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ABSTRACT
Background and Objective: High resolution computed tomography (HRCT) scan diagnostic classification for usual interstitial 
pneumonia (UIP) plays a critical role in therapeutic decision-making and clinical trial eligibility for interstitial lung disease (ILD) 
patients, but is subject to variability. A deep learning algorithm, the Systematic Objective Fibrotic Imaging Analysis Algorithm 
(SOFIA), has been validated to assist classification of HRCTs based on current guidelines. In this study, we evaluate the impact 
of SOFIA on inter-observer agreement for UIP classification and prognostic accuracy of clinicians' assessment of ILD HRCTs.
Methods: Radiologists and pulmonologists (reviewers) were invited to evaluate 203 HRCTs from a national fibrotic ILD registry, 
scoring each of four UIP categories (definite UIP, probable UIP, indeterminate, or alternative diagnosis). SOFIA outputs were 
then provided, and reviewers were able to reevaluate their scores. Changes in interobserver agreement for UIP classification and 
prognostic accuracy were calculated.
Results: Three hundred twelve reviewers (120 radiologists, 192 pulmonologists) from 49 countries evaluated 203 HRCT scans. 
Following SOFIA, inter-observer diagnostic agreement improved for definite UIP from moderate to good (ICCpre = 0.54[0.50–
0.60]; ICCpost = 0.70[0.66–0.74]), and for probable UIP from fair to moderate (ICCpre = 0.30[0.27–0.35]; ICCpost = 0.53[0.49–0.58]). 
Following SOFIA, there was improved prognostic accuracy for reviewers' definite UIP, probable UIP, and indeterminate scores 
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(significant change in c-index), and the proportion of reviewers whose probable UIP scores were significantly predictive of 
transplant-free survival increased by 42%.
Conclusion: Providing SOFIA algorithm output to clinicians reviewing HRCT scans improved diagnostic agreement and prog-
nostic accuracy for fibrotic ILD. SOFIA may be a useful automated assistive tool to support improved diagnostic consistency.

1   |   Introduction

High resolution computed tomography (HRCT) of the chest is 
a central component of the diagnosis of fibrotic lung disease. 
An HRCT pattern of usual interstitial pneumonia (UIP) is the 
key to a diagnosis of idiopathic pulmonary fibrosis (IPF), and 
when definite or probable UIP is present, this obviates the 
need to perform surgical lung biopsy according to ATS/ERS/
JRS/ALAT IPF Clinical Practice Guidelines [1]. Furthermore, 
inclusion criteria for clinical trials of antifibrotic therapy al-
most universally rely on the consistent application of these 
guideline criteria. However, HRCT interpretation, and specif-
ically the interpretation of these guidelines, is liable to high 
levels of interobserver variability and poor reproducibility 
even among expert radiologists [2]. Such variability in diag-
nosis has significant implications for management decisions 
and clinical trial enrolment for patients with fibrotic lung dis-
ease [3, 4].

We have reported a deep learning algorithm SOFIA (Systematic 
Objective Fibrotic lung disease Imaging analysis Algorithm) ap-
plied to HRCT scans, which provides an automated method for 
UIP classification based on guideline criteria [5]. In our prior study, 
SOFIA provided superior accuracy for UIP classification when 
compared to thoracic radiologists. However, until now, SOFIA has 
not been integrated into clinical decision-making as an automated 
assistive tool, or applied in the setting of a clinical trial.

In this study, we prospectively evaluate the utility of the SOFIA 
HRCT algorithm as an automated assistive tool for HRCT in-
terpretation by clinicians (radiologists and pulmonologists) of 
varying levels of experience and ILD expertise.

2   |   Methods

2.1   |   Fibrotic Interstitial Lung Disease Registry 
Patient Population

Anonymised HRCTs were obtained from baseline imag-
ing stored as part of the Australian IPF Registry (AIPFR). 
Information on the AIPFR has been published previously [5–7]. 
Briefly, the AIPFR was established in 2012 and collated base-
line and longitudinal clinical and imaging data. Patients were 
included in the AIPFR if their referring physician had clinical 
suspicion of IPF; however, all cases were re-evaluated by a cen-
tral multidisciplinary panel according to the IPF guideline cri-
teria [8] with these results indicating that our patient cohort 
was consistent with a fibrotic ILD population including both 
IPF and non-IPF disease aetiologies. Cases with volumetric 
HRCTs were included in this study. Clinical information from 
the AIPFR was used to characterise the patient cohort and 
evaluate concordance of reviewer scores with outcomes. The 
use of anonymised clinical data and images for this study was 

approved by Sydney Local Health District ethics committee 
(protocol X14-0264).

2.2   |   Participating Reviewers

Pulmonologists and radiologists who had previously consented 
to be contacted about future ILD studies were invited to partici-
pate by direct email. Radiologists were derived from a pre-existing 
global consortium previously described [2], which included a mix 
of general radiologists, chest radiologists, and thoracic radiology 
fellows. Additionally, an advertisement for the study was posted 
on LinkedIn in March 2023. Participation in the study involved 
completing a preliminary survey and reviewing all HRCT cases. 
A custom-built website was developed to enable remote case re-
view to be completed at any point within the 6-month study period 
(March to September 2023). Consent to the study was implied if 
the participants completed the preliminary survey, which in-
cluded questions about their primary role, location, academic sta-
tus (working at a university hospital or non-university hospital), 
ILD expertise (ILD expert or non-expert), and number of years of 
experience. Radiologists/pulmonologists were considered ILD ex-
perts if they self-identified as ILD specialists and reported consis-
tent participation in ILD multidisciplinary team meetings or had 
completed formal ILD fellowships.

2.3   |   SOFIA-Based Image Evaluation

SOFIA (Systematic Objective Fibrotic Imaging Analysis 
Algorithm) is a deep convolutional neural network based on the 
Inception-ResNet-v2 architecture proposed by Szegedy, which 
combines Inception modules with residual connections [9]. 
Development and validation of the SOFIA algorithm has been 
published previously [5, 10]. In brief, SOFIA was trained on a 
database of 420,096 unique HRCT 4-slice montages from 1157 
fibrotic lung disease specific HRCTs derived from two tertiary 
referral centres for ILD and validated against the performance 
of 92 thoracic radiologists on a test cohort of 150 HRCTs from a 
third institution. The algorithm's input is a four-slice montage 
and its output a set of continuous numbers from 0 to 1, repre-
senting a probability for each of the UIP diagnosis categories, 
whose sum is 1.0 (e.g., definite UIP 0.985, probable UIP: 0.011, 
indeterminate: 0.002, alternative diagnosis 0.002). SOFIA gen-
erates up to 500 unique montages per HRCT scan and its final 
prediction for a single HRCT is the average probability assigned 
for each diagnostic category, for these montages.

2.4   |   Study Overview

After completing the preliminary survey, participants sequen-
tially evaluated 203 HRCT cases, assigning a likelihood score 
between 0 and 100% for each of the UIP categories (definite 
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UIP, probable UIP, indeterminate, alternative diagnosis; in in-
crements of 5% summing to 100%). For example, a reviewer 
could assign a score of 70% for definite UIP, 15% for probable 
UIP, 10% for indeterminate, and 5% for alternative diagnosis. 
After providing their initial scores, reviewers were shown 
SOFIA outputs for the four disease pattern categories and 
given the option to re-score the case. In the previous exam-
ple, the reviewer might revise their definite UIP score to 80% 
and their indeterminate score to 0%. Importantly, reviewers 
evaluated each patient's HRCT scan in isolation and were not 
provided with additional information (e.g., demographics, 
clinical history, lung function).

2.5   |   Statistical Analyses

Statistical analyses were performed using STATA (version 18.5, 
StataCorp, College Station, TX, USA). Data are given as means 
with standard deviations, medians with interquartile range, or 
as the number of patients and percentage, where appropriate.

Agreement across the full panel of reviewers was compared 
using intraclass correlation coefficients (ICC) with two-way 
random effects and absolute agreement [11]. An ICC of 0–0.2 
was considered poor, 0.21–0.4 fair, 0.41–0.6 moderate, 0.61–0.8 
good, and > 0.8 very good [12]. We explored whether view-
ing SOFIA outputs influences inter-observer agreement, and 
whether agreement differs between pulmonologists and radiol-
ogists, those with or without ILD expertise, and between those 
with more or less clinical expertise (quartile with the greatest 
years of experience vs. quartile with the least). ICCs with non-
overlapping confidence intervals were considered to be signifi-
cantly different.

Given the prognostic implications of a definite or probable 
UIP classification, we used prognostic accuracy as a surrogate 
for evaluating classification accuracy of reviewers in applying 
HRCT guidelines to the cases. To quantify prognostic accuracy, 
we determined the concordance between each reviewer's scores 
and patient outcomes, including both transplant-free survival 
(TFS) and 12-month progression, before and after viewing 
SOFIA outputs. To determine concordance of each reviewer's 
scores with TFS, we used Cox proportional hazards modelling 
to calculate a hazard ratio (HR) and Harrell's C-index for each 
reviewer [13]. The survival period was calculated from the date 
of HRCT to date of death/transplant or last date of data collec-
tion (20 October 2020). To evaluate how well each reviewer's 
scores predict 12-month disease progression as a binary out-
come variable, we calculated an odds ratio and then determined 
the concordance (C-index) for each reviewer. A binary 12-month 
progression variable was previously calculated using linear 
mixed effects modelling, fitted with random slopes and inter-
cepts, to determine disease trajectory (relative change in FVC 
and DLCO % predicted) for each patient across the registry fol-
low-up period [6]. Cases with an annual rate of relative decline 
in FVC > 10% or DLCO ≥ 15% were considered progressive, and 
all others were considered stable [14]. Pre- to post- change in C-
index was compared using a Wilcoxon signed rank test, and be-
tween group differences in change scores were compared using 
a Mann–Whitney U (two groups) or Kruskal–Wallis test (four 
groups) with a significance level of p < 0.05.

3   |   Results

3.1   |   Fibrotic ILD HRCT'S

Baseline volumetric HRCTs from 203 patients, acquired be-
tween 2008 and 2016, were presented to reviewers. Patient char-
acteristics, including composite physiologic index (CPI) [15] and 
gender, age, and lung physiology (GAP) index [16], are detailed 
in Table  1. The majority of patients were men (n = 130, 64%), 
median age was 70 years (range: 32–91 years) and 141 (69%) had 
a history of ever smoking. Lung function was moderately im-
paired, with an FVC percent predicted: 79% [65–94] and a DLCO 
percent predicted: 47% [38–59]. One-third of patients had been 
prescribed antifibrotic medications. Mean follow up time was 
4.1 ± 2.5 years, during which time 139 patients died and 20 were 
transplanted. Radiologist assessment of HRCTs showed a total 
ILD extent of 31% (IQR: 21–43) and 17% and 31% were classified 
as ‘indeterminate for UIP’ and ‘alternative diagnosis’, respec-
tively, based on ATS/ERS/JRS/ALAT 2018 guidelines [5].

3.2   |   Participating Reviewers

Three hundred twelve radiologists and pulmonologists from 49 
countries participated in this study, The SOFIA Project. This di-
verse group included 120 radiologists, 53% with ILD expertise, 
and 192 pulmonologists, 27% with ILD expertise (Figure  E1). 
Overall, reviewers had a median of 12 years of clinical experi-
ence (IQR: 7–20) and the majority were based at a university 
hospital (72%). Pulmonologists had more years of clinical expe-
rience compared to radiologists (14 [9–20] vs. 10 [5–16.5] years, 
p < 0.05).

3.3   |   Inter-Observer Agreement

Inter-observer agreement for the 4 radiological UIP pat-
terns improved significantly after SOFIA outputs were pro-
vided (Table  2). Agreement was moderate for definite UIP 
(ICCpre = 0.54[0.50–0.60]) and improved to good following SOFIA 
(ICCpost = 0.70[0.66–0.74]). Agreement for the remaining three 

TABLE 1    |    Patient characteristics (N = 203).

Median [IQR] or N (%)

Age, years 70 [66–77]

Sex, M/F 130/73

FVC, % predicted 79 [65–94]

DLCO, % predicted 47 [38–59]

CPI 42 [29–53]

GAP stage 1 (%) 70 (34)

GAP stage 2 (%) 113 (56)

Gap stage 3 (%) 20 (10)

Smoking history, ever (%) 141 (69)

Abbreviations: CPI, composite physiologic index; DLCO, diffusing capacity of 
the lungs for carbon monoxide; FVC, forced vital capacity; GAP, gender age and 
lung physiology (FVC and DLCO) index.
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categories (probable UIP, indeterminate, alternative diagnosis) 
was fair and improved to moderate after re-scoring (probable UIP, 
ICCpre = 0.30[0.27–0.35], ICCpost = 0.53[0.49–0.58]; indeterminate, 
ICCpre = 0.26[0.22–0.30], ICCpost = 0.43[0.39–0.48]; alternative 
diagnosis, ICCpre = 0.37[0.33–0.42], ICCpost = 0.53[0.48–0.58]). 
Agreement did not differ between radiologists and pulmonolo-
gists, between those with and without ILD expertise, or between 
those with the most clinical experience compared to those with the 
least experience (all p > 0.05, see Tables S1–S4).

3.4   |   Impact of SOFIA on Reviewers' Scores

We explored the rationale for these improvements in agreement 
after viewing SOFIA outputs, and evaluated whether the improve-
ment may be due to reviewers updating their scores to conform 
with SOFIA. Reviewers opted to keep their initial 4 UIP classifi-
cation scores only 24% of the time. When reviewers updated their 
UIP scores, probable UIP was revised most frequently (80%), fol-
lowed by definite UIP (67%), indeterminate (67%), and alternative 
diagnosis (66%). The distribution of UIP scores for each reviewer 
before and after viewing SOFIA outputs is presented in Figure 1. 
Overall, reviewers adjusted their scores to better align with 
SOFIA, most notably by increasing their probable UIP scores and 
decreasing their alternative diagnosis scores.

3.5   |   Impact of SOFIA on Prognostic Accuracy—
Transplant-Free Survival

Before viewing SOFIA outputs, reviewers' definite UIP scores 
were most strongly concordant with transplant free survival (TFS, 
time-to-death or transplant, C-index: 0.60 [0.58–0.62], Figure 2). 
Concordance for TFS significantly improved for definite UIP, 
probable UIP, and indeterminate scores, and worsened for alterna-
tive diagnosis score after viewing SOFIA outputs (Tables 3, S6, S7).

Following SOFIA, the proportion of reviewers with probable 
UIP classifications which were prognostically significant in-
creased from 28% to 70% (87 to 217 reviewers; baseline, median 
HR = 0.996[0.993–0.999], median C-index = 0.55[0.53–0.58]; 

post-SOFIA, median HR = 0.991[0.989–0.995], median C-
index = 0.59[0.57–0.61]). Change in TFS C-index score was 
not different between reviewers with more vs. less experience 
(Table  S8); however, there was a greater decrease in C-index 
for alternative diagnosis in the group of respiratory physicians 
without ILD expertise (Table S5).

3.6   |   Impact of SOFIA on Prognostic 
Accuracy—12-Month Disease Progression

After viewing SOFIA outputs, there was a significant improve-
ment in the concordance of reviewers' definite UIP, probable UIP, 
and indeterminate scores with 12-month disease progression, and 
no change in C-index for alternative diagnosis scores (Tables 3, S9, 
S10; Figure 2). ILD experts had a greater improvement in concor-
dance of probable UIP and alternative diagnosis scores and 12-
month disease progression compared to non-experts (Table S11).

3.7   |   Application to ILD Clinical Trial Inclusion 
Criteria

We explored the influence of SOFIA in an ILD clinical trial con-
text in which patients met inclusion criteria if they had a definite or 
probable UIP on HRCT. Using the baseline majority opinion of all 
reviewers, 47 of 203 cases (23%) were initially classified as either 
indeterminate (N = 10) or alternative diagnosis (N = 37), and would 
have been excluded from clinical trials. After implementation of 
SOFIA, 12 alternative diagnosis cases were re-classified as proba-
ble (N = 7) or definite UIP (N = 5), and 4 indeterminate cases were 
re-classified as probable UIP. In total, 16 of 47 patients (34%) who 
were initially excluded would meet trial inclusion criteria. A trend 
of prognostic separation between newly included patients and 
those who remained excluded after re-scoring was evident (HR: 
1.88 [0.86–4.13], p = 0.114; Figure 3).

4   |   Discussion

HRCT diagnostic classification plays a critical role in ther-
apeutic decision-making and clinical trial eligibility for the 
ILD patient [3, 4]. Despite its importance in ILD diagnosis and 
management, we and others have found only a fair to moder-
ate level of agreement of HRCT UIP diagnostic classification 
between reviewers, suggesting that these guidelines may be ap-
plied inconsistently [2]. Following utilisation of our deep learn-
ing algorithm, SOFIA, as an automated assistive tool provided 
to radiologists and pulmonologists, we demonstrate improved 
agreement across all UIP diagnostic categories in a fibrotic ILD 
population. Classification accuracy, measured by concordance 
with clinical outcomes, was also significantly improved. To our 
knowledge, this is the first study of applying a deep learning al-
gorithm for CT scans as an automated assistive diagnostic tool 
in a fibrotic lung disease population.

A systematic approach is recommended when applying guide-
line criteria to HRCTs to classify scans into one of four UIP 
categories [1, 17]. Quantitative or deep learning techniques 
can be used to automate classification of HRCTs, providing 
objective and reproducible outputs, and many of these tools 

TABLE 2    |    Inter-observer agreement in disease pattern scores pre 
and post SOFIA.

ICC [95% CI]

Definite UIP Pre 0.54 [0.50–0.60]

Post 0.70* [0.66–0.74]

Probable UIP Pre 0.30 [0.27–0.35]

Post 0.53* [0.49–0.58]

Indeterminate Pre 0.26 [0.22–0.30]

Post 0.43* [0.39–0.48]

Alternative Diagnosis Pre 0.37 [0.33–0.42]

Post 0.53* [0.48–0.58]

Note: ‘*’ denotes significant pre- to post- change.
Abbreviations: ICC, intraclass correlation coefficient; UIP, usual interstitial 
pneumonia.
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outperform visual assessment [5, 10, 18–21]. However, in 
practice, the implementation of such automated techniques is 
dependent on how clinicians view the algorithm outputs and 
adapt their clinical assessment accordingly. The lack of agree-
ment between radiologists for definite UIP in our study mir-
rors previous findings [2, 10] and we found that inter-observer 
agreement was poor for probable UIP, indeterminate, and 

alternative diagnosis patterns. When reviewers were given 
SOFIA to assist in HRCT classification, their inter-observer 
agreement improved across all categories, with the greatest 
improvements observed for probable UIP. The impact of tools 
such as SOFIA depends on whether clinicians trust the infor-
mation they receive from it. As SOFIA's superior performance 
compared to visual scoring has been validated previously, 

FIGURE 1    |    Mean difference between each reviewer's scores for all HRCT cases and SOFIA scores at baseline (red) and after viewing SOFIA 
scores (blue). Each blue dot that falls within the red shaded region indicates a reviewer whose revised scores were closer to SOFIA outputs than their 
original scores. Dotted lines represent the mean difference between all reviewers and SOFIA at baseline (red) and after viewing SOFIA scores (blue).

FIGURE 2    |    Concordance (C-index) between reviewers' scores and (A) transplant-free survival and (B) disease progression at 12 months before 
(Pre), and after (Post) viewing SOFIA scores (SOFIA). TFS, transplant-free survival; Other, alternative diagnosis.
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participating reviewers in this study may have been more 
likely to trust the algorithm. An advantage of this study was 
that reviewers provided granular scores for each category 
(0%–100% in 5% increments) rather than a single overall clas-
sification, which enabled us to detect small shifts in opinion. 
Our findings indicate reviewers generally trusted the algo-
rithm and shifted their scores based on feedback from SOFIA 

without blindly following the algorithm. SOFIA may be use-
ful for improving agreement between clinicians, so enabling 
greater consistency in diagnoses between centres.

Progressive pulmonary fibrosis describes a progressive phe-
notype of fibrotic ILD [22]. Patients with PPF have a simi-
lar risk of progression, trajectory of lung function decline, 

FIGURE 3    |    Survival differences among patients initially classified as indeterminate or alternative diagnosis by the majority of reviewers, who 
were then re-classified as probable or definite UIP (blue, N = 16) after viewing SOFIA outputs compared to those that remained indeterminate/al-
ternative diagnosis (red, N = 31; HR: 1.88 [0.86–4.13], p = 0.114). Survival curve for patients initially classified as definite UIP included for reference 
(green, N = 72).

TABLE 3    |    Concordance (C-index) between reviewers' scores and transplant-free survival and 12-month disease progression pre and post SOFIA.

Transplant-free survival 12-month disease progression

Median (IQR) Median (IQR)

Definite UIP Pre 0.60 (0.58–0.62) 0.64 (0.61–0.66)

Post 0.63* (0.61–0.65) 0.67* (0.64–0.69)

Change 0.03 (0.01–0.04) 0.03 (0.01–0.04)

Probable UIP Pre 0.55 (0.53–0.58) 0.60 (0.57–0.64)

Post 0.59* (0.57–0.61) 0.65* (0.63–0.68)

Change 0.03 (0.02–0.05) 0.05 (0.02–0.07)

Indeterminate Pre 0.57 (0.55–0.60) 0.61 (0.57–0.65)

Post 0.58* (0.56–0.60) 0.63* (0.60–0.65)

Change 0.01 (0.00–0.02) 0.01 (−0.01–0.03)

Alternative diagnosis Pre 0.53 (0.51–0.55) 0.55 (0.51–0.58)

Post 0.51* (0.49–0.53) 0.55 (0.52–0.57)

Change −0.01 (−0.03–0.00) 0.00 (−0.03–0.03)

Note: ‘*’ denotes significant pre- to post-change. Bold indicates a significant change from “Pre” values. Italic indicates the change from Pre to Post.
Abbreviation: UIP, usual interstitial pneumonia.
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and treatment response as IPF patients [23–29]. Overall, we 
demonstrate that when utilising SOFIA, pulmonologists and 
radiologists' UIP scores were more strongly predictive of both 
TFS and 12-month disease progression. This was most clearly 
demonstrated in the setting of probable UIP, with only 28% 
of reviewers having probable UIP scores which were prognos-
tically significant at baseline, increasing to 70% after being 
shown SOFIA. Greater prognostic accuracy of probable UIP 
and indeterminate classifications may influence biopsy deci-
sions and clinical trial eligibility, which directly impact pa-
tient care and outcomes.

Many recent fibrotic ILD clinical trials require central radio-
logical review of HRCT to confirm the diagnosis. While this 
approach, coupled with more stringent inclusion criteria, may 
improve the likelihood of a positive outcome [30, 31], approxi-
mately 30%–50% of patients screened for ILD trials will not meet 
inclusion criteria [28, 30, 32], with screen failures frequently 
due to HRCTs being classified as indeterminate. In a simulated 
clinical trial scenario, our results suggest that of the 47 patients 
who would have been excluded due to alternative diagnosis or 
indeterminate HRCT scans, 16 (34%) would have been reclas-
sified as probable UIP and met inclusion criteria if SOFIA had 
been used as an assistive tool. Incorporating SOFIA into the 
central review process may enable greater clinical trial recruit-
ment without compromising trial outcomes. Additionally, an 
advantage of SOFIA is that the definite UIP score is a continu-
ous variable between 0 and 1, which provides a highly sensitive 
marker of progression risk even in individuals whose HRCTs are 
considered indeterminate [5]. This may be particularly useful to 
enrich clinical trial enrolment, allowing selection for potentially 
progressive patients.

The potential benefits derived from using deep learning tools 
such as SOFIA may vary across centres with different levels 
of ILD experience and expertise [33]. Notably, in this study, we 
did not see major differences in accuracy or agreement between 
experts and non-experts. Surprisingly, interobserver agreement 
for ILD expert pulmonologists was almost identical to ILD ex-
pert radiologists when using SOFIA (Table  S1). This may re-
flect the fact that ILD clinical practice requires pulmonologists 
to be well-trained in interpreting HRCTs. However, we cannot 
exclude the possibility of selection bias, as it is possible the cli-
nicians who were willing to review more than 200 HRCTs were 
more knowledgeable or motivated to improve their HRCT inter-
pretation skills than the general population of radiologists and 
pulmonologists. Moreover, during the study, participants had 
unlimited time to evaluate each scan, a luxury they may not 
be afforded in routine clinical practice, and a factor which may 
have minimised differences between experts and non-experts 
[34]. Reproducibility and speed are key advantages of SOFIA 
over visual assessment by human observers, which may be par-
ticularly beneficial for clinics without experienced radiologists 
or with greater time constraints.

Automated evaluation of HRCTs using machine learning and 
other quantitative approaches has the potential to improve pa-
tient care [5, 18, 19, 35], however, implementation remains a 
challenge. The present study was designed to mimic a central 
read scenario in which radiologists are presented with HRCTs 
and no accompanying patient history or clinical findings and 

must apply current guidelines to determine whether a patient 
meets the radiologic inclusion criteria for a clinical trial. Our re-
sults support the use of SOFIA to improve inter-observer agree-
ment and accuracy among central readers. For the purpose of 
diagnosis, given the nature of this simulated HRCT review, it is 
possible clinicians were more amenable to altering their judg-
ments based on the algorithm's feedback, and whether these 
trends would persist in a real clinical situation remains unclear. 
While previous studies focused on validating the accuracy of 
quantitative imaging biomarkers, future implementation efforts 
should explore how these tools might be ideally packaged to 
complement and add value to the existing clinical workflow.

Our study has several limitations. Specifically, the use of the 
C-index to evaluate SOFIA's impact on reviewers' prognostic 
accuracy warrants further discussion. We chose to use Cox 
proportional hazards modelling to calculate a hazard ratio and 
Harrell's C-index for each reviewer, to determine concordance 
of each reviewer's 203 scores with TFS. A known pitfall of the 
C-index when applied to survival outcomes is its dependence 
on the underlying risk differences between comparable patients 
in the sample [36]. Achieving a high concordance with survival 
outcomes (a high C-index) can be challenging when patients in 
the cohort have a similar risk profile of death/transplant (i.e., 
fibrotic ILD patients of similar ages). Indeed, in this study, a 
change in C-index from 0.55 to 0.59 corresponded to a clini-
cally meaningful shift of 130 (42%) reviewers with probable UIP 
scores that were concordant with transplant-free survival only 
following access to SOFIA. Additionally, one-third of patients 
were prescribed antifibrotic therapy. However, while antifi-
brotic use was recorded in the registry, the observational nature 
of the dataset precluded consistent documentation of therapy 
start dates, adherence, or dosage. To avoid introducing bias 
from incompletely captured treatment variables, we did not ad-
just survival or progression analyses for antifibrotic use. Future 
prospective studies incorporating complete treatment data 
will be necessary to fully assess SOFIA's impact on treatment-
mediated outcomes. In addition, this first implementation study 
for SOFIA involved 312 individual pulmonologists and radiolo-
gists but did not simulate a clinical setting. In practice, clinical 
data would be incorporated into both diagnostic and prognostic 
assessment, and this would likely be in the setting of an ILD 
specific multidisciplinary meeting (MDM). Indeed, incorporat-
ing SOFIA as an automated assistive tool into the ILD MDM, as 
well as clinical trial central-read settings are the next logical step 
towards implementation.

In conclusion, this study represents an initial step towards the in-
corporation of a validated deep learning automated assistive tool 
into ILD clinical care. We show improvements in inter-observer 
agreement for UIP classification, as well as concordance with 
clinical outcomes following SOFIA. Future prospective research 
and implementation efforts are needed to determine SOFIA's in-
fluence on multidisciplinary team decisions, the gold standard 
for ILD diagnosis and management.
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Additional supporting information can be found online in the 
Supporting Information section. Table S1: Inter-observer agreement for 
the 4 radiological patterns before (pre) and after (post) viewing SOFIA 
outputs for all reviewers, general pulmonologists without ILD expertise, 
general radiologists without ILD expertise, pulmonologists with ILD ex-
pertise, and radiologists with ILD expertise. Table S2: Inter-observer 
agreement for the 4 radiological patterns before (pre) and after (post) 
viewing SOFIA outputs for radiologists and pulmonologists. Table S3: 
Inter-observer agreement for the 4 radiological patterns before (pre) 
and after (post) viewing SOFIA outputs for reviewers with and without 
ILD expertise. Table S4: Inter-observer agreement for the 4 radiolog-
ical patterns before (pre) and after (post) viewing SOFIA outputs for 
reviewers with the most experience (top quartile) and least experience 
(bottom quartile). Table S5: Change in concordance (c-index) between 
each reviewer's scores and transplant-survival before (pre) and after 
(post) viewing SOFIA outputs by group—all reviewers, general pul-
monologists, general radiologists, pulmonologists with ILD expertise, 
and radiologists with ILD expertise. Table S6: Change in concordance 
(c-index) between each reviewer's scores and transplant-survival before 
(pre) and after (post) viewing SOFIA outputs for radiologists and pul-
monologists. Table S7: Change in concordance (c-index) between each 
reviewer's scores and transplant-survival before (pre) and after (post) 
viewing SOFIA outputs for reviewers with and without ILD expertise. 
Table  S8: Change in concordance (c-index) between each reviewer's 
scores and transplant-survival before (pre) and after (post) viewing 
SOFIA outputs for reviewers with the greatest and least number of years 
of experience (top and bottom quartile, respectively). Table S9: Change 
in concordance (c-index) between each reviewer's scores and 12-month 
disease progression before (pre) and after (post) viewing SOFIA out-
puts by group—all reviewers, general pulmonologists, general radiol-
ogists, pulmonologists with ILD expertise, and radiologists with ILD 
expertise. Table  S10: Change in concordance (c-index) between each 
reviewer's scores and 12-month disease progression before (pre) and 
after (post) viewing SOFIA outputs for radiologists and pulmonologists. 
Table S11: Change in concordance (c-index) between each reviewer's 
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scores and 12-month disease progression before (pre) and after (post) 
viewing SOFIA outputs for reviewers with and without ILD expertise. 
Table  S12: Change in concordance (c-index) between each review-
er's scores and 12-month disease progression before (pre) and after 
(post) viewing SOFIA outputs for reviewers with the greatest and least 
number of years of experience (top and bottom quartile, respectively). 
Figure S1: Distribution of reviewer locations by country. Data S1: The 
SOFIA Project Consortium. 
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