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Introduction

Oral mucositis (OM) is a main side effect of treatment for head and neck cancer (HNC) and causes severe pain, reduces quality of life, and may interrupt HNC treatment. This study assessed the activity and feasibility of benzydamine mouthwash in the prevention and treatment of radiation-induced OM in patients with HNC during radiation therapy (RT).





Methods

This phase IV, international, open-label, single-group study conducted from December 2021 to September 2022. In total, 89 patients were enrolled across seven centers in Hungary and Poland. Patients used benzydamine mouthwash at home two to three times daily. Data were collected during clinical visits at baseline (V0, start of RT) and then weekly for seven visits (V1–V7). The safety population and the modified intention-to-treat (m-ITT) analysis sets contained 89 patients; the per protocol (PP) analysis set contained 67 patients.





Results

The m-ITT set was 80.9% male; mean age was 61.4 years. At baseline, 73.0% of patients had stage T3-T4, 23.6% had stage T1-T2, 61.8% had stage N2-N3, and 34.9% had stage N0-N1. Within the m-ITT population, 33.7% (n=30) responded to treatment (NRS < 5) during the study. The PP set responded similarly (29.9%). Most patients were treatment compliant (n=77; 86.5%). OM severity was assessed using the WHO OM grading scale. No patients had severe mucositis at baseline or V1. At V7, 34.1% had mild mucositis, 45.1% had moderate mucositis, 15.9% had severe mucositis, and 1.2% had life-threatening mucositis. In total, 26 patients (29.2%) developed severe mucositis during the study period (V2–V7). From V1 to V4, one patient reported hospitalization due to mucositis or associated complications, two patients at V5, three patients at V6, and four patients at 7.





Discussion

This was the first study to assess feasibility of a treatment for radiation-induced OM with benzydamine mouthwash in patients with HNC. Treatment compliance suggested that benzydamine was well tolerated in patients with moderate to severe mucositis. Benzydamine’s anesthetic and anti-inflammatory properties might have reduced pain, which potentially influenced patients’ compliance with RT. Few patients in the study required hospitalization for OM or an associated complication, suggesting that benzydamine might improve healthcare resource utilization.
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1 Introduction

Head and neck cancer (HNC) accounts for approximately 550,000 cases worldwide per year (1, 2) and includes malignant tumors that most commonly arise from the moist squamous cell mucosa or lining of the head and neck regions. Treatments for managing HNC include surgery, radiation therapy (RT) and systemic therapies. Indeed, a multidisciplinary treatment schedule should be established in all cases, both to improve survival rates and to treat adverse events (AEs) (3, 4). Of all the AEs, mucositis poses a significant challenge for both the patients and the physicians, being present in virtually all patients with HNC who receive radiotherapy with or without systemic therapies (5).

Oral mucositis (OM) refers to mucosal damage secondary to cancer therapy and occurs in approximately 20% to 40% of patients receiving conventional chemotherapy (CT), 80% of patients receiving high-dose CT, and nearly all patients receiving RT on head and neck mucosa (6). OM is typically very painful and may become severe enough to prevent patients from speaking, eating, drinking, or swallowing (7). Mucositis-associated pain is the most frequently reported symptom, although oral discomfort persists in almost a half of patients for extended periods of time, even following resolution of visible OM (8). OM symptoms and its consequences—such as dehydration, weight loss, and systemic infections (9)—impair nutritional intake, reduce compliance to oncology treatment and the treatment’s efficacy, and adversely impact economic outcomes, especially as a result of increased hospitalization and the need for parenteral or tube feeding (6, 10–13).

Because of the different mechanisms underlying OM pathogenesis, many interventions have been tested. Nevertheless, there is no clearly effective therapy for OM, and strategies for its management include preventive measures and therapeutic approaches, such as improved oral hygiene and oral care (to eliminate any irritants from the oral mucosa and reduce the risk of superinfections), systemic analgesics, topical palliative agents (e.g., MuGard), combined treatments (e.g., lidocaine solutions, “magic mouthwash” preparations), or antioxidants (5). Moreover, anti-inflammatory agents may also be suggested (14).

Benzydamine is a drug with a long history of safe use in patients and shows local anesthetic and analgesic properties and anti-inflammatory activity. Its elective therapeutic use is the topical control of acute inflammation and pain. The main mechanism is the drug’s inhibition of cytokine production, which results in decreased vessel permeability and inhibition of leukocyte migration and degranulation at the inflammation site. Benzydamine has been demonstrated to inhibit the production of proinflammatory cytokines such as tumor necrosis factor-α and interleukin-1β (15–17). In addition, benzydamine has been studied for its antimicrobial activity using different techniques against more than 100 bacterial strains belonging to different species, comprising bacteria, yeasts, and fungi (18).

Inflammation is considered to be an important tissue reaction in radiotherapy and CT-induced OM (19). The 2014 MASCC/ISOO guidelines (6) recommended the use of benzydamine mouthwash for the prevention of OM in patients with HNC who are receiving moderate-dose RT (up to 50 Gy) without concomitant CT. The 2020 MASCC/ISOO guidelines confirm the previous recommendation with new evidence (14). Moreover, the 2020 guidelines recommend the use of benzydamine mouthwash for the prevention of OM in patients with HNC who are receiving RT and CT, without RT dose specification (14).

Because data on the use of benzydamine throughout the course of RT is lacking, we aimed to provide evidence on the feasibility of a preventative/therapeutic approach of radiation-induced OM with benzydamine mouthwash in patients with HNC. Moreover, data on OM pain control during RT, percentage of severe mucositis (grades 3/4 of the WHO), duration and time to onset of severe mucositis, nutritional status of HNC patients, compliance to oncology therapy and to benzydamine treatment, healthcare resources consumption, opioid analgesics’ use, and safety data were collected.




2 Materials and methods



2.1 Study design

This was a phase IV, international, open label, single-group study conducted from December 2021 to September 2022. The objective was to assess the activity and feasibility of benzydamine mouthwash in the prevention and treatment of radiation-induced OM in patients with HNC from first day of RT through the end of RT.

A total of seven centers were involved across two countries: Hungary and Poland. Before study start-up, all relevant regulatory authorities and ethics committees provided review and written approval for all clinical study documentation (protocol 030(Z)WO19247) and adequacy of investigational sites. The study was conducted in accordance with the Declaration of Helsinki, Good Clinical Practice principles, and all applicable regulatory requirements including ICH E6 Good Clinical Practice (R2). All relevant regulatory and ethical committees provided review and written approval for all clinical study documentation and investigational sites.

Before enrolment into the study, patients were fully informed about the purposes of the research, as well as all procedures relating to their involvement. Before entering the study, a written and signed informed consent form and the Declaration of Consent for Processing of Personal Data were obtained from all patients.




2.2 Study treatment and study outcomes

Benzydamine hydrochloride 1.5 mg/mL mouthwash was assigned to the patients for the prevention/treatment of radiation-induced OM, according to the investigator’s recommendations and to the relevant local SmPC (Summary of Product Characteristics).

Treatment of 15 mL (1 tablespoon) of concentrated or diluted (with water) solution was taken at home, two or three times a day, but not more than five times a day. Patients were asked to wash the mouth and throat for 20 to 30 seconds, according to the investigator’s indications and the local product’s SmPC.

Treatment compliance was defined as taking ≥ 80% of the total dose of benzydamine treatment assigned by the investigator.

The primary outcome for this study was the number of responders, defined as the number of patients with HNC who had OM pain intensity <5 (numeric rating scale [NRS]), expressed as a percentage, at visits 0 to 7/early treatment termination visit (ETTV).

The key secondary outcomes were the number of compliant patients, change in score on the WHO OM grading scale from Visit 0 through Visit 7/ETTV, number of days’ duration and time to onset of severe mucositis, percentage change in body weight and need for nutritional support, number of days duration of RT/CT administered as well as discontinuation, dose modifications and delays, number of days of hospitalization, number and type of opioid analgesics used for OM pain, and changes from Visit 0 in vital signs, physical examination and adverse events to Visit 7/ETTV.




2.3 Study procedures

Data were collected during clinical visits at baseline (V0, start of RT), Visit 1 (Day 7 ± 1), Visit 2 (Day 14 ± 1), Visit 3 (Day 21 ± 1), Visit 4 (Day 28 ± 1), Visit 5 (Day 35 ± 1), Visit 6 (Day 42 ± 1) during RT, and Visit 7 (Day 49 ± 1, Final visit/End of RT).

At baseline, which was defined as the start of RT, all patients were fully informed by the investigator about the purpose of the study, patients received standard study information, and patients provided written informed consent forms. Key study data including demographics, medical history, oncology history, physical examination, vital signs, current oncology status and treatment, Eastern Cooperative Oncology Group (ECOG) status, OM evaluation, benzydamine treatment prescription, and AEs were collected.

Eligible patients were enrolled in the study, and one visit per week during the radiotherapy period was scheduled. During these visits, data were collected and recorded in source documents by the investigator who then reported into the electronic case report form. Patients were asked to self-report data on OM pain assessment (NRS) on paper during each visit. Patients were instructed to consider any pain due to mucositis in oral cavity and asked to select the number (0/not present -10/pain as bad you can imagine) best describing the intensity of pain over the past 7 days. OM severity was evaluated at each visit by physicians having at least a 2-year experience in HNC treatment. Sites were trained on OM severity scoring via online training using the WHO classification scale.




2.4 Patient population

The study population consisted of male and female patients 18 years or older with a histologic or cytologic diagnosis of stage III or IV HNC in subsites—including oral cavity, oropharynx, larynx and hypopharynx, according to the VIII American Joint Committee on Cancer (AJCC) staging system—who were candidates and were about to start RT. Exclusion criteria included reported allergy to benzydamine or related components of the formulation used; prior head and neck RT; having received palliative treatment; any metastatic disease, cognitive impairment, or significant comorbid conditions; OM due to other conditions; use of other oromucosal products, rinses, or anti-inflammatory mouthwash solutions; use of antifungal or antibiotic drugs; or having received other therapies that cause mucositis.




2.5 Statistical analysis

Because of the nature of the single-arm study, all statistical analysis was descriptive. Continuous variables were described by mean, standard deviation (SD), median, interquartile range (IQR), minimum, maximum, and number of available patients. Categorical variables were described by frequency and percentages. Two-sided 95% confidence intervals (CIs) were provided for the primary and secondary outcome variables. When relevant, 95% CIs were provided for demographic variables as well. No comparison test was conducted. SAS version 9.4 was used for analysis.

This Phase IV single-arm study had no hypothesis to test, and sample-size justification was based on precision expected for the primary outcome (e.g., the number of responders). A target sample size of 100 patients (including an assumption of 20% dropouts) was considered appropriate to evaluate the percentage of responders, defined as the number of patients with HNC who had OM pain intensity < 5 (NRS).

The following analysis populations were defined for statistical analysis:

	The per-protocol (PP) population: defined as all the patients with treatment compliance to the study medication ≥ 80% and all NRS evaluations, from first day of RT through 4 weeks, with no major protocol violations.

	The modified intention-to-treat (m-ITT) population: defined as all the patients who took at least one dose of the study medication and had one NRS evaluation at Visit 0 and one NRS evaluation post-Visit 0. The last-observation-carried-forward method was implemented as imputation scheme to handle missing data.

	The safety population (SP): defined as all the patients who took at least one dose of the study medication.







3 Results



3.1 Study patients

It was planned that a sample of 100 patients (including an assumption of 20% dropouts) would be included in the study; 89 were actually enrolled into the study from seven sites in two European countries: Poland and Hungary. Three analysis sets were used: the SP and m-ITT analysis sets each contained 89 patients; the PP analysis set contained 67 patients, because 22 patients had a major protocol violation and were excluded from the PP analysis population (see Figure 1). As the patients in the SP and m-ITT analysis populations were exactly the same, all results are presented as m-ITT. As shown in Figure 1, there were 89 patients in the m-ITT sett and 67 patients in the PP set.




Figure 1 | Disposition of patients.



In the m-ITT set, the majority of the study population was male (80.9%) and their mean age was 61.4 years (range: 41-77 years). All patients were White (Table 1).


Table 1 | Patient demographics.



Among the m-ITT set at baseline, 88 patients (98.9%) had head and neck cancer stage III or IV; one patient had missing information (Table 2). The disease subsite was the oral cavity for 33.7% of patients, the oropharynx and hypopharynx for 36.0% of patients, and the larynx for 29.2% of patients. A majority of patients had stage T3-T4 (73.0%), nearly a quarter (23.6%) had stage T1-T2. 61.8% had stage N2-N3, and approximately a third (34.9%) had stage N0-N1.


Table 2 | Disease characteristics, m-ITT.






3.2 Treatment response

The activity of benzydamine mouthwash in the prevention/treatment of radiation-induced OM in patients with HNC, from the first day of RT through end of RT/ETTV was assessed in all patients in the study. The activity was assessed by the primary study outcome, which was response to the benzydamine mouthwash, operationally defined as the number of patients with HNC who had OM pain intensity < 5 (NRS), expressed as a percentage, at Visits 0 to 7/ETTV. Of the 89 patients in the m-ITT set, approximately a third (n=30, 33.7%) were responders (Table 3). The level of response in the PP was similar (29.9%).


Table 3 | The number of HNC patients with OM pain intensity < 5 (NRS) until Visit 7.



The primary study outcome was also investigated in an explorative way by performing the primary analysis using data from Visit 0 to Visit 4 only. Compared with the corresponding results from Visits 0 to Visit 7/ETTV (Table 3), the exploratory primary analyses revealed a higher number of responders during Visits 0 to Visit 4, 52.8% in the m-ITT set and 52.2% in the PP set (Table 4).


Table 4 | The number of HNC patients with OM pain intensity < 5 (NRS) until Visit 4.






3.3 Treatment compliance

Of the 89 patients in the m-ITT set, the vast majority were found to be treatment compliant (n=77, 86.5%) (Table 5). Within the m-ITT, the mean total extent of exposure was 41.9 days, with a minimum of 14 days to a maximum of 65 days. Within the PP, the mean total extent of exposure was similar: 44.7 days (data not shown).


Table 5 | Number of compliant patients from Visit 0 to 7/ETTV.



In total, 135 treatment-emergent adverse events (TEAEs) were reported during the study; of these, only two were adverse drug reactions (ADRs), and they occurred in separate patients. The vast majority of TEAEs (93.3%) were reported as unlikely to be correlated to the investigational medicinal product. In total, four patients were reported to have at least one SAE. One patient was reported to have an “infection and infestation” (neutropenic sepsis), another patient was reported to have a “metabolism and nutrition disorder” (Cachexia) and a “general disorder and administration site condition” (pyrexia), one patient was reported to have a “nervous system disorder” (Syncope), and one patient was reported to have an “infection and infestation” (COVID-19) (data not shown).




3.4 Severity of OM and NRS response

Severity of OM was assessed through change in score on the WHO OM grading scale from Visit 0 to Visit 7. According to the WHO classification, severity of OM is graded on the following scale: 0 (none), 1 (mild, oral soreness and erythema), 2 (moderate (erythema, ulcers, solid diet tolerated), 3 (severe, oral ulcers, liquid diet only), or 4 (life-threatening, oral alimentation impossible). Nearly all patients (93.3%) had no mucositis at Visit 0 (Figure 2). By contrast, at Visit 7, very few patients (3.7%) did not have mucositis; approximately a third (34.1%) had mild mucositis, nearly half (45.1%) had moderate mucositis, 15.9% had severe mucositis, and 1.2% had life-threatening mucositis.




Figure 2 | Grade of oral mucositis by visit and number of patients with NRS ≥5 (non-responders) (m-ITT) at V0-V7. The bar graph presents the percentage of patients at each visit who had oral mucositis, separated by severity. Severity was assessed using the World Health Organization (WHO) oral mucositis grading scale. The investigator provided a score corresponding to the grade of mucositis of the patient: 0 = None, 1 = Mild, 2 = Moderate, 3 = Severe, 4 = Life-threatening. The line represents the non-responder patients with an NRS value ≥5.



Duration and time to onset of severe OM was also assessed during the RT. There were no reports of patients with severe mucositis (WHO OM grade 3 or 4) at baseline (Visit 0) or Visit 1 (Figure 3). In total, 26 patients (29.2% of the m-ITT set) were reported to have developed severe mucositis (WHO OM grade 3 or 4) during the study period, across Visits 2 through 7 inclusive. In this graph it is evident that the number of non-responder patients increases during the study, as expected in parallel with the worsening of OM.




Figure 3 | Duaration and time to onset of severe OM, from first day of RT through end of RT/ETTV, m-ITT.



Nutritional support (i.e., need of a feeding tube) and type of enteral support (i.e., partial or total and number of days of need) was assessed at Visits 0 to 7/ETTV. In the m-ITT, at Visit 1, a majority of patients did not need nutritional support for OM (n=70, 78.7%). At Visit 7, a majority of patients still did not require nutritional support (58.4%), lower than at Visit 1 (data not shown).

In addition, healthcare resource use consumption was assessed by the number of days of hospitalization on which the main reason was mucositis or an associated complication from Visit 0 to Visit 7. In the m-ITT set, at the first four visits, only one patient reported hospitalization due to mucositis or associated complications; only two patients had this outcome at Visit 5, three patients at Visit 6, and four patients at Visit 7 (data not shown).

Furthermore, the use of opioid analgesics for OM pain was also assessed and measured by the number and type of opioid analgesics used for OM pain at visits 0 to 7. In the m-ITT, opioid analgesics were used for OM pain among 47 (52.8%) patients.





4 Discussion

In this Phase IV study, we assessed the feasibility and activity of benzydamine mouthwash on radiation-induced OM in patients with HNC treated with RT. The high compliance rate (86.5%) observed in the study and the long duration of benzydamine administration (mean exposure about 6 weeks) confirm the feasibility of the treatment throughout the RT. The results demonstrate that the use of benzydamine was also safe: very limited adverse events were reported that were linked to the investigational product (two ADRs).

In this study, approximately a third (33.7%) of all enrolled patients had an OM pain intensity score of <5 at study end, indicating that they were responders to treatment during the treatment period. In addition, only 26 of the 89 (29%) patients developed severe OM during the study period, suggesting that benzydamine mouthwash treatment may have contributed to preventing severe OM in the majority of patients. This finding is relevant because of the prevalence of severe OM reported in the literature, where it is reported that around 60% to 80% of patients with HNC who receive RT develop severe OM (20).

Moreover, the study showed a relatively low use of opioids (53%) compared with the literature. It is commonly reported in the literature that the majority of patients with OM and OM-related pain are administered opioids, and figures range from 78% to 97%. A review of the medical records of 165 patients with HNC demonstrated that more than 80% of patients required opioids (21); similarly, Alfieri et al. (22) reported that 97% of patients in their study received opioids, and Söderlund Schaller et al. (23) reported opioid use by 78% of patients. This could support the analgesic effect of benzydamine in this setting of treatment, even though with the limitation of indirect comparison.

The finding that almost none of the patients in the current study required hospitalization for OM or an associated complication suggests that benzydamine treatment may have had a beneficial impact on healthcare resource use, particularly compared with prevalence of hospitalization due to mucositis reported in the wider literature (24). A review showed that of the 450 patients included, 33% of patients with severe OM were hospitalized, 16% of those with moderate OM were hospitalized, and 21% of those with mild OM were hospitalized (25). Figures are similar across the literature (26, 27),

These collective findings showed that benzydamine mouthwash was well tolerated and may reduce the intensity of symptoms of OM in patients with OM.

Our study presents some limitations. First, because of the single-arm design, there was not a comparator cohort, and analyses were descriptive and did not include hypotheses testing. Also, it was not possible to gather all study data at all assessment windows, and therefore data are missing for some study variables at some study visits. Despite efforts to collect data at all data points, data quality was dependent on the data documentation available in the medical records.

However, this study was based on a prospective collection of data in patients with OM, which is not a commonly reported within this patient population, according to the existing literature.

In conclusion, this was the first prospective study to assess the feasibility of a preventative/therapeutic approach of radiation-induced OM with benzydamine mouthwash in patients with HNC. The majority of enrolled patients were found to be treatment compliant (86.5%), suggesting that benzydamine was well tolerated even in patients with moderate to severe mucositis. Benzydamine’s well known anesthetic and anti-inflammatory properties might have contributed to reducing pain and use of opioids, which is a potential factor influencing patients’ compliance with RT. In addition, almost none of the patients in the current study required hospitalization for OM or an associated complication, possibly suggesting that benzydamine could improve healthcare resource utilization relative to what is reported in the literature.

For the future, randomized controlled trials with larger numbers of patients may be useful to control for factors such as age, oral health status/pre-RT dental clearance, oral hygiene regimens during RT, concomitant infections, and smoking.





Data availability statement

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





Ethics statement

The study was approved by all relevant regulatory authorities and ethics committees for all clinical trial documentation (protocol 030(Z)WO19247) and adequacy of investigational sites. The study was conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

PB: Writing – original draft, Writing – review & editing. VT: Writing – original draft, Writing – review & editing. GDL: Formal Analysis, Writing – original draft, Writing – review & editing. SF: Writing – original draft, Writing – review & editing. ES: Writing – original draft, Writing – review & editing. AC: Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by Angelini Pharma S.p.A.




Acknowledgments

Medical writing support was provided by PPD Global Ltd and was funded by Angelini Pharma S.p.A. Angelini would like to thank the following Investigators for their collaboration with this study: Prof. Jacek Fijuth, Provita Medical Center; Dr Magdalena Bankowska-Wozniak, Centrum Onkologii im; Prof. Franciszka Lukaszczyka w Bydgoszczy; Dr Wojciech Rolski, Mazowiecki Szpital Wojewódzki im. sw. Jana Pawla II w Siedlcach; Dr Dorota Filarska, Szpitale Pomorskie Sp. z o. o.; Dr Arpad Kovacs, Debreceni Egyetem Klinikai Központ, Onkoradiológiai Klinika Debrecen; Dr Eva Somogyine Ezer, Somogy Megyei Kaposi Mór Oktató Kórház, Klinikai Vizsgálati Egység, Északi; Dr Zsolt Cselik, Csolnoky Ferenc Korhaz Onkologiai Centrum Sugarterapias Osztaly Veszprém; Dr Judit Bakk, Szabolcs-Szatmár-Bereg Megyei Kórházak és Egyetemi Oktatókórház, Klinikai Kutatási Osztály Nyíregyháza; Dr Zoltan Takacsi Nagy, Országos Onkológiai Intézet, Sugárterápiás Osztály.





Conflict of interest

VT, GDL, SF, ES, AC are full-time employees of Angelini Pharma S.p.A. PB received consulting fees from Angelini Pharma S.p.A.

The authors declare that this study received funding from Angelini Pharma S.p.A. The funder had the following involvement in the study: study design, data collection and analysis, decision to publish, and preparation of the manuscript.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Fitzmaurice, C, Allen, C, Barber, RM, Barregard, L, Bhutta, ZA, Brenner, H, et al. Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability, and disability-adjusted life-years for 32 cancer groups, 1990 to 2015: a systematic analysis for the global burden of disease study. JAMA Oncol. (2017) 3:524–48. doi: 10.1001/jamaoncol.2016.5688

2. Thompson, LDR. Head and neck cancers. In:  BW Stewart, and CP Wild, editors. World cancer report 2014. 150 cours Albert Thomas, 69372 Lyon Cedex 08, France: International Agency for Research on Cancer (2014).

3. Bradley, PJ. Multidisciplinary clinical approach to the management of head and neck cancer. Eur Arch Otorhinolaryngol. (2012) 269:2451–4. doi: 10.1007/s00405-012-2209-y

4. Gregoire, V, Lefebvre, JL, Licitra, L, Felip, E, and Ehns-Esmo-Estro Guidelines Working Group. Squamous cell carcinoma of the head and neck: EHNS-ESMO-ESTRO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol. (2010) 21 Suppl 5:v184–6. doi: 10.1093/annonc/mdq185

5. Abdel Moneim, AE, Guerra-Librero, A, Florido, J, Shen, YQ, Fernandez-Gil, B, Acuna-Castroviejo, D, et al. Oral mucositis: melatonin gel an effective new treatment. Int J Mol Sci. (2017) 18. doi: 10.3390/ijms18051003

6. Lalla, RV, Bowen, J, Barasch, A, Elting, L, Epstein, J, Keefe, DM, et al. MASCC/ISOO clinical practice guidelines for the management of mucositis secondary to cancer therapy. Cancer. (2014) 120:1453–61. doi: 10.1002/cncr.28592

7. Bossi, P, Lo Vullo, S, Guzzo, M, Mariani, L, Granata, R, Orlandi, E, et al. Preoperative chemotherapy in advanced resectable OCSCC: long-term results of a randomized phase III trial. Ann Oncol. (2014) 25:462–6. doi: 10.1093/annonc/mdt555

8. Epstein, JB, and Stewart, KH. Radiation therapy and pain in patients with head and neck cancer. Eur J Cancer B Oral Oncol. (1993) 29B:191–9. doi: 10.1016/0964-1955(93)90022-7

9. Raber-Durlacher, JE, Elad, S, and Barasch, A. Oral mucositis. Oral Oncol. (2010) 46:452–6. doi: 10.1016/j.oraloncology.2010.03.012

10. Bonomi, M, Camille, N, Misiukiewicz, KJ, Latif, A, Gupta, V, Blacksburg, SR, et al. Assessment and management of mucositis in head and neck cancer patients. Clin Investigations. (2012) 2:1231–40. doi: 10.4155/CLI.12.120

11. Elting, LS, Keefe, DM, Sonis, ST, Garden, AS, Spijkervet, FK, Barasch, A, et al. Patient-reported measurements of oral mucositis in head and neck cancer patients treated with radiotherapy with or without chemotherapy: demonstration of increased frequency, severity, resistance to palliation, and impact on quality of life. Cancer. (2008) 113:2704–13. doi: 10.1002/cncr.23898

12. Epstein, JB, Silverman, S Jr., Paggiarino, DA, Crockett, S, Schubert, MM, Senzer, NN, et al. Benzydamine HCl for prophylaxis of radiation-induced oral mucositis: results from a multicenter, randomized, double-blind, placebo-controlled clinical trial. Cancer. (2001) 92:875–85. doi: 10.1002/1097-0142(20010815)92:4<875::aid-cncr1396>3.0.co;2-1

13. Wong, PC, Dodd, MJ, Miaskowski, C, Paul, SM, Bank, KA, Shiba, GH, et al. Mucositis pain induced by radiation therapy: prevalence, severity, and use of self-care behaviors. J Pain Symptom Manage. (2006) 32:27–37. doi: 10.1016/j.jpainsymman.2005.12.020

14. Elad, S, Cheng, KKF, Lalla, RV, Yarom, N, Hong, C, Logan, RM, et al. MASCC/ISOO clinical practice guidelines for the management of mucositis secondary to cancer therapy. Cancer. (2020) 126:4423–31. doi: 10.1002/cncr.33100

15. Sironi, M, Milanese, C, Vecchi, A, Polenzani, L, Guglielmotti, A, Coletta, I, et al. Benzydamine inhibits the release of tumor necrosis factor-alpha and monocyte chemotactic protein-1 by Candida albicans-stimulated human peripheral blood cells. Int J Clin Lab Res. (1997) 27:118–22. doi: 10.1007/BF02912445

16. Sironi, M, Pozzi, P, Polentarutti, N, Benigni, F, Coletta, I, Guglielmotti, A, et al. Inhibition of inflammatory cytokine production and protection against endotoxin toxicity by benzydamine. Cytokine. (1996) 8:710–6. doi: 10.1006/cyto.1996.0094

17. Sonis, ST, Clairmont, F, Lockhart, PB, and Connolly, SF. Benzydamine HCL in the management of chemotherapy-induced mucositis. I. Pilot study. J Oral Med. (1985) 40:67–71.

18. Fanaki, NH, and el-Nakeeb, MA. Antimicrobial activity of benzydamine, a non-steroid anti-inflammatory agent. J Chemother. (1992) 4:347–52. doi: 10.1080/1120009x.1992.11739190

19. Kwon, Y. Mechanism-based management for mucositis: option for treating side effects without compromising the efficacy of cancer therapy. Onco Targets Ther. (2016) 9:2007–16. doi: 10.2147/OTT.S96899

20. Iovoli, AJ, Turecki, L, Qiu, ML, Khan, M, Smith, K, Yu, H, et al. Severe oral mucositis after intensity-modulated radiation therapy for head and neck cancer. JAMA Network Open. (2023) 6(10). doi: 10.1001/jamanetworkopen.2023.37265

21. Muzumder, S, Nirmala, S, Avinash, HU, Sebastian, MJ, and Kainthaje, PB. Analgesic and opioid use in pain associated with head-and-neck radiation therapy. Indian J Palliat Care. (2018) 24:176–8. doi: 10.4103/IJPC.IJPC_145_17

22. Alfieri, S, Ripamonti, CI, Marceglia, S, Orlandi, E, Iacovelli, NA, Granata, R, et al. Temporal course and predictive factors of analgesic opioid requirement for chemoradiation-induced oral mucositis in oropharyngeal cancer. Head Neck. (2016) 38 Suppl 1:E1521–7. doi: 10.1002/hed.24272

23. Söderlund Schaller, AKCS, Peterson, A, and Bäckryd, E. Pain management in patients undergoing radiation therapy for head and neck cancer - a descriptive study. Scand J Pain. (2021) 21:256–65. doi: 10.1515/sjpain-2020-0067

24. Lalla, RV, Sonis, ST, and Peterson, DE. Management of oral mucositis in patients who have cancer. Dent Clin North Am. (2008) 52:61–77. doi: 10.1016/j.cden.2007.10.002

25. Vera-Llonch, M, Oster, G, Hagiwara, M, and Sonis, S. Oral mucositis in patients undergoing radiation treatment for head and neck carcinoma. Cancer. (2006) 106:329–36. doi: 10.1002/cncr.21622

26. Berger, K, Schopohl, D, Bollig, A, Strobach, D, Rieger, C, Rublee, D, et al. Burden of oral mucositis: A systematic review and implications for future research. Oncol Res Treat. (2018) 41:399–405. doi: 10.1159/000487085

27. 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




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.

Copyright © 2024 Bossi, Tellone, Di Loreto, Fioravanti, Salvatori and Comandini. 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.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Phase IV study on the use of benzydamine mouthwash in radiation-induced oral mucositis in patients with head and neck cancer

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study design

          



          		

            2.2 Study treatment and study outcomes

          



          		

            2.3 Study procedures

          



          		

            2.4 Patient population

          



          		

            2.5 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Study patients

          



          		

            3.2 Treatment response

          



          		

            3.3 Treatment compliance

          



          		

            3.4 Severity of OM and NRS response

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-14-1345129-g003.jpg
100

34.6% 9/26)
40

19.2% (5/26) 19.2% (5/26)

15.4% (4/26)
* 7.7% (2/26)
10 3.9%(1/26)
0 V3 va V5 V6 v7
v2





OEBPS/Images/fonc-14-1345129-g001.jpg
SAFETY POPULATION =m-ITT
POPULATION

(N=89)

ENROLLED PATIENTS
(N=89)

PP POPULATION

(=67)

MAJOR PROTOCOL VIOLATIONS
(N=22)

9 PATIENTS DID NOT PRESENT EVALUATIONS FOR
NRS AT V4 (DAY 28)

1 PATIENT WAS TREATED WITH A PROHIBITED
MEDICATION

2 PATIENTS DID NOT PRESENT EVALUATIONS FOR
NRS AT V4 (DAY 28) AND HAD A COMPLIANCE TO
THE STUDY DRUG < 80%

10 PATIENTS HAD A COMPLIANCE TO THE STUDY
DRUG <80%






OEBPS/Images/table2.jpg
Characteristic m-ITT (%)

HNC stage Il or stage IV

Missing information 1(1.1%)

Disease subsite

« oral cavity 33.7%
« oropharynx and hypopharynx 36.0%
« larynx 292%
« missing information 1.1%
T stage
o TI-T2 23.6%
o T3-T4 73.0%
« TX 1.1%
« TOmissing information 1.1%
N stage
| « NO-N1 V 34.9%
« N2-N3 61.8%
« NX 2.2%

« Missing information 1.1%






OEBPS/Images/table4.jpg
Patient type m-ITT (N=89) PP (N=67)
‘ Responders ‘ 47 (52.8%) ‘ 35 (52.2%)

‘ Non responders ‘ 42 (47.2%) ‘ 32 (47.8%)






OEBPS/Images/table3.jpg
Patient type m-ITT (N=89) PP (N=67)
Responder 30 (33.7%) 20 (29.9%)

Nonresponder 59 (66.3%) 47 (70.1%)





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2024.1345129_cover.jpg
& frontiers | Frontiers in Oncology

Phase IV study on the use of
benzydamine mouthwash in
radiation-induced oral mucositis in
patients with head and neck cancer





OEBPS/Images/fonc-14-1345129-g002.jpg
Percentage

100
90
80
70
60
50
40
30
20
10

[—INone

CIMmild
["IModerate
[ISevere

mm Life-threatening
—o—Non-responders

V1 V2 V3 va4 V5 V6 V7
Visit Number

L TR e D;El





OEBPS/Images/table1.jpg
m-ITT BE
Age (years)
N 89 67
Mean (SD) 61.36 (8.37) 61.97 (8.49)
95% CI 59.60; 63.12 59.90; 64.04
Q1-Q3 56.00 - 67.00 57.00 - 68.00
Median 61.00 62.00
Min-Max 41.00 - 77.00 41.00 - 77.00
| Gender

M 72 (80.9%) 54 (80.6%)

F 17 (19.1%) 13 (19.4%)
Race

White 89 (100.0%) 67 (100.0%)






OEBPS/Images/table5.jpg
Compliance

m-ITT (N=89)

<80% 12 (13.5%)

280% 77 (86.5%) 67 (100.0%)






