Introducgao

¢ Adisciplina de radiologia e diagndstico por imagem evoluiu

RCM 5898 sobremaneira nos ultimos anos
Ferramentas quantitativas e funcionais em + Exames de imagem deixaram de ser somente qualitativos e
. . £ - . . . diagndsticos = informagdes quantitativas e funcionais, de gravidade de
raduolo_gla t_oracu_:a e cfa_rqlovascu_lar,_mclu'“d° doenca, biomarcadores prognésticos e resposta ao tto
Iht.'lg‘ﬂCll artificial e radidmica * Inteligéncia artificial, “Big Data”, aprendizado de maquina e aprendizado

profundo estdo mudando a medicina

¢ Principais ferramentas = CAD, Recuperagao baseada em conteudo e
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Objetivos

 Discutir o papel dos métodos quantitativos e funcionais no térax

e Imagem: analise in vivo do tipo e distribui¢ao (regional) das alterages:

* Métodos quantitativos em vias aéreas (DPOC), DIP, doenca vascular vias aéreas, parénquima pulmonar, vasculatura, arcabougo ésseo ....
pulmonar ¢ Fendtipos — melhor caracterizagdo — estratificagao de risco / escolha

e Apresentar o papel da radidmica do cancer de pulméo terapéutica

e Comentar sobre o futuro da inteligéncia artificial em radiologia * Avaliagéo da gravidade e progressao da doenca — intervencao

« Apresentar nossos trabalhos (feitos e em andamento) terapéutica mais precoce e precisa — Medicina de precisao

e Futuro préximo: passar da analise subjetiva / qualitativa para analise
objetiva / quantitativa
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Imagem quantitativa e funcional | Vias aéreas

e DPOC e asma .... Doengas bronquiectasicas (FC)

e Boa correlagao com provas funcionais. Mais acurado que analise visual.
Progndstico!

e Volumes e densidades pulmonares, volume e indice de enfisema
e Limiar deteccao enfisema = - 950 UH
e Calibre, espessura e densidade das vias aéreas

¢ Retencao aérea = -950 < > -856 UH na expiracéo

Marcel Koenigkam Santos | RCM 5898

Imagem quantitativa e funcional | DPOC

> indice de enfisema = pior fungao, > risco de neoplasia, > risco de
mortalidade geral

e |E > 35% e/ou AWT > 1,75mm = maior risco de exacerbacoes

¢ Distribuicdo do enfisema e morbimortalidade: padrdes com predominio
nos lobos inferiores tem piores provas funcionais e pior prognostico

e Enfisema central tem mais efeito na Dco que o periférico

e Deficiéncia de @1 Antitripsina: CTq € preditor de sobrevida (FDA
approved)
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“Density Mask”*
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What is Quantitative Imaging?

Eur Radiol (2008) 18: 510-521
DOI 10.1007/500330-007-0772-1 CHEST

Julla Ley-Zaporozhan Morphological and functional imaging in COPD

Sebastian Ley

Hans-Ulrich Kauczor with CT and MRI: present and future

JOURNAL OF MAGNETIC RESONANCE IMAGING 32:1340-1352 (2010)

Imaging Phenotypes of Chronic Obstructive
Pulmonary Disease

Julia Ley-Zaporozhan, MD,** and Edwin J.R. van Beek, MD, PhD?

New insights on COPD imaging via CT and MRI
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PUL
Using Pulmonary Imaging to Move Chronic Obstructive Pulmonary

Disease beyond FEV,

Harvey O. Coxson'*, Jonathon Leipsic'?, Grace Paraga®*®, and Don D. Sin®®

"Department of Radiology, Vancouver General Hospital, Vancouver, Brmsh Columbia, Canada; “James Hogg Research Centre, The
Umvevsrty of British Columbia, Vancouver, British Columbla Canada; ° “imaging Research Laboratories, Robarts Research

Institute, “Department of Medical Biophysics, and “Department of Medical Imaging, Western University, London, Ontario, Canada;
and ®Division of Respirology, Department of Medicine, The University of Briish Columbia, Vancouver, Briish Columbia, Canada

Am J Respir Crit Care Med Vol 190, Iss 2, pp 135-144, Jul 15, 2014 Tiffeneau = 30,3% / VEF1 = 0,881 (39%)
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Imagens de ventilagdo com 3He em paciente com DPOC grave
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ORIGINAL ARTICLE * ARTIGO ORIGINAL

Endobronchial valves in severe emphysematous patients:
CT evaluation of lung fissures completeness, treatment
radiological response and quantitative emphysema analysis*

Valvas em p. com grave: liagdo por TC da e das fissuras

q
pulmonares, resposta ao e andlise g\ iva do enfi:

Marcel Koenigkam-Santos®, Wagner Diniz de Paula?, Daniela Gompelmann®, Hans-Ulrich Kauczor®,
Claus Peter Heussel®, Michael Puderbach®

ness of 70%). shows the. al atel
i (armow) with the fissure, and po-
sitioned in right upper lobe bronchi (arrowheads).

Imagem quantitativa e funcional | Asma e
s bronquiectasias (FC)

e Asma: hiperreatividade, inflamacao e remodelamento das vias aéreas

e gCT: brénquios mais espessos e densos — asma persistente grave,
grau de obstrugao do fluxo aéreo, n° de crises

e Fibrose cistica: bronquiectasias, impactacgdes, atelectasias, enfisema

e qCT: > numero de brénquios analisados, diametro, area e espessura de
parede maiores (correlagdo com fungao), pacientes + velhos com
enfisema
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Biomass smoke COPD has less tomographic
abnormalities but worse hypoxemia compared with
tobacco COPD

A.C. Meneghini ®', M. Koenigkam-Santos @2, M.C. Pereira ®°, P.R. Tonidandel 2, J. Terra-Filho?!,
F.Q. Cunha ®*, M.B. de Menezes 2, and E.O. Vianna ®°
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Ribeirdo Preto, SP, Brasil
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Table 5. High resolution computed tomography findings according to chronic obstructive pulmonary disease groups.

Variable Non-smoker group Tobacco smoker group P value
Descriptive evaluation (thoracic radiologist)
Emphysema 4 (25%) 12 (80.0%) <002
Centrilobular emphysema 4 (25%) 12 (80.0%) <001
Paraseplal emphysema 2 (12.5%) 7 (46.7%) >0.05
Panlobular emphysema 2 (13.3%)
Air trapping 4(25.0%) 3 (20.0%) >050
Bronchiectasis 7 (43.7%) 2 (13.3%) >005
Quantitative evaluation (Yacta software)
Lung volume (cm?) 4368.2+1358.2 51528+ 1124.8 009
Volume of emphysema (cm®) 173348146 577.1+6416 009
Emphysema index (%) 27444 1754287 007
Lung mean density (HU) -787.3+44 -8213+328 002
Relative bronchial wall thickness 3rd-8th generation (%) 3164269 527+158 001
Pi10 034+0.1 044+025 018
Measured bronchi (n) 257+14.1 248+248 090

Data are reported as means + SD or number and percentage. Statistical analysis was done with Fisher’s exact test or Wilcoxon test.
HU: Hounsfield units; Pi10: normalized thickness of the bronchial wall.

™ Biblioteca
AVALIACAO TOMOGRAFICA DE ASMATICOS DE DIFICIL CONTROLE: Pl
CORRELAGCOES ENTRE CLINICA, RADIOLOGIA E FUNCAO PULMONAR

Asma bem
controlada

X

Asma dificil controle



Quantitative computed tomography analysis of the airways
in patients with cystic fibrosis using automated software:
correlation with spirometry in the evaluation of severity”

Andlise itativa por lorizada das vias aéreas, usando programa automdtico,

em pacientes com fibiose cistica: avaliacao da gravidade em correlagio com a espirometria

Marcel Koenigkam Santos?, Danilo Lemos Cruvinel?, Marcelo Bezerra de Menezes®, Sara Reis Teixeira®,
Elcio de Oliveira Vianna®, Jorge Elias Junior®, José Antonio Baddini Martinez®

Koenigkam-Santos M, Cruvinel DL, Menezes MB, Tebeira SR, Vianna EO, Elias Jinior J, Martinez JAB. Quanlitative computed tomography analysis of he.
ainvays in patients with cystic fibrosis using auttomated software: correlation vith spirometry in the evaluation of severity. Radiol Bras.
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Correlation between functional and morphological
airways indexes in bronchiectasis subjects

Jessica Perossi, Daniele Santos, Larissa Peross, Ricardo Moroli, Mayte Assungao, Leticia Simoni, Jose Antonio Baddini-Martinez,
Marcel Koenigkam Santos, Ada Clarice Gastaldi

European Respiratory Journal 2019 54: PA1257; DOI: 10.1183/13993003.congress-2019.PA1257
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Imagem quantitativa e funcional | Doenca intersticial
pulmonar

Centro de Ciénclas das Imagens e Fisica Médica

da Faculdade de Medicina de Rbeirdo Preto
da Universidade de S50 Paulo

e TCAR tem 1 correlagdo com patologia ... fungéo e prognéstico!

e ATS/ERS 2018: “gold standard” é o diagnéstico multidisciplinar e néo a
bidpsia
e PIU/ FPI e faveolamento = pior prognostico

e gCT: volumes e densidades pulmonares (percentis, histograma) =
correlagdo com fungéo e progndstico

¢ Analise de textura: permite identificar os padrées

Marcel Koenigkam Santos | RCM 5898
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CT analysis of the effect of pirfenidone in patients with idiopathic pulmonary
fibrosis

Tae Iwasawa™*, Takashi Ogura®, Fumikazu Sakai*, Tetsu Kanauchi¢, Takanobu Komagata®,
Tomohisa Baba®, Toshiyuki Gotoh¢, Satoshi Moritaf, Takuya Yazawag, Tomio Inoue™
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Biederer et al. Radiologe 2014;54:1204-1212

Ohno et al. MRM 2002; 47:1139-1144

Imagem quantitativa e funcional | Doencga vascular
pulmonar

e Hipertensao arterial pulmonar, TEP agudo e cronico, doenga vascular
em DPOC e FPI

e Volume pulmonar e vascular, area dos vasos periféricos

e Analise hemodinamica por imagem - TC e RM: realce, perfuséo, fluxo
(4D)

e Correlagdo com presséao da artéria pulmonar e resisténcia vascular
pulmonar (cate D), fungéo cardiaca D, prognéstico, estratificacéo de
risco (TEP agudo)

Marcel Koenigkam Santos | RCM 5898

“Automatic Quantitative Computed Tomography Evaluation
of the Lungs in Patients With Systemic Sclerosis Treated With
Autologous Stem Cell Transplantation”

Danilo Tadao Wada, MD, MS,* Fabricio Arantes de Almeida, MD, MS,*
Daniela Aparecida de Moraes, MD, PhD, 1 Juliana Bernardes Elias Dias, MD, MSe,
José Baddini-Martinez, MD, PhD,} Maria Carolina Oliveira, MD, PhD, 1
and Marcel Koenigkam-Santos, MD, PhD*

Background/Objecti

) pai
topoietic stem cell transplantation (AHSCT) has been
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European Journal of Radiology

Pulmonary Arterial Hypertension:
MR Imaging-derived First-Pass Bolus
Kinetic Parameters Are Biomarkers for
Pulmonary Hemodynamics, Cardiac

Function, and Ventricular Remodeling’

Journal homepage

Radiology

Research article

Performance of computed derived p y
metrics in the diagnosis and haemodynamic assessment of pulmonary
arterial hypertension

Kaoruk
ki

Lung
December 2015, Volume 193, Issue 6, pp 911-918 | Cite as

Potential Role of CT Metrics in Chronic Obstructive
Pulmonary Disease with Pulmonary Hypertension
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Low-Normal Lung Volume
Correlates With Pulmonary
Hypertension in Fibrotic
Idiopathic Interstitial Pneumonia:
Computer-Aided 3D Quantitative
Analysis of Chest CT
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Radiémica | Definigao

e Sufixo —6mica: termo originado na biologia molecular para descrever a
caracterizagédo detalhada de moléculas como o DNA (gendémica) e as
proteinas (protedmica)

e Radiémica = extragdo massiva de caracteristicas quantitativas
(atributos) das imagens médicas para o auxilio diagnostico e busca por
biomarcadores progndsticos

g Radiomics: Images Are More than
E Pictures, They Are Data’
mm ';:g In the past decade, the field of medical image analysis has

grown exponentially, with an increased number of pattern
recogaition tools and an increase in data set sizes. These
advances have facilitated the development of processes for

Hedig Hricak, MD, PhD, Drihc)

Radiology

Radiomics Signature: A Potential
Biomarker for the Prediction of
Disease-Free Survival in Early-Stage
(I or ll) Non—Small Cell Lung Cancer

‘Yangl Huang,
z:'r;? s o To develop a radiomcs signaturs to estimate disease-free

Lan He, MPHl
Xin Chen, MD

0 pathologic risk factors for individual DFS estimation. A A\ LU N G
Zolan Ma, MD 5

Dan Pan, M
Cuishan Liz

Changhong
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survival (DFS) in patients with carly-stage (stage I
non-small cell lung cancer (NSCLC) and assess its incre-
‘mental value to the traditional staging system and clinical-

ng, MD Ethical approval by the institutional revi \
Jo Tian, PHD tained for this retrospective -
Liang, MD in i ived. s
S 282 i i e NSCLC. A ra-

a multidisciplinary approach

Ew Radiol (2016) 26:32-42 Sl A Edited by

DOI 10.1007/500330-015-3814-0

Alison Leary

CHEST

CT Radiogenomic Characterization of EGFR, K-RAS,
and ALK Mutations in Non-Small Cell Lung Cancer
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Radidémica | Oncologia

Recentes avangos nas terapias-alvo / imunoterapia = necessidade de
abordagem de analise robusta e precisa das imagens médicas

Medicina diagndstica / complementar — Abordagem multidisciplinar e
individualizada do paciente oncoldgico

Radiémica: ferramenta nao-invasiva, rapida e de baixo-custo, podendo
ser usada nas imagens da rotina clinica

Cancer de pulmao: o mais letal

Correlagéo com tipo histolégico, mutagdes, estadiamento, progndéstico

Marcel Koenigkam Santos | RCM 5898

Radiémica | Oncologia

Cancer: “doenga genética” relacionada ao acumulo de mutagdes
levando a proliferagao celular patolégica

Heterogeneidade histologica (regides com # vascularizagao, inflamagao,
invasao) = heterogeneidade genética / clonal = heterogeneidade na
imagem!

Tumores policlonais (# mutagdes em # células) = boa resposta inicial
mas com posterior progressao, recorréncia, resisténcia a
quimioterapicos

Variabilidade inter e intrapacientes e inter e intratumoral

Marcel Koenigkam Santos | RCM 5898
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Radiémica | Metodologia

Subclonal mutations

Analisar de maneira quantitativa a complexidade espacial / estrutural do
tumor

Truncal mutation

Correlagéao clinica - patoldgica - genética - prognoéstica

Identificar as areas relacionadas a transformacgao, progresséao e
resisténcia ao tratamento

Tumor mass Tumor clonal composition Evolutionary phylogenetic tree
Clonal fraction at initial diagnosis Best response Progressive disease by RECIST TC, RM e PET—CT / PET—RM
v v -

Segmentacao: manual, semi ou automatica

Truncal mutation

/

Extracao dos atributos da imagem: cor (niveis de cinza), textura e forma
Analise computadorizada: IA, machine learning, deep learning

Subclonal mutations

| Chemotherapy Lee et al. EJR 2016 Marcel Koenigkam Santos | RCM 5898

Radiomics : Processing of Radiological Imaging j

3. Feature extraction

. Image acquisition 2. ROI segmentation

Etapas da analise radidmica:

Morphological ~ Statistical

1. Aquisi¢éo da imagem
2. Segmentagédo da lesdo
("separagao anatdémica”)

3. Extragdo computadorizada dos
atributos de imagem (dezenas a
centenas)

4. Correlagdo matematica das
multiplas variaveis relacionadas
aos atributos com os dados
clinicos, patoldgicos e genéticos

L

<700 -600 -500 -400 -300 -200 -100
Size in lung setting (mm) Size in lung setting (mm) 9

Tumor density Tumor density .25

Pathology

Tumor mass (g) Tumor mass (g)  0.07

senhze @
Outcome
Smoking
Survival
Stage

Entropy 3 Entropy 5.2

adenocarcinoma invasivo x adenocarcinoma in situ

Lee et al. EJR 2016 Lee et al. EJR 2016
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(https://github.com/ellipfaehlerUMCG/RaCat)

RESEARCH ARTICLE
RaCaT: An open source and easy to use
radiomics calculator tool

Elisabeth Pfaehler' *, Alex Zwanenburg?3#55, Johan R. de Jong', Ronald Boellaard'” l Image + corresponding mask |

1 Department of Nuciear Medicine and Molecular Imaging, University of Groningen, University Medical
Center Groningen, Groningen, The Netherlands, 2 OncoRay-National Center for Radiation Researchin
Oncology, Faculty of Medicine and University Hospital Carl Gustav Carus, Technische Universitt Dresden,
Helmholtz-Zentrum Dresden—Rossendorf, Dresden, Germany, 3 National Center for Tumor Diseases
(NCT), Partner Site Dresden, Germany: German Cancer Research Center (DKFZ), Heidelberg, Germany,
4 Faculty of Medicine and University Hospital Carl Gustav Carus, Technische Universitat Dresden, Dresden,
Germany, 5 Helmholtz Association / Helmholtz-Zentrum Dresden—Rossendorf (HZDR), Dresden, Germany,
6 German Cancer Consortium (DKTK), Partner Site Dresden, and German Cancer Research Center (DKFZ),

. Heidelberg, Germany, 7 Department of Radiology & Nuclear Medicine, Amsterdam University Medical
Centers, Location VUMC, Amsterdam, The Netherlands

[ Intensity mask \ I Morphological mask |

N /
/

Image

Check for interpolation*

Updates + e.a.0.pfachler@umcg.nl

Step #1: Configure config.ini file
Fillin required preprocessing information:
Example configuration files are provided

Resegmentation*

Calculation
morphological

ONLY for PET images: Step #1.1: Configure patientinfo.in:
Fillin activity and patientinformation:
Example file is provided

Calculation
statistical features

Optional: Step #1.2: Configure featureSelection.ini:
Select features that should be calculated
Example files are provided

Discretization*
Calculation textural
features

Step #2: Call executable

Methods and P ns in Biomedicine 159 (2018) 23-3

Contents lists available at ScienceDirect

Computer Methods and Programs in Biomedicine

journal www.elsevier.con
Radiomics-based features for pattern recognition of lung cancer R
histopathology and metastases ot

José Raniery Ferreira Junior®*, Marcel Koenigkam-Santos”,
Federico Enrique Garcia Cipriano®, Alexandre Todorovic Fabro®,
Paulo Mazzoncini de Azevedo-Marques”

350 Carlos School of Engineering, University of Sao Paulo, Sao Carlos, SP 13566-590, Brazil
® Ribeirdo Preto Medical School, University of Sao Paulo, Ribeirdo Preto, SP 14049-900, Brazil

International Journal of Computer Assisted Radiology and Surgery
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Conclusoes

* Exames de imagem deixaram de ser somente qualitativos e
diagnésticos = informagdes quantitativas, de gravidade de doenga,
biomarcadores progndsticos e resposta ao tto!

* Volumes e densidades pulmonares, quantificagdo de enfisema, medidas

das vias aéreas, analise da textura pulmonar, volume vascular
pulmonar, fluxo, perfusao e ventilagao por RM

e Radidomica do cancer de pulmao = medicina personalizada = medicina
do futuro (agora!)

¢ Inteligéncia artificial vém para ajudar a radiologia = “inteligéncia H I
aumentada"” Obrlgado.

e Temos varios trabalhos feitos e em andamento!
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