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Interstitial lung disease

I I |

Known cause or association: Granulomatous: . Other forms, e.g.:
* Connective tissue diseases Idiopathic interstitial * Sarcoidosis 20 A) . Lymphang.imeio_
* QOccupational causes * Hypersensitivity pneumonitis myomatosis

* Histiocytosis X

pneumonias

* Drug side-effects * Infections
Non-familial Familial
(> 80%) . (2-20%)
~5-10%
Major Unclassifiable Rare
|
<1%
Idiopathic Idiopathic
pleuroparenchymal lymphocytic
Chronic fibrosing Smoking related Acute and subacute fibroelastosis interstitial pneumonia

~50% | ~5%

Idiopathic pulmonary Desquamative Cryptogenic
fibrosis interstitial pneumonia organising pneumonia

~25% ~109 <2%
Non-specific Respiratory Acute interstitial
interstitial pneumonia bronchiolitis-ILD pneumonia

An official American Thoracic Society/European Respiratory Society statement: update of the international multidisciplinary classi fi cation
of the idiopathic interstitial pneumonias. Am J Respir Crit Care Med 2013; 188 : 733 — 748.
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e >200 recognized diffuse

interstitial lung diseases

Science? Philosophy ?

e 710 pathological patterns

¢ V5-6 HRCT manifestations
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Idiopathic Pulmonary Fibrosis (an Update) and Progressive

Pulmonary Fibrosis in Adults
An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline

Alternative Diagnosis I
Probable UIP uUiP Findings suggestive of another Indeterminate for UIP
I diagnosis, including: I
® CT features: .
Level of con Subpleural and basal Subpleural an © Cysts Le Subpleural and basal predominant
for UP hist " »redominant; redominar ~  Marked mosaic ' . . ,
Distribution distribution is oft At P attenuation « | Subtle reticulation; may have mild
Istribution Is orten often heterc © Predominant GGO «  GGO or distortion (“early UIP
heterogeneous bosis) © Profuse micronodules | " Y
R © Centrilobular nodules ol pattern”)
eticular pattern with peripheral Honeycombin o Nodules P
traction bronchiectasis or peripheral ff  Coreendaton .4 CT features and/or distribution of
bronchiolectasi . . IR lung fibrosis that do not suggest
roncniociectasis bronchiecta ® Predominant distribution: . . “
. bronchicled © Peribronchovascular any 5Pe'7:'ﬁc etiology (“truly
CT features | May have mild GGO © Perilymphatic .1 indeterminate”)
© Upper or mid-lung |
bronchiolectasis bronchiolectasis e Other: o Mosaic attenuation or three—aensity sign
» Presence of irregular thickening o May have mild ( o Pleural plaques (consider (consider HP)
of interlobular septa » Absence of subj asbesto%is(}q o Predominant GGO (consider HP, smoking-
» Usually superimposed with a sparing ° Dilated esophagus related disease, drug toxicity, and acute
reticular pattern, mild GGO (consider CTD) exacerbation of fibrosis)
+ May have pulmonary ossification © Distal clavicular erosions o Profuse centrilobular micronodules (consider
(consider RA) HP or smoking-related disease)
© Extensive lymph node o Nodules (consider sarcoidosis)
enlargement (consider = Consolidation (consider organizing pneumonia,
other etiologies) etc.)
© Pleural effusions, pleural o Mediastinal findings
thickening (consider o Pleural plaques (consider asbestosis)
CTD/drugs) o Dilated esophagus (consider CTD)

Raghu G et al. AJRCCM 2022; 205:e18-e47



IPF on the basis of HRCT and biopsy patterns

IPF suspected®

Histopathology patternt

Mon-IPF dx

MNon-IPF dx

HRCT pattern

Indeterminate® Non-IPF dx

IPF suspected*

Indeterminate’ Non-IPF dx Non-IPF dx

Histopathology pattern

Indeterminate for Alternative
R uIP diagnosis

smaller biopsy siz
the following feat
bronchiectasis ant
in two or more lot
increased neutrop
IPF. § Indetermir

uip

IPF Non-IPF dx then any of
on

Probable UIP

Indeterminate

Alternative
diagnosis

IPF (Likely)**

/non-IPF dx

IPF (Likely)** Non-IPF dx inchiectasis

70 yr, 3)
IPF (Likely)*™ Indeterminate™* Non-IPF dx | diagnosis of

Non-IPF dx Non-IPF dx Non-IPF dx

Raghu G et al. AJRCCM 2022; 205:e18-e47







Partial volume effect: Intra-voxel average
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Interstitial Alveolus
fibroblast

Endothelial
cell

Alveolar — —
veellesl Interstitium — w
Alveolar Caplllaw Bed'f =

type | cell

Interstitial compartment is the portion of the
lung sandwiched between the epithelial
Macrophage and endothelial basement membrane

Capillary
lumen



ground-glass opacity
can be an interstitial process!

perfusion



rouna-gic DPACITY VS. CC

(underlined vessels + vs. -)







Is there GGO?




The Influence of Expiratory phase




Is there ILA? (interstitial lung abnormality)
Is it NSIP? indeterminate UIP?




Effect of gravity

Why some centers prefer Prone HRCT routinely
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Post-scope Atelectasis
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Mosaic perfusion due to small airway disease
Constrictive bronchiolitis = bronchiolitis obliterans

Inspiratory expiratory

CASE A.
FEV1=
50% pred

CASE B.
FEV1 =
20% pred

A p
e AJR Lancet 1996



Correlation of High-Resolution
CT and Pulmonary Function in
Bronchiolitis Obliterans: A Study
Based on 24 Patients Associated with
Consumption of Sauropus Androgynus

TABLE 2 Spearman Rank Correlation of Pulmonary Function Testing and Scores
Given to High-Resolution CT Findings

Score FEV, FvC Dleg

'Br()v\.ch:;yl dilatation [ 04" | 0.31 | Ab_i4

Extent of bronchiectasis 0.42° 0.29 0.29

Extent of air-trapping 0.73" 0.48° 0.43°
Dynamic attenuation 0.85° 0Nt 0.66° THE LANCET
—

Outbreak of bronchiolitis obliterans associated with consumption
of Sauropus androgynus in Taiwan

278 Pt with SABO, 8 lung transplants

AJR Lancet 1996; 348:83-85
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6 Patterns

e Ground Glass
« Mosaic
« Honeycomb
« Reticulation
« Traction bronchiectasis
 Distribution



Traction bronchiectasis

Infectious
bronchiectasis

Traction is a surrogate marker of the burden of fibroblastic foci in the
adjacent lung parenchyma which is a known indicator of poor prognosis



Traction bronchiectasis:
Central vs. peripheral

 False positive identification
-honeycombing
-dilated bronchi within OP/DAD
-conspicuous, but not dilated
bronchi within GGO

-False negative
-Within honeycombing (advanced)

Kappas =0.58-0.69




Traction -Repair Injury Hypothesis
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T10A Lung Lobules 10B Honeycomb Transformation

Arch Pathol Lab Med—Vol 136, June 2012

A, the structural relationships between the
superficial and deep lung lobules are
important in the mechanics of lung
ventilation

B, shear forces in the peripheral lung lead
to tears in the epithelium, followed by
prolonged fibroblastic repair.

The alveoli (al) in the involved lobules (A)
become obliterated in scar, and the terminal
ends of the respiratory bronchioles and
alveolar ducts expand to form (B) aggregations
of mucous-filled cysts (C)
» Microscopic honeycombing cyst:
Lining: airway respiratory mucosa;
Walls: smooth muscle of the terminal airway
» Continued respiratory motion caused
progressive dilatation of residual respiratory
bronchioles... years...
* Grossly, CT honeycombing



Traction bronchiectasis to Honeycombing

Honeycombing: bronchiolar dilatation/flap valve formation

Jeffrey R. Galvin AIRP




From “traction bronchiectasis” to
honeycombing in idiopathic pulmonary
fibrosis: A spectrum of bronchiolar
remodeling also in radiology?

Sara Piciucchi’”, Sara Tc:massc*tti:, Claudia Ravaglia:, Christian Guricli®, Carlo Gurio i3, Alessandra [
Angelo Carloni’, Marco Chilosi®, Thomas V Colby® and Venerina Poletti®’

« TXB in IPF is better interpreted as
resulting from bronchiolar
proliferation rather than from
pure mechanical traction of a single
airway by scarring tissue.

UIP

« TXB and honeycombing is a unique
and continuous process of
bronchiolar dysplastic
proliferation and to interpret
accordingly the HRCT features.

Piciucchi et al. BMC Pulmonary Medicine (2016) 16:87
DOI 10.1186/s12890-016-0245-x



Right-Angled Traction Bronchiectasis in Differentiating Idiopathic
Pulmonary Fibrosis Without Honeycombing From Idiopathic
Nonspecific Interstitial Pneumonia

mIP: 20 mm slab/5 mm increment
90 degree between the proximal and
distal bronchus (usu. parallel to
pleura) in the background of fibrosis
The mean kappa value for 90°-TxB
was 0.49 + 0.19

68 YOM. A.B heterogenous reticulation, GGO and bronchovascular involvement =>

alternative dx. C. mIP 90°-TxB. Patho. = UIP
Jin Mo Goo, SNU,H, Invest Radiol 2020;55: 387 — 395)
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Interstitial lung disease

I I |

Known cause or association: Granulomatous: . Other forms, e.g.:
* Connective tissue diseases Idiopathic interstitial * Sarcoidosis 20 A) . Lymphang.imeio_
* QOccupational causes * Hypersensitivity pneumonitis myomatosis

* Histiocytosis X

pneumonias

* Drug side-effects * Infections
Non-familial Familial
(> 80%) . (2-20%)
~5-10%
Major Unclassifiable Rare
|
<1%
Idiopathic Idiopathic
pleuroparenchymal lymphocytic
Chronic fibrosing Smoking related Acute and subacute fibroelastosis interstitial pneumonia

~50% | ~5%

Idiopathic pulmonary Desquamative Cryptogenic
fibrosis interstitial pneumonia organising pneumonia

~25% ~109 <2%
Non-specific Respiratory Acute interstitial
interstitial pneumonia bronchiolitis-ILD pneumonia

An official American Thoracic Society/European Respiratory Society statement: update of the international multidisciplinary classi fi cation
of the idiopathic interstitial pneumonias. Am J Respir Crit Care Med 2013; 188 : 733 — 748.
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Fibrosing Alveolitis = UIP

Legacy of Excellence

THE ARMED FORCES INSTITUTE OF PATHOLOGY, 1862-2011

AMERICAN INSTITUTE FOR
RADIOLOGIC PATHOLOGY

A PROGRAM OF THE
AMERICAN COLLEGE OF RADIOLOGY
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Diagnostic algorithm for
idiopathic pulmonary fibrosis (IPF)

[ Patient suspected of having IPF J
[ Potential cause/associated condition )
No Yes
1
Y No ( Confirmation of specific
( Chest HRCT pattern J diagnosis (including with HRCT)
| \.
| l Yes ‘
UIP or Indeterminate for UIP or [ uIp ] [ Chest HRCT pattern ]- e
probable UIP* alternate diagnosis 3 I '
| | probable UIP,
indeterminate,
MDD ) alloﬂ'\auvo dwgrl\oscs
‘ ( MDD

1- * _______ # - —'— - -
( BAL' + TBLC } —[ SLB j - ]» Surgical lung |* |

C MDD ) B

TETTTTTTrwewet

i
IPE ( Alternative diagnosis j

TBLC: transbronchial lung cryobiopsy SLB: surgical lung bx
Raghu G et al. AJRCCM 2022; 205:e18-e47



Multicentre evaluation of multidisciplinary team meeting
agreement on diagnosis in diffuse parenchymal lung disease:
a case-cohort study SLF Walsh et al Lancet Respir Med 2016; 4: 557

« 70 cases of ILD from Royal Brompton
« 7 MDT across Euro

% of 15t choice clinicians (kw)  Radiologists (kw) Pathologists (kw) MDTM (kw)

Idiopathic pulmonary 0-72 (0-67-0-76)  0-60(0-46-0-66) 058 (0-45-0-66)  0-71(0-64-0-77)
fibrosis 18%

Connective tissue 3004 0-76 (0-70-0-78)  0-17(0-08-0-31)  0-21(0-06-0-36) 073 (0-68-0-78)
disease-related

interstitial lung disease

Non-specific interstitial 0-31(0-27-0-41) 0-32(0-26-0-41) 0-30 (0-00-0-53) 0-42 (0-37-0-49)

pneumonia 9%
Hypersensitivity 9 0-42 (0-30-0-47) 035(0-29-0-43) 026 (0-10-0-45)  0-29 (0-24-0-40)
pneumonitis 0

Data are median (IQR). MDTM=multidisciplinary team meeting.

Table 4: Weighted kappa values (kw) for estimation of diagnostic likelihood for individual diagnoses of
diffuse parenchymal lung disease
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PF-ILD: Progressive fibrosis ILD
PFP-ILD: Progressive fibrosis phenotype ILD

Design by Wu Ming-Ting

**0One-third of non-IPF ILD patients are at risk of developing a progressive fibrosing phenotype
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ILD (PPF%) other than IPF

[ Interstitial Lung Diseases (ILDs) other than Idiopathic Pulmonary Fibrosis (IPF) ]

[ P J [ Autoimmune-ILDs ] [ Exposure related } [ ILDir:slrazf;iii:;wm] [ Sarcoidosis J
iNSIP COP RA HP LCH
. I -~ o I -~ - 1 o - . ) ) : .
— y . - y ( Occupational | t Lympho-

iPPFE iLIP SSe + Asbestosis pn:!:;ifepmthre
. . J \. : J . . o * Silicosis - I
p . ~ - \ ' M *  Coal miner " )

iDIP AlP MCTD = Berylliosis PAP
. . : S : : / .+ And m.'lan}r others | : : :
i . [ )

AFOP | | Myositis' Medication LAM
\‘—r_"} | I ol N - e -
- 1 "y - B - I s I ™
Unclassifiable [Easinﬂphilic*] Sjogrens Radiation Others
" A - 1 -~ " ~ - -

Vasculitis it drugs
: : N - ]
| SLE | Post Infectious Progressive pulmonary fibrosis%
1 b 1 Y
' ™ - ™
Others REBILD
LN y e -

Raghu G et al. AJRCCM 2022; 205:e18-e47



Progressive Pulmonary Fibrosis
(PPF, PF-ILD)

Definition of PPF

In a patient with ILD of known or unknown etiology other than IPF who has radiological
evidence of pulmonary fibrosis, PPF is defined as at least two of the following three
criteria occurring within the past year with no alternative explanation™:

1 Worsening respiratory symptoms

2 Physiological evidence of disease progression (either of the following):
a. Absolute decline in FVC =5% predicted within 1 yr of follow-up
b. Absolute decline in DLeg (corrected for Hb) =10% predicted within 1 yr of follow-up

3 Radiological evidence of disease progression (one or more of the following):
a. Increased extent or severity of traction bronchiectasis and bronchiolectasis
b. New ground-glass opacity with traction bronchiectasis
c. New fine reticulation
d. Increased extent or increased coarseness of reticular abnormality
e. New or increased honeycombing
f. Increased lobar volume loss

Raghu G et al. AJRCCM 2022; 205:e18-e47
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that may likely be associated with
a progressive fibrosing phenotype

ILD

i

Rheumatoid arthritis
ILD

v v

Sarcoidosis# Other ILDs

Sjogren’s syndrome
ILD

Systemic lupus
erythematous |LD

Polymyasitis and
dermatomyositis LD

Mixed connective
tissue disease ILD

Systemic sclerosis
ILD

Idiopathic pulmonary
fibrosis Interstitial -
pneumonia with —
autoimmune
Idiopathic nonspecific featuresf N
interstitial pneumonia
Fileslplira-tmry N |y
branchiolitis-interstitial g
lung diseasa Idiopathic lymphoid
— interstitiql Ly
Desguamative pneumonia
interstitial pneumonia ]
Idiopathic
- pleuroparenchymal ™
Cryptogenic organising | fibroelastosis
pneumania
_’
, N Unclassifiable IIPs
Acute interstitial
pneumonia —
—

Other connective
tissue disease |LDs

s Lymphangiocleiomyomatosis

» Langerhans’ cell histiocytosis

* Drug-associated [LD

* |ILDs related to other occupational
exposures*

= Vasculitis/granulomatosis ILDs

® Other rare ILDs

within a 24-month period
A decline of >10% in FVC
or
A decline of >15% in Dlco
or

Worsening symptoms or
HCRT & decline of 5-10% FVC

FIGURE 1 Types of interstitial lung disease [ILD] most likely to have a progressive-fibrosing phenotype (indicated in bold). IIPs: idiopathic
interstitial pneumonias. *: stage IV sarcoidosis only; T: not an established clinical diagnosis; *: e.g. asbestosis, silicosis.

1. ATS/ERS. Am ] Respir Crit Care Med 2002;165:277-304; 2. Travis WD et al. Am ] Respir Crit Care Med 2013;188:733-48; 3. Fischer A et al. Eur Respir ] 2015;46.976-87



Treatment and Monitoring

Diagnosis of
IPF

Time
' ™ P ~
TREATMENT CONSIDERATIONS MONITOR FOR DISEASE PROGRESSION
PHARMACOLOGICAL Consider pulmonary function testing and
* Nintedanib the 6-minute-walk test every 4-6 months or
* Pirfenidone sooner if clinically indicated
NONPHABMACOLOGICAL Consider annual HRCT if there is clinical
* Oxygen supplementation suspicion of worsening or risk of lung cancer
(if hypoxemic)

®* Pulmonary rehabilitation

Consider an HRCT if there is concern for an
acute exacerbation

COMORBIDITIES
* Pulmonary hypertension
* Gastroesophageal reflux
* Obstructive sleep apnea
* Lung cancer

SYMPTOM CONTROL
* Palliative care

If increased risk of mortality, evaluate
far lung transplantation at diagnosis

b oy

v

Consider a CT pulmonary angiogram if there
is a clinical concern for pulmonary embolism

ACUTE EXACERBATION
Corticosteroids

RESPIRATORY FAILURE DUETO
PROGRESSION OF IPF

< /

Ewvaluate and
list for lung

transplantation

Palliative care

N

Patients should be made aware of available clinical trials for possible enrollment at all stages

Raghu G et al. AJRCCM 2022; 205:e18-e47



Fibrotic idiopathic interstitial pneumonias: HRCT findings
that predict mortality

Traction Bronchiectasis
b | =

Gfade , grade I,
mild moderate
(peripheral) (central)
grade I1l, Gfade l,
severe mild

(both) (peripheral)

Poor Prognosis: Traction Bronchiectasis, corrected for extent socre, regardless of the background
on reticulation or honeycomb

Edey AJ, et al Eur Radiol. 2011;21:1586-93.



Serial CT analysis in idiopathic pulmonary fibrosis:
comparison of visual features that determine
patient outcome

ATraction Bronchiectasis

A: 50 YOM, antifibrotic (-) 6 M apart

FVC decline: >10% /yr,

TxBx change: markedly worsened (score=5)
Score 1=markedly improved, 2=slightly improved,

3=no change, 4=slightly worsened and 5=markedly
worsened.

B: 62 YOM, antifibrotic (+)_13 M apart.
FVC decline 5.0% - 9.9%,
TxBx change: mildly worsened (score=4).

C: 77 YOM, antifibrotic (-) 15 M apart,
TxBx change: Score=3, stable)
FVC decline (—5.0% to 4.9%)

stable. Parenchymal changes visible on the
CT may reflect disease maturation rather than
disease progression.

Jacob J, et al. Thorax 2020;75:648—-654.



Visual and Automated CT

Measurements of Lung Volume
Loss in ldiopathic Pulmonary

Fibrosis

Lung Volume

Robbie H, Jacob J, Walsh S et al. AJR 2019; 213:318-324
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Prognosticating Outcomes in Interstitial Lung Disease by Mediastinal Lymph Node
Assessment: An Observational Cohort Study with Independent Validation

Lymph Node
. 1094 Pt (53%M); f/u 10 years 8.

100% -
« MLN > 10 mm (66% Pt ) predict 't:%._,”
: LN
* TRS (Transplant-free survival ) - R
e 11
- all-cause mortality H
PRSI 75% 1
 hospitalization risk 9 - \\
1 ity
> L--
s T
@
50%
A 11iiit MLN size < 10mm (N=367, 72 events)
"] w-—pT MLN 210mm (N=676, 198 events)
0% = == | 7 MLN = 10mm (N=39, 13 events)

0 12 24 36 48 60
Time (Months)

MLN < 10mm 367 277 210 173 145 124

PTMLN =z10mm 676 461 318 222 164 123
LZ MLN 2 10mm 39 22 13 12 7 6

Adegunsoye A (U Chicago) AJRCCM 2019;199:747



Fibroblast Activation Protein—Specific PET/CT Imaging
in Fibrotic Interstitial Lung Diseases and Lung Cancer:
A Translational Exploratory Study

-
n
o

B \ Aorta « %Ga-labeled dynamic fibroblast
§ “r activation protein (FAP) inhibitor
f o . %Ga-FAPI PET/CT
§% ~———_ | 15 patientswith fILD with
PRB2833R8833%F suspected lung cancer
Time (s) . . -
« Histology validation: 4 human

N
o

| Fibrosis

Tumor biopsy and Nedd4-2-- mice with
fibrotic lungs: patchy expression
esp in the transition zone.

 Pattern specific to fibroblast
S SRR "REEREEEREZEEE activity

vvv

Time (s) Time (s)

o o

Signal Intensity (kBg/cc)

oON B O ® 3 ; : 5'»

Signal Intensity (kBg/cc)
s o 3

E ‘E

R € ohrich et al. J Nucl Med 2022; 63:127 — 133 DOI: 10.2967/jnumed.121.261925



Quantitation of ILD

Visual scoring
Semi-gquantitative score
Full (auto) quantitative maps
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Semi-QCT
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& (level 1) ~ BT 129 (level 2) ~ FERARESER (level 3) ~ level 3 EHE (level 4) ~ &
BB LA 129 (level 5) ~ BIRIE T 2 2% (level 6) ©

EHAEALLES 129 (1 cm above the right
hemidiaphragm)

FFERE SR (pulmonary venous confluence) GHBALT A 2 29 (2 cm below the right

hemidiaphragm)

N
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ILD extent > 10%

aortic arch 1cm below the carina

halfway between the third and fifth section

P\

1cm above the right hemidiaphragm 2 cm below the right hemidiaphragm 1cm above the right hemidiaphragm 2 cm below the right hemidiaphragm

IIRAETR B E B ER fibrosis extent » BIFEFSMEME(L AR
MNRAETRREBNEIER fibrosis extent » IR 5% ~10% ~ 15% ~ 15% ~ 20% ~ 30% © (104154+15+25+50+65)/6=30%

50% » BIREES 2 (L LR _EiiiEEE 2 19 | (5+10+15+20+30+50)/6=21.6%

N2



TAHEREBIREE 2018 ATS/ERS/IRS/ALAT HEISEZRM IPF BRERAZENIES By (R R ER
FERER]|ASARTOBRBLERS  REANREERESSRRETER - AR
REEL, = 10% ZHH I BSEVMBTES - B <10% BJEEERS interstitial lung abnormality
(ILA) > Elb#EEREPRE o

{#5% HRCT #I3 ILD FEEXS non-contrast enhanced, standard dose, thin section <=15mm, sharp or
lung kernel, supine pasition in full inspiration = BIEEMRER » BIER TF 75 scanning parameters(FHHE
SERER 2 Table 3: HRCT screening parameters » B Table 4 © HRCT Scanning Pattern)

(T scanning parameters

Dose Standard ( ) Low dose () Mote
Slice thickness | { ) mm For visual assessment in linical practice, it is suggested
aro | oo [ ymmaan | 53 g e s v
Respiration ( )inspiration | { ) expiration 31‘4':”:;5::O{r":*:p'ff]‘f;;“ﬁ;'agdZfa:‘;r:‘z:;; ?:;”;'9:3;:
Pasition { }supine () prone enhancement.
HRCT Findings
HRCT features Absence Presence Note

Predominant | ()| Subpleural
distribution )

Basal

{ )| Peribronchovascular

{ )| Perilymphatic

{ )| Upper ar mid-lung

Findings { )| Ground glass opacity (GGO)

{ }| Reticulation

{ )| Traction bronchiolectasis

{ )| Honmeycombing

[ )] Cysts

{ )| Dilated esophagus

{ )| Emphysema

[ }| Others

Fibrosis extent | [} | Honeycombing + Reticulation+ [ )=10%
Traction bronchiectasis+ Ground
glass opacity with traction
bronchiectasis (GGO+TB': taken [ )<10%
to signify fine fibrosis)

€ I\C

HRCT patterns

Description

] up

*Subpleural and basal predominant; distribution is often heterogeneous
*Honeycombing with or without peripheral traction bronchiectasis or

bronchiolectasis

{ ) | Probable UIP

*Subpleural and basal predominant; distribution is often heterogensous
*Reticular pattern with peripheral traction bronchiectasis or bronchiclectasis

*May have mild GGO

() | Indeterminate for UIP

*Subpleural and basal predominant
*Subitle reticulation; may have mild GGO or distortion (“early UIP pattern”)
*CT features and/or distribution of lung fibrosis that do not suggest any

specific etiology (“truly indeterminate for UIP*)

[ )| Alternative diagnosis

Findings suggestive of another diagnosis, including:

*CT features:

+ Cysts

v Marked mosaic attenuation

v Predominant GGO B Profuse micronodules ' Centrilobular nodules [
Nodules [ Consolidation

*Predominant distribution:

v Peribronchovascular

¥ Perilymphatic

¥ Upper or mid-lung

*Other:

v Pleural plaques (consider asbestosis)

v Dilated esophagus (consider CTD)

+ Distal clavicular erasions (consider RA)

v Extensive lymphnodenlargement (consider other etiologies)

v Pleural effusicns, pleural thickening {consider CTD/drugs)




Final impression based on HRCT findings

HRCT patterns

uip

Frobable UIP

Indeterminate for UIP

Alternative diagnosis

Suspicious for CTD-ILD

Suspicious for chronic hypersensitivity pneumonia

Suspicious for organizing pneumania (OF)

[
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[
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()] nsie
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[
[
()
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Q: Is the ILD extent > 10%
Simplified Quantification

* 48 patients, SSc-ILD
e Six anatomical levels :
1. arch of the aorta
2. carina
3. pulmonary venous confluence
4. a point halfway between level 3 and level 5
5.1 cm above the dome of the right hemidiaphragm
6. 2 cm below the dome of the right hemidiaphragm
* Cut-off value for fibrosis score to overall survival (OS) was 14.2%, with moderate accuracy.

0.8

14.2 (0.82, 0.73)

Area(Rt) s

Sensitivity

Area(Lt)

0.4

Areaunder ROC curve = 0.85
95% CL 0.73 -0.97

0.2

0.0 7

2 cm below the dome of the right hemidiaphragm

Respirology (2018) 23, 385-391



One lung of one slice = one score, total score = 12.

59 Y/O male, CTD-ILD pattern
Immune factor negative




12 scores x 10% = 1.2 If total score > 1.2

pass the criteria
0.8+0.28+0.43=1.51>1.2 #

S5 S6



Quantitation of ILD

Visual scoring
Semi-quantitative score
Simplified quantitative score

Full (auto) quantitative maps

Texture Pattern * Extent
LN Enlargement
Vessel-related score
Lung Volume



I I Prediction of Postoperative Lung l

Use of Quantitative CT to Predict Function in Patients with Lung

Postoperative Lung Function Cancer: Compari e
1 . parison of Quantitative
in Patients with Lung Cancer CT with Perfusion Scintiaraphy

Ming-Ting Wu, MD * Jinn-Ming Chang, MD + Ambrose A. Chiang, MD * Jau-Yeong Lu, MD Ming-Ting Wu 2
Hon Ki ng, MD » Wi.-ln-l"lu Hsf:. MD Chien-Fang Yang, MD " ! 5 AJR:TE, March 2002 Huaﬂ-aeﬂ Pan'?
Ambrose A. Chiang®™®
Hon-Ki Hsu®®
Huang-Chou Chang®©
Man-Jing Penq &7
Ping-Hong Lai 2
Huei-Lung Liang "
Chien-Fang Yang

Radiology 1994; 191:257-262

Seattergram
3 Y% Canfivunee Bunde.

Physiologic evaluation of the patient with lung cancer being considered for
resectional surgery: ACCP evidenced-based clinical practice guidelines
------ Chest 2007;132:161S

" ERS/ESTS clinical guidelines on fitness for radical therapy in lung cancer
patients (surgery and chemo-radiotherapy)

------ European Respiratory Journal 2009 34: 17-41

Guidelines on the radical management of patients with lung cancer
------- Thorax 2010:65, iiil-27

Radiology 1994; AJR 2002



Pulmo Phantom

« The H value varies in different exposure and recon setting

' cTDI35 mey B -

e Siemens Somatom HQ, KSVGH, 1995



The Influence of Expiratory phase




Spirometry-gated CT (PulmoCT)
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AI-3D Camera Method
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Visual.semi- vs Auto.full-QCT




39 YOF PSS

Regions Volume (cc) Pattern H (%) Pattern R (%) Pattern G (%) Pattern C P
attern N (%)

Whole Lungs 2988 0 4 20
Rt. Lung 1730 0 4 17
Lt. Lung 1258 0 4 25 7'6
RUL 521 0 0 5
RML 346 0 5 4
RLL 863 0 6 28 ?9
LUL 629 0 5 6

LLL 629 0 3 44 T l

94

PRED ACTUAL %PRED 90
FVC Liters 3.80 1.92*% 050.5
FEV1 Liters 3.30 1.74% 052.7
FEV1/FVC % 90.62 66
LUNG VOLUMES (BTPS)

Pattern H vC Liters 3.89 g2 * _ 049.4 89
El Faliern K DLCO 09.5=0T 33.6
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Article

Radiomics for the Prediction of Response to Antifibrotic
Treatment in Patients with Idiopathic Pulmonary Fibrosis:

A Pilot Study

| Cohort 1 Patient screened (n = 474) I

I Cohort 2 Patient screened (n=12)

Alternative diagnosis (n = 190)

Subtle fibrosis (n = 103)

Concomitant pneumonia/ large pleural
effusion/ mass >5cm (n = 60)

Previous lung surgery (n=5)

Exclusion

| Confirmed IPF patients (n = 116) l

M.I No antifibrotic treatment (n =77) |

M-l Alternative diagnosis (n=1)

| IPF patients on antifibrotic treatment (n = 39) I

I IPF patients on antifibrotic treatment (n=11) |

Exclusion | Treatment duration < 3 mon (n = 10)
Loss of follow-up (n =3)

Exclusion | Treatment duration <3 mon (n=1)
Mass>5cm (n=1)

| Training set nintedanib (n = 21)/ pirfenidone (n=5) |

l Validation set nintedanib (n = 6)/ pirfenidone (n = 3)|

I
)

[
)

| SD (n=12) [ PD (n =14) |

| SD (n=7) [ { PD (n=2) |

Image Acquisition Segmentation

; PPN

F¥
. L
Machine learning-based
automated whole-lung
segmentation

Pretreatment non-
enhanced HRCT

Prediction Model

Radiomics

Feature extraction and
selection

External Validation

Figure 2. Flow diagrams of patient selection process and radiomics workflow.

Yang CC et al. (Chi-Mei, Mackay) Diagnostics 2022, 12, 1002,



Radiomics of the lungs

(QUIBIM Precision 2.8, QUIBIM SL, Valencia, Spain

Table 2. Comparison of Radiomic Features of Stable Disease (SD) and Progressive Disease (PD)
Groups in the Training Set.

Metrics Features sn PD n-Value
Univariate Regression Analysis Multivariate Regression Analysis
Characterlstics OR 95% CI p-Value OR 95% CI p-Value
Entropy 4.37 1.05-18.30 0.04 * 3.42 x 107 0.02-5.94 x 10"3 0.06
Difference entropy 8.15 0.99-66.94 0.05* 1.67 x 1016 0.01-4.14 x 10% )19
Sum entropy 3.93 1.01-15.32 0.05* 0.01 0.01-0.22 #
Kurtosis 0.85 0.73-1.01 0.04 0.90 0.25-3.25 I8
Skewness 0.40 0.16-0.95 0.04 0.01 0.01-63.14 0.29
Dissimilarity 2.30 0.97-5.48 0.06* 0.01 0.01-525.21 0.16
Inverse difference 0.03 0.01-0.95 0.05* 1.40 x 10°1 0.35-5.58 x 10'% 0.05
vlaximum probability 0.02 0.01-0.47 0.04 *| 0.01 0.01-2.21 x 10* 0.58
GGO% 1.04 0.97-1.09 0.09 * 1.10 0.99-1.22 0.07
Honeycombing 0.75 0.21-2.73 0.6
Reticulation% 1.06 0.84-1.34 0.6
Emphysema% 1.04 0.89-1.13 0.9
Age 1.08 0.98-1.19 0.1
Sex 4.29 0.65-28.26 0.1
Smoking 1.40 0.30-6.62 0.6

* Indicates statistical significance.

Yang CC et al. (Chi-Mei, Mackay) Diagnostics 2022, 12, 1002,



Article

Quantification of Cancer-Developing Idiopathic Pulmonary
Fibrosis Using Whole-Lung Texture Analysis of HRCT Images

Exclusion /Altemative IPF diagnosis (n=190) \
With infection/inflammation/effusion (n=52)
Only subtle fibrosis (n=103)

Lung cancer diameter > 5cm (n=8)

Previous pulmonary surgery (n=5)
\Without standard chest CT (n-82) /

Total cases (n=556)

Studied cases (n=116)

Trainingcohort Validation cohort
(n=92) (n=24)

Non-cancer Cancer Non-cancer Cancer
(n=72) (n=20) (n=18) (n=6)

Figure 2. Patient selection flowchart for the training and validation cohorts.

Liang Chia-Hao et al. Cancers 2021,13,5600



Table 3. Univariate and multivariate logistic regression model to differentiate cancer-developing ILD
from non-cancer ILD in the training cohort.

. . Univariate Regression Analysis Multivariate Regression Analysis
Characteristic
OR (95% CI) p Value OR (95% CI p Value
Smoke 4.28 1:1251)12; 0.006 3.22 (1.05-9.87) 0.041 *
Energy 1.52 (1.14-2.05) 0.001 1.02 (0.93-1.11)  0.012*
Kurtosis 1.08 (1.01-1.15) 0.034 1.03 (0.95-1.11) 0.508

OR: odd ratio; CI: confidence interval. * with significant difference.
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Figure 5. ROC curve for differentiating cancer-associated and non-cancer IPF. (A) Radiomics features
(energy and kurtosis) demonstrated acceptable performance, with an AUC of 0.66-0.73, which was
not inferior to (B) the performance of traditional risk factors (gender, smoke, and emphysema), with
an AUC of 0.66-0.67.



]!!e HRCT Diagram

PF-ILD: Progressive fibrosis ILD
PFP-ILD: Progressive fibrosis phenotype ILD

Design by Wu Ming-Ting

**0One-third of non-IPF ILD patients are at risk of developing a progressive fibrosing phenotype
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6 Professionalists

« Pulmonologist
« Radiologist
« Rheumatologist
e Cardiologist
e Thoracic Surgeon
« Pathologist
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