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Computer-Aided quantitative analysis in interstitial lung
diseases - A pictorial review using CALIPER
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ABSTRACT

interstitial lung disease.

quantitative computed tomography analysis

Computer-based quantitative computed tomography analysis has a growing role in the clinical evaluation,
prognosis, and longitudinal management of diffuse parenchymal diseases. It provides improved characterization
and quantification of disease. The pulmonary vessel-related structure score is a purely computer-based parameter
that cannot be evaluated by the human eye and allows us to prognosticate outcomes in patients with fibrosing
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INTRODUCTION

Quantitative computed tomography (CT) analysis (QA) is
a rapidly growing field of computer-aided quantification
that involves extracting, analyzing, and interpreting
quantitative data from images that aid in disease diagnosis
and prognosis.l'! Most quantitative tools use volumetric
datasets. Quantitative analyses range from simple
threshold measurements to texture metrics or complex
spatiotemporal constructs. There are several quantitative
texture analysis tools, Computer-Aided Lung Informatics
for Pathology Evaluation and Rating (CALIPER), being
one among them (CALIPER, developed at the Biomedical
Imaging Resource, Mayo Clinic, Rochester, MN, USA).

Computer-based quantitative CT evaluation has greater
precision than visual scoring in the estimation of extent
of diffuse parenchymal diseases.” The quantitative CT
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measures of disease severity in patients with idiopathic
pulmonary fibrosis (IPF) help to identify increased mortality
risk.®! The pulmonary vessel-related structure (PVRS) score
not only predominantly quantifies pulmonary arteries
and veins but also captures connected tubular structures,
mainly representing adjoining regions of fibrosis. This is a
purely computer-based parameter that cannot be evaluated
by the human eye and allows us to prognosticate outcomes
in patients with IPF and has outperformed the current gold
standard measure, forced vital capacity (FVC) decline in a
cohort of IPF patients to study drug trial design.*

BACKGROUND

One of the first CAD systems for QA was developed as far back
as 2011 in patients with scleroderma. The study classified
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CT pixels with a visual semi-quantitative pulmonary
fibrosis score in patients with scleroderma-related
interstitial lung disease (ILD) and showed good accuracy.

Bartholmai et al. in 2013 first published a paper describing
the use of CALIPER in ILDs.) Over the next 7 years,
multiple studies®®”! followed that validated the use of
CALIPER in diffuse lung diseases, from correlation with
functional indices, to predicting outcomes and mortality
and to finally coming up with specific features and cutoff
numbers that help with outcome management in clinical
practice.

TECHNIQUE

An end-inspiratory scan is a prerequisite. The volume has
to be of 1 mm or thinner slices at 0.5 mm intervals with a
reconstruction algorithm that is not too sharp (e.g., <B70
on a Siemens scanner but not B80). This volume is then
sent to the lung texture analysis (LTA) tool of the CALIPER
software.

The lung is extracted from the surrounding thoracic
structures and segmented into upper, middle, and lower
lobes after removal of the central airways.

15 X 15 X 15 voxel sizes are then assigned to parenchymal
tissue classification of normal, ground-glass, reticular,
honeycombing, and low-attenuation area (LAA). The
LAAs can be further quantified into three grades, 2
and 3 corresponding to emphysema. These can all be
individually calculated per lobe as well, and a fibrosis
score is then generated®® [Figure 1].

This is done using supervised and unsupervised machine
learning to train the algorithm, which has been successfully
validated in multiple scenarios and in multiple papers.™"
CALIPER does not include quantification of consolidation
or traction bronchiectasis.® The initial papers stressed the
use of glyphs for stratification [Figure 2], which offer visual
interpretation and representation of results;®! however,
these are no longer used.

INDICATIONS

Function

CT scan of the chest is commonly indicated in routine
clinical practice in all patients suspected to have an
interstitial lung disease, primarily to establish a baseline
diagnosis, and to routinely follow up progression/
stability of disease. In a series of transplant recipient
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Figure 1: Computer-aided lung informatics for pathology evaluation and rating computation. This composite image shows how 15 cm x 15 mm
voxels are assigned one of the following categories: normal, ground-glass, reticular, honeycombing, or low-attenuation area and color-coded

accordingly. Courtesy: Imbio, LLC — www.imbio.com
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Figure 2: Glyphs of different types of interstitial lung diseases. The idiopathic pulmonary fibrosis glyph. (a) Predominant peripheral reticular
opacities, while the inflammatory hypersensitivity pneumonitis glyph. (b) Predominant ground glass, while the chronic hypersensitivity pneumonitis

glyph. (c) Central and peripheral reticular opacities and ground glass

patients, Matsumoto et al. showed that CT-based total
lung capacity (TLC) is as good as TLC measured by
plethysmography (TLC ;) and can replace the need for
TLC,,,, quite easily, particularly in transplant patients with
severe pulmonary fibrosis,!" without additional radiation
exposure to the patient and additional cost. TLC measured
by plethysmography, on the other hand, is time-consuming

and adds additional cost to the patient.!"

Ungprasert et al.'"! in their study on 110 patients with
inflammatory myopathies also showed that CALIPER can
supplement the current use of PFT measurements and
could be useful in instances where accuracy of PFT is
limited, such as patients with pulmonary hypertension
and emphysema. Another advantage of CALIPER
measurements of PFT is that it can provide regional
changes, in contrast to PFTs where only global pulmonary
function can be measured. The accuracy of PFT is effort
dependent which is limited by patient cooperation in
some cases.!!"

Idiopathic pulmonary fibrosis

The accurate assessment of prognosis and survival
predictability of patients with IPF is difficult visually
due to interobserver and intraobserver variability. Various
studies have demonstrated the usefulness and superiority
of CALIPER-based fibrosis scoring over visual scoring and
functional parameters.®

Romei et al. have provided cutoff values on baseline
scans; a fibrosis score of >20% has a worse prognosis
than a fibrosis score of <20% at baseline scan. Similarly,
a PVRS >5% is worse than PVRS <5%!*? [Figure 3].
Sverzellati et al. have recently shown that a 10% change
in FVC and >20% change in fibrosis score at 1 year mark
the worst outcome. At year 2, >20% change in PVRS
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was the best predictor of outcome!*® [Figure 4]. These
quantitative CT variables in IPF fare better than the GAP
score for predicting mortality.!”4

In clinical trials, CALIPER can reduce the sample size
by 26%, thus saving time, energy, and money.! It has
also been found useful in patients with CPFE!"®! and in
differentiating IPF and NSIP patients.!*®!

Unclassifiable interstitial lung diseases

In a cohort of patients with unclassifiable fibrosing
ILD, Jacobs et al. found that at baseline, the composite
physiologic index, traction bronchiectasis, and Main
pulmonary artery (MPA) size were important predictive
parameters, while longitudinal change in fibrosis score
with CALIPER was the best predictor of outcomes,
especially when the change in FVC was marginal.['”!

Chronic fibrotic hypersensitivity pneumonitis

Chronic hypersensitivity pneumonitis has variable clinical
outcomes. Traditionally, individual CT parenchymal
patterns such as honeycombing and traction bronchiectasis
have been associated with worse outcomes.!*®! Of all
the scores, PVRS is most significantly associated with
the restrictive functional indices,!'” a PVRS of >6.5%
identifying patients with a mean survival of 35.3 * 6.1
months, and a rate of disease progression, similar to those
with IPF®2 [Figures 5 and 6].

Connective tissue diseases

Just like with IPF patients, CALIPER-based parameters are
better than traditional functional parameters for assessing
outcome and mortality in connective tissue disease-ILD
patients, the PVRS being the single most reliable variable
that predicts outcomes.*"
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Figure 3: (a-c) Idiopathic pulmonary fibrosis. A 70-year-old man. Axial (a) and sagittal (b) computed tomography scan images show a typical
usual interstitial pneumonia pattern, with subpleural basal predominant honeycombing (arrows). The clinical diagnosis was highly suggestive
of idiopathic pulmonary fibrosis. The Computer-Aided Lung Informatics for Pathology Evaluation and Rating analysis (c) shows the pattern of
involvement in the glyphs and the extent of involvement. The total lung involvement is 15% with a pulmonary vessel-related structure score of 5.03%
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Figure 4: (a-d) Idiopathic pulmonary fibrosis. Axial computed tomography scan (a) of August 2018 shows subpleural basal predominant reticular
opacities (arrow), consistent with probable UIP pattern, diagnosed as idiopathic pulmonary fibrosis. Computer-aided lung informatics for pathology
evaluation and rating analysis (b) done shows 11% total lung involvement with a pulmonary vessel-related structure score of 4.6%. A repeat axial
computed tomography. (c) After 18 months in February 2020 shows visual progression with progression on the Computer-Aided Lung Informatics for
Pathology Evaluation and Rating analysis. (d) As well with a total lung involvement of 22% and pulmonary vessel-related structure score of 6.1%. This
means a 100% increase in lung involvement and a 32.5% increase in the pulmonary vessel-related structure score, both of which imply poor prognosis

A recent study using CALIPER on 66 scleroderma patients OTHER METHODS
demonstrated a negative linear relationship between
reticular opacities and lung function and showed that
ground glass was the main radiological finding predicting
worsening of pulmonary function at 1 year. A value of the
ground glass =4.5% was predictive of DLCO worsening of
10% at 1 year!??! [Figure 7]. on HRCT and provides an IPF severity index that correlates

Among the other techniques used for quantitative analysis
is DTA-data-driven texture analysis, which is a machine
learning method, that allows lung fibrosis quantification

well with lung function. 242!
In rtheumatoid arthritis-related ILD (RA-ILD), Jacob et al.
showed that a PVRS score of >4.4% predicted outcomes

Other quantitative CT methods of mean lung attenuation,
similar to IPF®% [Figure 8].

kurtosis, and skewness have been used to quantify and
. o (26) .

In inflammatory myopathies, the fibrosis percentage follow up fibrosis in IPE"! Various other homegrown

determined using CALIPER correlate with PFT  software have been used from time to time for fibrosis

measurements.!!! quantification and prognostication.*”1
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Figure 5: (a-c) Chronic hypersensitivity pneumonitis. A 57-year-old man. Axial (a) and coronal. (b) Computed tomography scan images show
ground-glass attenuation with reticular opacities and axial distribution, findings consistent with the clinical impression of chronic hypersensitivity
pneumonitis. The Computer-Aided Lung Informatics for Pathology Evaluation and Rating analysis (c) shows total lung involvement of 39% with
ground glass of 27% and a pulmonary vessel-related structure score of 5.2%
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Figure 6: (a-f) Chronic hypersensitivity pneumonitis. Computed tomography images show ground glass (arrows in a) with bronchocentric fibrosis
(arrows in b) in October 2017. The retrospective Computer-Aided Lung Informatics for Pathology Evaluation and Rating analysis (c) shows 29%
lung involvement with ground glass of 25% and fibrosis of 4% and pulmonary vessel-related structure score of 3.46%. In February 2020, computed
tomography images show progression of fibrosis with honeycombing (arrows in d) and upper lobe predominance (arrows in ). Computer-aided lung
informatics for pathology evaluation and rating (f) shows lung volumes reduced from 2.2 L to 1.7 L with progression of fibrosis to 6% and reduction
in ground glass to 18%. The total fibrosis has increased by 75%. The pulmonary vessel-related structure score is 4.85% showing 40% progression

LIMITATIONS AND CHALLENGES

Kloth et al. used a texture analysis-based software (Siemens)
where VOIs had to be selected to monitor lung

involvement in scleroderma patients going for stem cell
transplantation.!*

The adaptive multiple feature method (AMFM) LTA
software, used by the [PFnet group, showed that the AMFM
scores correlated with the visual assessment of expert
radiologists and the hazard of disease progression with a
change in scores on follow-up correlating with change in
pulmonary function.®

Lung India * Volume 38 ¢ Issue 2 * March-April 2021

Although quantitative CT analysis of diffuse lung diseases
is a promising tool in the era of machine learning and
artificial intelligence, there are certain limitations in its
interpretation and practical implementations.

Foremost is the use of standardized imaging protocols
such as reconstruction kernel, section thickness, and dose
for accurate and comparable quantitative analysis.!***
A good inspiratory image must be obtained as poor
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Figure 7: (a-c) Scleroderma interstitial lung disease. A 41-year-old woman with recently diagnosed scleroderma. The axial computed tomography
scans (a, b) show a pattern consistent with a fibrotic nonspecific interstitial pneumonia pattern, which is consistent with scleroderma interstitial
lung disease. The total involvement is 38% with a predominant ground glass of 26% and a pulmonary vessel-related structure score of 5.76%
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Figure 8: (a-d) A 51-year-old woman with RA on follow-up. Axial computed tomography of June 2019 (a) shows a mixed OP-NSIP pattern
(arrows). Retrospective Computer-Aided Lung Informatics for Pathology Evaluation and Rating analysis (b) shows total lung involvement of 22%,
7% ground glass, 15% reticular opacities. Her pulmonary vessel-related structure score was 5.24%. A follow-up scan in February 2020 shows
regression of the ground glass and some reticular opacities (arrows in c), representing the component that responded to treatment. The residual
interstitial lung disease is now 14% of the total lung involvement (d), representing the fibrotic component with some residual inflammation. The

pulmonary vessel-related structure score reduced to 4.03%

inspiratory effort can lead to changes in attenuation and
lung volumes, thus resulting in misinterpretation as
disease progression.!**34

Similarly, inadequate lung inflation may lead to
underestimation of emphysema.¥! Poor correlations
were obtained between CALIPER emphysema extent and
functional indices (K )./

Another pitfall is inadequate extraction in the setting of
anatomic variations such as patulous esophagus, hiatus
hernia, or colonic interposition, where region growing
may include nonlung structures."! A minor contamination
of PVV by reticulation has been observed in cases with
severe fibrosis, which, though considered a limitation, is
likely why the score is able to predict disease change and
mortality.

166

We recognize these shortcomings of an automated software
which increases the complexity in routine clinical practice.
Currently, the main potential application of quantitative
CT analysis is in clinical trials to stratify patients by disease
severity and as a longitudinal predictor of early mortality.
Their validation would require that serial quantitative
analysis predicts mortality more accurately than serial
FVC.B4

CONCLUSION

Although technical features of image acquisition and
reconstruction are important to obtain quantitative
analysis, CALIPER has been successfully used to predict
survival and future physiological change in a variety of
fibrotic lung diseases.*¥ CALIPER-derived PVRS provides

Lung India * Volume 38 * Issue 2 * March-April 2021



Jankharia and Angirish: Computer Aided Quantitative Analysis in Interstitial Lung Diseases — A Pictorial Review Using CALIPER

better prognostication in various fibrotic ILDs over visual
and functional parameters.!6:1*2334
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