.2011.04.029

27. Baharvand M, Sarrafi M, Alavi K, Moghaddam JE. Efficacy of topical phenytoin on chemotherapy-induced oral mucositis; a pilot study. Daru. (2010) 18:46–50.

28. Hejna M, Kostler WJ, Raderer M, Steger GG, Brodowicz T, Scheithauer W, et al. Decrease of duration and symptoms in chemotherapy-induced oral mucositis by topical GM-CSF: results of a prospective randomised trial. Eur J Cancer. (2001) 37:1994–2002. doi: 10.1016/s0959-8049(01)00132-0

29. Becher B, Tugues S, Greter M. GM-CSF: from growth factor to central mediator of tissue inflammation. Immunity. (2016) 45:963–73. doi: 10.1016/j.immuni.2016.10.026

30. Croxford AL, Lanzinger M, Hartmann FJ, Schreiner B, Mair F, Pelczar P, et al. The cytokine GM-CSF drives the inflammatory signature of CCR2+ monocytes and licenses autoimmunity. Immunity. (2015) 43:502–14. doi: 10.1016/j.immuni.2015.08.010

31. Achuthan AA, Lee KMC, Hamilton JA. Targeting GM-CSF in inflammatory and autoimmune disorders. Semin Immunol. (2021) 54:101523. doi: 10.1016/j.smim2021.101523

32. Hejna M, Brodowicz T, Zielinski CC. Local use of GM-CSF for severe mucositis. Eur J Cancer. (1999) 3(Suppl ):S14–7. doi: 10.1016/s0959-8049(99)00083-0

33. Kanagalingam J, Wahid MIA, Lin JC, Cupino NA, Liu E, Kang JH, et al., Patient and oncologist perceptions regarding symptoms and impact on quality-of-life of oral mucositis in cancer treatment: results from the awareness drives oral mucositis PercepTion (ADOPT) study. Support Care Cancer. (2018) 26:2191–200. doi: 10.1007/s00520-018-4050-3

34. Letscher-Bru V, Obszynski CM, Samsoen M, Sabou M, Waller J, Candolfi E. Antifungal activity of sodium bicarbonate against fungal agents causing superficial infections. Mycopathologia. (2013) 175:153–8. doi: 10.1007/s11046-012-9583-2

35. Mathieson S, Lin CC, Underwood M, Eldabe S. Pregabalin and gabapentin for pain. Br Med J. (2020) 369:m1315. doi: 10.1136/bmj.m1315

36. Zand L, McKian KP, Qian Q. Gabapentin toxicity in patients with chronic kidney disease: a preventable cause of morbidity. Am J Med. (2010) 123:367–73. doi: 10.1016/j.amjmed.2009.09.030

37. Chahal J, Arif MO, Achufusi TG. Gabapentin-Induced liver toxicity. Am J Ther. (2020) 29:e751–2. doi: 10.1097/MJT.0000000000001208

38. Fuzier R, Serres I, Guitton E, Lapeyre-Mestre M, Montastruc JL. French Network of pharmacovigilance C. Adverse drug reactions to gabapentin and pregabalin: a review of the French pharmacovigilance database. Drug Saf. (2013) 36:55–62. doi: 10.1007/s40264-012-0006-6



OPS/images/froh-03-977830-g007.jpg
Giloheidie | 014 | 015

15 032 [ o
o [ oos o3 oz [ o [ o5 o

Poenyin | 016 | 021 Puanyoin_| 01 034 o [ oo

Puco 037 | 035 o 05 055 [ 009 [001 | 0
an ol TR o1 o [0
T ois 53

Rank 1 is worst, rank 5 is best

Rank 1 is worst, rank 6 is best

oz [ors o]
Rank 1 is worst, rank 8 is best






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Did you choose appropriate mouthwash for managing chemoradiotherapy-induced oral mucositis? The therapeutic effect compared by a Bayesian network meta-analysis.

		Introduction



		Materials and methods



		Evidence acquisition



		Search strategy



		Inclusion and exclusion criteria



		Data extraction and risk of bias assessment



		Outcome measures



		Data synthesis and statistical analysis











		Results



		Eligible studies



		Characteristics of eligible studies



		Direct meta-analysis



		Network meta-analyses



		Rank probability











		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
a frontiers ‘ Frontiers in Oral Health

Did you choose appropriate mouthwash
for managing chemoradiotherapy-induced
oral mucositis? The therapeutic effect
compared by a Bayesian network meta-analysis.





OPS/images/froh-03-977830-g006.jpg
= T
83 (-0.54. 6.14)
.46 (-4.09.3.25)

21 (:221,2.62) | 2. 0.69 (-2.15,3.41)

-0.16 (-3.38, 3.18)[ 3. L 1.81)[ 0.29(-2.74,3.40) | -0.39 (-2.45, 1.90) [ Phenytoin

053 (:3.23,220)[ 33 L 1.13)]-0.06 (-2.59. 2.38)| -0.75 (-1.94, 0.48)[ 036 (:2.26, 1.34)| __ Placebo

2.63 (020, 5.01) |0 . 2.24)[ 3.10 (-1.34, 7.41) | 2.43 (-1.06, 5.89) | 2.80 (-1.33, 6.74) | 3.16 (:0.55, 6.82)

0.20(-3.36,3.83) [ 2.6 .2.33)] 0.68(-2.93,4.10) [ -0.01 (:2.71,2.63)[ 0.39 (-2.76, 3.28) | 0.75 (-1.72,3.16) | -2.43 (-6.76, 1.95)

Cl

037 (-1.69,2.38)

019 (:3.49, 3.06)[ -0.58 (- 10)[__ Phenytoin

074 (-3.36, 1.83)| -1.13 (-2.73, 0.51) | 055 (-2.63. I47)|__ Placebo ]

0.31 (242, 3.00) | -0.08 (:2.73, 2.64)[ 0.49 (-3.23, 4.13) | 1.06 (-2.03, 4.18) |

0.04 (-3.83, 3.84) [ -0.35 (:3.65, 2.89)[ 0.22 (-3.23,3.66) | 0.78 (:2.05,3.57) | -0.27 (-4.44, 3.87)

C

-0.59 (-2.41, 1.21) | Phenylbutyrate

-0.57(-227, 1.18)] 0.01(-1.73, 1.88) | Phenytoi

0.95 (-2.17,03)| -0.37 (-1.65,0.99)[ 038 (-1.59. 0.77)|___Placebo
20.01 (-1.68, 1.73)] 0.58 (-1.19,2.38) | 0.56 (-1.16, 2.18) | 0.04 (:0.24. 2.10)






OPS/images/froh-03-977830-g005.jpg
A
Povidone lodine vs GM-CSF
Povidone lodine vs Chlorhexidine
Chiorhexidine vs Natural drugs
Vitamin E vs Placebo
Gabapentin vs Placebo
Natural drugs vs Placebo
Phenytoin vs Placebo

B
Natural drugs vs Sodium bicarbonate
Chlorhexidine vs Sodium bicarbonate
Chlorhexidine vs Natural drugs
Vitamin E vs Placebo
Natural drugs vs Placebo
Phenytoin vs Placebo

&

Phenylbutyrate vs Placebo
Vitamin E vs Placebo
Natural drugs vs Placebo

Phenytoin vs Placebo

=0

Favor former  Favor latter

i

o

:

o

i

w5

A0

'WMD (95% CI)

0.20

-2.64
0.20

-0.76
-0.07
-0.75
-0.31

-0.11

012 (
040 (

074
-1.12
-0.55

-0.35

-0.94

-0.93

-0.38

(0.06, 0.34)
(-2.72, -2.56)
(-0.12,0.52)
(-0.92,-0.60)
(-0.34,0.20)
(1.75,0.25)
(1.2, 0.60)

(-0.69,0.47)
0.4, 0.68)
-0.27,1.07)
(-0.94,-0.54)
(-2.71,047)
(-1.40,0.32)

(-1.06, 0.36)
(-1.03, -0.85)
(-1.46, -0.40)

(059, -0.17)





OPS/images/froh-03-977830-g004.jpg
. . . . . . . . . . . . . Random sequence generation

OPDOPPOO® DO O® G @ Arocation conceaiment

. . . . . . . . . . . . . Blinding of participants and personnel

. . . . . . . . . . . . ‘ Blinding of outcome assessment

' . . . . . . . . . . . . Incomplete outcome data

2@ @2 @@ 2|7 |2|2 |7 7|7 selectivereporting

0DS 9\ O®@®: 2|7 oterbias






OPS/images/froh-03-977830-g003.jpg
Phenylbutyrate
Sodium bicarbonate

Natural drugs

Compared at 1 week
— 1 trials
— 2 trials

I/ trials
Compared at 2 weeks
1 trials
— ? trials
I 3 trials

Compared at 3 weeks

Phenytoin

Placebo

— 1 trials

Gabapentin

Povidone lodine

Vitamin E

Chlorhexi





OPS/images/froh-03-977830-g002.jpg
Scientific articles identified from)
PubMed, Embase, Cochrane,
Web of Science database
(N=1275)

J

—

Exclusmn of duplication
(N=497)

J

.

Articles for title/abstract
screening (N=778)

4

Excluded for meeting at least
one exclusion criteria
(N=704)

y

Atrticles for full text screening
(N=74)

( J

4

Excluded studie (N=61)
- Preventive research (N=47)
-duplicate report (N=1)
-Not RCT study (N=6)
-Valid data unavailable (7)

Literature assessment and
data extraction
(N=13)






OPS/images/froh-03-977830-g001.jpg
Chemotherapy






OPS/images/froh-03-977830-t001.jpg
Year Country Cancer Treatment OM Mouthwash Patients Age Follow-up
type scores (Male/ (mean+SD) assessments
Female)
Jyothi et al. 2021 India Multi type RT/CT | Grades 1-4 | Povidone lodine 3713 2565 Days 3,5,7
(16)
Chlorhexidine
Agha-Hosseini | 2021 Tran Head and RT Grades 3-4 Vitamin E 17112 55032984 | Weeks1,2,3,4
etal. (17) neck cancer
Placebo 17113 5557 £ 1153
Alaetal (18) | 2020 Tran Multi type cr Grades 1-4 Gabapentin 9122 58.67 Days 10
Placebo 14113 5684
Hajisalem 2019 Iran Acute cr Grades 1-4 Natural drug 5/9 4471£1660 | Days 5,10, 15,
etal (19) myeloid (Achillea extract) 20
leukemia
Placebo 78 4186 + 1250
Ghorbani et al. | 2019 Iran Multi type cr Grades 1-3 Natural drug 1114 5396+1548 | Days7, 14
(20) (Althaea root
extract)
Placebo 11/14 49.48 + 1680
Cabrera Jaime | 2018 Spain Multi type cr Grades 2-3 Sodium 24126 595:143 | Days57,14
etal 21) bicarbonate
Natural drug
(Plantago major
extract)
Chlorhexidine
Patiletal. 22) | 2015 India Head and RT+CT | Grades 21 Natural drug 5/5 60 Days 10, 20
neck cancer (Curcumin)
Chlorhexidine 64 59
Miranzadeh 2015 Tran Multi type cr Grades 1-4 Natural drug 1216 5646+1432 | Days7, 14
etal (23) (Achillea extract)
Placebo 1216 55.54 + 1401
Baharvand 2015 Tran Head and RT/+CT | Grades 1-3 Phenytoin 17 52751323 | Days7,14,21
etal (24) neck cancer
Placebo 5/3 56.00 £ 1465
Erdem etal. | 2014 | Turkey | Multitype RT+CT | Grades1-3 Natural drug 20/31 5069+2542 | Days7, 14
(25) (Royal jelly)
Placebo 28124 53.03+13.08
Yenetal 26) [ 2012 |  China Head and RT +CT Grade 1 Phenylbutyrate 11/6 511:106 | Days28
(Taiwan) | neck cancer
Placebo 172 548121
Baharvand 2010 Tran Multi type cT Grades 2-3 Phenytoin 313 388138 | Days7,14
etal. 27)
Placebo 24 333148
Hejnaetal. | 2001 | Austria Multi type | CT Grades 1-3 | GM.CSF 5/10 58 Days 3,6
(28)
Povidone Iodine | 9/7 73
cT, GM-CSF, I lating factor: RT, » OM, oral mucositis: SD, standard deviation.










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Oral Health





