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« Mammography

« Angiography

* Nuclear medicine
* Optical imaging
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on Radiologist Workload
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= Information

Report
FINDING

Clinical information : Breast cancer with multiple liver metastasis.
Compared to the previous MR dated 2018.02.26

Both hemiliver@ numerous, T2 high/T1 low SIZ E0|= known hepatic metastasesZt 9! 11
U2 = conglomerated appearanceS 2¢.

S42} Lt. lateral section®f] 22 /= metastatic lesion2 7|7} 4 3cmUlA 5.0 cmZE =7}
Rt. central liver@| metastatic lesion €A| 27|17t 5.9cmO|M 7.1cm = S7t&t.

12| multiple newly developed lesiong0| 442!, (Se 4, indicator, more than lines)

0| HEHE2 nodular, peripheral enhancementZ& 20|11, EOB cloud sign2} diffusion restric
tion0| O HM5] L0 Q3.

Rt. anterior portal vein branch— 0§ &38| poor visulization & metastatic tumor®| invasai
onO E AlZt=]

238t tumor thrombosis& Eﬁ%.

Mz 4471 1BHD dilatation g

S8 domed| tumorectomy Alﬁc,“ SE2 Zk2|0f| T2 bright SI2| fluid collection0] 9! 04 O] A} H

ot i3,

Lt. internal mammary chian®| small enhancing nodular LN7t €. (Se
Lt. cardiophrenic angle2] LN&= 0|&0f H|sl prominent sHEY. (Se 11-
Rt. internal mammary chain@| a few, small enhancing LN&= &2 ﬁi}‘ﬂ

Otherwise unremarkable.
CONCLUSION

1. Interval increased size and number of known multiple hepatic metastases.
- poor visualization of Rt. anterior portal vein, suggesting invasion.
> overall, progression of multiple hepatic metastasis.
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—Neuroimaging informatics Technology Initiative (Nifti)
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— Digital Imaging and Communications in Medicine (DICOM)
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Imaging Biomarker: 2] 2 Q40| 71X| 1l Q| =
24 |
O

=8| ALBSHE G4t 03 YN 22 S8 Heol 0T
BI-RADS, PI-RADS, and Lung-RADS QlHI™ O] AAF 03| OfL

37| S|AE =0 (skewness, kurtosis)
2 Haralick textures (2124|0] Zt2| HO|)
2| K| Laws textures

SN Wavelets

HH| = | =5F H = Laplacian transforms

nipy; Minkowski functionals

OI™ X=Xl to| 2HA| Fractal dimensions




maging Biomarkers (Semantic features)

e Size 2D
— RECIST criteria

* Size 3D
* Density




maging Biomarkers (Agnotic features)

« DCE-MRI
* DWI-MRI
« SUV

e ADC
/‘ * (10°mm¥s)
X 1 2 3

Prior to Therapy

r C, Froehlich JM, Pless M, Binkert CA, Koh DM, et al. (2014) Early Treatment Response in Non-Small Cell Lung Cancer Patients Using
Weighted Imaging and Functional Diffusion Maps — A Feasibility Study. PLoS ONE 9(10): e108052. doi:10.137|/journal.pone.0 108052


http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0108052

I) CT imaging Il) Feature extraction 1) Analysis

n B Radiomic features Gene expression
J J =

, _ m ==

1 R

Tumour intensity

[ X

Tumour shape

Clinical data

\
i 2 )
1

=

(a) Tumours are different. Example computed tomography (CT) images of lung cancer patients.
CT images with tumour contours left, three-dimensional visualizations right. Please note strong
phenotypic differences that can be captured with routine CT imaging, such as intratumour
heterogeneity and tumour shape. (b) Strategy for extracting radiomics data from images. (l)
Experienced physicians contour the tumour areas on all CT slices. (IlI) Features are extracted
from within the defined tumour contours on the CT images, quantifying tumour intensity, shape,
texture and wavelet texture. (1) For the analysis the radiomics features are compared with
clinical data and gene-expression data.

Decoding tumour phenotype by noninvasive imaging using a quantitative radiomics
approach, Hugo J. W. L. Aerts, et. Al. Nature Communications 2014
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732 BE8E

« A PACS 9| /U= H2 FJEE dark data
£ 09l data2 O] HHE0| L Q.

-BFolH I2EZR GH &S

« 1ZoHH TN

AU 25 HE

 Labelling, curation, tagging
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31 = Ol HFALM 2

16212 CT OS] CTo{|M H= F0| H-olTt.
2| 142 Peak kilovoltage)2 < 120 kVp7 | A4St
U F=40-60mAs O|of7 | 1 -otL,

B3| BR[04 MAPMEEE CTDIvol < 30mGy 0|
Z Z'Iél—[_l—

CTDIvol, DLP £ 35t Mz 11 M (Dose report)S
E%*ﬂﬂr.

_ _._J-O=II:H_Hi M 20N 7|2 HE B35

— I = HCEO|20| |7} HO|Z| Ok= B2 12F0|Af
Tty

— &7A0f=T740|5t0| 7t HO|X| Qe HES 1240
Al SIS}

- 9 U E Zefottt

— §99| 2|0 242 20| Field of View2] 80% O| 0| L.

c A F S E L ALA|
~ 5523519l HZ(One-breath hold) 22 2|Ci 57|

(MaX|mum inspiration) 7| A4 3Lt

Z}M|(Positioning)2 511 T2 M2 9| 2 22 (Supine;
arms elevated above the head) Z10| A 2z K=y
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2] X
HWEH S < 30mm 0|57}
MM 51Lf,
AW 7FA (Interslice gap)2 ¢ = Z0|
e
HEF(HEXZ standard) 12|
S AMEH=2E Tt
Jolf (W, sharp) 1S Fof
A2 25 ZEgkorht
AHEH < 3.0mm FHAIE 2=
HEZF(AHE X2 standard)
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AA™ME (Clinical information)E &S
O] HAZ} Q= AL H| 1 (Comparions)
H 2 & (Lung)

7|= 9 7|2X] (Large airway)

84 L= g0 H|E (Pleural effusion or thick

ZIZF (Impression)

QUAMM™ E (Clinical information)E E St

A& 2 2= (Nodule classification or nodule consistency ex. solid, par

t-solid, non-solid)
HEHO| S| £ 5tX 2|X| (Anatomic location; Lobe)
H 8 0| 3 7|(Diameter)

HE 0| H0|= FAA|2|= (Series/image number to facilitate comp

arison)
O|™ AALR} H| 1 (Interval change)

HHo| X|& &5 (Final category. ex. probably benign, suspicious

malignancy or negative)

A Z 52209t 84 Lung-RADS 7|=

oot

FS Azl =X (Recommendation such as follow CT interval or tis

sue confirm)

I 7|Z (Emphysema)

Z A2l o™ H|LC{(Mediastinal lymph node enlargement)
84 = 89 H|Z (Pleural effusion or thickening)

LtAt= O M35} (Coronary artery calcifications)




Annotation and Image Markup (AIM) project

ddA 7| =4 (descriptive) dataE extensible markup

Ianguage (XML) file 2 2t

-

" erarecon?] TE AGUArTS Nerom Be ? <7ami version="1.0° encoding=utf-8* 7>
' - <A tat >
& Pationt List O Viewst 5 Output <Annctabons>

<ImageAnnotation xmins ="hitp:/ /www.w3.org/ 2001 /XMLSchema-instance” xming

Tool 30 Beting Serios 11-24T07:25:39.9375- 05 00" name ="Maximal aortic dimension” uniqueldentifier=" aJtI
rmins="gme:/ / coCORE.caCORE / 3.2/ edu.northwestern.radiology . AIM*>
CTAchest v ; - <calculationCollection>

<Calculation Wd="0" wd="93183989- 3d7{-400c-BeBb-158d113al1bac” descrption="Ma
<eferencedCalculationCollection />

<calculationResultCollection>
<CalculationRasult id="0" type="Scalar’ numberOfDimensions="1" unitOMeasura="m

<dataCollection>

<Data id="0" value="43">
<coordinateCollection>

€7 Validate aa v 2 <Coordinata id="0" dmensionindax="0" position="0" />
</coordnateCollecion>
¥ </Data>
ubular junction - e Gt ———
s ) ‘ ~— o) v - <dimensionCollection>
mm & © . <Dimension id="0" index="0" size="1" label="Length" />
Sl FreeR0I Reg ! </dmensionCollection >
-

</CalculationResult>
</calculabonResultCollaction>
</Calculation »
</calculationCollec tion >
1 Aoriic root Asrtic root ot 1imnu ses of valsabe - cusar>
1 Smotubular juncion Ginchebular pancson

Mo asur ement oo o
rtic root

CTA chest

77 mm

<User id="0" name="rsna-aim" lognName="rsna-aim" roleinTnal="" numberwithinRoleOf|
<Juser>

<aquipment >
<Equipment id="0" manufacturer="TeraRecon" manufacturerModeiName ="Aquarius Worl
</equipment>
<anatomicEntityCollec tion »
<AnatormcEntity id="" codeMeanng="" codngSchemeDesignator="" codeValue="HEART"
</ anatomCEntityCollec tion »
amageReferenceCollection>
- <ImageReference xsi:type="DICOMImageReference” d="0">
<study >
<Study d="" instanceUlD="2.16.840.1.113669.632.21.2089679280.571166544.
- <3ONes>
<Senes id="6"

nstancellD="2.16.840.1.113669.632.21.2089679280.571 166
——— <mageCollection>
o <Image W="0" sopinstanceUiD="2,16.840.1.113669.2.1.1,1761716416.1
Export measurements to text File </ageColiection>
</Sanas>
</senes>

</Study >

Export measurements to csy file

VR MPR Mip Thick MPR </study>
</ImageRaference>
AHPRFL </imageReferanceCollection >
- <patient>

Abd 1 Abd 2 o ad Lung <Patient id="0" nama="AIM_ChestCTA_1" patentiD="0457831131" sex="M" />

gloabents

RadioGraphics 2011;31:881-887
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QAP AL A AL workflow

a Clinical radiology workflow

Acquisition Preprocessing

Images

Image-based tasks

NEENIE

Integrated
diagnostics

4

Reporting

Al
A

N/}

b Image-based tasks

Detection

Detecting potential abnormalities within
images on the basis of changes in
intensities or the appearance of unusual
patterns, with an emphasis on reducing
false positives

Y o

Ty
]/

S

¢
-
g

Characterization

Segmentation

Defining the boundary
extent of an abnormality
for subsequent diagnosis
and treatment planning

Diagnosis
Evaluating and classifying

abnormalities such as
benign vs malignant

Staging

Classifying abnormalities
into multiple predefined
categories such as the
TNM classification of
malignant tumours

Monitoring

Time
Change analysis
Tracking object characteristics across

multiple temporal scans for diagnosis as
well as evaluating treatment response

L Artificial intelligence in radiology.

2018 May 17



https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosny A[Author]&cauthor=true&cauthor_uid=29777175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosny A[Author]&cauthor=true&cauthor_uid=29777175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosny A[Author]&cauthor=true&cauthor_uid=29777175
https://www.ncbi.nlm.nih.gov/pubmed/29777175
https://www.ncbi.nlm.nih.gov/pubmed/29777175

a Predefined engineered features  traditional machine learning

Feature engineering

|
- I
R
-7 [ II
. : .! .I- Selection Classification
| Histogram
. |
o |
e — - / I
. - &ﬁ_“
i Texture Shape
-7 Expert knowledge

b Deep learning
Input Hidden layers OQutput

2
13

Convolution layers for feature map extraction
—— Pooling layers for feature aggregation
—— Fully connected layers for classification

Increasingly higher-level features

Both: Radiomics, the data-centric, radiology-based research field

Hosny A Artificial intelligence in radiology. Nat Rev Cancer. 2018 May 17
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosny A[Author]&cauthor=true&cauthor_uid=29777175
https://www.ncbi.nlm.nih.gov/pubmed/29777175
https://www.ncbi.nlm.nih.gov/pubmed/29777175




 Extract fromn DICOM Application Level Confidentiality
Profile Attributes

Retain Retain
Retain Longi- Longitudi-
Retain Patient tudinal  nal Modi- Clean
Basic UIDs Characteris- Full Dates fied Dates Description

Artribute Name Tag Profile Option tcs Opton Option Oprtion Option
Accession Number (0008,0050) z
Acquisition Comments (0018,4000) X C
Acquisition Date (D008,0022) XL k. c

Patient 1D (0010,0020) 7

Patient’s Birth Date (0010,0030) A

Patient’s Sex (0010,0040) £ K

Study Instance UID (0020,000D) U K

Z: a zero length value

D: a non-zero length value, dummy value

X: remove

K: keep

C: clean

.May-June 2015; 35(3): 727-735.

UID: unique identifier
|OD: information object definition



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4450976/
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