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Abstract: In patients with chronic sialadenitis without sialolithiasis, the effectiveness of medical and surgical treatment varies. More than 50% of patients have presumed salivary duct stenoses and exhibit persistent or recurrent symptoms even after sialoendoscopy3. In chronic sialadenitis, chemodenervation performed via botulinum toxin injection can reduce salivary production and potentially ameliorate salivary stasis and gland swelling related to dysfunctional salivary flow in the ducts. Here, we aim to characterize the duration and impact of botulinum toxin injection into the parotid glands as a alternative minimally invasive technique to treat persistent symptoms. We will perform a randomized blinded clinical trial of UCSF patients who have undergone conservative management and/or sialoendoscopy-guided surgeries for sialadenitis of the parotid gland. They will receive an immediate botox injection into the most affected parotid gland for persistent symptoms versus a delayed injection by one month. We will follow their postoperative course with the weekly Visual Analogue Scale (VAS) questionnaire scores, and via monthly basis using the soon to be validated SPIT questionnaire.  The statistical significance of the association between timing of initial injection and symptom burden will be calculated between the two groups.

Research Question: Does the timing of first botox injection for patients with persistent salivary sialadenitits symptoms refractory to standard management have an association with symptom burden at 6 months?

Specific Aims:
1. To determine if the timing of initial botox injection has an impact in symptom change and length of benefit over time.
2. To develop a longitudinal map of weekly and monthly symptom changes after botox, and determine how the long the benefit from botox lasts for chronic sialadenitis. 

Significance:
Chronic sialadenitis is characterized by recurrent inflammation of one or more of the major salivary glands. Patients typically note recurrent pain, tenderness, and localized swelling of the affected gland sometimes triggered by meals.1,2 It is caused by a variety of conditions that cause chronic obstruction of the outflow tract, including sialolithiasis, radioactive iodine therapy, autoimmune diseases such as Sjogren's syndrome, recurrent infections, or idiopathic causes. First line treatment is typically conservative including increasing hydration, use of sialagogues and gland massage to stimulate salivary flow and antibiotics for acute infections. In cases where medical therapy fails, sialendoscopy-assisted salivary duct surgery or gland removal are typically offered. 2
In patients with chronic sialadenitis without sialolithiasis, the effectiveness of medical and surgical treatment varies. Salivary duct stenosis is the second most common cause of chronic obstructive sialadenitis after sialolithiasis, and more commonly effects the parotid glands. Many of these patients report frustration with their symptoms and have failed conservative treatment.3 Sialendoscopy-assisted salivary duct surgery (SASDS) is a minimally invasive technique that allows direct visualization of the major salivary ducts and diagnoses and treats obstructive pathology within the ductal system. However, 50% or more of patients with sialadenitis without sialolithiasis have presumed salivary duct stenoses and exhibit persistent or recurrent symptoms even after sialendoscopy.3-5 Additionally, not all centers have access to sialendoscopy equipment or techniques. In cases of disease refractory to medical or sialendoscopic management, gland removal may be required and is associated with potential risks of long-term xerostomia, cosmetic defects, and nerve injury.6-8
Thus, there is a great need to find alternative, minimally invasive treatment options to alleviate chronic sialadenitis symptoms as an alternative to gland removal. Botulinum toxin is a known chemodenervating agent affecting cholinergic neurotransmission. Botulinum toxin prevents release of acetylcholine at the neuromuscular junction and thus has an inhibitory action at cholinergic receptors. Through its anti-cholinergic action, botulinum toxin reduces salivary flow by depressing secretory activation of the salivary glands.9 It was first described as a treatment for chronic sialorrhea in patients with amyotrophic lateral sclerosis in 1997.10 In addition to sialorrhea, botulinum toxin use has expanded to a variety of indications in the salivary glands, including Frey syndrome, salivary fistulae, and sialoceles.9 In chronic sialadenitis, chemodenervation can reduce salivary production and potentially ameliorate salivary stasis and gland swelling related to dysfunctional salivary flow in the ducts.
Further controlled studies are needed to examine the dosing, frequency of injections, and long-term results of botulinum toxin injections. A defined paradigm with routine, high-dose injections may have the ability to induce permanent gland atrophy and prevent the need for gland removal. Future studies need to include more granular evaluation of symptoms to better understand the optimal timing of injections, level, and length of effective symptom benefit from botulinum toxin injections. Other routes of delivery of botulinum toxin may be more effective as well, such as intraductal injections using sialoendoscopy. 

Methods:
Overview of Design
The design for this project is a randomized clinical trial. The patients will be followed for at least 6 months following the initial injection. The scores will be compared between participants themselves and across the two groups, so patients will serve as self-controls. The group of patients will be those with persistent salivary sialadenitis symptoms who fail medical management or sialoendoscopic-guided surgeries and receive botox injections to help treat their symptoms. The patients will be followed for at least 6 months after the injection. Participants will be randomized to receive 100U botox into the most symptomatic gland, usually the parotid, at the first postop visit, and the second group will receive a 100U botox injection one month later (ie delayed injection). Symptom changes will be measured on a weekly basis using the Visual Analogue Scale (VAS) questionnaire scores, and a monthly basis using the soon to be validated SPIT questionnaire.  The two groups will be compared to each other at the 3 and 6 month time points. Also, repeated measures of the same score will be compared per each patient to see how the score changes over time. Secondary outcomes are length of time for symptoms to recur and the need for a repeat injection in both groups. If repeat botox injects are needed, they will be performed every 2 months. 
Study Subjects
The accessible population includes patients who present to the OHNS clinic with complaints of salivary sialadenitis symptoms. The target population includes patients who undergo medical management or sialoendoscopic-guided surgery at UCSF and have persistent symptoms postoperatively. Inclusion criteria would be patients who are followed at UCSF and are interested to receive a botox injection to help alleviate their symptoms. Exclusion criteria incorporates patients for whom medical management or sialoendoscopy worked well, as determined by their symptomatic improvement at the first follow up visit and low postop VAS score. The study participants will be sampled from the patient panel of two OHNS surgeons who perform sialoendoscopy on patients presenting with sialadenitis. All patients who present for their initial clinical evaluation are placed into a database, so this will be accessed to identify those that underwent surgery and/or had persistent symptoms postop. 
Ideally, funding will be obtained through grant applicated to facilitate retention. The patients will be retained in the study by monetary participation gifts or to cover the cost of receiving botox. They will complete a weekly and monthly survey via RedCap to follow their trajectory after botox injection (the VAS and SPIT questionnaires). They will also be highly motivated to follow up with us in clinic, as the symptoms of sialadenitis are often quite discomforting and negatively impact daily quality of life. The selection criteria should not diminish the generalizability of the findings of the study to the target population, as it casts a wide net for the patients whose symptoms we are interested in. We are interested in those for whom the current standard of care is unsuccessful. The retention will rely heavily on patient motivation and participation, with the added bonus of monetary gifts if funding is approved, and that could prove to be a limitation in the future. 
Measurements
The primary predictor for this study will be the timing of the initial botox injection. Patients will be randomly assigned to either group. The primary outcome will be the scores on the monthly SPIT and weekly VAS questionnaires over 6 months. Secondary outcomes include: length of time until the symptoms return to the same level prior to the botox injection, symptom changes on a weekly and monthly basis (to create a “longitudinal map” of weekly symptom changes over time), and number of botox injections within 12 months. To reduce random and systematic error, the patients themselves will be completing the survey, so hopefully they will be able to recall their responses on the surveys from the week prior and adjust their responses appropriately in comparison. Each patient will have their scores compared to each other, so that will limit some confounders.
Potential confounders include the patient having a second symptomatic gland (ie opposite parotid, or submandibular gland) that cannot be addressed with botox injection given the parameters of the study. Patients could also utilize other conservative treatments like warm compresses, sialogogues, and gland massages in an unstandardized manner. This latter factor could be alleviated with clear instructions about what other strategies can be used to improve symptoms during the study period.  
The patients will be randomized using a random number generator to determine whether they get the initial or delayed botox injection. This will be blinded, as the certified clinical staff will draw up and prepare the medication into the syringe prior to the surgeon performing the procedure. 	

Statistical Issues:
We hypothesize that there will be a significant difference between in average scores in the weekly VAS and monthly SPIT questionnaires over time. There will also be a significant difference in the rate of change of those scores. To calculate the sample size needed, we estimate an effect size of 10 with a standard deviation of 10 to get a standardized effect size of 1.0. This was based off of the Plonowska, et al. study comparing similar patients’ COSS scores to assess the impact of sialoendoscopy-assisted surgery. For an alpha of 0.05 and a beta of 0.2, the sample size needed per group would be 17, with a total N of 34. The monthly SPIT score will be out of 100, similar to COSS. 
The statistical test used will be a standard t-test for unpaired groups. The null hypothesis is that there is no difference in the average questionnaire score between the group of initial botox injection versus delayed botox injection. It will involve a two-tailed analysis.

Ethical Considerations:
The inclusion of human subjects in this research study brings ethical considerations related to the minimally invasive procedure in question, and the possibility of delayed symptomatic improvement in the one month delay botox arm of the project. However, we must be clear that likely beneficial treatment is not being withheld from patients, but simply delayed, and that all participation is voluntary. All patients would also receive monetary compensation for their participation in the study. All parts of the study would also be approved by the UCSF IRB prior to initiation. 
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