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	BACKGROUND
	Community acquired pneumonia (CAP) is a life-threatening lung infection and the most common cause of infection-related mortality globally.1, 2 Poor clinical outcomes in CAP are driven by maladaptive inflammatory and thrombotic host responses to infection, leading to micro- and macro-vascular thrombosis and organ dysfunction.3, 4 Antimicrobials and supportive therapy improves outcomes in CAP; however, effective therapies that modulate the host response are lacking. In CAP caused by SARS-CoV-2 (COVID-19), in our multiplatform RCT (mpRCT), we demonstrated that therapeutic-dose heparin, an antithrombotic with anti-inflammatory properties, reduced the composite ordinal outcome of progression to intensive care unit (ICU)-level organ support (i.e., organ failure) and mortality in noncritically ill patients.5 These findings have been incorporated into clinical practice guidelines internationally.6-9 Although both pneumonia caused by SARS-CoV-2 and CAP caused by other pathogens (referred to as ‘CAP’ for the remainder of the application) share converging pathways of inflammation and thrombosis, the potential benefit of therapeutic-dose heparin in CAP is unknown.

The risk of thrombosis is elevated in CAP and occurs in ~11% of patients at 30-days.10-12 Risk of venous thromboembolism (VTE) was highlighted in COVID-19,13-16 and the incidence of symptomatic VTE in COVID-19 and CAP is comparable (2.0% vs. 3.6%, respectively), and higher in mechanically ventilated patients.17 Cardiovascular (CV) thrombotic events, complicate CAP in up to 1/3 of hospitalizations.12, 18, 19 In our large, international mpRCT, we demonstrated that, compared to usual care thromboprophylaxis, therapeutic-dose heparin reduced the composite ordinal endpoint of progression to ICU-level organ support and death in hospitalized, noncritically ill patients (n=2219) with COVID-19 pneumonia.15 A meta-analysis of the mpRCT with other heparin trials demonstrated consistent reductions in mortality or invasive mechanical ventilation (OR 0.77, 95% CI 0.60-0.99) in moderate COVID-19.20 Therapeutic-dose heparin is now recommended in multiple international clinical practice guidelines for noncritically ill COVID-19 pneumonia.6-9 

The clinical benefit of therapeutic-dose heparin in CAP specifically has never been studied in a RCT. Nonetheless, a significant body of evidence including laboratory data,21, 22 animal models,23 observational studies,24 and RCTs in humans support the potential for therapeutic-dose heparin to reduce mortality in sepsis and acute respiratory distress syndrome (ARDS).25-27 Taken together, these data provide a compelling rationale to evaluate therapeutic-dose anticoagulation in patients with CAP.


	RESEARCH QUESTION/HYPOTHESIS
	Aim: To determine, in noncritically ill adult patients hospitalized for CAP, whether therapeutic-dose heparin reduces the composite ordinal outcome of progression to ICU-level organ support and mortality compared to usual care thromboprophylaxis (i.e., low-dose heparins routinely given to prevent blood clots in hospitalized patients)?
Hypothesis: Administration of therapeutic-dose heparin early in CAP will result in improved outcomes and reduced burden of critical illness compared to usual care thromboprophylaxis.


	
PRIMARY OUTCOME/PROCESS MEASURE
	The primary outcome is an ordinal endpoint reflecting survival to hospital discharge without ICU-level organ support. This ordinal outcome has three levels: (1) survival to hospital discharge without ICU-level organ support (the best outcome), (2) survival with organ support (an intermediate outcome), or (3) in-hospital death (the worst outcome). 


	SECONDARY OUTCOME/PROCESS MEASURES
	Secondary safety outcomes: a) major bleeding defined according to the International Society on Thrombosis and Haemostasis (ISTH); b) the frequency and volume of red blood cell units transfused; and c) laboratory confirmed HIT;  Secondary efficacy outcomes: a) composite endpoint of death, deep vein thrombosis, pulmonary embolism, systemic arterial thromboembolism, myocardial infarction, or ischemic stroke during hospitalization, at 30 days, and 90 days after randomization; b) ordered categorical endpoint with three possible outcomes based on the worst status of each patient through day 30 following randomization comprised of death, survival with invasive mechanical ventilation, or survival without invasive mechanical ventilation; c) ordered categorical endpoint with three possible outcomes based on the worst status of each patient through day 30 following randomization comprised of death, survival with noninvasive or invasive mechanical ventilation, or survival without noninvasive or invasive mechanical ventilation (i.e. survival without any respiratory support); d) all-cause mortality at 30 and 90 days; e) hospital-free days (days alive outside hospital) at day 30 and 90; f) health related quality of life using the EQ-5D-5L instrument at baseline, hospital discharge, and 90 days following randomization; g-i) symptomatic proximal venous thromboembolism (DVT or PE); myocardial infarction; and ischemic stroke, all assessed at 30 and 90 days following randomization.


	
STUDY DESIGN
(IF THE STUDY IS A CLINICAL TRIAL, PLEASE INCLUDE INFORMATION ON SAMPLE SIZE CALCULATION,  RANDOMISATION, AND BLINDING) 

	We will perform an international, open-label, stratified RCT with Bayesian stopping rules enrolling adult patients hospitalized with CAP.
The ATTACC-CAP trial design uses a Bayesian adaptive framework to reach conclusions regarding superiority or futility. The trial uses Bayesian stopping rules to evaluate the treatment effects in two distinct patient groups (a high-risk group and a low-risk group). High risk is defined as the presence of ≥1 of the following risk factors at enrollment: CRP ≥ 50 mg/L, D-dimer ≥ 2x upper limit of normal, or CURB-65 score ≥ 3.
Based on pre-trial simulations, with event rates and estimates of treatment efficacy for mortality and organ support informed by the literature and our mpRCT, enrolling 2,000 patients will give 80% power to detect an OR ≥ 1.5 for avoiding organ support or death in either risk group. With combined control event rates of 11% and 19.5% in the low and high-risk groups, respectively, this magnitude of treatment effect is equivalent to a 3.4% and 5.6% absolute risk reduction in the combined endpoint of requiring organ support or in-hospital mortality. The control event rates were directly informed by our mpRCT and the published literature.
A web-based randomization system will be used to allocate treatment assignments. The allocation sequence will be computer-generated using a randomly permuted block design with randomly varying lengths, stratified by sex and center and will be concealed from all investigators and research staff. The clinical outcome is robust and is not anticipated to be prone to bias. Clinical outcomes will be independently adjudicated by a central committee blinded to treatment allocation. 


	INCLUSION CRITERIA
	Patients ≥18 years of age admitted to hospital for a suspected or confirmed diagnosis of CAP defined by the following criteria:
i. Radiographic evidence of new or worsening infiltrate
ii. One of the following signs and/or symptoms of lower respiratory tract infection
a. New or increased cough or sputum production
b. Fever of > 37.8oC or temperature <36.0oC
c. WBC > 11 x109/L or < 4 x109/L 
iii. Requires supplemental oxygen to prevent hypoxemia (or requires an increased level of supplemental oxygen if on chronic oxygen therapy)
iv. The primary diagnosis is believed to be CAP as per the attending physician
v. Hospital admission anticipated to last ≥72 hours from randomization



	EXCLUSION CRITERIA
	Patients with active COVID-19 infection; a clinical indication for therapeutic anticoagulation; high risk of bleeding or clinical indication for dual antiplatelet therapy; or a known heparin allergy, including heparin-induced thrombocytopenia (HIT). 



	EXPECTED NUMBER OF PARTICIPANTS
	As this is an adaptive trial, there is no fixed sample size. Simulations for ATTACC-CAP indicate that 3,500 patients will provide 80% power to detect superiority if odds ratio (OR) = 1.35. Under varying assumptions, including beneficial treatment effects restricted to the high-risk group, or beneficial but different treatment effects are observed across groups, robust conclusions of efficacy will likely be achieved in a maximum 4000 patients enrolled and, in many simulations, with substantially fewer patients. The final sample size will be determined by the observed control event rate and treatment effect.
In Australia, we plan to open 20 sites for ATTACC-CAP and will also be the central organizing country for recruitment in other regions as in our previous study, pending funding for patient payments. In the ASCOT anticoagulation trial, we enrolled 1574 patients across 32 sties in 14 months (approx. 3.5 patients/site/month). We conservatively estimate we will enroll up to 720 patients over 3 years (1.0 patients/site/month) in ATTACC-CAP.





	STUDY DURATION





	4 years





	ANALYSIS
	The primary analysis of the ordinal endpoint is intention-to-treat using a cumulative proportional odds model. The effect of therapeutic-dose heparin is modeled within two risk-stratified patient groups. The treatment effect of therapeutic-dose heparin for the two risk groups is nested in a hierarchical prior distribution centered on an overall intervention effect estimated with a neutral prior distribution, but distinct effects are estimated in each risk group. When consistent effects are observed between the risk groups, the posterior distribution for each patient subgroup effect is shrunk toward the overall estimate (dynamic borrowing). Dynamic borrowing accelerates trial conclusions, should relative treatment effects be similar between the risk groups, and mitigates outlying treatment estimates. The primary analysis model will additionally adjust for site, enrollment time period, sex, and age. Adaptive analyses will be conducted with every 250 patients enrolled. At each adaptive analysis, the trial could reach a conclusion of superiority or futility in either risk group, which would stop randomization into that group. We have successfully employed a similar adaptive sequential stopping design in COVID-19.5, 28, 29





	IMPORTANCE TO GENERAL MEDICINE 



	CAP is a leading cause of hospitalization and mortality globally.1 An Australian study estimated CAP incidence in all age groups as 161.3/10,000, rising to 319.3/10,000 and 659.9/10,000 person-years in patients 65 to 74 years and > 75 years, respectively. Morbidity and mortality for patients hospitalized with CAP are high; overall mortality at 30-days is 12-13%,19, 30 and at 6 months is 23%.19 Between 6 to 21% require ICU admission,31, 32 with a mortality risk of 37% among ICU patients.33 In Australia, CAP accounted for 147,984 hospitalizations and 3,329 deaths in 2019. 
ATTACC-CAP will provide the first and highest-quality evidence on the clinical and economic effectiveness to inform decision-making on whether therapeutic anticoagulation should be administered to all hospitalised patients with CAP in Australia and internationally. If shown to be effective, this low cost and simple intervention has the potential to reduce mortality, need for intensive care support and reduce healthcare costs for one of the most common indications for hospitalisation in Australia.

	FUNDING




	Application to MRFF is being submitted.

	HAS CONSIDERATION BEEN GIVEN TO HOW THIS PROJECT MIGHT IMPROVE EQUITY IN INDIGENOUS OR VULNERABLE POPULATIONS? PLEASE PROVIDE EXPLANATION
	Nothing specific is planned within this trial, however we are testing a low-cost, easy to administer intervention that can be implemented broadly and by recruiting across 20 sites in Australia, our results will be widely applicable to Australian hospitalised patients with CAP.
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	Design and protocol development [x]
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Manuscript write-up in progress or under review []
Accepted or published []
Aborted
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