Modulating Cardiovascular Risk in Inflammatory Bowel Disease Patients.
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Background/ rationale:
Atherosclerosis is a multifactorial disease, that is thought to be primarily inflammatory in origin.1  It is well established that patients with inflammatory immune mediated diseases, including connective tissues disease, rheumatoid arthritis and inflammatory bowel disease (IBD), are at higher risk of experiencing arteriopathy including cerebrovascular and myocardial ischaemic events.2-4 Recent cohort and population- based studies have shown that clinical disease activity seems to be the key driver for major cardiovascular events (MACE)5 in IBD patients, with immunomodulatory therapy being associated with a lower risk of MACE.4,6  In one large case – control cohort study, ambulatory patients in acute phases of disease activity, and to  lesser extent chronic phases of activity, were shown to experience a higher risk of acute coronary syndrome (ACS), stroke, and cardiovascular death.5 The  evidence would also suggest that modulation of disease activity, particularly with anti-TNF-α agents, but not immunomodulators, decrease the risk of acute arterial events, however associative data exists only in the form of large retrospective, population cohort studies.7 From a mechanistic point of view, the findings of Kirchgesner et. al,7 may be explained by interesting data from a small randomized prospective trial in rheumatoid arthritis demonstrating that infliximab may have an important role in modulating HDL function,8 however further work on modulating cardiovascular risk in patients with inflammatory disease is needed.

Significance and Translational Value:
Despite the results of large population and cohort studies showing an association between disease activity with MACE and conversely the positive effect of immunosuppressive therapy on reducing this risk, there are no prospective, mechanistic studies that have assessed the direct effect of inflammation suppression on noncalcified plaques (NCP)  or high-risk plaques (HRPs), detected noninvasively using cardiac computed tomography angiography (CCTA). CCTA-derived plaque volume indices and HRP assessment are robust predictors of MACE and have been utilized as the primary endpoint in major RCTs.9-11 


If direct evidence of the effect of biologic and/or immunosuppressant therapy on plaque stabilization (i.e., NCP volume reduction and reduced HRP prevalence) is demonstrated, our management algorithm for IBD patients will change, in favor of lowering the thresh-hold for biologic therapy initiation in patients at high cardiovascular risk.  Results from this study will also be valuable for generating larger trials on drug repurposing for biologic therapies in patients with coronary artery disease (CAD) without inflammatory diseases.
Hypothesis:
1. Compared to a non IBD control group [irritable bowel syndrome (IBS) patients, “control cohort”], IBD patients (“test cohort”), with moderate to severe disease activity initiating anti-TNFα biologic therapy will have a greater volume of NCP and a greater prevalence of HRPs measured at baseline by CCTA.

2. Compared to baseline, IBD patients initiated on anti-TNFα biologic therapy, will have a greater reduction in NCP volume (measured as a % change in volume) and a greater reduction in prevalence of HRPs assessed by CCTA after 24 weeks of therapy compared with the matched non-IBD control cohort.

3. CCTA determined NCP volume and prevalence of HRPs will correlate with inflammatory disease burden, as measured by hs-CRP, ESR, and faecal calprotectin, in the IBD cohort.

Aims:

Primary aims:

1. To compare the mean NCP volume and prevalence of HRPs in IBD patients (test cohort) at baseline prior to initiating biologic therapy, to a control group of non-IBD patients (control cohort),matched for age, gender, and number of cardiovascular risk factors.
Secondary aims:

1. To evaluate the impact of biologic therapy (an anti-TNFα), for an acute IBD flare, on the % change in volume of NCPs and prevalence of HRPs over 24 weeks of biologic therapy, in the test cohort (IBD patients).

2. To correlate objective measures of inflammatory bowel disease burden at baseline (as measured by hs-CRP, ESR and faecal calprotectin) with CCTA determined NCP volume and HRP prevalence in the test cohort (IBD patients).

Outcomes:
Primary endpoint: 

The difference in mean NCP volume and prevalence of HRPs, assessed by CCTA,  between the test cohort (IBD patients) and  the control cohort  (IBS patients),  matched for age, gender, and cardiovascular risk factors, at baseline.


Secondary endpoints: 
(i) The difference in the mean change in normalised volume of NCPs  and the prevalence of of HRPs from baseline to end of intervention period (24 weeks), measured by CCTA, between the test and control cohorts.
(ii) The correlation between objective measures of inflammatory bowel disease burden (hs-CRP, ESR and faecal calprotectin with CCTA determined NCP volume and HRP prevalence.

Definitions:

1. Inflammatory Bowel disease (IBD):  Patients diagnosed with IBD must satisfy clinical, radiological, endoscopic, and pathological criteria as defined in the ECCO guidelines. 12,13 

2. Irritable Bowel Syndrome (IBS): Patients with IBS, or functional GI disorders, are affected by disorders of gut–brain interaction and are classified as having any combination of the following: motility disturbance, visceral hypersensitivity, altered mucosal and immune function, altered gut microbiota, and altered central nervous system (CNS) processing.  Only patients confirmed to fulfill the Rome IV criteria14 for IBS will be included in the control group.

3. Non Calcified Plaque (NCP): is defined as the sum of low attenuation (1 to 30 HU), fibrous-fatty (31 to 70 HU) and fibrous plaque volumes (71 to 150 HU).  Plaque volumes will be normalized to vessel (luminal) volume and expressed as % change relative to baseline.

4. High risk Plaque (HRP):  HRP is defined as the presence of low attenuation plaque (<30 Hounsfield units, HU), spotty calcification (<3 mm in size), napkin ring sign, or a plaque remodelling index (PRI) >1.10.


Method for CCTA:
CCTA for high rupture prone plaques (HRPs): Pre-contrast scans for evaluation of coronary artery calcium density and post contrast scans for evaluation of HRPs will be performed at baseline and 6 months and read by a cardiologist blinded to the treatment allocation and to the clinical history. Rapid advances in CCTA have opened the doors to in-depth interrogation of coronary atherosclerotic plaque burden, and composition, both of which are influenced by pathological processes such as inflammation 10,15. The excellent image quality and sub-millimetre spatial resolution of modern CT scanners allow coronary atherosclerotic lesions to be detected, characterized, and quantified 10,15. There is growing literature identifying CT characteristics of atheromatous plaque which reliably identify unstable or rupture-prone HRPs which are associated with prospective CV events (Figure-1). Advancements in CT hardware and software processing technology with novel image post-processing techniques have led to the development of semi-automated coronary plaque volume quantification software. These software are reliably able to assess total and NCP volumes in coronaries. Intra-observer and inter-observer variability on CCTA display excellent results  for NCP volume assessments (intraclass coefficient 0.98 and 0.85 respectively). Serial clinical investigations including our previous work using this software indicate a strong and incremental prognostic value of CCTA-derived plaque volume indices for future adverse events (Figure 2). 10
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Figure 1: CCTA high risk plaque features or vulnerability [CIA]. Plaque features such as low attenuation plaque [<30 Hounsfield unit], presence of spotty calcification, and plaque remodelling index >1.10) have been associated with vulnerability and HRP characteristics 15
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Figure 2: Kaplan-Meier survival curve analysis demonstrating significantly higher adverse event rate for patients with combined low-attenuation and intermediate-attenuation plaque volume >=3.99 mm3/mm [CIB] (21)



Participants:
Inclusion Criteria: 
1. A diagnosis of Ulcerative Colitis or Crohn’s Disease that has been diagnosed as per definition criteria no sooner than 12 weeks prior to baseline, and;
a. Requires the commencement of an anti-TNFα agent.
b. And has failed no more than one prior biologic
c. Has a CDAI of 300 or Partial Mayo Score of 6, as per Medicare guidelines for re-imbursement of biologic and a Faecal Calprotectin level of >250 and/or a CRP >10. 
d. Is on a dose of, <10mg of prednisolone and equivalent at baseline.
e. Is eligible by Medicare PBS criteria to commence a biologic.
f. Has not failed more than 1 biologic.
2. IBS patients fulfilling the Rome IV criteria for inclusion in the control group.14
3. To ensure patients recruited have coronary atherosclerotic plaque, the participant should be:
a. ≥45 and <55 years of age, with a minimum of 2 risk factors and/or FRS of ≥ 20%.
b. >/=55 years of age, with a minimum of 2 risk factors and/or FRS of ≥10%)
c. >65 years of age
Risk factors include: Smoking, Hypertension, Dyslipidaemia, Obesity, Controlled Diabetes and First degree relative with ischaemic heart disease. 
Exclusion Criteria:
1. Contraindication to biologic therapy, such as an active, serious infection or malignancy.
2. CDAI of less than 300 or Partial Mayo Score less than 6.
3. Pregnancy or breastfeeding
4. eGFR less than 30
5. Allergy to contrast dye or shellfish. 
6. Fibro-stenotic disease confirmed on endoscopy or imaging.
7. Presence of a serious medical condition that may preclude patient from follow- up.
8. Some diabetic medications, as these have been documented to interact adversely with the contrast provided during CCTA. These will be assessed on a case- by- case basis by the supervising Cardiologist. 
9. Cardiac stents in-situ or previous coronary artery bypass graft.
10. Any live vaccinations prior to randomisation.
11. Concurrent use of a second biologic or small molecule (e.g., JAK inhibitor).
12. Prior failure of 2 of more biologics
13. For ulcerative colitis patients, a diagnosis of acute severe ulcerative colitis (ASUC).

Study design:
This will be a prospective, parallel cohort, open label, single blinded study for 24 weeks.  A test cohort of moderate to severe IBD patients (Crohn’s disease (CD), Ulcerative colitis (UC) and undifferentiated IBD (IBDU)), initiating biologic therapy, will be compared in parallel to a control cohort of IBS patients, matched for age, gender, and cardiovascular factors and/or Framingham risk score in a 1:1 ratio.

Recruitment:
Participants for the IBD test cohort will be recruited from the Inflammatory Bowel Disease clinic at Fiona Stanley Hospital and from inpatient Gastroenterology ward.  The control cohort will be recruited from the general gastroenterology outpatient clinic.  Participants will be invited to participate in the study by the treating clinicians.  Formal written consent will be sought prior to any study specific procedures. We will aim recruit 20 IBD participants and 20 non-IBD (IBS) control participants over an anticipated duration of 18 months.  IBD participants will undergo a CCTA prior to commencing their biologic and then at 24 weeks.  Matched, controls will also have a CCTA at baseline and have a second CCTA after 24 weeks of anti-IBS therapy.  

Treatment groups:
1. Test cohort (IBD group): moderate to severe IBD patients that are biologic naïve or have previously failed no more than 1 biologic with cardiac risk factors as per inclusion criteria, will have optimized, tight disease control management throughout the 24 weeks of therapy according to the following protocol:
A CDAI >220 and either a) raised biomarkers (FC>250 or CRP>10-if baseline CRP elevated) and/or b) a week 12 infliximab (IFX) level <7 or an adalimumab (ADA) level <12:  Patients that fit this criteria will undergo dose escalation, by first shortening the IFX interval by 2 weeks or decrease ADA interval to weekly dosing after a dose re-induction of 10mg/kg dose for infliximab and 160mg/ 80 mg, respectively. The treating clinician may add corticosteroids and/or increase concurrent immunomodulators, at their discretion.

The treat to target strategy is the current standard for optimal IBD management and is supported by the results of the CALM study.16 The addition of drug level targets, follow the results of the PANTS study to ensure that the proportion of those experiencing primary non response is minimised.17 Such pro-active strategies ensure that the IBD cohort is receiving optimal disease modifying therapy, so that any potential effect of modifying inflammation on NCP volume and HRP prevalence may be augmented.

2. Control (IBS) group: Consecutive IBS patients with cardiac risk factors as described in the inclusion criteria, will be recruited from the general gastroenterology out-patient clinic.
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	Baseline
	Week 12
	Week 24

	Informed Consent
	X
	
	

	CDAI/Mayo Score
	X
	X
	X

	IBD History
	X
	
	

	Con-Meds
	X
	X
	X

	Hs-CRP, ESR, FBC, UEC, Albumin, fasting BSL, HBa1c, Fasting lipids
	X
	X
	X

	Infliximab/ adalimumab trough level
	
	X (in IBD group)
	

	Fecal Calprotectin
	X (IBD group)
	X (IBD group)
	X (IBD group)

	Initiate Biologic Therapy
	X
	
	

	CCTA
	X
	
	X

	Adverse Events
	
	X
	X



Statistical methods:
As this is a pilot study in an evidence free zone, power calculations are unlikely to be beneficial. We plan to recruit 20 patients in each of the IBD and non IBD control groups. Matching will occur at the age, gender, and number of cardiovascular risk strata.  Baseline differences between the two cohorts with respect to mean NCP volume and HRP prevalence will be assessed. The mean change in the normalized NCP volume measured as a % and prevalence of HRPs,  between baseline and 24 weeks, will be compared:
(i) Between the two cohorts
(ii) Between baseline and 24 within the IBD cohort

Comparisons will be made using student T-test for normally distributed data and Mann-Whitney U test for non- parametric data.  Logistic regression analysis for variables found to affect differences in plaque volume with a P -value difference <0.1 will be entered into the multivariate model.  Backward stepwise regression analysis will be used to remove a covariate that does not meet the 0.05 p-value threshold.  Variables of interest that will be ‘forced’ into the regression equation include mean change in hs-CRP and FC level, IBD duration, and mean change in CDAI score.

Ethical Considerations:
Informed Consent:
Informed consent will be obtained from the investigator and documented on a Patient Information and Consent Form. A screening appointment will be made where a participant can then ask any questions and decide whether they would like to proceed with the study or not.
Assessment of Safety:
Adverse events are assessed at each face-to-face visit and will also be discussed at any phone visits a participant may have. Participants also have access to an IBD helpline which they can call at any time during business hours, should they have any safety concerns or adverse events. Any safety events will be monitored by a Consultant Gastroenterologist throughout the study to ensure participant safety is maintained.

Actual and Potential Risks to Participants:
The main potential risk of harm in this study, to a participant is the contrast dye associated nephropathy.  To avoid patients developing renal failure following dye administration, only subjects with GFR>30 will be recruited.  Participants with abnormal renal function can develop a worsening renal function, hence will be excluded. Allergic reaction to contrast dye is also a risk however patients with previous reactions to contrast and shellfish will be excluded. Radiation exposure is estimated at 10.6 millisieverts (mSv) with no harmful effects being demonstrated with this level of exposure, however patients will be counselled about the very small increase in cancer risk. This risk is said to decrease for those above 50 years of age at the time of radiation exposure, which is the targeted population in this study.  Anyone with critical coronary artery disease discovered on the CCTA during the study, will be referred to a cardiologist for further evaluation and management.
[bookmark: _GoBack]
Participant Withdrawal:
Participants will be withdrawn from this study if there are safety concerns identified. Participants have the right to withdraw from the study at any time which is explained during the informed consent process. If a participant requests to withdraw, any current data collected may be used in data analysis however, no further information will be collected from them.

Monitoring and Audit:
This study will be subject to potential monitoring and audit from the South Metropolitan Research Support and Development Unit as the primary sponsor for the study, the HREC committee approving the study or other regulatory bodies. The investigators will allow access to these regulatory bodies and will ensure that all information is available.

Biospecimen Collection:
All blood samples (C - reactive protein, full blood count, albumin, and Fecal Calprotectin) will collected as standard of care. A separate sample will be taken and stored frozen for future consideration of cytokine profiling if budget permits.

Record Storage and Retention:
Security will be implemented in a layered approach consisting of physical and logical security. Physical security consists of secure premises with 24/7 CCTV that is recorded and retained. The storage and computer infrastructure are housed within a secure area in the Harry Perkins Institute of Medical Research Building at Fiona Stanley Hospital (staff require security clearance). Firewalls, antivirus software and regular security updates and data backup and recovery systems are operable. All paper records will be stored within the IBD research unit office which is secure and only accessible by the research team. Data may be held on the RedCap data management system which is hosted by the South Metropolitan Health Service. All records will be retained for a period of 15 years as stipulated by the NHMRC and will retained in accordance with the “Management of Data and Information in Research” guideline. All records will then be disposed of according to the “Management of Data and Information in Research” guideline and in accordance with local policy.

Adverse Event Protocol:
Reporting of AE/SAE/SADE/SUSAR/USADE to the HREC and RGO will be carried out in accordance with the requirements of the National Statement, the AHEC position statement “Monitoring and Reporting of Safety for Clinical Trials Involving Therapeutic Products” 2009 and the TGA’s “Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)” 2000.

The South Metropolitan Health Service Human Research Ethics Committee will be notified by the principal investigator (or their delegate) of anything that might warrant review of the approval of the project including serious and unexpected adverse events in accordance.
The Investigators will capture and report AEs, including SAEs which occur at their site to the South Metropolitan Human Research Ethics Committee and Research Support and Development Unit in accordance with the protocol and TGA Good Clinical Practice guidelines. A WA Health Adverse Event Notification Form will be used for AE/SAE/SADE/SUSAR/USADE reporting and will be completed (using the RGS and aligned with the PRN) by the PI (or delegate) and sent to the CPI for signing. This will be completed and sent to the HREC and RGO as soon as possible.
Investigators will take prompt steps to deal with any unexpected risks. Investigators will notify the CPI of an AE/SAE/SADE/SUSAR/USADE where there is a material impact on the continued ethical acceptability, or the AE/SAE/SADE/SUSAR/USADE indicates a need for a change to the protocol. The CPI will report to the SMHS HREC within 24 hours any SAE/SUSAR that is required to be reported under local policy and NHMRC guidelines. The report will include information regarding the event and indicates whether it materially impacts the continued ethical acceptability of the project; or requires, or indicates the need for, a change to the protocol and/or PICF, including changes to safety monitoring as recommended by the investigator.

Publication Plan: 
Results derived from this study will be published in reputable journals within the Inflammatory Bowel Disease/ gastroenterology literature. The results of this study will also be presented at national and international conferences such as the European Crohn’s and Colitis Conference or Australian Gastroenterology Week Conference. Results from this study will be made available to patients through patient advocacy groups such as Crohn’s and Colitis Australia.
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