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METHODS
Patients
The data of 190 consecutive patients with IPF who were admitted to the Hamamatsu University School of Medicine Hospital from January 2007 to July 2020 were retrospectively reviewed. Overall, 50 patients were excluded from this study, including 33 who underwent CT with a slice thickness >5 mm, 11 who had a history of lung resection or concomitant malignancy, and six who had insufficient clinical data regarding PFTs. Therefore, 140 patients with IPF were enrolled in this study, and 61 AEs occurred in 47 patients. To validate values of standardised 3D-CT LVs, another set of consecutive cohort patients with AE-IPF (n=50) from Seirei-Mikatahara hospital were also enrolled. A total of 140 chest CTs obtained at the time of IPF diagnosis and 61 obtained during AE were analysed (Supplementary Figure 1). IPF was diagnosed based on the ATS/ERS/JRS/LATA criteria 1-3, and AEs were diagnosed based on the ATS guidelines 4, 5. Fifty-three age- and sex-matched controls were also included in the study. 
This study was approved by the Ethical Committee of Hamamatsu University School of Medicine (20-270) and was conducted in accordance with approved guidelines. The requirement of informed consent was waived due to the retrospective nature of the study.



Quantification and standardisation of 3D-CT LVs
Chest CT images obtained at the time of IPF diagnosis and AE were retrieved from electronic medical records. All CT images were obtained for diagnostic purposes during routine clinical practice. The chest CT scans were performed without intravenous contrast with the patient in the supine position. Patients were instructed to maintain full inspiration without coughing. SOMATOM Definition Flash (Siemens Healthcare, Tokyo, Japan) and Aquillion CX (CANON medical, Tokyo, Japan) CT scanners were used. The settings of the CT machine were as follows: detector-row configuration acquired as 128 x 0.6 mm (SOMATOM) and 64 x 0.5 mm (Aquillion CX) by double sampling, 120 kVp, and quality mAs via AEC. A sharp kernel of I70 (SOMATOM) and FC52 (Aquillion CX) were used to create 3D-CT images using 5-mm slices at 5-mm intervals in the lung parenchyma (window level: −600 HU; window width: 1500 HU). SYNAPSE VINCENT version 3 software (Fujifilm Medical Systems, Tokyo, Japan) was used to extract the lung fields from CT images, perform lung lobe segmentation, and analyse each LV (total lung, right lung, right upper lobe, right middle lobe, right lower lobe, left lung, left upper lobe, and left lower lobe). Digital imaging and communications in medicine data for each patient were transferred to the software anonymously. Using this software, whole lung extraction from chest CT imaging was automatically quantified by excluding the thoracic wall, mediastinum, large vessels, and airways toward the tertiary bronchi. Lung extraction and lung lobe segmentation were performed using both threshold values and anatomical knowledge-based algorithms. CT values for the whole lung were defined as between -1000 HU and 0 HU. The automatic lung extraction was checked by a respiratory physician with eight years of experience (YT). In addition, a threshold-based volumetric CT analysis, in which threshold CT values can be flexibly determined by all users, was used. When the software failed to segment the lung or lung lobe, the respiratory physician manually segmented the lung or lung lobe to correct the problem and a respiratory specialist with 20 years of experience (YS) confirmed the accuracy of the segmentation results. The standardised 3D-CT LV (%) was calculated by dividing by the 3D-CT LV by the predicted forced vital capacity (FVC-predicted). 
Data collection
Clinical characteristics at the time of IPF diagnosis (age, sex, physical examination, smoking history, blood test results, and PFT results) were retrieved from the patients’ medical records. Clinical data recorded at the time of AE were also retrieved. 

The Gender-Age-Physiology (GAP) index
The Gender-Age-Physiology (GAP) index was calculated based on data at the time of IPF diagnosis, as previously described6: sex (female, 0 points; male, 1 point), age (≤60 years , 0 points; 61–65 years, 1 point; >65 years, 2 points), FVC (%) (>75%, 0 points; 50 %–75%, 1 point; <50%, 2 points), and %DLCO (>55%, 0 points; 36%–55%, 1 point; ≤35%, 2 points; cannot perform, 3 points). The GAP index was defined based on the total GAP score: stage I (0–3 points), stage II (4–5 points), and stage III (6–8 points). The modified GAP index was also evaluated using the standardised 3D-CT LV (%) in place of the FVC (%). Standardised 3D-CT LVs (%) corresponding to FVCs (%) were determined using correlation analyses and used to calculate the modified GAP index.
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