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FULL STUDY TITLE
A double blind, randomized, placebo controlled, cross-over trial investigating the effect of High Amylose Maize Starch (HAMS) supplementation on fecal microbiological and inflammatory outcomes in individuals with Cystic Fibrosis and Healthy Volunteers.

SHORT TITLE OR ACRONYM
CF HAMS STUDY.  

LAY DESCRIPTION OF THE PROJECT 
Cystic Fibrosis (CF) is associated with a significant increase in gut dysbiosis. Exposure to multiple courses of antibiotics as well as an inherently inflammatory gut contributes to this. We have shown that there are significant differences between the CF gut and healthy volunteers in these respects. High amylose maize starch (HAMS) is a pre-biotic food stuff produced in such a way as to encourage the production of beneficial, anti-inflammatory compounds. In laboratory culture, we have shown that HAMS increases the production of these compounds. What is not clear however is whether this laboratory data translates to a clinical benefit. This study will attempt to understand the impact of HAMS supplementation on the bacteria in the gut and the ability of the gut to make anti-inflammatory compounds, in adult patients with CF as well as in healthy control subjects.

This research will be conducted in compliance with Australian Medical Association Code of Conduct for Medical Practitioners, Catholic Health Australia (2001). Code of Ethical Standards for Catholic Health and Aged Care Services in Australia, current best practice in both respiratory medicine and in ethics (including abiding by the National Statement ) as well as relevant State and Commonwealth Acts and legislations.
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1. [bookmark: _Toc335730957]INTRODUCTION
Patients with cystic fibrosis have substantially altered gut microbiology [1-4]. This “dysbiosis” is likely to result from the combined effects of an underlying genetic defect, that leads to altered pancreatic function, thickened mucus secretions in the small intestine, and decreased absorption of nutrients and bile acids [2, 5]; and antibiotic treatment exposure for the treatment of chronic lung infection and diet/pancreatic insufficiency [6, 7].

Loss of the normal microbiological balance in the gastrointestinal tract has a number of important clinical implications. It may compound poor gut transit and gastrointestinal symptoms; it may contribute to local inflammation and the elevated rates of colorectal cancer in CF populations; it is likely to reduce nutrient uptake and therefore “ability to thrive” in an already vulnerable population; and it may have an impact on systemic inflammation, and therefore resilience and response to chronic lung infection. In addition, antibiotic-associated dysbiosis is strongly associated with the carriage of Clostridium difficile, known to be present at elevated levels in CF patients compared to healthy controls [8]. 

Detailed assessment of large bowel microbiology in patients with CF has been sparse and limited to small study groups. Despite their limited scope, all of these studies reported significant and substantial differences between the gut microbiota in CF patients and healthy controls. Typically, this involved a substantial increase in the relative abundance of Proteobacteria (specifically, the Enterobacteriales order), and the concomitant reduction in the abundance of Firmicutes and Bacteroidetes [5]. In particular, levels of Eubacterium rectale, Bacteroides uniformis, Bacteroides vulgatus, Bifidobacterium adolescentis, Bifidobacterium catenulatum, and Faecalibacterium prausnitzii have been reported to be substantially reduced in children with CF [1, 2]. 

In our related unpublished study (CF DYSBIOSIS) performed by the investigators of this proposal, similar alterations to the gut microflora were found, including substantial dysbiosis evidenced in both alpha and beta diversity (Figure 1).
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Figure 1: Alpha (left plot) and beta (right plot) diversity in the CF DYSBIOSIS study. There is a significant difference between CF participants (red) and healthy controls (blue), with a greater abundance of microbial species observed in the healthy group, and significant clustering, suggesting similar individual microbiomes in the healthy cohort, compared with the CF group.

Obtaining this detailed characterisation of the gut microbiology of patients with CF is particularly timely, due to the development of a range of approved dietary supplements that aim to therapeutically modify the composition and behaviour of bacteria in the large bowel. In particular, prebiotics (dietary components that selectively promote the growth of commensal species) based on resistant starches (starches that reach the colon undigested, and which can therefore act as bacterial fermentation substrates) have been shown to both reduce gastrointestinal symptoms associated with dysbiosis (Cummings et al, 1996), and reduce the incidence of associated pathophysiologies [9]. 

Prebiotic dietary supplements (microbially fermentable dietary oligo- and poly-saccharides) have been shown to be effective in promoting the growth of commensal bacteria. The dietary intake of complex non-digestible carbohydrates (resistant starch, RS) promotes the prevalence of health-associated bacterial phyla such as Bacteroidetes, Firmicutes, and Actinobacteria, and suppresses the Proteobacteria that are prevalent in pro-inflammatory assemblages [10]. These changes, in turn, alter the metabolic and immune-modulatory properties of the microbiome in a manner that is beneficial. Increasing the resistant starch component of the diet has been shown to increase SCFA production in rodent models and in humans[11], and to improve glycaemic control [12]. Resistant starches are more powerful modulators of gut bacteria than any other class of saccharides or probiotics; resistant starch is fermented much more readily than dietary polysaccharides such as wheat bran and provide for the greatest SCFA production, while avoiding the osmotic effects seen when feeding oligopolysaccharides, such as fructans. High amylose maize starch (HAMS) is a readily available, widely-used, food-grade product resistant starch that has been given FDA Generally Recognized as Safe (GRAS) status. It can be incorporated into any diet, costing only 5% more than standard maize starch. However, the effect of supplementation with prebiotics on the already dysbiotic CF gut is unknown, and could potentially be detrimental if pathogenic bacteria are selected for.

In order to understand this further, we developed an in vitro model to assess the capacity of the CF gut to ferment dietary starch. Here we mixed stool collected from subjects with CF with high amylose maize starch, HAMS, (a well described prebiotic), and cultured it anaerobically for 24 hours, allowing fermentation to occur. Following this, levels of specific short chain fatty acids (SCFAs, including butyrate) were measured along with 16S rRNA sequencing (Figure 2):
[image: ]

Figure 2: Outline of the in vitro model to assess the capacity of the CF gut to ferment dietary starch.
Interestingly, and somewhat unexpectedly, we found that the CF gut was not only capable of fermenting HAMS to produce butyrate, but was able to do this to the same degree as the healthy gut. In both healthy and CF participants however, there were subjects who produced large amounts of butyrate and those who did not produce any (High vs low responders), Figure 3:
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Figure 3: Production of butyrate following in vitro fermentation with HAMS. Left plot demonstrates the mean difference in butyrate production between healthy (blue) and CF (red) participants. The right panel shows the significant intra-subject variability in the ability of the gut to ferment HAMS.

Using 16S rRNA pyrosequencing, we were able to show that, in both healthy and CF subjects, it was the Clostridia species that were performing the vitally important task of SCFA production in this model. Importantly, we were also able to detect whether the participants harboured toxigenic C. difficile, and only found 2 CF patients with this strain.

The proposed study therefore aims to investigate whether dietary supplementation with HAMS is tolerated, improves gastrointestinal symptoms and QoL, improves faecal bacterial diversity, and alters metabolic and inflammatory markers in a cohort of high responding CF and healthy participants. The information generated from this smaller, cross over study would inform the future development of a large scale randomised controlled trail and give us important quality and safety data.

[bookmark: _Toc335730959]AIM(S) OF STUDY 
1) To determine whether dietary supplementation with HAMS substantially alters gut microbiota composition in CF patients and healthy individuals.
2) To determine whether dietary supplementation with HAMS substantially alters microbial production of short chain fatty acids in CF patients and healthy individuals.
3) To determine whether HAMS supplementation significantly alters local and systemic markers of inflammation or systemic metabolic markers in CF patients and healthy individuals.
4) To determine tolerability of HAMS supplementation for patients with CF.

[bookmark: _Toc335730960]OBJECTIVE(S) 
[bookmark: _Toc335730961][bookmark: _Toc335730962]Primary Objective(s)
The primary objective is to determine whether supplementation with HAMS alters the gut microbiota composition in patients with CF, and associated production of SCFAs. A healthy control comparator has been included to determine whether any effect is CF specific.
Secondary Objective(s)
The secondary objectives are to assess whether dietary supplementation with HAMS significantly alters measures of
· local and system markers of inflammation
· systemic metabolic markers
· gastrointestinal symptoms
· metabolomics (for a comprehensive understanding of the function of altered microbiota)

[bookmark: _Toc335730963]HYPOTHESES 
[bookmark: _Toc335730964]Primary Hypothesis
Dietary HAMS supplementation results in a high SCFA biosynthesis associated gut microbiota composition compared with regular maize starch in both healthy individuals and CF patients.

[bookmark: _Toc335730965]Secondary Hypotheses
Dietary HAMS supplementation results in a significant reduction in levels of
· faecal calprotectin
· serum inflammatory markers (CRP, TNFα, IL-8, IL-1β, IL-6, and G-CSF)
· metabolic markers (serum metabolome, fasting blood glucose, insulin, GLP-1 and serum serotonin)
· gastrointestinal symptom scores (PROMIS)

[bookmark: _Toc335730966]STUDY DESIGN 
This will be a double blind; placebo controlled randomized controlled, 2 phase cross-over trial in “High responder” CF patients and healthy control subjects.

The flow of the study is outlined in Figure 4. Essentially, subjects will be recruited if they took part in the original CF DYSBIOSIS study and were classified as a “high responder” based on butyrate production in the preliminary in vitro fermentation study. This included both patients with CF and healthy volunteers. Subjects will receive placebo and  HAMS in a random order, each for 2 weeks. The two intervention phases will be separated by a 2-week washout period. They will be asked to collect a stool sample, serum and perform a quality of questionnaire at the beginning and end of each study phase. A record of participants’ habitual diet will be taken prior to and during the intervention.
 
[image: ]
Figure 4: Patient flow through the study and graphical representation of samples collected.


[bookmark: _Toc335730967]STUDY SETTING/LOCATION
This study will take place at the Mater Misericordiae Ltd, Brisbane Campus. Samples will be stored on site and batch sent to SAHMRI once collected where data will be generated.


[bookmark: _Toc335730968]STUDY DURATION
The Study is planned to be completed by March 2019, assuming smooth Ethics and Governance applications. We plan to recruit 5-10 subjects in each arm (CF, vs Healthy), meaning we can cohort the patients in small groups, which the plan to complete all patient interactions by August 2018. Data analysis and study write up would be expected to take 6 months following that. See the Gantt chart below for graphical representation of expected timelines.


	
	2017
	2018
	2019

	
	9
	10
	11
	12
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	1
	2
	3

	Ethics Application
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Governance
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Screen Patients
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	First Patient First Dose
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Last Patient First Dose
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Data Analysis
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Write Up
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



[bookmark: _Toc335730969]STUDY POPULATION 
The study participants for this project will be selected form those who have already participated in the CF DYSBIOSIS study HREC/15/MHS/131. The reason for selecting this group is several fold. One, we feel that these participants are likely to agree to further research as they have already taken part in a similar trial and two, we have been able to determine the capacity of their gut to respond, in vitro to the proposed intervention and wanted to specifically select this group to increase the likelihood of a significant response. Finally, we have data which can be used to specifically exclude those patients with known toxigenic producing strains of C. difficile.

[bookmark: _Toc335730970]Inclusion criteria 
CF participants who meet all of the following inclusion criteria will be eligible:
· Participated in the CF DYSBIOSIS study AND:
· Subjects aged 18 years or older with a diagnosis of CF as defined by:
· Presence of known CF causing genetic mutations in the CFTR OR
· Sweat chloride value >60 mmol/L OR
· Sweat chloride value <60 mmol/L must have documented evidence of chronic sinopulmonary disease manifested by (but not limited to):
· Persistent colonization/infection with typical CF pathogens, including Staphylococcus aureus, Haemophilus influenzae, and mucoid and nonmucoid Pseudomonas aeruginosa
· Chronic cough and sputum production
· Persistent chest radiograph abnormalities 
· Nasal polyps, chronic sinusitis
· Able to provide informed consent.
· Willing and able to provide a stool sample and record a diet history.
· Stable CF disease as judged by the investigator.

Healthy control participants who meet all of the following inclusion criteria will be eligible:
· Participation in the CF DYSBIOSIS study AND
· No chronic respiratory disease, excepting well-controlled asthma (such subjects may be prescribed inhaled bronchodilators of any class, and/ or inhaled corticosteroids provided it is in low-dose, no more than 500 mcg/ day beclomethasone dose-equivalent).
· No antibiotic use (any class) in the prior 3 months.
· Able to provide informed consent.
· Willing and able to provide a stool sample and record a diet history.

[bookmark: _Toc335730971]Exclusion criteria
[bookmark: _Toc335730972]CF participants will be considered ineligible to participate if:
· Did not participate in the CF DYSBIOSIS study.
· Have a toxigenic producing strain of C. difficile.
· Unable to provide informed consent due to:
· Diminished understanding or comprehension.
· Evidence of active mucosal bowel disease
· Intolerance to high-fibre foods  
· Any perceived contraindication to consumption of the test products.
· Additional antibiotic use in the last 1 month (above and beyond regular, baseline antibiotics and rotating nebulized antibiotics)
· Unwilling to provide consent.

Healthy Control participants will be considered ineligible to participate if:
· Did not participate in the CF DYSBIOSIS study.
· A chronic respiratory disease other than well-controlled asthma.
· Consumption of any antibiotic in the prior 3 months.
· Unable to provide informed consent due to:
· Diminished understanding or comprehension. 
· Evidence of active mucosal bowel disease
· Intolerance to high-fibre foods  
· Any perceived contraindication to consumption of the test products.
· Unwilling to provide consent.

[bookmark: _Toc335730973]STUDY OUTCOME(S) 
[bookmark: _Toc335730974]Primary Outcome(s)
The primary outcome will be to determine whether supplementation with HAMS improves dysbiosis in the CF gut and increase fecal and blood SCFA levels, compared with regular maize starch.
Secondary outcomes include tolerability of supplementation, changes in quality of life scores and clinical parameters including metabolic and inflammatory markers, PROMIS values

[bookmark: _Toc335730976] STUDY PROCEDURES 
[bookmark: _Toc335730977]Recruitment and consent of participants 
[bookmark: _Toc335730978]Potential CF participants and healthy controls will be selected from those who had already participated in the CF DYSBIOSIS study. 
CF participants will be approached/invited to participate during a normal clinic appointment or via telephone. Healthy controls will be contacted via telephone. Both participant groups are well know to the research team and there would be little to no chance that this method of contact would be unacceptable to them.
Researchers will discuss the study with participants and reiterate that participation is voluntary for themselves. 
The participant will be provided with the participant information sheet and consent form which outlines the conduct of the trial and potential risks and benefits of the study. This information will be personally provided by the study investigator, who will also explain the details regarding this, answer any questions, and obtain informed consent, either at that time or at a later date. Participants will not have any time-limit placed upon them regarding their decision to participate in the trial, and they will not be obliged or pressured into consenting during their regular clinic appointment or at any other time. Participants will be encouraged to take the information sheet away and take their time reviewing the document
The potential participant will be encouraged to clarify any queries they may have with the principal investigators. Discussions with potential subjects will enable determination of subjects who may not fully comprehend the study.
The subjects will be mentally and physically competent to give informed consent or the study.
We aim to recruit a minimum of 5 participants in each arm to this study, with the maximum in each arm being 10. We would anticipate recruitment and sample collection to occur within three months from the start of the study. 
Withdrawal of participants from a study
If a participant wishes to withdraw from the study, we will ask them to complete a ‘Withdrawal of Consent’ form. We will reassure the participant that participation is voluntary and withdrawal from the study will not impact upon the relationship with the study team or the Mater.
10.2.1 Participant withdrawal from study procedures
If a participant withdraws from the interventional study, but not from the study itself then the participant data collected up to the time of withdrawal from the study procedures will still be considered in the data analysis. This will be explained in the participant information sheet. 
10.2.2 Participant withdrawal from a study
Data collected on study participants up to the time of withdrawal will remain in the study database in order for the study to be scientifically valid. This will be explained in the participant information sheet. 
[bookmark: _Toc335730979]Randomisation 
Both CF and healthy participants will be randomly assigned to a sequence number that contains random permutations of the treatments generated using web programming (www.randomization.com). The generation of random permutations will be performed by the investigator and the sequence number will be randomly assigned to the participants by a personal who is not involved in the study. 

In this double-blinded study, both participants and study investigators will be blinded for the order of treatment that the participants receiving. The subject label will not contain information of treatment; however, will contain information of which groups the participants belong to, healthy or CF. 
[bookmark: _Toc335730981]
Study involvement by participants 
Informed consent will be obtained prior to participation in this study.
Patients will be expected to attend the research clinic on 4-5 separate occasions:
1. Visit -1 Screening and Consent (described above)
2. Visit 1 (can be on the same day as visit -1) – Randomisation and start of treatment period 1
3. Visit 2 End of treatment period 1
4. Visit 3 Start of treatment period 2
5. Visit 4 End of treatment period 2 - Study end
In each of the visits 1-4, participants will be asked to complete 2 quality of life questionnaires, provide a stool sample and have a fasting blood test taken. Body weight will be taken during visit 1-4. 
Participants will be asked to consume prepacked 40g/d high amylose maize starch (HAMS) or 40g/day regular maize starch (RMS - Placebo).  HAMS is a well-described food supplement which contains approximately 70% amylose. It is used in a variety of food applications (MSDS attached Appendix 1).  It is generally regarded as safe (GRAF) by the FDA (attached Appendix 2) and has been used in healthy participants in clinical trials [9]. 
HAMS and RMS will be provided in pre-packaged sachets.  Participants will be asked to mix the supplement with 250 mL of liquid (for example milk, orange juice or water) and consume 40g/d in single, or in 2 divided doses.
The resistant starch to be used is a standard food additive which is widely used globally. The constituents will be drug or food grade and supplied as follows:
· HAMS = Hylon VII from Ingredion 
· RMS/Placebo = Mazaca 3401X from Ingredion, 
Both are drug grade products as specified by WHO and sourced by GD Pharma, a sterile pharmaceutical facility with TGA and cGMP accreditation.  GD Pharma, will prepare the preparation for use. A clinical trial notification (CTN) will be sought from the TGA for use of these products in this study.
As the intervention represents dietary supplements, both of which are standard food ingredients, we do not consider there to be any risks of adverse events.
Demographic data and Quality of Life Questionnaires:
Baseline demographic data will be collected on the CF patients from a review of the patients medical records stored in Verdi. Dr Lucy Burr and Ms Kate Hindmarsh will do this. Both of these investigators are highly experienced at such collection. Data collected will include, age, gender, genotype, lung function, BMI, medication history and co-morbidities. The patients will also be asked to complete the Cystic Fibrosis Questionnaire-Revised (CFQ-R) (http://qol.thoracic.org/sections/instruments/ae/pages/cfq-cfq-r.html), a validated quality of life tool used to assess the impact of CF on the patient as well as a gastrointestinal symptom questionnaire (PROMIS), (Spiegal). All data collected will be de-identified and stored on a secure hard drive within the Mater. 
Healthy control subjects will be asked to give their age, gender, medication history and a list of any relevant chronic conditions. Their BMI will be recorded, with their permission. They will also complete the PROMIS questionnaire. No access of any electronic medical records is needed, or will be requested for this population.
All participants will be asked to complete a food diary for the seven days prior to sample collection, using a template based on that developed by the NIH National Heart, Lung, and Blood Institute (https://www.nhlbi.nih.gov/health/educational/lose_wt/eat/diary.htm) (Appendix 1).

Stool Collection
Stool samples will be collected by the patients, in their own home. Samples will be collected into a standard stool specimen collection pot, and returned to the Mater for storage at -80oC. 
Samples will then be sent to SAHMRI, in bulk for further analysis. The stool sample will be aliquoted at SAHMRI whilst remaining frozen, for subsequent analysis:
Aliquot 1: Bacterial DNA extraction, V4 paired-read 16S ribosomal RNA gene sequencing, and sequence bioinformatic processing, will be performed as described previously [13].  Biostatistical analysis of sequence data will be carried out as previously [14]. DNA extracts used for 16S rRNA gene sequencing will also be used as template for TaqMan-based quantitative-PCR (qPCR) assays for C. difficile, and its two major toxin producing genes, tcdB, and tcdA, as described previously [15].
Aliquot 2: Bacterial culture. A frozen stool aliquot will be used for specialized bacterial culture and subsequent analysis of bacterial interactions.
Once the bacterial DNA has been extracted, the samples cultured, and the samples analysed, all remaining samples will be stored at SAHMRI for a period of 12 months before being destroyed unless the patient has consented to the samples (Bacterial DNA or cultures) being stored indefinitely. For cases of revoked consent, all case related information and data will be purged or destroyed. 
Blood collection:
Approximately 20 ml fasting blood will be collected by an experienced and competent member of the research team. Samples will be stored at -80oC at the Mater. Samples will then be sent to SAHMRI, in bulk for further analysis. 
Metabolomic assessment targeting on profile of SCFAs, microbe synthesised vitamins, metabolic and inflammatory markers will be performed on both stool and blood samples at SAHMRI (NMR spectroscopy).  
Once the samples have been analysed, all remaining samples will be stored at SAHMRI for a period of 12 months before being destroyed unless the patient has consented to the samples being stored indefinitely. For cases of revoked consent, all case related information and data will be purged or destroyed.
[bookmark: _Toc335730982]Data management and storage
[bookmark: _Toc335730983]Data Collection:
· Participant history and examination will be completed by a medical professional from the Mater Research team. 
· Samples will be collected by a trained medical professional on the research team. 
Time Periods:
· All data collection should occur between 2018-2019 
Collecting Data:
· Participant data will be taken directly from the patient in the form of questionnaire, history or examination
· Patient samples will be stored in a dedicated respiratory department research freezer with temperature regulation at -80 degrees celsius
· Samples will be labeled with unique study patient number 
Storing Data:
· Paper records of the clinic appointments, consent forms and history/examination records will be stored on the Mater Misericordiae Research premises in a locked room in the RIO - respiratory department
· Only research investigators/supervisor will have access to these results
· The data will be identifiable to the participant with patient study identification numbers which are re-identifiable, this will be for pathology processing purposes and retro-analysis in the event of adverse events
· Data will be stored in accordance with Mater Health Services policy and in accordance with Mater Health Services Research and Ethics Department
Safety considerations/Patient safety 
The safety of our research participants is foremost. There is a minimal risk this study which will be outlined below.
This is a low risk study in a group of patients accustomed to participating in clinical trials. Risks specific to this study include:

Risk from HAMS
This is a foodstuff generally regarded as safe by the FDA. A person who has eaten this substance is unlikely to notice any adverse events, however possible events could include abdominal discomfort, nausea, diarrhea or constipation.

Quality of Life Questionnaires
The patients recruited to this study would have already completed the same QoL questionnaires for the linked CF DYSBIOSIS study, however it is appreciated that some patients may have adverse psychological effects following completing the quality of life questionnaires. In this case, we will carefully screen our patients to ensure this does not occur. 

Blood Collection
The collection of blood involves a small needle inserted into a vein. This is minimally painful to the patient, but unpleasant. Venepuncture will be performed by a member of the research team with the appropriate competency to perform this test, therefore reducing the risk of pain. If patients do not wish to consent to this part of the study, they may do so without reprisal. 

Stool Collection
Collection of stool is not painful but is potentially unpleasant for the patients. The patients we intend to recruit for this study have already participated in the CF DYSBIOSIS study which entailed the collection of stool on two separate occasions. We have made the process as comfortable as possible for the participant and we did not have any issue collecting stool in the previous study. Our participants will be carefully informed of the expectations of this study and excluded if they are uncomfortable participating in this component.

All adverse events will be recorded in the participants file as they occur and reported appropriately.
[bookmark: _Toc335730985]SAMPLE SIZE AND DATA ANALYSIS
[bookmark: _Toc335730986]Sample size and statistical power 
Ten (10) subjects per group will be recruited for this component of the study. There are no data that allow a determination of required sample numbers for this study. This sample size estimate is therefore based upon consideration of a convenient sample (i.e. number that is likely to be recruitable) and the in vitro data generated from this patient group (outlined in the introduction). This aim would be to use this data to adequately power a larger, multicenter study investigating the effect of HAMS on dysbiosis in CF.

[bookmark: _Toc335730987]Data analysis plan 
Within group and between group analysis of microbiota composition will be assessed by permutational ANOVA (PERMANOVA). Differences in the relative abundance of specific taxa will be determined by Kruskal-Wallis tests with Benjamini-Hochberg correction for repeated measures. SCFA, inflammatory and metabolic makers will be analyzed by Kruskal-Wallis tests. Metabolome data will be analyzed by the Projections to Latent Structures Discriminant Analysis (OPLS-DA). Life quality score and PROMIS score will be analysed by Kruskal-Wallis tests.

Per protocol principle will be applied to this cross-over study with small sample size and short intervention period. As mentioned above, data collected on study participants up to the time of withdrawal will remain in the study database in order for the study to be scientifically valid. 

[bookmark: _Toc335730988] ETHICAL CONSIDERATIONS
The study will be conducted in full conformance with principles of the “Declaration of Helsinki”, Good Clinical Practice (GCP) and within the laws and regulations of Australia. 
This is a low risk project using well established questionnaires, collection techniques, and data handling. This study involves a therapeutic intervention using a low risk dietary supplement, there is therefore minimal quantifiable risk to the subjects physical safety. 
The benefit of the study is unlikely to directly affect the participant at this point in time, however, this data will give is essential pilot data to power a future study investigating the benefit of HAMS supplementation to improve dysbiosis and potentially improve clinical outcomes in CF patients. The interests of our participants are our priority, far beyond the scope of this study. None of our patients will be forced to participate, and non-participation will not affect our standard of clinical care or our working relationship for these patients. 
Consent will be obtained following full discussion of the protocol with the patient. Dr Lucy Burr or a member of the Respiratory Research Team will obtain consent. Researchers will discuss the study with participants and reiterate that participation is voluntary. Researchers will reiterate in discussions, as in all documentation, that all involvement is voluntary and that they may withdraw at any time. Participants will be asked to sign a written consent form (attached) after they have read through the participant information sheet and have been given adequate time to consider the project and whether they wish to be involved. 
Demographic data extraction from the Mater health record will be de-identified as part of this project. Participants will be assigned a study number and these de-identified samples/data will not be decipherable by other persons. Future publications arising from this work will not identify individual participants. Data with participant identifiers will not be released. Data will be collected by Mater Health Services staff involved in the study. 
A standardized data collection tool in written form will be used to record patient involvement. The above data will then be transferred onto an electronic data collection program. Data in paper form will be stored securely in a locked office of the researcher. Electronic data will be stored on a password protected computer in Mater Adult Hospital. The data will be managed by Dr Lucy Burr and the Respiratory Research Team. 
Participants will be able to access a summary of the project on completion and will be offered a copy of the final publication on request.
Pregnancy
Because of the unknown effects of HAMS supplementation, women must not become pregnant and/or breastfeed during the course of this trial/study. 

This paragraph will be included in the PICF:
If you become pregnant while participating in this trial/study you should notify your treating doctor/GP and the trial/study doctor immediately. Your treating doctor will withdraw you from the study and advise you on further medical treatment should this be necessary.

Fathering a child
Because of the unknown effects of the HAMS supplementation, men must not father a baby during the course of this study and should inform their partner about this requirement. 

This paragraph will e included in the PICF: You should discuss this requirement to avoid pregnancy with your treating doctor/GP or trial/study doctor. You must advise your treating doctor and the trial/study doctor if your partner is currently pregnant, or becomes pregnant while you are participating in this trial/study.
[bookmark: _Toc335730989]DISSEMINATION OF RESULTS AND PUBLICATIONS 
Study findings will be disseminated through peer-reviewed publication and presentation at scientific symposia. Publication policy will be led by Lucy Burr and Geraint Rogers. Assignment of authorship will in accordance with International Committee of Medical Journal Editors requirements for authorship. Study findings will also be disseminated directly to participants and the wider CF patient community through direct consultation. 
[bookmark: _Toc335730990] OUTCOMES AND SIGNIFICANCE
Gastrointestinal symptoms are a major contributor to reduced quality of life in patients with CF, while gut dysbiosis reduces the beneficial contribution of the intestinal microbiome to local and systemic immune regulation, and metabolic control. By establishing the tolerability and efficacy of a cheap, safe, and readily translatable dietary intervention in this patient populations, this study has the potential to rapidly translate an intervention will significant beneficial effects into routine clinical care.
[bookmark: _Toc335730991]BUDGET 
All costs will be covered by the RIO Research Trust Fund – T2030. 
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