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Abstract
Background  Idiopathic pulmonary fibrosis (IPF) is a progressive fibrosing interstitial lung disease associated with 
high morbidity and mortality despite specific anti-fibrotic therapies. Management of IPF is complex and relies on 
pulmonary function tests (PFT) to evaluate severity and monitor progression. CT provides non-invasive morphologic 
assessment and emerging software techniques enable quantitative analysis.

Methods  We included 319 individuals with IPF from the OSIC dataset. A cross-sectional analysis was made for all 
patients, with a longitudinal evaluation for 143 of them. We used LungQ software (Thirona, The Netherlands) to 
quantify lung and pulmonary vessel volumes, as well as the extent of interstitial lung disease and to assess correlation 
with PFT and mortality.

Results  Quantitative extent of fibrotic abnormalities was correlated with baseline FVC and DLCO (r -0.47, p < 0.0001 
and r -0.55, p < 0.0001 respectively) and longitudinal modifications over time (r -0.48, p < 0.0001 and r-0.43 p < 0.0001, 
respectively). Median baseline extent of ILD, expressed as a percentage of lung volume, was 16.5% (10.8–25.5) 
and increased to 17.3% (11.6–29) on follow-up (p < 0.001). The median ILD progression was of 9.8% (-9.5-40.0). 
Vascular enlargement quantification as well as ILD quantification were predictive marker of death (p < 0.0001). 
However, vascular abnormalities’ independent predictive value could not be assessed in multivariate models due to 
multicollinearity with other variables.

Conclusions  LungQ allows to quantify interstitial and vascular lung features and their changes over time in a large 
cohort of patients with IPF. Imaging markers were negatively correlated with PFT at baseline and follow-ups were 
predictive of mortality confirming their potential as disease quantifiers. Further clinical validation is needed to specify 
the potential clinical use.
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Introduction
Idiopathic pulmonary fibrosis (IPF) has widely been rec-
ognized to be a severe progressive ILD associated with 
a high morbi-mortality despite the possibility of treat-
ing this severe condition with anti-fibrotic therapies [1, 
2]. Physiological measurements (pulmonary function 
test (PFT)) and CT imaging are typically used to moni-
tor individuals with IPF, but there is a need for improved 
measures of disease severity. PFTs are an indirect mea-
sure of disease activity, and visual assessment of imaging 
is limited by inter-observer and intra-observer variability 
[3].

Artificial intelligence (AI) has increasingly been applied 
in radiology over the last decade [4–6]. As modern 
medicine is evolving towards precision medicine, offer-
ing personalized patient care and treatment, the oppor-
tunity for robust imaging biomarkers discovery has 
gradually increased including in the field of fibrotic lung 
diseases. Imaging of ILDs is a specialist field and many 
centers lack the requisite radiology expertise to evaluate 
these patients. AI offers an opportunity to develop deci-
sion support systems which democratize consistent and 
reproducible diagnosis. Exploring new reliable tools for 
quantifying disease severity on HRCT is also a growing 
area of interest for predicting IPF and monitoring treat-
ment response in routine clinical practice as well as strat-
ifying patients in treatment trials.

Clinicians may use the Gender-Age-Physiology (GAP) 
score to stage the severity IPF [7–9]. Deep learning and 
radiomic models can be used as complementary tools 
for diagnosis and differentiate IPF and non-IPF ILDs [9, 
10]. Such models could be used to discriminate different 
types of ILDs and assess their potential of progression 
towards fibrosis. In order to assess changes through time, 
longitudinal studies are needed [11–13].

One of the major complications of IPF is the occur-
rence of pulmonary hypertension (PH). PH in IPF is 
thought to be due to the chronic pulmonary insufficiency. 
This specific condition has been recognized to be asso-
ciated with increased morbidity and mortality. It can 
be challenging to identify PH in patients suffering from 
IPF based solely on imaging analysis. Indeed whereas we 
can identify indirect imaging-based markers (dilatation 
of right ventricle or enlarged pulmonary artery) a struc-
tured quantitative analysis is still challenging. Moreover, 
the Increase trial has recently opened the field of specific 
therapies of PH associated with ILD underlying the need 
of early identification of IPF-associated PH [14].

Therefore, the identification of specific quantitative 
biomarkers combining ILD analysis and vascular enlarge-
ment would help clinicians to evaluate patients suffer-
ing from ILD in order to propose an integrated holistic 
evaluation. We sought to evaluate CT-based imaging bio-
markers in a cohort of IPF patients by quantifying both 

vascular and interstitial abnormalities aiming to predict 
patient outcome. The model was applied to a multicentric 
cohort from the OSIC consortium.

Methods
Data repository
We selected all patients from the Open Source Imaging 
Consortium (OSIC) Cloud Data Repository with a clini-
cal diagnosis of IPF. At the time of the study there were 
581 patients in the repository with a total of 761 scans 
available for download. From this data 319 patients with 
a total of 462 scans were processable by LungQ due to 
input requirements on the input images. CT scans were 
considered not adequate for detailed quantitative assess-
ment in case any of the following occurred: (1) slice thick-
ness was too large (>1.5 mm), (2) inconsistency of the 
spacing between slices (>5%), (3) image orientation was 
not axial, (4) the patient was not positioned in a head first 
prone or feet first prone position, (5) image contained 
to few slices (< 150), or (6) DICOM file was incomplete. 
Survival data were available for all the subjects. We then 
used baseline CT-scan of those 319 patients in whom 143 
follow-up CTs were available for a longitudinal analy-
sis. In this study, Thirona’s AI-based lung quantification 
platform (LungQ, Thirona, The Netherlands) was used 
to analyze all acquired CT scans [15]. The software uses 
state-of-the-art deep learning based algorithms to seg-
ment anatomical structures and disease manifistations 
(e.g. the lung, lobes, airways and pulmonary vessel) to 
quantify the total lung volume (TLV), the extent of inter-
stitial lung abnormalities, and to phenotype pulmonary 
vascular volume distribution (AVX). As a pre-processing 
step of the CT data, the software leverages image nor-
malization techniques to provide robust and repeat-
able quantitative information in CT scans acquired with 
varying scanner parameters, typically found in a clinical 
setting. The quantitative information is presented as the 
volume percentage of ILA and volume percentage of the 
affected area for the whole lung.

ILD scores were expressed as both the total volume of 
interstitial abnormalities (ILDml) and the total volume 
percentage of within the total lung volume (ILD%). We 
additionally calculated the extent of emphysema within 
the lungs expressed as normalized LAA-950HU [16]. 
The novel AI-based pulmonary artery-vein phenotyping 
(LungQ AVX) analysis was performed to provide a deep 
characterization of the pulmonary vasculature on tho-
racic CTs with or without contrast. The analysis starts by 
automatically segmenting the arterial and venous trees on 
CT using a deep learning-based algorithm and separates 
the vascular trees into individual branches. For each arte-
rial or venous branch, the diameter, length, and vascular 
volume is computed, allowing for a detailed characteriza-
tion of the pulmonary vascular volume distribution and 
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shifts. This study primarily focuses on total vessels, arter-
ies, and veins with a diameter >2 mm (i.e. AVXLV, AVX-
LAV, and AVXLVV, respectively). The values are expressed 
as the volume of large vessels >2 mm as a percentage of 
the volume of all detected vessels. A visual representation 
of the detected and quantified regions is shown in Fig. 1.

Statistical analysis
Results are expressed as median (interquartile range: 
IQR). The evolution of PFT and lung abnormality over 
time was analyzed with the Wilcoxon-matched pairs 
signed rank test. The Spearman Rank test was used to 
test the correlation between PFT and lung abnormali-
ties at baseline and between variation over time (follow 
up minus baseline) of the PFT and Lung abnormalities. 
A p value < 0.05 was considered to be statistically signifi-
cative. Statistical analysis was performed using TIBCO 
Statistica, v. 13.5.0, TIBCO Software Inc, Palo Alto, CA, 
USA and graphs using GraphPad Prism software version 
9.0.0 for Windows, GraphPad Software, San Diego, Cali-
fornia, USA.

The survival probability based on ILD extent was cal-
culated with Kaplan-Meyer survival analysis and com-
parison between survival curve were performed with 
Log-rank test for trends (graphs performed with the 
Python lifelines survival package version 0.27.3).

Cox regression univariate and multivariate models 
were used to analyze the overall survival concerning ILD 
extension, FVC %pred.val. and demographic parameters 
(Age, gender and smoking status). The variance inflation 
factor (VIF) was used to exclude covariable parameter.

Results
Patients demographics and functional characteristics
A total of 319 patients were evaluated with a mean age of 
68.5 years and a male predominance (83.4%). The median 
(IQR) FVC at baseline was of 80% predicted (68–91) 
whereas DLCO was 11 mmol.min−1.Kpa−1 [9–15](Table 
1).

Fig. 1  Results of Thirona’s AI-based lung quantification platform (LungQ, Thirona, The Netherlands). A visual representation of the pulmonary artery (a) 
and vein (b) phenotyping using LungQ AVX, where darker colors represent larger vessels. (c) and (b) show the AVX analysis with additional overlay of 
interstitial lung abnormalities (ILD) in orange
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ILD analysis and correlation with functional 
characteristics
The median (IQR) lung volume was 3865 ml (3149–4623) 
with a median extent of emphysema of 0.4% (0.07–1.5) 
whereas the median volume of ILDml at lung level was 
640 ml (450–860). The median (IQR) ILD% extent was 
17% (11–25) (Table 1). ILD scores were moderately nega-
tively correlated with both FVC (% predicted) and DLCO 
(mmol.min−1.Kpa−1) (n = 171)(r=−0.47, p < 0.0001 and 
r=−0.55, p < 0.0001 respectively)(Fig. 2).

ILD longitudinal study
Results of longitudinal analysis for participants with 
serial CTs is shown in Table  2. In this cohort we had a 
median (IQR) follow up of 54 (46–61) weeks with a 
median (IQR) FVC decline of −2.3% (−8.6−3.2) predicted 
and an increase in ILD extent of 9.8% (−9.5−40). Base-
line characteristics of this subgroup of patients showed 
that the median FVC was of 80% predicted (68–91). 
The median lung volume was 3964  ml (3259–4664) 
with an extent of emphysema of 0.5% (0.1–1.5) whereas 
ILDml median extent was of 630  ml (480–840). Median 

baseline ILD% score was of 16.5% (10.8–25.5) at baseline 
for a median follow-up quantification of 17.3% (11.6–29), 
with a significant increase (p < 0.001) of 9.8% (−9.5−40.0)
(Table 2).

In order to evaluate the potential value of LungQ 
ILD, we constructed a Kaplan-Meier curve after having 
separated patients in 3 tertiles based on the ILD-extent 
(Annex 1). The 3 tertiles were associated with a median 
(IQR) lesional extent of 9.0% (6.6–11.1); 16.9% (14.8–
19.8) and 31.9% (25.5–45.1) respectively.

Table 1  Parenchymal abnormalities and patient functional 
characteristics

N = 319
TLV, ml 3865 (3149–4623)
Emphysema score,% 0.4 (0.07–1.5)
ILD% score,% 17 (11–25)
ILDml score, ml 640 (450–860)
AVXLV (Large vessels > 2 mm),% 69 (65–74)
AVXLVV (Large veins > 2 mm), % 28 (26–31)
AVXLAV (Large arteries > 2 mm), % 41 (38–45)
FVC, % pred. 80 (68–91)
FVC, L. 2.7 (2.3–3.3)
FEV-1, L. 2.2 (1.9–2.6)
DLCO, mmol.min−1.Kpa−1 11 (9–15)
Data are expressed as median (IQR). TLV Total Lung volume, ILD Interstitial Lung 
Abnormalities, FVC Forced vital capacity, FEV-1 Forced expired volume in 1 
second, PFT pulmonary functional tests

Table 2  Imaging and functional characteristics of the 
longitudinal cohort

BASELINE FOLLOW-UP % change
Lung volume, ml 3964 

(3259–4664)
3818 (2915–
4551)***

−3.7 
(−9.7−2.8)

Emphysema score,% 0.5 (0.1–1.5) 0.5 (0.1–1.4) −3.2 
(−51.8−131.3)

ILD% score,% 16.5 
(10.8–25.5)

17.3 
(11.6–29)***

9.8 
(−9.5−40.0)

ILDml score, ml 630 
(480–840)

660 
(480–1000)**

8.3 
(−11.6−27.1)

AVXLV (Large 
vessels > 2 mm),%

68.7 
(64.7–73.8)

69.3 
(66.4–75.2)**

1.1 (−2.3−6.9)

AVXLVV (Large 
veins > 2 mm), %

27.8 
(25.6–30.6)

28.5 
(26-31.1)

1.5 
(−6.6−11.3)

AVXLAV (Large arter-
ies > 2 mm), %

41.4 
(38.4–44.7)

41.7 
(39-44.9)*

2.4 (−3.8−7.6)

FVC, % pred. 80 (68–91) 76 (63–92)** −2.3 
(−8.6−3.2)

FVC, L. 2.8 (2.3–3.4) 2.7 
(2.1–3.2)****

−3.2 
(−10.5−2.3)

FEV-1, L. 2.3 (1.9–2.7) 2.2 
(1.8–2.6)****

−2.9 
(−10.2−1.5)

DLCO (mmol.min−1.
Kpa−1)°

11.6(8.9–15.1) 11.4 
(8.0-14.1)***

−6.4 
(−17.8−1.3)

Value are represented in median (IQR) for each value (n=143). Data are analysed 
with the Wilcoxon-matched pairs signed rank test for the non-parametric 
variable or with the paired T test for the parametric variables *P<0.05,**P<0.01, 
***P<0.001, ****P<0.0001. °DLCO Number of pairs = 102. The variation is (Follow-
up – Baseline)/Baseline) in %

Fig. 2  Correlation between PFT and ILD%. Panel of correlation curve representing the correlation between FEV-1 and % of ILD in the lungs A); FVC and 
% of ILD in the lungs (B); DLCO and % of ILD in the lungs (C). ILD: Interstitial Lung Abnormalities; FVC: Forced vital capacity; FEV-1: Forced expired volum 
in 1 second; PFT: pulmonary function tests
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Longitudinal analysis : Correlation between ILD 
progression and PFTs
Correlations between CT-based quantification of ILD 
and functional markers were also evaluated. The change 
in total lung volume (ml) was specifically correlated with 
FVC, FEV-1 and DLCO change (in % of the absolute 
value)(r = 0.45, p < 0.0001; r = 0.40, p < 0.0001 and r = 0.27; 
p = 0.0059 respectively. FVC, FEV-1 and DLCO change 
over time were negatively correlated with ILD change in 
extent (r= −0.48, p < 0.0001; r= −0.42, p < 0.0001 and r= 
−0.43, p < 0.0001)(Fig. 3).

Survival analysis based on ILD quantification
We constructed Kaplan-Meier curves for each group of 
patients based on their ILD% extent in Tertiles (Fig.  4). 
The three cohorts compared with the log-rank test 
for trend (lower, medium or upper tertiles) exhibit a 

median survival of 428, 270 and 131 weeks respectively 
(p < 0.0001).

Vascular analysis
The median (IQR) AXVLV was of 69% (65–74) (Table 1).

Correlation between PFTs and pulmonary vascular volume 
distribution
We correlated pulmonary vascular volume distribution 
scores (AVX) with PFTs and found that there was a nega-
tive correlation with FEV-1, FVC and DLCO for each 
parameter arterial and total vascular enlargement (Fig. 5). 
Of high interest, vascular abnormalities were negatively 
correlated with DLCO (r= −0.40; p < 0.0001) in a similar 
extent to the correlation of FVC (r = − 0.32; p < 0.0001).

Fig. 3  Correlation between longitudinal change in PFTs and ILD quantification. Pannel of correlation curve representing the correlation between FEV-1 
and change of TLV (A); FEV-1 and % of ILD change in the lungs (D); FVC and change of TLV (B): FVC and % of ILD change in the lungs (E); DLCO and change 
of TLV (C); DLCO and % of ILD variation in the lungs (F). TLV: Total Lung Volume; ILD: Interstitial Lung Abnormalities; FVC: Forced vital capacity; FEV-1: Forced 
expired volum in 1 s; PFT: pulmonary functional tests
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Longitudinal analysis
  Correlation between Vascular abdnormalities progres-
sion and PFTs.

The correlation between imaging-based quantifica-
tion of vascular enlargement in the lungs and functional 
markers were also evaluated. FVC, FEV-1 and DLCO 
variation over the time were negatively correlated with 
change in vascular metrics (r= −0.34; p < 0.0001, r= −0.32; 
p < 0.0001 and r= −0.32; p = 0.0012) (Annex 2).

Survival analysis based on vascular abnormalities 
quantification
We constructed Kaplan-Meier curves for each group of 
patients based on their vascular enlargement % of total 
vascular volume (Fig.  4; Annex 3). The three cohorts 
(lower, medium or upper tertiles) exhibit a median sur-
vival of 385, 225 and 152 weeks respectively (p < 0.0001)
(Fig. 5).

Univariate and multivariate survival Cox models analysis
Univariate analysis shows that FVC, ILD%, AVX and 
age are predictive of survival, but smoking and gender 
are not predictors when used alone. For the multivari-
ate analysis, a strong collinearity was observed between 
FVC, AVX and Age; and between AVX and ILD%. Two 
models were selected after the exclusion of those covari-
ates. The multivariate analysis (adjusted on demographic 
characteristics) confirmed that ILD% was an independent 
risk factor of mortality. Age, gender and smoking status 
were also as expected independent risk factor of mortal-
ity. Harrel’s C-statistic concordance test showed that in 
the univariate models, the C-statistic was higher for the 

ILD% indicating a better ability to predict survival than 
compared to other parameters (Annex 4).

Cox model for multivariate analysis did not allow to 
identify a significant impact of age, gender and smoking 
status confirming that CT-based markers remained sig-
nificant even after demographic adjustment.

Correlation between ILD quantification and vessels 
enlargement
Thinking beyond the pathophysiological process lead-
ing to vascular abnormalities in IPF, we aimed to corre-
late those to markers with a spearman test (Annex 5). We 
identified a significant correlation between vascular and 
interstital markers (r = 0.61, p < 0.0001)(Annex 6).

Discussion
In our study we evaluated the potential of the AI-based 
lung quantification platform LungQ for quantifica-
tion of both parenchymal and vascular modifications 
in a cohort of IPF patients from the OSIC initiative. We 
showed that automatically quantified interstitial lung 
abnormalities were correlated with physiological values 
and associated with mortality. In addition, pulmonary 
vessel enlargement was correlated with overall mortality 
and alveolo-capillary dysfunction. Taken together, those 
imaging-based markers have the possibility to integrate 
IPF severity and IPF-associated pulmonary hypertension.

In IPF, disease quantification is one of the major chal-
lenges to tackle. Assessing disease severity and change in 
fibrotic lung images over the time through visual scoring 
approach is still difficult even for expert senior radiolo-
gists underlying the need of automatized quantification 
tools [17, 18].

Fig. 4  Survival curve based on the ILD extension. Kaplan-Meier curve for the 3 IPF group based on their ILD extent (A) and Vascular abnormalities (B). 
A The three tertiles are associated with a median (IQR) extension of 9.0% (6.6–11.1); 16.9% (14.8–19.8); 31.9% (25.5–45.1) for the lower, medium and upper 
tertiles respectively. The survival rate was of 428, 270 and 131 weeks respectively. B The three tertiles are associated with a median (IQR) of vascular ab-
normalities of 64.3% (62.6–65.8); 69.5% (68.2–70.1); 76.7% (74.6–80.5) for the lower, medium and upper tertiles respectively. The survival rate was of 385, 
225 and 152 weeks respectively
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LungQ allowed us to specifically address the question 
of ILD quantification. We were able to confirm a signifi-
cant correlation between ILD extent and physiological 
values (FVC, FEV-1, DLCO) at baseline but also over 
the time. Moreover, ILD quantification enabled the pre-
diction of overall mortality by separating patients into 3 
groups based on ILD extent. The use of automatic soft-
ware is of great interest for providing reliable and repro-
ducible evaluation in the specific context of IPF [10, 
19–21]. Previously, Kim et al. have demonstrated that 
quantitative CT analysis in IPF was able to quantify the 
extent of disease severity and assess longitudinal changes, 
with good correlation to lung function [12]. More spe-
cifically, Shi et al. established that baseline HRCT scans 

could be used to predict fibrosis progression at 6 months 
to 1-year follow-ups using artificial intelligence [22]. They 
also hypothesized that the performance of their predic-
tive model could be enhanced by adding further informa-
tion on patients’ demographics and pulmonary function 
tests, which have been proven to be useful in assessing 
IPF prognosis. Moreover, several studies showed that 
quantitative HRCT analysis could predict mortality [11, 
23, 24]. For example, Humphries et al. confirmed the 
potential of predicting transplantation-free survival with 
a HR of 1.2 using a data-driven texture analysis indepen-
dently to PFT [25–27].

Through our study we evaluated the potential of an 
integrated automatic CT based ILD score aiming to 

Fig. 5  Correlation between PFTs and vascular metrics. Panel of correlation curve representing the correlation between PFTs and vascular abdnormalities 
quantification. FEV-1 and % of vascular enlargement in the lungs (A) and specific pulmonary arterial enlargement (D); FVC % of vascular enlargement 
in the lungs (B) and specific pulmonary arterial enlargement (E); DLCO and % of vascular enlargement in the lungs (C) and specific pulmonary arterial 
enlargement (F). FVC: Forced vital capacity; FEV-1: Forced expired volum in 1 s; PFT: pulmonary functional tests
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propose an efficent way for helping clinicians to evaluate 
disease status and predict patients outcome. Todate it is 
still challenging to propose a unique image-based mod-
elization of fibrotic lung changes over time as disease 
behaviour is highly variable even in a unique pathological 
entity like IPF.

The quantification of pulmonary vessels (arteries and 
veins) and associated structures (perivascular fibrosis), 
generally known as vessel-related structures (VRSs), 
which cannot be performed by the human eye, has been 
demonstrated to be strongly correlated with survival in a 
series of IPF patients [28]. Jacob et al. previously showed 
that VRSs was helpful in the prediction of patient out-
come in IPF and also in RA-ILD [21, 29]. However, 
despite those preliminary results the usefulness of vascu-
lar analysis on CT imaging in order to identify patients at 
risk of rapidily progressive IPF is not yet clearly defined. 
Moreover, the occurrence of pulmonary hyperten-
sion due to lung disease can act as a confounding factor 
increasing vascular diameter.

In our study, we identified a significant correlation 
between vascular volume and mortality. AVX quantifi-
cation is physiopathologically in line with the expected 
evolution of IPF as it has already been describe that 
microvascular dilation was potentially due to fibrotic 
traction [30]. In our study we have mainly studied vessels 
>2 mm leading us to hypothesize that those observations 
were more inclined to be the consequence of pulmonary 
hypertension associated with severe chronic lung disease. 
This hypothesis is reinforced through its correlation with 
the severity of ILD. The overall quantification of vascular 
modifications based on HRCT imaging is not possible for 
clinicians in daily workflow. For this specific question we 
also have to disclaim that, even in expert centers, intra- 
and inter-observer variation will be quite high and not 
acceptable for clinical use. The identification of pulmo-
nary hypertension is, since we now have potential thera-
peutic options [14], of major interest in order to include 
this parameter in patient management. While our study 
identified a correlation between vascular volume and 
both ILD severity and mortality, this finding should not 
be overinterpreted as direct evidence of PH. Vascular 
enlargement alone is not diagnostic of PH, as definitive 
diagnosis requires right heart catheterization.

These findings contribute to a growing awareness of the 
potential of artificial intelligence techniques. Similarly, 
the LungQ AVX is a unique measure that combines ILD 
quantification and pulmonary vascular architecture anal-
ysis. Previous research have shown that automated pul-
monary vasculature assessment is crucial for determining 
disease severity in IPF patients [20, 28, 31] and associate 
with worse patient outcome. Recently, Thillai et al. iden-
tified the high potential of a deep-learning approach to 

predict disease progression and mortality in IPF with a 
high predictive value [32].

A major strength of our study is the usability of the 
LungQ AVX through its automatization by-avoiding the 
need for contrast enhanced imaging for vascular evalu-
ation in order to apply disease quantification and help 
in the prediction of patient outcome as a companion 
tool for clinicians. We found significant correlation with 
PFT but also a strong relationship with patient outcome 
(mainly decreased pulmonary function and mortality). 
One other interesting point is that we used a multi-center 
dataset which suggests the potential of this technique for 
use in the clinic and also in clinical trials.

Our study has several limitations, the most notable 
being its retrospective design, as opposed to a prospec-
tive clinical trial. Additionally, there was a slight male-to-
female imbalance that was higher than typically observed 
in IPF cohorts. Nevertheless its multicentric nature is 
also a strength as CTs were carried out on multiple scan-
ners in multiple centers without specific gating strategy. 
The collinearity of the parameters did not permit a mul-
tivariate analysis to assess the relative performance of 
FVC, AVX and ILD% for predicting survival. Of note, 
including all metrics in a sole model and particularly 
demographics did not improve the model. Additionally 
we did not have access to an independent population to 
further validate the metrics, suggesting a need for further 
prospective multicentric validation.

Conclusions
In conclusion, we confirm the potential of LungQ AVX as 
an AI-based ILD quantification software for IPF patients 
in a large multicentric cohort. We also identified a poten-
tial benefit of vascular quantification in IPF as a marker 
for the prediction of overall mortality, paving the way 
of new surrogate markers of pulmonary hypertension 
in ILD. However, this association remains speculative in 
the absence of direct clinical or hemodynamic confirma-
tion of pulmonary hypertension and should therefore be 
interpreted with caution. A dedicated study would be 
required to explore this relationship more conclusively. 
The potential of those reliable imaging-based metrics 
open new perspectives for ongoing or future clinical 
trials.
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