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1. Background 

[bookmark: _Hlk81574287]Acute Respiratory Distress Syndrome (ARDS) is a common cause of hypoxemic respiratory failure in critically ill patients (1). It is characterized by an acute inflammatory response of the lungs because of an insult to the alveolar capillary membrane, causing increased permeability and subsequent interstitial and alveolar pulmonary edema (2, 3). This is a rapidly evolving physiologic process that has been associated with high morbidity and mortality (1-4). 

ARDS is a heterogenous syndrome characterized by multiple clinical, physiological, and biological sub-phenotypes (5-7). The failure of clinical trials exploring pharmacologic therapies for ARDS over the past fifty years has been attributed to such heterogeneity (5, 6, 8). Previous work from our group has demonstrated the presence of two sub-phenotypes based on the degree of inflammation (7, 9-11). Higher levels of markers of inflammation were found in the hyperinflammatory sub-phenotype, which has been associated with more severe disease (6, 7).
Rapidly improving ARDS (riARDS) is a sub-phenotype of ARDS in which hypoxemia (measured by PaO2 to FiO2 ratio) significantly improves within 24 hours after initiation of mechanical ventilation (5, 12-16). It is a common phenomenon that has been described in about 15% of patients meeting ARDS criteria per Berlin definition (5, 7). Rapidly improving ARDS has been associated with better outcomes compared to persistent disease (defined as significant hypoxemia and requirement of mechanical ventilation for over 24 to 48 hours) (5, 16). Rapidly improving ARDS is more commonly seen in patients without classically known risk factors for ARDS (ie sepsis, trauma, pneumonia or pancreatitis), and it is not related to the initial degree of hypoxemia described by PaO2: FiO2 (5, 13, 16, 17). Some have argued that riARDS is mediated by non-inflammatory process given its fast improvement (3). However, to our knowledge, the pathophysiology of riARDS has never been studied.

This project seeks to understand the pathophysiology of riARDS compared to persistent ARDS. Working under the premise that persistent ARDS is mediated by a highly inflammatory process, we aim to evaluate if levels of inflammatory biomarkers such as interleukin-8 are correlated with persistent ARDS compared to riARDS. Our goal is to identify reliable prospective biomarkers that can help guide clinical treatments in real time and potentially serve as prognostic markers. Overall, the goal is to increase our understanding of the biologic heterogeneity of ARDS, improve predictive enrichment of clinical trials, and ultimately develop more targeted and personalized treatments. 

2. Research Question 

Among adult patients with Acute Respiratory Distress Syndrome (ARDS), are plasma levels of interleukin-8 (and other inflammatory markers) at time of ARDS diagnosis associated with persistent versus rapidly improving disease? 
3. Specific aims

· To better characterize rapidly improving ARDS, a newly identified ARDS sub-phenotype.
· To better understand the biologic heterogeneity of ARDS and advance the use of personalized medicine for this deadly disease.
· To identify biomarkers that can be used for predictive enrichment of clinical trials by early identification and enrollment of patients with persistent ARDS.

4. Methods 
4.1 Overview of Study Design 
We propose an observational retrospective cohort study in which serum levels of the inflammatory biomarker interleukin-8 (IL-8) among adult patients with ARDS are compared between riARDS and persistent disease. 
An initial cohort of adult patients admitted to intensive care units (ICUs) with a diagnosis of ARDS will be categorized into either subgroup: rapidly improving ARDS versus persistent ARDS. Rapidly improving ARDS will include subjects who have a PaO2:FiO2 of more than 300 twenty-four hours after initial ARDS diagnosis. Subjects with a ratio less 300 after twenty-fours of diagnosis will be categorize as having persistent ARDS. A similar definition of riARDS has been previously used (5). SpO2: FiO2 greater than 315 will be utilized if PaO2:FiO2 is not available given previously studied equivalences (18).  
We will initially evaluate the inflammatory biomarker interleukin-8 (IL-8). Subsequently, we will expand our analysis to two other inflammatory markers (interleukin-6, and tumor necrosis factor alpha), two markers of coagulation (protein-C and plasminogen activator inhibitor 1), and a marker of endothelial injury (intercellular adhesion molecule 1). All of these biomarkers have been associated with the pathophysiology of ARDS (7, 9-11, 19-21). 
Differences in mean IL-8 between each group will be analyzed with non-parametric tests of association (ie Mann-Whitney test). Relations between biomarker means and outcomes will be studied while adjusting for potential confounders using logistic regressions. Finally, we will use predictive modeling to assess the utility of these biomarkers to predict rapidly improving versus persistent ARDS. A similar cohort of adult patients admitted to an intensive care unit in Nashville, Tennessee will be used for external validation of our results and account for overfitting.  
4.2 Study Subjects 
Targeted population: adult patients with ARDS admitted to ICUs in the United States. 
Intended sample: adult patients with ARDS admitted to ICUs of two large academic and community hospitals in San Francisco, California over thirteen years. 
Accessible population: Our current cohort comprises of adult patients admitted with any diagnosis but COVID-19 pneumonia to the intensive care unit of either a large academic institution (University of California, San Francisco) or a large community hospital (San Francisco General Hospital) in San Francisco California from 2008 to present. Consent was obtained from patients or their surrogates. Waiver consent was provided if no surrogate was identified or if the patient died before they were approached for consent. 
The following criteria will be used to aim for our intended sample. 
Inclusion criteria: any patient in the original cohort with diagnosis of ARDS.
Diagnosis of ARDS will be granted if AECC and/or Berlin criteria is met at any point during the first 5 days of admission. AECC criteria includes: (i) hypoxemia with PaO2:FiO2 <300 and (ii) bilateral pulmonary infiltrates without cardiogenic pulmonary edema. Berlin criteria includes AECC criteria plus (i) onset of hypoxia less than 7 days, and (ii) positive end expiratory pressure of at least 5 (1). SpO2: FiO2 will be used if  PaO2:FiO2 is not available as described above. The lowest ratio of the day will be used. Chest x-rays will be interpreted by two independent physicians. 
Exclusion criteria: 
· Patient whose biomarkers in plasma were not measured. 
· Preference for comfort measure at ICU admission
· Expected to be in ICU < 24 hours
4.3 Measurements 
Predictor variable: serum levels of the biomarker IL-8 
*Subsequent analysis will be performed with other biomarkers as described in the study design section.
Measured outcome: resolution of ARDS defined as PO2:FiO2 >300 or SpO2:FiO2 <315. Lowest ratio of the day will be used. Chest x-ray results will not be used for this purpose since resolution of radiographic abnormalities lags behind clinical improvement (22).
4.4 Confounders 
Multivariate logistic regressions will be used to account for expected confounders. Depending on preliminary results, matching could also be done (this may be less feasible since more than one confounder is expected). 
Possible confounders based on prior association with severe persistent ARDS  (5, 12).
· Age 
· Use of vasopressors 
· APACHE score 
· Pneumonia or aspiration as risk factors 
· Chronic liver disease/cirrhosis (also associated with hyperinflammatory sub-phenotype).
Possible confounders based on prior association with hyperinflammatory sub-phenotypes  (9) .
· Alcohol use 
· Neutropenia  
Other potential confounder may be identified after initial characterization of our cohort. 
4.5 Comments regarding feasibility and generalizability 
There are no concerns regarding feasibility. Measurements of the biomarkers mentioned above have already been completed and stored in available databases. Demographic and clinical data for the first 5 days of admission is available. This data will be crucial to better characterize our cohort, and to evaluate for potential confounders and effect modification. Given the timeline of the targeted outcome, data for the first five days should be sufficient. Regardless, I also anticipate that further chart review will be needed to extract data that is not already retrieved. Electronic medical records for all subjects are readily available for this purpose. Our cohort comprises of 2,069 subjects recruited over thirteen years, which is sufficient to yield a significant effect size (calculation below). Therefore, I do not expect the need for additional subject recruitment and sample processing, which would add time and cost to our design.  
Our cohort includes patients admitted to a large referral academic center in California and to one of the biggest community hospitals in San Francisco. Therefore, we expect to capture a diverse population of patients both, at a demographic and clinical level. However, there will be limitations regarding generalizability. First, clinical practices at these two institutions may not reflect practices elsewhere in the state or the country. Second, despite capturing diversity in San Francisco, the demographic and clinical features (including ARDS risk factors) may not be representative of ARDS patients across the nation. Third, consent to participate in the study may contribute to inclusion biases.  To address some of these limitations, we will validate results on a similar cohort of ARDS patients admitted to a large academic hospital in Tennessee. Based on preliminary results, we could also expand the analysis using the ARDSNet database, which includes patient with ARDS across the nation over at least two decades.
The main limitation regarding biomarkers is that they were measured once during the admission. Samples were collected at time of enrollment; therefore, we will assume that samples were collected at time of ARDS onset. However, we should acknowledge that measurement may have occurred at different times of ARDS progression. Other generalizability issues regarding the predictor variable include: (i)The selected markers are not routinely used in clinical practice and may not be available for certain institutions. (ii) lab processing may be expensive and therefore not accessible nationally, (iii) there may be lab variability among different institutions. 
5. Statistical Issues 
Primary Research Question: 
· Null hypothesis: Mean serum levels of IL-8 (and other inflammatory markers) at time of diagnosis in patients with rapidly-improving ARDS are the same as those in patients with persistent ARDS. 
· Alternative hypothesis:  Mean serum levels of IL-8 (and other inflammatory markers) at time of diagnosis  differ between rapidly-improving ARDS and persistent ARDS. 

The alternative hypothesis will be two sided. While we expect to see higher levels of inflammatory markers in the persistent ARDS group, it is possible to see the opposite effect based on our limited knowledge of the biology behind these two processes. We will set alpha at 0.05. We will aim for a power of 80% therefore, will set beta at 0.02. 
As an example, levels of IL-8 have been measured in patients with ARDS previously (9). The reported standard deviation was approximately 90. Currently, we have approximately 400 subjects that meet our inclusion criteria. I expect about 15% of subjects to meet criteria for riARDS. Taking this into consideration, with the parameters described above, the study would have an 80% power to detect an effect size of 35. Note that this assumes a parametric distribution.
If we instead aim for a smaller effect size of, for example 10, then we would need about 4,208 subjects persistent ARDS and 743 subjects riARDS. This will require combining different available datasets. 
If instead we use the standarized effect size to calculate the sample size needed to have 80% power to detect an effect size of 40% above the reported mean, we would need a total sample size of about 700 patients based on the following calculation:
Mean IL-8 in patients with ARDS reported in the literature: 32
SD of IL-8 in patients with ARDS reported in the literature: 90
Effect size = (0.4)*(32)= 12.8
Standarized effect size: 12.8/90 = 0.14
Based on anexed tables, this leads to N~700 for a two sided alterantive hypotheisis with an alpha of 0.05 and beta of 0.2
6. Ethical considerations
Our study has IRB approval. As a retrospective study, there is no active risk to participant’s care. Selection of participants is equitable with the limitations described above. Participants are consented as already described. Data will be de-identified for analysis purposes to protect confidentiality.           
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