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• limits of the study
• need for further validation of the algorithm in different populations
• unresolved challenges
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Deep Learning ≠ Artif icial  Intel l igence

Deep Learning is  the latest,  most hyped 
set of  machine learning techniques.

Terminology Misuse





First Artificial Neural Network
Franck Rosenblatt’s Perceptron, 1957

A simple simulated neuron with adaptive “synaptic weights“





Data Explosion



Google’s image search      Siri           Facebooks’ DeepFace Chatbots



Tech investors think some actors will be ‘obsolete’ in five years

Vinod Khosla“ “There's no reason a human should be 
anymore reading medical images"



“AI won’t make jobs disappear, but will 
certainly make many tasks disappear”

“



Monitoring

H e a l t h c a r e  S e c t o r
Rich in complex data and process

DNA and RNA sequencing
Drug Discovery

Hospital Management

Medical Diagnosis Risk Management



Imaging Data

Radiology
Radiotherapy
Imaged Guided Therapy

Pathology 
Dermatology 
Ophthalmology
Endoscopy 



1990s-Present Atlas-based analysis
A statistical/probabilistic approach

Gallix B et al. European Radiology 2018



Atlas-based analysis



2010s-Present Deep-Learning
A model free / Data driven method

Biomimesis



2010s-Present Deep-Learning
A model free / Data driven method





Overfitting



• Deep learning arose to take advantage of the large amounts of digital data

• It performs classification without the need of feature engineering done by 
humans

• Its power lies in that it can automatically discover and learn discriminatory 
features, in order to perform classification better than other algorithms or even 
humans. 

Deep-Learning







Deep Learning at Chest Radiography
Automated Classification of Pulmonary Tuberculosis by Using Convolutional Neural Networks.

Lakhani and Sundaram. Radiology: Volume 284: Number 2—August 2017



Ribli d. et al. Nature Scientific Reports (2018)

Detecting and classifying lesions in mammograms with Deep Learning

A U C  #  9 3 %



Technological 
solutions for domains rich 

in labelled data do not necessarily 
translate easily to the 

healthcare sector



Limitation 1: inefficient use of data
D a t a  d e l u s i o n

The progress is driven far more by data availability than by improvement 
in algorithms
To train for a particular task, DL requires far more data points than a 
human would 

“you really need data mines”





“specialization is for insects”

Once trained on a given task, deep networks are incredibly good at a 
very specific task. However, any such network can only perform that 
one task. 

Limitation 2: lack of generalization



Limitation 3:  lack of explainability

Neural networks are usually inscrutable to observers.
We know how they are constructed, and we know the data that goes 
in, but the reasons why certain conclusions are reached are usually 
unknown.

Hinton G. JAMA September 18, 2018

” It is generally infeasible to interpret DL features because their meaning 
depends on complex interactions with uninterpreted features in other layers”



Limitation 3:  lack of explainability

Neural networks are usually inscrutable to observers.

“We know how they are constructed, and we know the 
data that goes in, but the reasons why certain 
conclusions are reached are usually unknown”

Hinton G. JAMA September 18, 2018



Limitation 4:  lack of transferability 

The results of the models depends mainly on the quality and 
representativeness of the data sets

“It’s a lot about Database”







“ the principle of deep learning implies 
that the tested data have the same 
distributions as the trained data ”

“ the machine will have as much bias as there 
is in the data that was used to train it ”

“



Pre-test Probability CT Pulmonary 
Angiogram

Prevalence
30 % 

Sensitivity = 90 %
Specificity = 90 %

Likelihood Ratios
+LR = 9 / -LR=0.1

Pre-test Probability Determine the Performance

Post Test Probality

OVERDIAGNOSIS

CT angiography for the Diagnostic of Pulmonary Embolism



• When prevalence decrease from 30% to 10%
Pre-test Probability Determine the Performance

OVERDIAGNOSIS



AI in Healthcare should be drive by Care Givers



Data-driven vs Hypothesis-driven



PICO KEY STEP PARTICULARITY OF AI IN RADIOLOGY
POPULATION D e s c r i b e  t h e  p a t i e n t  p o p u l a t i o n .  W h a t  a r e  t h e  m o s t  

i m p o r t a n t  p a t i e n t  c h a r a c t e r i s t i c s  a n d / o r  t h e  
p r o b l e m  t y p e ?

D e s c r i b e  t h e  s p e c i f i c  d i s e a s e  o r  c o n d i t i o n  a n d  t h e  
m e t h o d s  t e s t e d

INTERVENTION D e s c r i b e  t h e  d i a g n o s t i c  t e s t ( s )  b e i n g  c o n s i d e r e d D e s c r i b e :
- M e t h o d  o f  d a t a  a c q u i s i t i o n
- P r o c e s s  o f  d a t a  q u a l i t y  a s s u r a n c e
- M e t h o d  o f  b u i l d i n g  t h e  i m a g e  d a t a b a s e  

COMPARISON 
(CONTROL)

D e s c r i b e  t h e  c u r r e n t  “ g o l d  s t a n d a r d ”  t e s t  f o r  t h a t  
d i s e a s e  o r  c o n d i t i o n

C o m p a r i s o n  o f  A I  t o  h u m a n  p e r f o r m a n c e  ( r a d i o l o g i s t  ? )

OUTCOME D e t e r m i n e  a  c l i n i c a l  o u t c o m e  t h a t  w i l l  b e  u s e d  t o  
e v a l u a t e  t h e  p e r f o r m a n c e  o f  t h e  i n t e r v e n t i o n

D e t e r m i n e  h o w  A I  w i l l  b e  a p p l i e d  t o  s c r e e n i n g ,  t r i a g e ,  
s t a g i n g
D e s c r i b e  h o w  t h e  d a t a  s e t  w i l l  b e  a n n o t a t e d  f o r  A I  
t r a i n i n g

Data-driven vs Hypothesis-driven

“Research hypotheses, whether AI-based or not,  must be clinically relevant and answerable”
Savadjiev P, et al. European Radiology 2018



Rigorous translation pipelines is  needed 

1. Hypothesis generation
2. In silico replication to validate the predictive algorithm with data from other 

populations
3. Prototype intervention combining the predictive algorithm with information and 

decision support for health care teams and patients.
4. Feasibility and utility of the intervention in a pilot study in a health care setting. 
5. Documents efficacy under clinical trial conditions. 
6. Document effectiveness when the AI application is deployed in practice.



Data-driven/model-free approaches to automated knowledge discovery

Application in Imaging



• Detection
• Segmentation
• Registration

Application in Imaging (narrow tasks)



Real time movement adaptation



Real time movement adaptation



Real time movement adaptation



Application in Imaging (broader tasks)
Pat ient  c lass i f icat ion ( d i a g n o s t i c  p r e d i c t i o n ,  p a t i e n t  p r o g n o s i s )

• Separate Normal from not normal
• Definition of normal is very complex, depend of age, anatomical variant, presence of benign lesions
• Normality should not be defined by radiologist reading but by the patient outcome for a specific disease

• Classification of the disease
• Disease phenotyping
• Patient stratification
• Prediction and prognosis (probability to respond to treatment)



Prognostic & Predictive Biomarkers



Imaging Phenotype



Two broad  types  of  st rateg ies  to  der iv ing  an  imaging  b iomarker
Defining the biomarker as a function of the physics of an underlying image acquisition designed to be specific to 
particular aspects of tumor biology

Using standard-of-care imaging techniques that are already in wide clinical use

PET/CT for GIST response to imatinib (Gleevec)

5.5 monthsBaseline 24 hours 7 days 2 months

Metabolic Imaging

Radiomics



2 pathways  for  tumor  quant i f icat ion  with  imaging

Artificial intelligence in radiology, Nature review- Cancer, 2018



Image-based biomarkers for solid tumor quantification. Gallix et al. Eur radiol 2019
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1005034V 3 1 y n y 64 15 -76.56 1 0.3 n y n IDC 877.119995 309.73999 6.8499999 877.119995 1.13999999 1.57000005 115.25 665.830017 7.44000006 541.72998 0.89999998 3.96000004 172.240005 661.52002 7.44999981 596.380005 1.25999999 2.78999996 223.649994 668.450012 7.44000006 646.700012 1.25 1.52999997 276.179993 683.599976 7.48000002 677.960022 1.12 0.94999999 334.649994 707.530029 7.53999996 716.640015 0.94999999 0.54000002 630.119995 285.670013 6.80999994 637.840027 -0.25 -0.52999997 152.830002 702.809998 7.36999989 588.659973 -0.34999999 0.18000001
1022243V 2 1 y y n 45 6 -86.67 1 0 0 y n y IDC 43.7000008 10.1599998 3.6400001 43.7000008 1.25999999 6.96000004 -0.34 25.7600002 4.51000023 17.2700005 -0.5 3.81999993 -0.23999999 27.2800007 4.61000013 18.2000008 -0.22 2.9000001 0.94 28.8299999 4.61999989 19.9500008 0.47 4.98000002 3.41000009 30.6200008 4.65999985 22.2399998 1.08000004 6.96000004 7.03000021 32.2599983 4.73000002 26.4599991 1.39999998 6.98999977 171.63 45.400002 5.0799999 171.63 0.189999998 1.23 40 109.410004 5.92999983 99.4400024 0.050000001 0.61000001
1022991V 2 1 n y n 31 9 -70.97 1 40 30 n y n IDC/ILC 63.9300003 25.5799999 4.59000015 63.9300003 0.31999999 0.01 26.6399994 73.5999985 5.53999996 69.1100006 0.15000001 0.25 37.4799995 61.3699989 5.36999989 61.6800003 -0.13 0.38999999 46.1199989 58.25 5.32000017 66.3000031 0.09 0 53.6399994 56.8899994 5.28999996 68.9000015 0.50999999 0.02 60.2000008 53.6899986 5.19000006 67.3899994 0.74000001 0.09 357.299988 118.330002 5.82999992 357.299988 -0.620000005 -0.13 191.669998 354.059998 6.44000006 344.850006 -0.5 1.02999997
1042324V 3 1 y y n 88 50 n y n IDC 86.4899979 25.6200008 4.55000019 86.4899979 1.13 4.8499999 -11.71 82.3700027 5.5999999 47.6199989 -0.70999998 5.23000002 -18.6599998 87.5699997 5.69000006 48 -0.79000002 3.16000009 -22.3999996 82.3399963 5.67000008 45.1699982 -0.50999999 1.90999997 -24.2700005 76.1399994 5.6500001 45.9399986 -0.09 1.5 -24.9599991 74.1800003 5.63000011 48.25 0.43000001 1.59000003 386.899994 97.4300003 5.88999987 386.899994 -0.050000001 1.30999994 87.8600006 255.770004 6.76 220.720001 0.140000001 1.37
1048532V 2 2 n y n 51 35 -31.37 1 40 15 n y n IDC 33.3199997 8.68000031 3.54999995 33.3199997 0.11 -0.14 3.6099999 22.1700001 4.42999983 17.8400002 -0.17 1.13999999 7.51000023 20.5599995 4.38000011 19.3199997 0.09 0.22 10.6300001 20.9500008 4.38000011 21.2700005 0.19 0.23 12.4200001 20.7299995 4.36000013 22.3700008 0.20999999 -0.01 13.0900002 20.0900002 4.34000015 22.3700008 0.16 -0.31 153.679993 56.6500015 5.28 153.679993 -0.07 -0.76999998 66.4899979 123.970001 5.90999985 124.519997 -0.40000001 0.63
1065373V 4 4 n y n 59 26 -55.93 1 120 1 n n n IDC 34.3600006 13.5799999 3.86999989 34.3600006 1.26999998 2.67000008 8.43999958 41.0200005 4.92999983 34.0600014 1.11000001 3.49000001 10.9499998 41.25 4.98999977 36.7099991 0.85000002 1.72000003 11.3299999 35.9399986 4.88000011 34.4799995 0.63999999 0.88999999 9.97999954 30.0900002 4.73999977 29.0599995 0.43000001 0.51999998 7.78999996 26.6399994 4.6500001 24.8799992 0.25 0.07 40.2400017 19.2299995 4.32000017 40.3600006 0.209999993 -0.51999998 16.7800007 40.8699989 5.03000021 39.4199982 -0.23999999 -0.01
1066702V 3 2 y y n 30 12 -60 1 7 n n n IDC 113.449997 27.4899998 4.48999977 113.449997 -0.94 1.5 64.6500015 73.2399979 5.32000017 91.2699966 -0.33000001 -0.41999999 113.580002 70.5400009 5.28999996 121.580002 -0.17 -0.41 160.550003 73.5500031 5.3499999 163.940002 -0.43000001 -0.41999999 200.320007 80.2099991 5.28999996 202.050003 -0.44999999 -0.70999998 230.460007 83.6800003 5.38000011 230.460007 -0.36000001 -0.70999998 284.82999 73.82 5.1500001 284.82999 -0.419999987 -0.02 200.089996 262.630005 5.67000008 310.829987 -0.2 -0.63999999
1087582V 2 3 y y n 39 35 -10.26 0 31 20 n y n IDC 28.5100002 9.60000038 3.55999994 28.5100002 0.72000003 3.38000011 13.0299997 27.3099995 4.53999996 26.2700005 1.08000004 3.0999999 17.5900002 26.1200008 4.46999979 26.8500004 1.73000002 7.78999996 21.4099998 25.7099991 4.42000008 28.2199993 1.51999998 6.67000008 25.2399998 25.0499992 4.44000006 30.2999992 1.08000004 3.49000001 29.1599998 24.1599998 4.46000004 33.7099991 0.64999998 1.02999997 130.949997 38.75 4.71000004 130.949997 -1.139999986 0.47 53.9900017 82.3700027 5.59000015 88.6999969 0.059999999 0.15000001
1091454V 3 2 y y n 78 0 -100 2 70 n y n IDC 676.01001 186.029999 6.3499999 676.01001 1.07000005 2.51999998 91.2399979 463.23999 6.96000004 404.670013 1.33000004 3.93000007 123.760002 455.339996 6.98000002 422.640015 1.08000004 2.31999993 145.729996 457.119995 7.03999996 445.519989 0.72000003 0.74000001 166.850006 453.670013 7.01999998 472.290009 0.50999999 -0.43000001 194 447.25 7 492.130005 0.41999999 -0.83999997 2079.17993 596.409973 7.17000008 2079.17993 0.540000021 0.88999999 492.440002 1552.27002 7.55 1424.71997 0.850000024 2.00999999
1106485V 3 2 y y n 26 0 -100 2 0 0 y n y IDC 53.4900017 11.0100002 3.69000006 53.4900017 -0.28999999 -0.86000001 3.56999993 30.8299999 4.6500001 25.3700008 -0.18000001 -0.23 5.28999996 31.6599998 4.61000013 28.4899998 -0.38999999 -0.67000002 7.1500001 30.8600006 4.55000019 29.6000004 -0.38999999 -0.93000001 9.47999954 27.5 4.44000006 27.6599998 -0.40000001 -0.97000003 12.1999998 22.7399998 4.30999994 24.2800007 -0.38 -0.89999998 119.400002 49.4399986 4.94999981 119.400002 -0.189999998 -0.97000003 77.3499985 144.320007 5.53999996 151.75 -0.2 -0.62
1114588V 3 3 y y n 26 0 -100 2 0 0 y n y IDC 32.7200012 12.3000002 3.66000009 32.7200012 1.57000005 3.52999997 11.5 35.3499985 4.6500001 30.9799995 1.23000002 2.83999991 17.8299999 33.2200012 4.61000013 31.0799999 1.15999997 1.78999996 23.4899998 33.0200005 4.57999992 32.6399994 1.01999998 0.83999997 29 31.5499992 4.61000013 36.6899986 0.75 0.06 34.3899994 28.9899998 4.55000019 40.25 0.47 -0.5 118.18 36.9799995 4.82000017 118.18 -0.540000021 -0.44999999 47.2799988 91.3799973 5.55999994 95.9700012 -0.22 -0.23
1131763V 4 1 y y n 39 0 -100 2 28 15 n y n IDC 18.3700008 6.67000008 3.18000007 18.3700008 1.63999999 7.36000013 -1.02999997 21.0599995 4.30999994 15.21 1.08000004 5.55999994 -1.72000003 20.0400009 4.34000015 15.0699997 0.36000001 1.41999996 -2.49000001 18.4899998 4.26999998 14.5600004 0.19 0.52999997 -3.19000006 16.6100006 4.17000008 13.5600004 0.23 -0.07 -3.52999997 14.6599998 4.05000019 11.7200003 0.13 -0.31999999 74.7200012 19.7399998 4.32999992 74.7200012 -0.07 -0.25999999 17.3799992 49.5699997 5.21000004 47.4099998 0.230000004 -0.28999999
1164662V 2 2 n y n 41 32 -21.95 0 38 50 n y n IDC 37.75 8.47000027 3.51999998 37.75 0 1.02999997 3.03999996 24.7000008 4.57000017 21.7800007 0.23 0.41999999 4.13000011 24.6100006 4.57000017 22.6000004 0.31 -0.05 4.53999996 23.9200001 4.5 22.2199993 0.60000002 0.28999999 4.86999989 22.9899998 4.46000004 20.7099991 0.76999998 0.92000002 5.46999979 22.75 4.40999985 19.4099998 0.69999999 1.20000005 79.7200012 33.4599991 4.68 79.7200012 1.029999971 0.50999999 28.2000008 90.7799988 5.59000015 98.9599991 0.99000001 0.52999997
1166634V 3 2 y y n 65 0 -100 2 45 2 n y n IDC 27.5300007 15.1999998 4.01999998 27.5300007 0.56999999 -0.11 5.05000019 29.1399994 4.71000004 25.4799995 0.62 0.88999999 5.78000021 30.1800003 4.73000002 27.7299995 0.67000002 0.66000003 6.01999998 30.5200005 4.76000023 29.1800003 0.58999997 0.18000001 6.32999992 30.7000008 4.75 30.4799995 0.60000002 -0.15000001 7.05000019 30.6599998 4.73999977 31.1399994 0.61000001 -0.18000001 124.599998 39.5200005 5.01999998 124.599998 0.280000001 -0.11 44.9900017 98.5699997 5.80999994 93.8099976 0.74000001 1.20000005
1300217V 4 3 n n y 30 0 -100 2 110 7 n y n ILC 51.3300018 20.0599995 4.30999994 51.3300018 1.01999998 4 17.1000004 50.1199989 5.17000008 46.5499992 0.66000003 1.34000003 26.9200001 40.5900002 4.98999977 42.7999992 0.36000001 0.25 36.8199997 35.6800003 4.8499999 45.1100006 0.49000001 0.28999999 46.5200005 35.6699982 4.86000013 50.5299988 0.56999999 0.12 55.4599991 38.1899986 4.92000008 59.2900009 0.44999999 -0.23999999 285.769989 105.029999 5.76999998 285.769989 0.039999999 -0.05 131.020004 282.769989 6.3499999 259.290009 -0.15000001 1.01999998
1315832V 3 3 n y n 27 0 -100 2 27 5 n y n IDC 78.5899963 21.1900005 4.30000019 78.5899963 0.20999999 1.58000004 24.9300003 70.3199997 5.32999992 70.8300018 0.81 0.63999999 38.6800003 67.0299988 5.32000017 74.4400024 0.63 -0.02 52.5999985 57.9399986 5.23999977 73.9499969 0.28 -0.47999999 67.0299988 45.6300011 5.07999992 75.9199982 -0.01 -0.50999999 82.5199966 32.9900017 4.76999998 82.5199966 0.02 -0.16 291.869995 76.5 5.36000013 291.869995 -1.179999948 1.05999994 155.460007 181.520004 6.13999987 224.669998 0.189999998 -0.52999997
1334481V 2 3 n y n 23 18 -21.74 0 33 90 n y n IDC 51.6100006 12.7399998 3.8900001 51.6100006 -0.5 -0.04 8.56999969 36.75 4.82999992 31.3400002 -0.72000003 0.75999999 13.75 34.4000015 4.84000015 32.6800003 -0.52999997 -0.03 18.7600002 29.8799992 4.73000002 32.7700005 -0.20999999 -0.38 23.7000008 24.3899994 4.51999998 31.7299995 0.03 -0.81 28.6900005 21.0900002 4.36000013 32.0299988 -0.07 -0.88 214.759995 61.7799988 5.09000015 214.759995 -1.320000052 1.58000004 80.6600037 132.300003 5.86000013 144.889999 0.100000001 0.1
1382362V 2 2 n n y 40 0 -100 2 2 n y n IDC 22.2399998 8.88000011 3.51999998 22.2399998 0.75999999 0.73000002 10.6499996 21.9699993 4.4000001 21.4400005 0.73000002 1.32000005 13.0799999 22.0799999 4.38000011 22.9400005 0.83999997 1.05999994 14.5799999 21.8099995 4.34000015 23.4899998 0.79000002 0.56 15.3599997 20.2199993 4.30000019 22.2399998 0.68000001 0.08 15.5600004 17.7600002 4.19999981 21.0100002 0.46000001 -0.37 100.43 47.7900009 5.11999989 100.43 0.379999995 -0.69999999 55.7599983 110.120003 5.82999992 115.290001 0.289999992 -0.11
1417375V 4 4 y y y 55 0 -100 2 30 2 n y n IDC 101.510002 29.2999992 4.73000002 101.510002 0.18000001 0.68000001 30.8199997 93.3300018 5.71000004 87.0999985 0.81 0.5 44.0400009 83.3799973 5.65999985 87.9400024 0.64999998 0.23 55.5600014 77.5299988 5.61999989 89.0699997 0.25 -0.31999999 67.3099976 73.6999969 5.5999999 92.5800018 0.05 -0.36000001 79.6500015 67.4300003 5.5 93.6299973 0.19 -0.16 361.51001 102.980003 5.82000017 361.51001 -0.360000014 0.16 152.75 276.929993 6.5 273.76001 0.200000003 0.75999999
1417743V 4 2 y y n 48 19 -60.42 1 15 60 n y n IDC 67.0999985 16.6000004 4.17000008 67.0999985 -0.25 -0.62 10.3400002 37.5699997 4.96999979 33.8600006 0.13 -0.03 14.8400002 39.9599991 5.03000021 37.8800011 0.23999999 0.41999999 18.0300007 42.4000015 5.0999999 41.5600014 0.06 0.07 20.2700005 44.2700005 5.11999989 44.5499992 -0.13 -0.34 21.8400002 47.1899986 5.15999985 46.1399994 -0.01 -0.28999999 262.529999 58.0499992 5.17000008 262.529999 -1.539999962 2.8499999 81.1299973 146.490005 6.0999999 138.949997 0.519999981 0.91000003
1419144V 2 3 n n y 62 0 -100 2 0 0 y n y IDC 528.02002 176.309998 6.30999994 528.02002 0.56 0.5 196.100006 477.440002 6.96000004 461.399994 0.55000001 0.66000003 285.98999 467.23999 6.98999977 498.940002 0.25999999 0.09 337.589996 450.589996 6.94999981 501.910004 -0.23999999 -0.05 368.059998 436.73999 6.94000006 522.409973 -0.52999997 0.28999999 391.540009 429.220001 6.90999985 544.26001 -0.5 0 1367.48999 494.540009 6.94000006 1367.48999 -0.029999999 -0.1 895.280029 1252.14001 7.26000023 1383.45996 0.409999996 1.74000001
1434741V 2 2 y y n 36 0 -100 2 0 0 y n y IDC 50.0699997 10.96 3.75999999 50.0699997 0.28999999 0.63 2.53999996 32.4399986 4.78999996 25.2900009 -0.23 0.92000002 5.13000011 33.9799995 4.84000015 28.4300003 0.1 0.47999999 8.88000011 37.1899986 4.9000001 32.5299988 0.31999999 0.38999999 13.4099998 39.6699982 4.96999979 39.3100014 0.34999999 0 18.6900005 40.5299988 4.98000002 44.0099983 0.23999999 -0.51999998 230.770004 54.0200005 5.21000004 230.770004 -1.00999999 1.08000004 75.75 138.880005 6.05999994 132.960007 0.170000002 0.49000001
1466158V 3 3 y y y 79 0 -100 2 55 n y n ILC 37.3199997 19.4099998 4.28000021 37.3199997 1.23000002 3.88000011 6.71999979 51.0099983 5.23000002 43.4700012 1.22000003 4.0999999 9.94999981 41.5699997 5.05999994 37.0200005 0.88999999 1.74000001 12.7299995 37.6300011 5 34.3899994 0.51999998 1.22000003 15.2600002 35.6399994 4.94999981 34.2900009 0.23 0.74000001 17.6499996 33.8199997 4.9000001 34.6699982 0.06 0.28 244.740005 71.3300018 5.48999977 244.740005 -0.319999993 -0.5 81.4199982 170.699997 6.19000006 175.139999 0.129999995 -0.30000001
1479401V 2 1 n y n 30 20 -33.33 1 25 n y n IDC 121.139999 80.1699982 5.51000023 121.139999 0.94 0.5 48 198.110001 6.26999998 187.130005 0.94 1.36000001 81.0999985 200.380005 6.23999977 187.729996 1.11000001 1.50999999 105.260002 203.339996 6.19000006 198.389999 1.25 1.98000002 121.139999 202.710007 6.19000006 214.820007 1.21000004 1.60000002 130.470001 197.270004 6.17999983 210.850006 1.07000005 0.95999998 1199.77002 414.079987 6.48000002 1199.77002 -0.150000006 -0.81999999 723.830017 941.640015 6.68 1072.48999 -0.15000001 0.28
1500375V 2 2 y y n 51 43 -15.69 0 45 40 n n n IDC 37.3199997 11.5699997 3.82999992 37.3199997 0.40000001 0.36000001 7.5999999 32.75 4.80999994 27.8500004 0.56 1.44000006 11.9200001 31.5900002 4.80000019 28.9899998 0.52999997 0.94 16.1200008 31.2000008 4.78999996 31.1100006 0.47 0.34999999 20.1100006 30.2800007 4.75 32.8600006 0.41999999 0.12 23.8700008 28.9799995 4.71000004 34.8199997 0.33000001 -0.22 53.9900017 19.7199993 4.32999992 54.1500015 -0.519999981 -0.17 26.0499992 52.4599991 5.26999998 51.7900009 0.059999999 0.44
1505018V 4 4 y n y 70 8 -88.57 1 0 y n y IDC 84.8799973 41.2099991 4.96000004 84.8799973 1.17999995 1.40999997 3.25999999 106.220001 5.96999979 93.7200012 0.56 0.60000002 7.61999989 112.709999 6.01000023 95.7300034 0.69999999 1.44000006 12.1800003 110.330002 5.98000002 94.6699982 0.70999998 1.53999996 17.1900005 104.709999 5.94999981 93.4599991 0.61000001 0.80000001 22.3600006 100.510002 5.92000008 96.4100037 0.52999997 0.07 196.759995 59.2400017 5.44000006 196.759995 -0.029999999 0.23999999 72.0699997 186.550003 6.44000006 171.889999 0.379999995 0.66000003
1525098V 4 3 y y n 29 0 -100 2 0 0 y n y IDC 131.270004 31.8600006 4.75 131.270004 -0.56999999 0.13 30.8500004 72.7699966 5.48999977 69.4300003 -0.28 -0.03 52.6899986 82.2699966 5.59000015 88.0299988 0.11 -0.31999999 76.4300003 82.3300018 5.57999992 101.339996 0.28999999 -0.56999999 102.160004 78.3899994 5.51999998 111.589996 0.41999999 -0.54000002 129.600006 77.0899963 5.53999996 133.570007 0.37 -0.44 379.720001 105.860001 5.75 379.720001 0.730000019 0.55000001 88.5899963 235.020004 6.32000017 216.960007 0.800000012 1.66999996
1528356V 3 2 y n y 93 86 -7.527 0 50 15 n y n IDC 72.8700027 25.7299995 4.63000011 72.8700027 -0.12 0.20999999 23.3799992 68.0699997 5.55999994 62.1100006 0.25999999 0.46000001 33.5499992 62.5200005 5.48999977 62.7000008 0.31999999 0.36000001 41.7200012 59.0299988 5.44000006 65.5699997 0.2 0.18000001 48.5 54.6300011 5.36999989 66.4499969 0.15000001 -0.03 54.6899986 52.3300018 5.32000017 68.1999969 0.25 -0.23999999 245.350006 101.919998 5.94000006 245.350006 -0.209999993 -0.72000003 84.7200012 271.290009 6.80999994 252.880005 0.150000006 0.03
192388V 2 2 n y y 69 0 -100 2 5 n y n ILC 58.8100014 23.9899998 4.34000015 58.8100014 2.17000008 8.69999981 8.47000027 62.0299988 5.23000002 43.25 1.16999996 9.10999966 14.25 66.0500031 5.25 46.8199997 1.86000001 11.6599998 19.1100006 67.0899963 5.36000013 52.5400009 1.66999996 7.69999981 23.4300003 66.7300034 5.40999985 57.4199982 1.35000002 4.36000013 27.3099995 65.5100021 5.4000001 59.4099998 1.17999995 2.61999989 177.270004 80.4800034 5.63999987 177.270004 -0.300000012 -0.82999998 54.3800011 216.210007 6.55999994 187.080002 0.400000006 1.30999994

2037182V 4 4 n y n 38 25 -34.21 1 25 30 n y n IDC 53.6599998 14.4200001 3.99000001 53.6599998 0.49000001 0.04 -5.75 33.7999992 4.80000019 23.8999996 -0.09 0.27000001 -6.01999998 36.4599991 4.88000011 26.8099995 -0.06 -0.34 -5.30000019 39.8699989 4.96000004 28.4699993 0.03 0.07 -4.63999987 41.4399986 4.92000008 27.8500004 -0.05 0.52999997 -4.21000004 40.7299995 4.88000011 26.8099995 -0.25999999 0.56 58.0600014 18.6599998 4.23000002 58.0600014 -0.680000007 0.28999999 19.3099995 46.0299988 5.05000019 40.9700012 -0.37 1.10000002
206013V 2 2 n y n 19 20 5.2632 0 18 n n nNEUROENDOC45.4199982 13 3.8499999 45.4199982 -0.22 -0.19 21.6200008 34.6699982 4.73000002 36.7999992 0.17 0.79000002 32.7700005 27.8299999 4.55999994 38.7599983 0.11 0.80000001 42.4300003 25.5100002 4.42999983 47.3499985 -0.70999998 -0.15000001 51.8699989 31.5799999 4.5 56.9399986 -0.55000001 -0.89999998 60.5800018 39.0299988 4.80999994 65.9499969 -0.23 -1.02999997 165.940002 57.0400009 5 165.940002 -1.00999999 0.23999999 91.2099991 181.059998 5.76999998 173.050003 -0.91000003 0.73000002

2117939V 4 3 n y n 27 10 -62.96 1 0 0 y n y IDC 733.070007 245.360001 6.05999994 733.070007 0.11 1.25999999 211.720001 715.820007 6.42000008 611.72998 0.43000001 1.28999996 352.380005 725.409973 6.40999985 684.179993 0.43000001 0.55000001 495.26001 683.5 6.44000006 761.679993 0.41999999 -0.19 635.309998 641.690002 6.42999983 836.890015 0.05 -0.75 777.27002 628.090027 6.44000006 949.669983 -0.25999999 -0.91000003 3286.28003 772.799988 6.6500001 3286.28003 -0.620000005 0.62 1005.58 2077.74 6.8299999 2009.0601 0.03 0.42
2127953V 3 3 y y n 34 0 -100 2 0 0 y n y IDC 32.3400002 9.10999966 3.53999996 32.3400002 0.80000001 1.00999999 6.96000004 26.2900009 4.57000017 25.1299992 0.75 0.56 10.4799995 24.8400002 4.53000021 25.1000004 0.47 -0.02 13.4399996 23.6900005 4.48000002 24.7999992 0.37 -0.22 16.2199993 22.2700005 4.42000008 24.2000008 0.62 0 18.9200001 20.5799999 4.28000021 23.5100002 0.82999998 0.14 133.520004 42.4700012 4.94000006 133.520004 -1 0.60000002 63 127.300003 5.96000004 129.190002 -0.08 -0.38
2138373V 2 3 y y n 50 0 -100 1 0 0 y n y IDC 57.0200005 13.9399996 3.8900001 57.0200005 1.13 5.46999979 11.6199999 41.3600006 4.94999981 35.4599991 1.16999996 4.30999994 17.6599998 39.8199997 4.96000004 38.6599998 0.89999998 2.30999994 23.9200001 41.9599991 5.03000021 42.6599998 0.88 2.6099999 29.7900009 42.7400017 5.05000019 46 0.81999999 2.42000008 35.1599998 40.2200012 4.98999977 46.9000015 0.74000001 2.19000006 199.179993 51.4900017 5 199.179993 -1.700000048 3.02999997 54.4799995 121.879997 5.94999981 107.959999 -0.02 0.97000003
2155466V 3 3 y y n 38 5 -86.84 1 4 n n n IDC 68.1299973 19.1499996 4.28999996 68.1299973 0.34999999 1.58000004 20.8500004 53.9199982 5.30000019 52.2099991 0.47 0.69 33.7299995 59.7700005 5.36000013 61.1599998 0.77999997 0.94999999 46.4900017 64.2600021 5.44999981 71.2600021 0.52999997 0.28999999 58.6500015 66.8899994 5.53000021 80.4899979 0.12 -0.15000001 70.0400009 65.6900024 5.5 88.2600021 -0.11 -0.22 262.859985 86.3099976 5.61999989 262.859985 1.179999948 1.78999996 68.0899963 198.460007 6.42999983 184.369995 0.670000017 0.98000002
2194041V 2 1 y y n 21 7 -66.67 1 0 0 y n y IDC 58.2099991 19.9500008 4.32000017 58.2099991 -0.1 -0.47 20.0599995 51.7599983 5.17999983 51.1899986 0.2 -0.55000001 30.5599995 46.1800003 5.07000017 51.7299995 0.20999999 -0.50999999 39.7200012 42.75 4.98999977 52.6100006 0.07 -0.47999999 48.2599983 43.1199989 4.96999979 58.7900009 -0.08 0.1 56.0600014 44.9799995 5.03000021 66.8799973 -0.23 -0.15000001 193.039993 63.4500008 5.30999994 193.039993 -0.289999992 -0.58999997 102.57 209.240005 6.03999996 211.979996 -0.51999998 -0.03
2196916V 3 2 y y n 32 28 -12.5 0 26 10 n y n IDC 58.8499985 18.3400002 4.23999977 58.8499985 0.41999999 1.26999998 10.5100002 53.4799995 5.15999985 40.9799995 0.25 2.46000004 17.0599995 55.3899994 5.23999977 46.3600006 0.47 1.52999997 23.5799999 51.3400002 5.17000008 48.2200012 0.69 1.40999997 29.8700008 45.0299988 5.03000021 45.0999985 0.95999998 1.72000003 36.0099983 41.1199989 4.92999983 45.6599998 0.95999998 1.48000002 180.179993 52.4799995 5.24 180.179993 -0.340000004 -0.16 73.8000031 188.729996 6.23999977 178.910004 -0.19 0.52999997
2203162V 2 2 y y n 45 0 -100 2 y n y IDC 83.7099991 18.6599998 4.26000023 83.7099991 0.5 0.72000003 10.96 50.4700012 5.15999985 44.5600014 0.72000003 1.15999997 18.0300007 46.5499992 5.13000011 46.0499992 -0.06 -0.05 25.1399994 51.1300011 5.19999981 52.3699989 -0.40000001 -0.52999997 32.3899994 53.8400002 5.23999977 58.9799995 -0.38999999 -0.57999998 39.8400002 52.75 5.23000002 63.2200012 -0.25 -0.54000002 369.869995 102.629997 5.65999985 369.869995 -1.139999986 0.87 143.690002 221.520004 6.32999992 235 -0.43000001 0.63
2210214V 4 2 y y n 58 0 -100 2 0 0 y n y IDC 78.8199997 20.2399998 4.3499999 78.8199997 0.56999999 0.64999998 -0.07 62.4000015 5.38999987 51.5699997 0.56 0.99000001 6.0999999 60.8499985 5.36000013 54.4599991 0.66000003 0.62 11.8000002 62.7200012 5.4000001 55.4000015 0.46000001 0.40000001 16.2199993 62.0800018 5.38000011 57.3300018 0.36000001 0.20999999 20.25 57.7700005 5.30000019 53.5099983 0.28999999 0.18000001 257.429993 57.9399986 5.3499999 257.429993 0.280000001 0.74000001 97.8399963 178.309998 6.25 171.649994 0.460000008 1.91999996
2212880V 2 2 n y y 34 0 -100 2 6 n y n ILC 38.0400009 17.1499996 3.69000006 38.0400009 3.96000004 22.6800003 11.5600004 51.4099998 4.86999989 40.4000015 2.18000007 8.46000004 21.8799992 44.2799988 4.86000013 43.3199997 1.10000002 1.64999998 32.2400017 39.9399986 4.84000015 47.6100006 0.47999999 -0.25 42.0099983 34.5400009 4.76999998 48.7400017 0.28999999 -0.56 50.1800003 27.8299999 4.57999992 51.9500008 0.23 -0.44 207.020004 82.6500015 5.38000011 207.020004 -0.540000021 -0.74000001 162.929993 191.809998 5.92999983 235.600006 -0.44 -0.25999999
2223384V 2 1 y y n 24 17 -29.17 1 17 80 n y n IDC 34.0499992 12.1999998 3.77999997 34.0499992 0.85000002 3.07999992 9.10999966 31.5100002 4.65999985 26.3999996 1.39999998 4.38999987 14.6300001 34.0999985 4.61999989 28.2900009 1.95000005 6.05000019 19.5799999 34.4599991 4.5999999 29.7399998 1.92999995 5.1500001 24.6499996 33.8499985 4.61999989 32.9599991 1.47000003 2.99000001 30.2900009 32.8699989 4.73999977 36.9900017 0.86000001 1.14999998 169.509995 40.8899994 4.69000006 169.509995 -1.580000043 2.22000003 65.9400024 105.260002 5.6500001 105.809998 -0.20999999 1.04999995
2241322V 3 3 y y n 53 0 -100 2 0 0 y n y IDC 98.2699966 34.2299995 4.86999989 98.2699966 0.25999999 -0.47999999 18.6800003 77.1200027 5.57000017 65.9499969 -0.31999999 1.01999998 25.2000008 85.9899979 5.67999983 76.0100021 -0.11 0.23 35.8800011 84.5599976 5.67999983 80.5800018 0.16 0.07 51.6399994 82.4300003 5.6500001 86.5999985 0.43000001 -0.02 69.5400009 88.8399963 5.67999983 97.9899979 0.54000002 0.02 564.859985 136.259995 5.75 564.859985 -0.980000019 1.15999997 308.829987 374.859985 6.4000001 447.440002 -0.01 -0.44999999
2245634V 2 2 y y n 33 25 -24.24 0 25 25 n n n IDC 45.4599991 11.5299997 3.70000005 45.4599991 1.25 2.56999993 12.7600002 39.7999992 4.8499999 36.5099983 1.38999999 2.5999999 16.9099998 38.2999992 4.86999989 39.0800018 0.94999999 0.62 18.8099995 35.4799995 4.80999994 36.5900002 0.67000002 -0.06 20.1499996 31.2900009 4.71000004 34.7099991 0.47 -0.34999999 21.6800003 25.9899998 4.59000015 31.8700008 0.34 -0.51999998 174.589996 39.6100006 4.84000015 174.589996 -1.00999999 1.02999997 64.3000031 102.529999 5.75 105.879997 0.270000011 0.51999998
2247003V 3 3 n y y 60 0 -100 2 0 0 y n y IDC 51.0299988 23.7099991 4.44000006 51.0299988 0.11 -0.97000003 18.9799995 52.5600014 5.26000023 49.7099991 0.25999999 0.36000001 28.5599995 50.0999985 5.19999981 54.3600006 0.37 -0.49000001 36.9399986 49.9199982 5.19999981 57.2299995 0.31 -0.68000001 45.0600014 52.9900017 5.25 65.5899963 0.15000001 -0.83999997 53.0499992 58.0600014 5.28000021 77.0500031 0.12 -1.11000001 150.740005 48.5099983 5.19000006 150.740005 -0.170000002 -0.60000002 53.2900009 134.279999 6.03000021 124.669998 -0.12 0.18000001
2253831V 2 2 y n y 49 46 -6.122 0 80 80 n y n IDC 47 19.7000008 4.30000019 47 0.80000001 1.07000005 20.3500004 50.0400009 5.19999981 44.8300018 0.41999999 1.24000001 27.4799995 47.3699989 5.11999989 46.1599998 0.88999999 1.94000006 32.4000015 44.9000015 5.03999996 47.4399986 1.13999999 1.91999996 36.4599991 45.6100006 5.03999996 49.9700012 1.10000002 1.37 39.9099998 47.3800011 5.07999992 52.7000008 1.10000002 1.32000005 183.970001 60.4399986 5.19000006 183.970001 -1.070000052 0.44 96.1999969 173.380005 6.19999981 174.889999 -0.19 0.25999999
2255527V 1 2 n y n 43 16 -62.79 1 28 5 n y n IDC 30.3500004 8.5 3.4000001 30.3500004 1.96000004 11.9099998 4.73000002 23.4699993 4.44999981 18.2099991 0.22 2.26999998 6.0999999 18.0200005 4.23000002 15.4799995 -0.56 1.12 7.01000023 17.2600002 4.13000011 14.75 -0.93000001 1.90999997 7.44000006 19.2900009 4.26999998 16.9500008 -0.74000001 1.09000003 7.42000008 22.0499992 4.42999983 19.5599995 -0.40000001 0.19 95.2600021 31.6000004 4.71999979 95.2600021 -0.439999998 -0.69 55.2599983 93.3399963 5.71000004 101.860001 -0.30000001 -0.5
2256063V 4 3 y y n 34 5 -85.29 1 30 10 n n n IDC 140.770004 43.6100006 5.05999994 140.770004 0.07 0.06 34.0600014 115.379997 5.84000015 113.120003 0.44999999 0.41 59.2099991 104.389999 5.78000021 109.889999 0.28999999 0.11 86.6600037 90.7099991 5.69999981 113.660004 0.09 -0.14 115.389999 83.6999969 5.63000011 130.610001 -0.16 -0.16 143.869995 85.4000015 5.57999992 157.399994 -0.67000002 0.55000001 187.279999 71.2900009 5.46000004 187.279999 0.75 0.5 55.6100006 209.470001 6.3499999 198.770004 0.50999999 0.03
2259853V 2 3 n y n 35 0 -100 2 0 0 y n y IDC 49.9700012 9.35000038 3.55999994 49.9700012 -0.74000001 1.17999995 7.23999977 30.3999996 4.63999987 24.1900005 -0.06 2.92000008 10.7799997 25.7099991 4.55000019 25.0799999 -0.05 0.07 15.9200001 22.5100002 4.42000008 27.1000004 -0.18000001 -0.81999999 22.0200005 20.0599995 4.32000017 28.2600002 -0.27000001 -0.76999998 28.3700008 19.3299999 4.26000023 31.25 -0.11 -0.95999998 203.009995 60.1399994 5.01000023 203.009995 -1.370000005 0.97000003 73.2799988 146.039993 6 146.240005 -0.13 -0.06
2260456V 2 1 n y n 25 20 -20 0 20 n n n ILC 33.5699997 13.0699997 3.8499999 33.5699997 0.69999999 0.94999999 8.11999989 29.3999996 4.61000013 26.7000008 0.01 0.47 10.3299999 34.4799995 4.80999994 32.6300011 -0.1 -0.36000001 14.5299997 39.1500015 4.88000011 39.8600006 0.12 -0.50999999 19.6200008 39.8899994 4.9000001 42.25 0.13 -0.52999997 24.9500008 37.7799988 4.8499999 40.0999985 0.23 -0.08 174.929993 52.6899986 5.01999998 174.929993 -0.639999986 -0.40000001 109.010002 132.869995 5.67999983 155.699997 0 -0.37
2264103V 4 4 y y n 75 46 -38.67 1 65 20 n n n IDC 40.9099998 15.6800003 4.07000017 40.9099998 1.20000005 2.97000003 5.28999996 33.5 4.8499999 27.2600002 1 4.01000023 8.43999958 33.0600014 4.82000017 28.0900002 1.13 3.47000003 11.0299997 33.3499985 4.80999994 29.5100002 1.20000005 3.08999991 13.4700003 34.3199997 4.82000017 31.3700008 1.35000002 3.48000002 16.0699997 35.6699982 4.8499999 33.2200012 1.40999997 3.6400001 121.75 38.2999992 5.03000021 121.75 0.300000012 0.06 17.9799995 58.1100006 5.38999987 49.5800018 0.340000004 1.99000001
2265969V 3 2 y y n 49 15 -69.39 1 50 5 n n n ILC 69.4800034 17.7900009 4.25 69.4800034 0.23 0.38 13.46 53.9500008 5.26999998 49.3100014 0.23999999 0.22 18.7999992 53.3800011 5.26999998 49.3100014 -0.11 0.02 23.9599991 52.8499985 5.25 50.7700005 -0.12 -0.1 28.5499992 52.2799988 5.23999977 54.9700012 0.02 -0.34 32.2900009 51.3400002 5.17999983 58.2799988 0.07 -0.64999998 273.14001 61.290001 5.2199998 273.14001 -0.75 1.05 86.4499969 161.649994 5.94000006 167.570007 0.409999996 0.2
2266677V 2 2 n y n 22 0 -100 2 0 0 y n y IDC 73.4499969 13.1599998 3.80999994 73.4499969 -0.41999999 1.45000005 20.0300007 36.4799995 4.80999994 36.2700005 0.51999998 0.76999998 32.3899994 31.5900002 4.67999983 39.9300003 0.69999999 0.74000001 44.3899994 29.3600006 4.63999987 48.6699982 0.14 -0.11 56.0600014 31.2900009 4.71999979 59.75 -0.23 -0.40000001 67.0299988 34.8400002 4.78000021 68.6299973 -0.23 -0.81 223.899994 46.0600014 4.78000021 223.899994 -1.75 3.96000004 130.97 144.92999 5.75 183.71001 0.22 -0.81
2270378V 4 3 y y y 64 0 -100 2 0 0 y n y IDC 229.550003 66.4499969 5.51000023 229.550003 0.50999999 0.76999998 37.1800003 192.649994 6.42000008 162.089996 0.83999997 2.27999997 59.5400009 198.440002 6.46000004 180.479996 0.68000001 1.60000002 79.8700027 191.470001 6.42999983 182.350006 0.47999999 0.62 100.010002 179.039993 6.3499999 183.880005 0.54000002 0.11 121.730003 169.830002 6.30000019 190.380005 0.61000001 -0.23999999 950.119995 130.110001 5.67999983 950.119995 -1.820000052 6.13000011 184.130005 375.100006 6.34000015 367.170013 0.449999988 0.69999999
2278014V 4 4 y y n 39 12 -69.23 1 45 5 n n n IDC 72.0299988 17.6700001 4.13000011 72.0299988 0.61000001 2.8599999 14.3599997 49.5900002 5.13000011 44.6699982 1.12 2.45000005 22.1700001 49.5099983 5.15999985 47.7599983 0.85000002 0.88999999 29.6900005 47.6699982 5.13000011 48.8699989 0.72000003 0.25999999 37.1399994 44.7400017 5.07000017 50.6699982 0.77999997 0.34 44.8100014 41.7999992 5.01999998 52.2299995 0.81 0.60000002 220.169998 63.6100006 5.30000019 220.169998 -1.159999967 0.86000001 37.9199982 171.259995 6.23000002 129.210007 -0.93000001 2.6400001
2281049V 4 3 y y n 54 22 -59.26 1 60 60 n n n IDC 85.7200012 25.8400002 4.53000021 85.7200012 1.05999994 4.38999987 26.6499996 72.5199966 5.36999989 62.5200005 2.20000005 10.7799997 40.0400009 69.7399979 5.42999983 73.1399994 1.27999997 3.23000002 54.6100006 68.7399979 5.44000006 81.4899979 0.66000003 0.20999999 69.9800034 68.5699997 5.46999979 92.1600037 0.28 -0.76999998 85.3899994 68.0800018 5.46000004 101.18 0.04 -1.04999995 392.119995 113.790001 5.88000011 392.119995 -0.550000012 0.07 118.650002 276.660004 6.53999996 258.049988 0.289999992 0.54000002
2283442V 3 1 y y n 75 6 -92 1 0 0 y n y IDC 44.5900002 16.0599995 4.09000015 44.5900002 0.83999997 0.75 5.53000021 35.4799995 4.92000008 28.8999996 0.63 2.20000005 8.39999962 35.8699989 4.94000006 30.4699993 0.44 1.78999996 11.1599998 37.0600014 4.98999977 32.5 0.25 0.93000001 13.9899998 38.9000015 5.03999996 35.9099998 0.25999999 0.41999999 16.8199997 40.3899994 5.07000017 40.0299988 0.36000001 -0.02 123.580002 51.5400009 5.31 123.580002 0.300000012 -0.46000001 30.3099995 116.739998 6.07999992 105.050003 0.289999992 0.81999999
2291846V 2 1 y y n 35 21 -40 1 25 30 n n n IDC 36.7299995 13.0799999 3.93000007 36.7299995 0.2 0.01 9.25 29.3099995 4.63000011 24.6499996 0.69 2.9000001 14.6899996 27.4200001 4.59000015 25.5699997 0.50999999 2.16000009 20.0699997 25.6200008 4.59000015 29 0.22 0.81999999 25.6000004 25.0699997 4.57999992 33.3300018 -0.04 -0.30000001 31.2299995 26.0499992 4.61000013 37.9399986 -0.18000001 -0.67000002 153.570007 47.5 5.05000019 153.570007 -0.709999979 0.56 62.630001 130.77 5.9299998 124.6 0.23999999 0.31
2291898V 2 2 n y n 23 13 -43.48 1 15 5 n y n IDC 63.3600006 32 4.75 63.3600006 0.52999997 -0.02 19.2800007 60.3400002 5.38999987 56.2700005 0.08 -0.04 30.9400005 61.5200005 5.3499999 65.9899979 0.31999999 -0.18000001 44.0499992 73.7600021 5.5 79.4599991 0.62 -0.27000001 57.75 85.3600006 5.57999992 96.1699982 0.75999999 -0.14 71.2600021 92.2799988 5.63000011 104.660004 0.81 -0.12 243.529999 79.8600006 5.55999994 243.529999 -0.079999998 -0.43000001 106.849998 232.169998 6.19999981 229.360001 -0.51999998 -0.31999999
2294421V 2 2 y n y 44 44 0 0 0 0 y n y IDC 20.7299995 10.8800001 3.69000006 20.7299995 0.43000001 -0.75 8.02999973 30.9799995 4.67999983 28.8999996 0.20999999 -0.46000001 12.3000002 26.9500008 4.57000017 27.3899994 0.33000001 -0.50999999 16.1399994 25.2000008 4.42000008 28.7900009 0.60000002 -0.54000002 19.1700001 24.6800003 4.4000001 31.3099995 0.44 -0.85000002 21.6000004 23.4500008 4.40999985 30.5300007 0.12 -0.92000002 47.4199982 26.1100006 4.45 47.4199982 0.819999993 0.18000001 29.5 78.8700027 5.30000019 77.9100037 0.920000017 0.40000001
261769V 3 2 y y n 33 0 -100 2 0 0 y n y IDC 83.6299973 26.3999996 4.63999987 83.6299973 0.2 0.13 30.5100002 72.6900024 5.55000019 68.3499985 0.43000001 0.25 45.3600006 68.8099976 5.48999977 69.6699982 0.33000001 0.70999998 59.8100014 59.5999985 5.32999992 73.5899963 0.47999999 0.99000001 74.3700027 52.1899986 5.23999977 81.0899963 0.46000001 0.64999998 89.0800018 47.8800011 5.17999983 92.2900009 0.19 0.19 465.480011 107.470001 5.63999987 465.480011 -1.5 2.36999989 177.639999 281.730011 6.51999998 292.049988 0.330000013 0.66000003
279073V 3 1 y y y 52 0 -100 2 0 0 y n y IDC 65.9499969 14.9099998 4.03000021 65.9499969 0.30000001 2.45000005 4.82999992 45.6599998 5.1500001 37.1500015 0.38 0.75999999 9.21000004 47.7900009 5.17999983 41.0200005 0.55000001 0.56999999 11.2700005 51.1500015 5.25 43.7799988 0.41 0.63999999 12.0500002 52.5600014 5.28000021 45.1599998 0.28 0.22 12.6199999 52.5499992 5.28999996 48.0900002 0.33000001 -0.13 242.070007 77.8000031 5.65999985 242.070007 -0.07 -0.17 86.3099976 184.979996 6.40999985 182.100006 0.200000003 0.1
407486V 1 1 y y n 50 0 -100 2 0 0 y n y IDC 39.6100006 10.5 3.71000004 39.6100006 -0.19 0.43000001 10.3199997 33.4399986 4.71999979 29.8799992 -0.19 2.18000007 17.2800007 27.3600006 4.61999989 29.6000004 0.22 -0.05 23.6800003 22.4300003 4.44999981 29.6100006 0.06 -0.20999999 29.2800007 19.8099995 4.32999992 31.8500004 -0.06 0.20999999 34.0299988 19.7399998 4.30000019 35.9300003 0.08 0.38999999 146.110001 54.1300011 5.19999981 146.110001 -0.529999971 -0.60000002 67.1100006 123.839996 5.94000006 125.360001 -0.08 -0.08
431686V 3 3 y y n 57 0 -100 2 0 0 y n y IDC 43.1800003 12.7799997 3.92000008 43.1800003 0.12 0.22 7.59000015 30.25 4.78000021 26.7900009 0.30000001 0.44999999 11.9200001 33.2000008 4.86999989 32.0999985 0.30000001 0.44 15.8500004 35.5699997 4.9000001 36.0600014 0.41 0.69 19.1299992 37.25 4.94999981 39.6100006 0.34999999 0.30000001 21.6599998 38.3899994 4.98999977 41.9399986 0.18000001 -0.2 177.919998 51.5499992 5.26000023 177.919998 -0.610000014 0.18000001 42.8899994 127.82 6.11000013 117.550003 0.519999981 1.02999997

5019407V 3 2 n y n 17 0 -100 2 0 0 y n y IDC 67.9700012 17.0300007 4.07000017 67.9700012 -0.76999998 1.10000002 22.1299992 41.6300011 4.71999979 40.3100014 0.94999999 2.08999991 42.7099991 36.8899994 4.67999983 46.75 0.81 1.11000001 64.1800003 40.5600014 4.76999998 69.4700012 0.19 0.27000001 85.4499969 48.4300003 5 91.8600006 -0.28999999 -0.16 105.769997 56.4300003 5.05999994 112.220001 -0.52999997 -0.58999997 234.050003 42.0699997 4.76999998 234.050003 -1.309999943 3.02999997 137.300003 142.330002 5.67000008 187.080002 0.129999995 -0.83999997
5021150V 2 2 y y n 30 0 -100 2 0 0 y n y IDC 43.6100006 13.1000004 3.86999989 43.6100006 0.01 -0.43000001 19.3400002 38.7099991 4.8499999 41.6800003 0.07 -0.55000001 26.9799995 33.2299995 4.71000004 38.5499992 0.08 -0.44 31.4200001 28.1000004 4.59000015 37.3199997 0.1 -0.30000001 35.2400017 24.5 4.42000008 40.1599998 -0.06 -0.13 39.0900002 22.1000004 4.32999992 42.4399986 -0.31999999 -0.03 134.800003 49.7999992 4.91 134.800003 -0.579999983 -0.79000002 86.0999985 128.220001 5.51000023 141.410004 -0.09 -0.31

5021899V-L 3 4 y y n 14 0 -100 2 0 0 y n y IDC 35.0900002 12.4300003 3.78999996 35.0900002 1.03999996 2.68000007 12.8999996 35.9099998 4.75 32.2799988 1.60000002 6.55000019 20.5200005 33.9599991 4.65999985 33.6399994 1.42999995 2.80999994 26.1800003 31.7399998 4.59000015 34.2400017 1.14999998 0.81999999 30.3899994 30.6399994 4.57000017 35.2799988 0.81999999 -0.14 33.5699997 29.9899998 4.55999994 38.4300003 0.52999997 -0.85000002 177.970001 54.5699997 4.88999987 177.970001 -1.309999943 1.27999997 118.779999 158.75 5.61999989 182.119995 -0.44999999 -0.63999999
5021899V-R 3 4 y y n 39 0 -100 2 70 5 n n n ILC 38.6199989 10.3199997 3.68000007 38.6199989 0.75 1.10000002 15.1400003 33.6399994 4.73999977 32.1399994 1.20000005 2.83999991 21.9099998 33.1300011 4.76000023 34.4799995 0.81 1.42999995 26.4599991 28.8600006 4.61000013 32.1899986 0.69 0.41 30.2600002 26.1800003 4.48000002 33.7700005 0.70999998 -0.11 34.2299995 25.8400002 4.51999998 36.7599983 0.54000002 -0.2 150.470001 39.2000008 4.8499999 150.470001 -0.639999986 -0.20999999 56.9000015 109.18 5.63000011 109.410004 0.219999999 0.27000001
5044144V 2 2 y y n 21 0 -100 2 0 0 y n y IDC 50.1599998 15.0600004 3.98000002 50.1599998 -0.15000001 1.30999994 13.0500002 38.1100006 4.82000017 33.4099998 0.25 1.39999998 29.4500008 34.4399986 4.65999985 39.0900002 0.92000002 2.47000003 48.8199997 33.9199982 4.61999989 53.2799988 0.50999999 2.23000002 68.3499985 39.8300018 4.84000015 73.6200027 -0.15000001 0.20999999 86.3000031 46.2900009 4.94000006 91.6299973 -0.43000001 -0.52999997 191.460007 48.3899994 4.92000008 191.460007 -0.460000008 0.88999999 125.220001 148.919998 5.6500001 181.970001 0.159999996 -0.75
5089825V 3 3 n y n 31 27 -12.9 0 30 90 n n n IDC 94.4499969 28.0799999 4.57999992 94.4499969 0.06 1.70000005 11.9899998 69.0400009 5.36999989 63.8899994 0.75 1.33000004 22.7399998 68.0699997 5.38000011 66.4300003 0.60000002 0.34999999 37.6899986 64.8199997 5.36000013 69.4300003 0.51999998 0.16 55.8800011 60.6199989 5.30999994 75.2799988 0.41999999 0.40000001 76.2099991 58.8100014 5.26999998 88.3099976 0.34999999 0.40000001 302.890015 93.5599976 5.6500001 302.890015 0 -0.52999997 79.8700027 182.139999 6.08 170.070007 -0.01 0.23999999
5091189V 2 2 n y n 18 20 25 n n n IDC 28.7600002 8.31000042 3.48000002 28.7600002 0.34999999 1.5 6.69000006 23.1299992 4.44000006 20.8799992 0.08 1.71000004 11.3100004 20.4099998 4.32000017 22 0.06 0.02 16.1800003 19.7700005 4.32000017 23.4599991 0.16 -0.31999999 21.0100002 18.1100006 4.23000002 25.0499992 0.28 -0.47 25.6299992 16.8199997 4.0999999 27.5699997 0.27000001 -0.63 28.7600002 8.31000042 3.48000002 28.7600002 0.349999994 1.5 6.69000006 23.1299992 4.44 20.8799992 0.079999998 1.71000004
517328V 2 1 n y n 20 9 -55 1 12 n n n IDC 51.5800018 14.1700001 3.95000005 51.5800018 -0.5 0.63 20.1100006 38.5999985 4.90999985 39.3800011 0.52999997 0.66000003 30.1100006 28.0200005 4.63999987 36.5400009 0.17 0 39.5600014 22.5499992 4.42999983 42.5499992 -0.33000001 -0.16 49.4199982 23.6800003 4.40999985 51.3100014 -0.64999998 -0.40000001 59.7200012 28.1000004 4.59000015 60.9000015 -0.41999999 -0.75999999 180.529999 57.5299988 5.19000006 180.529999 -0.800000012 0.22 88.5500031 152.960007 5.92999983 166.809998 -0.18000001 -0.46000001
595168V 4 2 y y n 42 26 -38.1 1 28 n n n IDC 121.470001 60.5499992 5.09000015 121.470001 2.49000001 11.6300001 9.10000038 222.889999 6.13999987 166.169998 1.83000004 8.25 15.3500004 186.130005 6.07999992 157.529999 1.35000002 4.13999987 22.7000008 144.619995 5.9000001 123.959999 0.75999999 1.65999997 32.6300011 124.32 5.88999987 114.900002 0.18000001 -0.02 44.4199982 117.18 5.82999992 112.349998 -0.17 -0.54000002 574.669983 179.190002 6.23000002 574.669983 -0.059999999 -0.57999998 183.669998 377.160004 6.63999987 376.660004 0.379999995 0
618938V 3 4 y n y 40 0 -100 2 55 5 n n n IDC 35.7700005 10.8000002 3.5999999 35.7700005 0.5 4.21000004 8.44999981 32.9599991 4.67000008 28.7199993 1.54999995 4.53999996 10.5799999 30.2900009 4.63000011 26.9799995 0.85000002 2.45000005 11.9099998 27.0699997 4.5999999 24.7299995 0.13 1.72000003 12.8900003 24.3500004 4.51999998 24 -0.43000001 1.25 13.9700003 22.7800007 4.42000008 24.4400005 -0.67000002 0.70999998 163.820007 53.0099983 5.26000023 163.820007 -0.569999993 0.17 58.6699982 142.440002 6.13000011 135.960007 0.200000003 0.38
629800V 2 2 y n y 50 0 -100 2 50 30 n y n ILC 86.8099976 30.0400009 4.69999981 86.8099976 0.99000001 1.54999995 23.9300003 86.0899963 5.75 80.8600006 0.46000001 0.11 36.9599991 79.4000015 5.67000008 82.0299988 0.38999999 0.01 47.6899986 80.25 5.67999983 84.6299973 0.20999999 0.22 57.1100006 82.6500015 5.67999983 91.7600021 0.31999999 0.30000001 66.0699997 84.9599991 5.67999983 97.6900024 0.49000001 0.25999999 347.26001 113.260002 5.92999983 347.26001 -0.289999992 -0.18000001 171.839996 295.859985 6.57999992 307.350006 -0.02 0.20999999
655751V 2 2 y y n 85 94 10.588 0 82 n y n IDC 101.540001 38.5 4.75 101.540001 2.26999998 8.44999981 3.01999998 77.7799988 5.48999977 56.2200012 1.34000003 11.6700001 6.17999983 78.5500031 5.48999977 58.4500008 2.27999997 14.9799995 9.94999981 79.9000015 5.53000021 64.1999969 2.25 11.8199997 14.2399998 85.0100021 5.59000015 69.3700027 2.24000001 9.73999977 18.9099998 90.5999985 5.5999999 74.5 2.36999989 9.03999996 199.160004 56.0999985 5.38000011 199.160004 0.209999993 -0.41 10.8400002 123.029999 6.12 92.7600021 -0.01 2.53999996
658091V 2 1 n y n 13 6 -53.85 1 0 0 y n y IDC 36.0200005 7.13999987 3.29999995 36.0200005 -0.38999999 -0.13 21.9300003 20.2900009 4.25 26.3799992 0.41 -0.63 31.9899998 18.0100002 4.07000017 33.9599991 0.02 -0.41999999 39.7299995 21.1800003 4.21000004 41.7900009 -0.38 -0.76999998 45.3899994 23.5699997 4.34000015 46.4000015 -0.15000001 -0.95999998 49.1599998 23.3899994 4.36000013 49.1599998 -0.08 -0.98000002 123.989998 44.5200005 4.36000013 123.989998 -1.110000014 -0.05 106.800003 114.470001 5.09000015 152.960007 -0.43000001 -0.75999999
671180V 2 2 n n y 59 0 -100 2 230 5 n y n ILC 47.9000015 24.0100002 4.3499999 47.9000015 1.62 3.38000011 6.32999992 66.3199997 5.38999987 56.4300003 1.26999998 3.99000001 12.0900002 69.7399979 5.42000008 63.6500015 1.29999995 3.19000006 17.9799995 68.5100021 5.4000001 65.9599991 1.33000004 2.4000001 23.6900005 66.7699966 5.38999987 65.75 1.37 2.36999989 29.0300007 65.2099991 5.3499999 66.8600006 1.33000004 2.11999989 180.880005 63.9599991 5.48000002 180.880005 0.01 0.05 53.7799988 196.429993 6.46000004 177.660004 0.540000021 1.40999997
673643V 3 2 y y n 50 9 -82 1 40 20 n y n ILC 38.0099983 15.4399996 4.07999992 38.0099983 0.33000001 -0.06 11.0500002 36.0600014 4.84000015 31.2099991 0.41 1.08000004 18.8899994 34.9300003 4.82999992 35.7299995 0.31 0 25.9599991 35.6500015 4.82999992 39.1399994 0.23999999 -0.11 32.3699989 37.5600014 4.92000008 44.5099983 0.08 -0.37 38.4300003 39.6800003 4.92999983 50.0699997 0.06 -0.67000002 187.889999 41.0299988 4.94000006 187.889999 -0.589999974 0.88999999 62.0600014 106.889999 5.73999977 117.099998 0.119999997 -0.40000001
786594V 2 2 y n y 66 65 -1.515 0 85 90 n n n ILC 25.5100002 13.3699999 3.80999994 25.5100002 1.94000006 7.36999989 -0.31999999 33.2799988 4.73000002 26.7199993 2.1500001 12.0100002 -0.31999999 34.6800003 4.76000023 27.8999996 2.06999993 9.38000011 -0.34999999 36.1500015 4.82000017 28.3099995 1.63999999 5.69000006 -0.19 36.5200005 4.82999992 29.0300007 1.38999999 3.79999995 0.23999999 35.4000015 4.80999994 29.1100006 1.25999999 2.73000002 141.110001 45.5299988 5.17999983 141.110001 -0.319999993 -0.09 39.5800018 122.010002 6.09000015 111.769997 -0.07 0.50999999
810045V 3 4 y y n 57 10 -82.46 1 25 n y n IDC 76.4800034 23.1299992 4.4000001 76.4800034 1.09000003 1.66999996 13.0900002 47.5600014 5.11000013 39.8899994 1.13999999 4.28000021 21.1700001 48.3499985 5.11999989 42.7099991 0.98000002 2.01999998 28.6700001 50.0200005 5.1500001 47.1300011 1 1.96000004 35.7599983 51.9300003 5.17000008 52.0900002 1.08000004 2.41000009 42.8100014 53.3600006 5.17999983 57.2799988 1.10000002 2.27999997 315.809998 86.5400009 5.69999981 315.809998 -0.419999987 0.77999997 104.93 199.929993 6.34000015 181.910004 0.829999983 3.1500001
865571V 3 3 y y n 35 10 -71.43 1 40 10 n n n IDC 55.9500008 14.9700003 4.03000021 55.9500008 0.16 1.33000004 19.0300007 44.3400002 5.01999998 42.4099998 0.81 1.49000001 30.4400005 46.3699989 5.13000011 49.6399994 0.02 -0.16 41.0999985 46.9799995 5.11999989 57.9099998 -0.33000001 -0.30000001 50.6399994 42.9799995 5.03999996 62.1199989 -0.23999999 -0.36000001 59.1699982 36.4900017 4.92000008 63.25 0.03 -0.28 203.910004 60.7999992 5.28999996 203.910004 -0.670000017 -0.17 103.190002 209.050003 6.23999977 214.860001 -0.30000001 -0.46000001
874390V 2 2 y y n 33 15 -54.55 1 21 30 n y n IDC 30.2299995 9.61999989 3.5999999 30.2299995 -0.51999998 0.52999997 4.28999996 27.4300003 4.63999987 21.6000004 -0.16 0.70999998 8.43999958 26.9400005 4.5999999 22.5100002 -0.57999998 1.01999998 12.3800001 27.9899998 4.57999992 24.2600002 -0.99000001 1.63 15.9799995 27.6299992 4.55999994 26.7399998 -1.12 1.47000003 19.1299992 25.6700001 4.5 28.9400005 -0.94999999 0.80000001 131.070007 35.9399986 4.71000004 131.070007 -1.110000014 0.51999998 39.8199997 89.8700027 5.67000008 81.2300034 -0.47999999 0.80000001
899941V 3 2 y y n 35 16 -54.29 1 40 20 n y n IDC 75.0599976 45.0499992 4.67000008 75.0599976 1.80999994 2.75999999 -7.86999989 97.3499985 5.61999989 65.2200012 -0.99000001 4.40999985 -14.1999998 114.860001 5.78999996 83.6100006 0.05 2.23000002 -20.3899994 130.380005 5.9000001 91.4100037 0.73000002 2.58999991 -25.7900009 134.130005 5.96999979 94.5999985 0.82999998 2.32999992 -30.8400002 129.660004 6.01000023 88.9700012 0.50999999 1.40999997 212.110001 69.7900009 5.44999981 212.110001 -0.730000019 0.01 53.7200012 158.360001 6.23999977 141.139999 -0.1 0.14
942947V 3 3 y y n 35 39 11.429 0 40 80 n y n IDC 56.1599998 16.2999992 4.11999989 56.1599998 0.69999999 2.05999994 1.35000002 40.7700005 4.98000002 34.1399994 0.86000001 1.65999997 2.5999999 39.5699997 5.01000023 34.8899994 0.47999999 -0.19 3.97000003 37.3499985 4.96000004 32.6199989 0.19 -0.38 5.44000006 33.9099998 4.86000013 28.3400002 0.04 0.08 7.07000017 30.25 4.73000002 25.4099998 -0.15000001 0.23 110.629997 46.5299988 5.11000013 110.629997 0.239999995 -0.69 26.5300007 93.3799973 5.76000023 81.4599991 0.059999999 0.34999999
976200V 3 3 y y n 53 0 -100 2 40 90 n y n ILC 88.9199982 15.0799999 3.95000005 88.9199982 -0.34 2.13000011 13.1000004 42.0299988 5 35.4500008 0.13 0.98000002 20.5499992 41.3899994 5.01000023 41.4099998 0.38999999 0.44 27.1000004 44.3899994 5.03000021 47.5699997 0.57999998 0.23 32.6100006 46.9500008 5.09000015 53.4000015 0.41 -0.37 37.8300018 47.3699989 5.11999989 57.7000008 0.2 -0.74000001 304.190002 83 5.53999996 304.190002 -1.24000001 1.75 126.330002 242.630005 6.42000008 228.389999 -0.41999999 1.47000003
993627V 1 1 n y n 33 21 -36.36 1 27 0 y n y IDC 34.9199982 11.54 3.81999993 34.9199982 0.08 0.13 7.42000008 24.2000008 4.51999998 22.1599998 0.49000001 0.30000001 12.0200005 23.1000004 4.5 22.8099995 0.22 0.17 16.3600006 22.3899994 4.46000004 25.7000008 -0.1 -0.38 20.9099998 24.0200005 4.51000023 29.7099991 0.2 -0.58999997 25.8400002 27.3700008 4.57000017 33.3899994 0.44999999 -0.34999999 67.1900024 25.75 4.53999996 67.1900024 -0.189999998 -0.91000003 22.9699993 72.5699997 5.53999996 67 -0.23999999 -0.38999999

Typica l  features  used  in  a  rad iomics  workf low



Curse  of  d imensiona l i ty

• The number of features generate is high
• As the numbers of features grows, the amount of data we need to generalize grows exponentially



High  leve l  o f  corre lat ion  between  features

Dohan, Gallix, Unpublished data



2 pathways  for  tumor  quant i f icat ion  with  imaging



2 pathways  for  tumor  quant i f icat ion  with  imaging

Artificial intelligence in radiology, Nature review- Cancer, 2018



T u m o r c h a r a c t e r i z a t i o n u s i n g a  t w o - s t e p  d e e p n e u r a l  n e t w o r k  a n a l y s i s



Monitor ing  the  d isease





Factors  that  wi l l  dr ive  the  adopt ion  of  A I  in  Hea l thcare



Quest ions



Conclus ion

“ The good physician treats the disease; the great physician treats the patient who has the disease.”

William Osler




