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Study Title: Incidence of Idiopathic Pulmonary Fibrosis Following COVID-19 Infection

Abstract: 
[bookmark: _GoBack]Idiopathic pulmonary fibrosis (IPF) is a rapidly progressive form of interstitial lung disease with high morbidity and mortality. COVID-19 infection is a potential trigger for the development of IPF, as COVID-19 patients often have radiographic findings of pulmonary fibrosis, and autopsies on COVID-19 patients usually find evidence of severe pulmonary fibrosis. The purpose of this study is to determine what proportion of adults with prior COVID-19 infection develop IPF during a two-year study period. Study participants will be adults listed in the UCSF COVID-19 database, which includes patients with a confirmed diagnosis of COVID-19 through PCR testing. Individuals will be excluded if they have a prior diagnosis of ILD, have conditions known to be associated with the development of ILD, are taking medications that increase the risk of ILD, or if they have a history of lung transplantation. The primary outcome variable will be IPF, which will be considered present if both of the following criteria are met: 1) restrictive lung physiology on pulmonary function tests, and 2) high resolution CT scan findings of usual interstitial pneumonitis. We will calculate what percentage of individuals develop IPF by the end of our study period. Among individuals who develop IPF, we will also calculate the percentage with mild, moderate, or severe restrictive lung disease, the percentage started on anti-fibrotic agents, the percentage referred for lung transplant evaluation, and overall mortality rate. 

Investigators: Erica Farrand, MD; Natalie Richmond, MD; Harold Collard, MD

Research Question: Does COVID-19 infection increase the risk of developing idiopathic pulmonary fibrosis (IPF) among adults with no prior history of lung disease?

Specific Aims:
Aim 1: To conduct a prospective cohort study to determine the incidence of IPF in adults with prior COVID-19 infection.
Aim 2: To determine the severity of restrictive lung physiology among individuals who develop IPF, using pulmonary function tests. 
Aim 3: To determine what proportion of individuals who develop IPF are started on anti-fibrotic agents and referred for lung transplant evaluation. 
Aim 4: To determine the overall mortality rate among individuals who develop IPF.
Background and Significance:
	Interstitial Lung Disease (ILD) refers to a group of restrictive lung disorders that are primarily defined by characteristic radiographic findings on high-resolution computed tomography of the chest.[endnoteRef:1]  ILD is categorized by the likely underlying mechanism, including exposure-related, connective tissue disease, sarcoidosis, idiopathic interstitial pneumonia (IIP), and other causes (eg, vasculitis, capillaritis, langerhans cell histiocytosis).[endnoteRef:2]  Of these categories, IIP is the most poorly understood, and is itself further divided into subgroups with specific radiographic and pathologic criteria. The most common form of IIP is idiopathic pulmonary fibrosis (IPF).ii [1:  Castelino, Flavia V., and John Varga. "Interstitial lung disease in connective tissue diseases: evolving concepts of pathogenesis and management." Arthritis research & therapy 12.4 (2010): 1-11.]  [2:  Faverio, Paola, et al. "Management of acute respiratory failure in interstitial lung diseases: overview and clinical insights." BMC pulmonary medicine 18.1 (2018): 1-13.] 

	IPF is a rapidly progressive type of ILD characterized by radiographic findings of subpleural honey-combing and pathologic findings of myofibroblast aggregates and hyperplastic epithelium.[endnoteRef:3] Although IPF is rare, it remains a key focus of ILD research due to its poor prognosis, with a median survival of only 2-3 years from the time of diagnosis.ii The most widely accepted pathogenesis of IPF is that an inciting alveolar injury precipitates dysregulated repair pathways, leading to disruption of the epithelial barrier and conversion of fibroblasts into myofibroblasts. These myofibroblasts accumulate and deposit extracellular matrix within the lung parenchyma, thereby causing pulmonary fibrosis and worsening restrictive lung disease.iii The development of the dysregulated pathways most likely has genetic underpinnings, as prior research has identified several genetic variants that predispose individuals to IPF.[endnoteRef:4] However, the exact causes of alveolar injury that trigger this exaggerated host response is less clear. [3:  Coward, William R., Gauri Saini, and Gisli Jenkins. "The pathogenesis of idiopathic pulmonary fibrosis." Therapeutic advances in respiratory disease 4.6 (2010): 367-388.]  [4:  Sgalla, Giacomo, et al. "Idiopathic pulmonary fibrosis: pathogenesis and management." Respiratory research 19.1 (2018): 1-18.] 

Of the potential lung injurious agents, infectious pathogens are commonly implicated in the development of ILD. Viruses in particular are commonly found in bronchoalveolar lavage samples of patients with IPF, suggesting a link between viruses and ILD.iv-[endnoteRef:5] This theory is further supported by studies demonstrating the therapeutic benefits of antivirals in ILD patients.[endnoteRef:6] With the emergence of COVID-19, there has been increasing concern that COVID-19 infection may be a trigger for the development of IPF, which could dramatically increase the incidence of IPF given the burden of COVID-19 infection worldwide. This concern is in part derived from radiographic findings consistent with pulmonary fibrosis in patients with COVID-19. Additionally, in patients with fatal cases of COVID-19, autopsies usually find evidence of severe pulmonary fibrosis.[endnoteRef:7] It remains unknown whether patients with non-fatal cases of COVID-19 are at increased risk of developing IPF in the future. [5:  Moore, Bethany B., and Thomas A. Moore. "Viruses in idiopathic pulmonary fibrosis. Etiology and exacerbation." Annals of the American Thoracic Society 12.Supplement 2 (2015): S186-S192.]  [6:  Egan, J. J., et al. "Ganciclovir antiviral therapy in advanced idiopathic pulmonary fibrosis: an open pilot study." Pulmonary medicine 2011 (2011).]  [7:  George, Peter M., Athol U. Wells, and R. Gisli Jenkins. "Pulmonary fibrosis and COVID-19: the potential role for antifibrotic therapy." The Lancet Respiratory Medicine 8.8 (2020): 807-815.] 


Methods
Study Design
This is prospective cohort study designed to measure the incidence of IPF after infection with COVID-19. Adult patients with a prior diagnosis of COVID-19 at UCSF will form the study sample. Study subjects will then be followed over a 2-year period in order to determine what proportion of individuals develop a new diagnosis of IPF. 



Subjects
	The target population is all individuals with a known diagnosis of COVID-19 since the onset of the COVID-19 pandemic. The accessible population for this study is all individuals with a known diagnosis of COVID-19 at UCSF during the last 2 years. 
	Study participants will be identified using the UCSF COVID-19 database, which includes patients with a confirmed diagnosis of COVID-19 through PCR testing. All patients aged 18 years and older with a current or prior diagnosis of COVID-19 will be screened for study eligibility. Chart review will be used to obtain basic demographic data and identify exclusion criteria on all potential study subjects. 
Individuals will be excluded if any of the following diagnoses are present: ILD prior to the diagnosis of COVID-19, sarcoidosis, Langerhans cell histiocytosis, lymphagioleiomyomatosis, neurofibromatosis, inflammatory bowel disease, or any connective tissue disease. Connective tissue diseases will identified by a chart diagnosis of any of the following: scleroderma, rheumatoid arthritis, Sjogren’s syndrome, systemic lupus erythematosus, polymyositis, dermatomyositis, or mixed connective tissue disease. Individuals will be excluded if they are taking any of the following medications that increase the risk of ILD: amiodarone, methotrexate, bleomycin, or nitrofurantoin. Individuals will also be excluded if they required lung transplantation as part of their treatment for COVID-19 infection.

Variables
	The predictor variable is a current or prior diagnosis of COVID-19. This will be obtained by patient inclusion in the UCSF COVID-19 database, which includes all UCSF patients with a positive PCR test for COVID-19. Other baseline patient characteristics will be obtained via chart review, including age, sex, race, smoking status, and comorbid medical conditions. 
	The primary outcome variable is a new diagnosis of IPF. A diagnosis will be considered “new” if it was not present prior to the onset of COVID-19 infection. Participants will first be screened for a possible diagnosis for IPF by searching the medical record for a new referral to the ILD clinic and/or with a new chart diagnosis of IPF, ILD, or restrictive lung disease. Among these, patients will be considered to have a confirmed diagnosis of IPF if both of the following criteria are met: 1) restrictive lung physiology on pulmonary function tests, and 2) high resolution CT scan findings of usual interstitial pneumonitis. The degree of restrictive physiology will be categorized into mild, moderate, and severe using the measured total lung capacity (TLC) on pulmonary function testing, where the cutoffs will be >70% of predicted TLC for mild disease, 60-69% for moderate, and <60% for severe. 
Secondary outcome variables will include what proportion of patients are started on anti-fibrotic agents, what proportion of patients are referred for lung transplant evaluation, and overall mortality rate. 



Potential Confounders
	There are several measured and unmeasured variables that may confound study results. Measured variables include age, sex, race, and tobacco use. An unmeasured variable that may confound results is potential environmental exposures that may predispose individuals to both COVID-19 infection and ILD. Similarly, individuals may have undiagnosed underlying conditions that increase the risk of both COVID-19 infection and ILD, including undiagnosed connective tissue diseases, sarcoidosis, or Langerhans cell histiocytosis.

Statistical Issues
Study Hypotheses
	We hypothesize that the incidence of IPF will be higher in our study sample compared to the worldwide incidence of IPF prior to the COVID-19 pandemic.  Secondary hypotheses are that study subjects will have higher rates of severe restrictive lung disease, will have higher rates of lung transplantation, and will have a higher overall mortality rate.

Analysis Plan and Sample Size Estimate
We will calculate what proportion of individuals in our study sample develop IPF by the end of our study period. Among study subjects who develop IPF, we will calculate what proportion have mild, moderate, or severe restrictive lung disease. We will also calculate what proportion of subjects with IPF are started on anti-fibrotic agents, what proportion of patients are referred for lung transplant evaluation, and overall mortality rate. 
For sample size calculation, we use an estimated proportion of 0.02 of sample developing IPF. To estimate an Area Under Receiver Operating Characteristic (AUROC) curve with a θ = 0.85, confidence interval width of 0.125, and confidence interval of 0.95, this will require a sample size of 2899.[endnoteRef:8]  [8:  Kohn MA, Senyak J. Sample Size Calculators [website]. UCSF CTSI. 8 August 2021. Available at https://www.sample-size.net/] 
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