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Bad news !

Despite advances in cancer treatment and 
genetics, we are not “curing” Cancer 



Unlike Other Major Disease Killers, Cancer Continues to
Take Nearly the Same Toll as it did in 1950



Even when we know target and have a great
drug, benefit is measured in months



Traditional Clinical Trial Approaches 

 Have protected us from false claims resulting from 
post-hoc data dredging not based on pre-defined 
biologically based hypotheses

 Have led to widespread over-treatment of patients 
with drugs to which many don’t need and from 
which many don’t benefit

 May have resulted in some false negative results 



Traditional Clinical Trial Approaches 

 Based on assumptions that 

 One type of cancer will respond to a specific treatment

 “Costs” of over-treatment are less than “costs” of under-
treatment

 Neither of these assumptions is valid with most new 
molecularly targeted oncology drugs



Prognostic & Predictive Biomarkers

 Most cancer treatments benefit only a minority of 
patients to whom they are administered

 Being able to predict which patients are or are not 
likely to benefit would 

Save patients from unnecessary toxicity, and enhance their 
chance of receiving a drug that helps them

Control medical costs 

Improve the success rate of clinical drug development



Diagnostic Markers

 Predictive biomarkers

Measured before treatment to identify who is likely or 
unlikely to benefit from a particular treatment

 Prognostic biomarkers

Measured before treatment to indicate long-term outcome 
for patients untreated or receiving standard treatment
• Can be used to identify patients with such good prognosis on 

limited treatment that they do not require more aggressive 
approaches



Quantitative Imaging

 Tumor measurement (RECIST) do not reflect the 
complexity of tumor morphology or behavior

 In many cases, changes in these measures are not 
predictive of therapeutic benefit

 Imaging Biomarkers

 Image acquisition and reconstruction

 Image segmentation and rendering

 Feature extraction and qualification

 Data storage and sharing

 Ad hoc informatics analyses



Response Criteria in Clinical Oncology

 We need a common, standard “language” to 
describe key methods and definitions for patient 
outcomes, such as

Toxic effects: terms and grades 

Time to event definitions

Tumour response definitions



 WHO (2D) :

Guideline for Response Evaluation

 RECIST (1D) :



Tumor Response Criteria

Tumor response criteria world 
health organization (who)

WHO Handbook for Reporting 
Results of Cancer Treatment

World Health Organization Offset 
Publication No. 48

Geneva, Switzerland, 1979

Reporting Results of Cancer Treatment

AB Miller, B Hogestraeten, M Staquet, 
A Winkler

Cancer 47:207–14, 1981

Response evaluation 
criteria in solid tumors (recist)

New Guidelines to Evaluate 
the Response to Treatment 

in Solid Tumors

P Therasse, SG Arbuck, EA Eisenhauer,
J Wanders, RS Kaplan, L Rubinstein, 

J Verweij, M Van Glabbeke, 
AT van Oosterom, MC Christian, SG Gwyther

Journal of the National Cancer Institute 
92: 205-216, 2000

file:///
file:///


Death

Survival

TTP

PFS

Overall Survival (OS)
(Clinical end-point)

Surrogate Endpoints: Progression Free Survival (PFS)
Time to Progression (TTP)

Treatment



RECIST… limitations



Nougaret S, Gallix B.  Radiology, 2012



Volume response  / PFS

Tumor Reduction Volume

<70 %

>70%

Tumor Reduction Volume ≥ 75% HR=13.7 [95% CI: 4.00-31.93] p<0.0001Tumor Reduction Volume ≥ 70% HR=13.7 [95% CI: 4.00-31.93] p<0.0001

Downstaging HR=7.1 [95% CI: 3.04-26.19] p=0.0001 

EMS less than 5mm HR=5.2 [95% CI: 1.60-11.61] p=0.0038

No CRM involvement HR=3.9 [95% CI: 1.79-17.56] p=0.003



CT for GIST response to imatinib (Gleevec)

Baseline 2 month

CHOI JCO 2007 



How to evaluate the response to target therapy ?

Survival
Treatment

Functional Imaging ?

Necrosis evaluation?



During treatment After treatment

Response to target therapy ?

 Anti-angiogenics, necrosis , fibrosis, …

 No tumoral volume changes at the beginning

RECIST criteria not adequate 
(Schwarz RSNA 2005, Benjamin ASCO 2006, Jaffer JCO 2006)

 Need for functional imaging and quantification

Before treatment



Imaging Modalities

Anatomy Physiology Molecular

CT

US

MRI

PET

PET CT



Metabolic Imaging

PET/CT for GIST response to imatinib (Gleevec)

5.5 monthsBaseline 24 hours 7 days 2 months



• RECIST
• VOLUME
• DCE US,CT, MRI
• Delayed post C+
• Early post C+
• FDG PET
• F-MISO -PET
• *-PET
• *-SPECT
• DWI
• …



Composite morphological biomarkers

Morphological Imaging Composite



Parameters Modality Tumor type Response

Newer 
Imaging 

Biomarkers

CHOI CT GIST
> 10% decrease in size

or > 15% decrease in density

EASL CT, MR HCC
Disappearance or decrease of 

intratumoral arterial enhancement

mRECIST CT, MR HCC
Disappearance or decrease of viable 

target lesions

MD Anderson ? CT CRC Morphologic criteria (visual)

New morphological biomarkers (composite)



CT for GIST response to imatinib (Gleevec)

Baseline 2 month

43 HU 30 HU

CHOI JCO 2007 



CT – CHOI criteriaCT – RECIST criteria

Cumulative Fraction Free of Progression

P = .35

PFS

CHOI JCO 2007 
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Parameters Modality Tumor type Response

Newer 
Imaging 

Biomarkers

CHOI CT GIST
> 10% decrease in size

or >15% decrease in density

EASL CT, MR HCC
Disappearance or decrease of 

intratumoral arterial enhancement

mRECIST CT, MR HCC
Disappearance or decrease of viable 

target lesions

MD Anderson ? CT CRC Morphologic criteria (visual)

New composite biomarkers (CT, MR)



HCC response  criteria
EASL  mRECIST
Arteriel Phase (CT / MR)

EASL : Bruix J, et al; EASL. J Hepatol 2001
Bruix J, Sherman M; AASLD. Hepatology 2005

mRECIST : Llovet JM; AASLD-JNCI. J Natl Cancer Inst 2008 



Parameters Modality Tumor type Response

Newer 
Imaging 

Biomarkers

CHOI CT GIST
> 10% decrease in size

or >15% decrease in density

EASL CT, MR HCC
Disappearance or decrease of 

intratumoral arterial enhancement

mRECIST CT, MR HCC
Disappearance or decrease of viable target 

lesions

MD Anderson CT CRC Morphologic criteria (visual)

Chun YS et al. JAMA 2009

New composite biomarkers (CT, MR)



Morphological changes after target therapy

Baseline
After Chemo

+ Beva



Chun YS et al. JAMA 2009

Computed Tomographic Tumor Characteristics

Morphology 
Group

Overall 
Attenuation

Tumor-Liver 
Interface

Peripheral Rim of Enhancement

3 Heterogeneous III defined May be present

2 Mixed Variable If initially present, partially resolved

1
Homogeneous and 

hypoattenuating
Sharp 

If initially present, completely 
resolved

RECIST-stable disease and 
morphologic optimal response

RECIST-stable disease and 
morphologic in complete response

Morphological changes after target therapy



Morphological changes of LMs after 
chemotherapy

Chun YS et al. JAMA 2009

RECISTMorphologic response criteria
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Baseline Après traitement

B.Gallix, submitted



* Test du rapport de vraisemblance

Groupe de patients avec thérapies ciblées :
Scanner 2 mois après le début du traitement
142 patients

PFS (n=71) OS (n=71)

HR 95% CI HR 95% CI

RECIST modified threshold / TDM 0-1

< -15

 -15

1

2.15 [1.25; 3.70]

1

2.67 [1.40; 5.09]

0.007* 0.010*

Densité // foie / TDM 0-1

 -10

< -10

1

2.25 [1.32; 3.84]

1

4.14 [1.69; 10.10]

0.003* 0.012*

Analyse Multivariée



PFS – Score RECIST & Densité // foie

OS – Score RECIST & Densité // foie

PFS – RECIST (TDM0-1)

OS – RECIST (TDM0-1)
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0.0

0.25

0.50

0.75

1.0

0 6 12 18 24

P
ro

b
ab

ili
té

Mois

52 46 12 9 5SD + PD
19 16 3 2 1RP

No. at risk

Non
Répondeur

Répondeur

36

Non
Répondeur

Répondeur

0.0

0.25

0.50

0.75

1.0

0 6 18 24

P
ro

b
ab

ili
té

Mois

RP
SD + PD

No. at risk

12 30

19
52

19
49

16
46

13
37

10
19

5
10

1
4

0.0

0.25

0.50

0.75

1.0

0 6 12 18 24

P
ro

b
ab

ili
té

Mois

43 37 6 3 1I+M
28 25 9 8 5B

No. at risk

Non
Répondeur

Répondeur

Bon Intermédiaire
+ mauvais

RP SD+PD

Bon Intermédiaire
+ mauvais

RP SD+PD

0.0

0.25

0.50

0.75

1.0

0 6 18 24

P
ro

b
ab

ili
té

Mois

B
I+M

No. at risk

12 30

28
43

28
40

27
35

24
26

18
11

10
6

4
1

36

Non
Répondeur

Répondeur

P=0.95
P=0.01



PFS

OS

PFS – Score RECIST & Densité // foie

OS – Score RECIST & Densité // foie

Chemo + biotherapy Chemo alone
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Quantitative Imaging

 Imaging Biomarkers

 Image acquisition and reconstruction

 Image segmentation and rendering

 Feature extraction and qualification

 Data storage and sharing

 Ad hoc informatics analyses



Imaging Test: Stage validation

Restricted © Siemens Healthcare GmbH, 2015 All rights reserved.

Magnetic Resonance

Imaging Biomarkers in the Context of the “Hierarchy Model of Efficacy”:

From Technical Feasibility to Proven Impact and Outcome in 15 years

Level 1: Technical Performance
Spatial resolution, SNR, CNR, spectral resolution

Level 2: Diagnostic Performance
Accuracy, PPV / NPV, sensitivity / specificity

Level 3: Diagnostic Impact
Increased confidence, displacement of other diagnostic procedures

Level 4: Therapeutic Impact
Avoidance of procedures, therapy change, faster therapy adaptation

Level 5: Patient Outcome
Improved therapy success, reduced morbidity,

increase in quality-adjusted life expectancy

Level 6: Societal Efficacy
Cost-benefit from societal viewpoint

1

6
5
4
3
2

From: The Efficacy of Diagnostic Imaging. Fryback DG, Thorbury JR, Med Decis Making 1991;11:88-94

Low Dose CT

Lung Cancer Detection

FDG PET

Oncology

CT Calcium

Scoring

MR DWI

MR T1/T2

Maps



Quantitative Imaging

 Imaging Biomarkers

 Image acquisition and reconstruction

 Image segmentation and rendering

 Feature extraction and qualification

 Data storage and sharing

 Ad hoc informatics analyses





Quantitative Imaging

 Imaging Biomarkers

 Image acquisition and reconstruction

 Image segmentation and rendering

 Feature extraction and qualification

 Data storage and sharing

 Ad hoc Bio-informatics analyses



Use of Archived Databases
Prospective – Retrospective Studies

 In some cases the benefits of a prospective trial can 
be closely achieved by the carefully planned use of 
archived database from a previously conducted 
randomized clinical trial  



Use of Archived Images in Evaluation of 
Prognostic and Predictive Imaging Biomarkers

 Claims of medical utility for prognostic and predictive Imaging 
biomarkers based on analysis of archived images can be 
considered to have either a high or low level of evidence 
depending on several key factors. 

 Studies using archived Databases, when conducted under 
ideal conditions and independently confirmed can provide the 
highest level of evidence. 

 Traditional analyses of prognostic or predictive factors, using 
non analytically validated assays on a convenience sample of 
iimages and conducted in an exploratory and unfocused 
manner provide a very low level of evidence for clinical utility. 



 Archives databases adequate for a successful assay must be 
available on a sufficiently large number of patients from a 
phase III trial so that the appropriate analyses have adequate 
statistical power and that the patients included in the 
evaluation are clearly representative of the patients in the 
trial. 

 The test should be analytically and pre-analytically validated 
for use with these database

 The analysis plan for the Imaging biomarker evaluation should 
be completely specified in writing prior to the performance of 
the biomarker assays on archived images and should be 
focused on evaluation of a single completely defined classifier.

 The results from archived database should be validated using 
specimens from a similar, but separate, study. 

Use of Archived Images in Evaluation of 
Prognostic and Predictive Imaging Biomarkers



Texture Analysis

• RECIST
• VOLUME
• DCE US,CT, MRI
• Delayed post C+
• Early post C+
• FDG PET
• F-MISO -PET
• *-PET
• *-SPECT
• DWI
• …

Shape Analysis



First step: Gaussian filter



Non filtrée 𝞼= 1mm 𝞼=2mm 𝞼=3mm 𝞼=4mm 𝞼=5mm

Size of the Gausssian Filter





Second Step: Texture Analysis



Coodurrence Matrix:



Filtered 
Image

Variance map

2D 5x5 
voxels

Calcul de la 
métrique sur le 

voisinage

Valeur 
transformée en 
degré de gris

Parametric Map



Brut                      Filtré G2                     Variance        Skewness Absolu       Skewness            Kurtosis          signal sur bruit      Entropie sur histo     Energie sur Histo           



Magnetic Resonance

Restricted © Siemens Healthcare GmbH, 2015 All rights reserved.

Magnetic Resonance

Multi-parametric MR/PET enables acquisition of multiple imaging biomarkers

in one study for the diagnosis and follow-up of cancer, e.g. prostate cancer

T2 DWI 4D Perfusion Spectroscopy mMR (68Ga-PSMA*)

* Availability subject to restrictions. Agent  referenced herein is not currently recognized by the US FDA as being safe and effective, and Siemens does not make

any claims regarding their use.



Breast MRI
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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

T2w DCE



Comparison of FDG PET Metabolic Tumor Volume versus ADC 
Histogram: Prognostic Value of Tumor Treatment Response in 
Patients with Locally Advanced Uterine Cervical Cancer

18F-FDG-PET/CT images depicting MTV (FIGO stage ⅢB cervical cancer)

T2WI and ADC map (FIGO stage ⅢB cervical cancer)

• MTV=metabolic tumor volume 
(the sum of all voxels with an SUV above 42% of SUVmax)

• TLG=total lesion glycolysis 
(the metabolic tumor volume multiplied by the average SUV of all voxels    
with an SUV above 42% SUVmax)

Volume-based ADC histogram analysis

Donati et al. Radiology, 2014



Group

*PET Parameter* Responder
(n=15)

Non-responder
(n=6)

P value

SUVmean 8.20± 3.40 9.42± 1.80 0.55
SUVmax 13.04± 4.51 17.14± 4.20 0.14
MTV (mL) 34.81± 39.82 78.53± 47.40 0.04
TLG (g) 24.22± 19.62 68.81± 37.20 0.01

*ADC parameter*
ADCmean (×10−3 mm2/s) 0.99± 0.18 1.06± 0.12 0.45
ADCmin (×10−3 mm2/s) 0.45± 0.23 0.40± 0.21 0.55
ADCmax (×10−3 mm2/s) 2.06± 0.70 2.18± 0.29 0.29
ADC90% (×10−3 mm2/s) 1.30± 0.28 1.34± 0.17 0.45
ADC75% (×10−3 mm2/s) 1.11± 0.20 1.17± 0.14 0.55
ADC50% (×10−3 mm2/s) 0.94± 0.16 1.01± 0.11 0.41
ADC25% (×10−3 mm2/s) 0.84± 0.10 0.91± 0.10 0.25
ADC10% (×10−3 mm2/s) 0.77± 0.15 0.84± 0.09 0.33
Skewness 0.82± 0.69 0.98± 0.16 0.72
Kurtosis 1.51± 0.92 1.42± 0.46 0.93

The differences in the parameters between 
responders and non-responders of CCRT 

Ueno. Y, Reinhold. C, et al. [unpublished data]



Material and Methods with Texture analysis: TexRad®

Texture 
parameters
Mean
SD
Entropy
MPP
Skewness
Kurtosis
…

Contouring the tumor

Endometrial cancer



Clinicopathological 
prognosticators 

FIGO stage, 
Pathological grade, 
LVSI +/-
…etc.

Texture parameters
Mean
SD
Entropy
MPP
Skewness
Kurtosis
…etc.

• Diagnostic performance of texture parameters for differentiation of 
prognosticators

Material and Methods : Outcome



Diagnostic capability of texture parameters for deep 
myometrium invasion in endometrial cancer patients

Ueno. Y, Reinhold. C, et al. [unpublished data]

1- specificity

se
n

si
ti

vi
ty

Naïve Bays 
(original data)

Accuracy % 78.12

Sensitivity % 85.71

Specificity % 72.22



Patients with MRI performed 
outside (n=6) or substantial 
artifacts (n=1) or hardly visible 
lesions (n=2) or multifocal lesions 
(n=7) were excluded

Patient who actually had MRI before NAC for breast cancer 
were elligible: N = 107. One patient had bilateral lesions. 
N=108

91 patients with 92 lesions elligible for texture analysis on MRI    

85 patients with 86 lesions finally included in the study

Local database was searched for reports of breast MRI 
between April 10th 2008 and March 12th 2015 containing the 
words : neoadjuvant chemotherapy : N = 256

No pre treatment (N=1) or post 
Treatment (N=5) histopathologic 
information 

Materials and Methods
Patient selection



Materials and Methods
Image acquisition

Contrast Enhanced T1Weighted MRI
(One minute post injection) 

Pre contrast T2 weighted MRI



Materials and Methods
Image analysis

SSF2 (fine) SSF4 (medium) SSF6 (Coarse)



T2

DCE



SSF2

Results: T2



SSF2

Results: DCE



HGP of liver metastases from CRC

Adapted from manuscript of Reynolds A. etc.



Tumor thickness at the tumor‐normal liver interface as independent 
predictors of disease‐free survival after preoperative chemotherapy and 
surgery for colorectal liver metastases

Cancer
Volume 119, Issue 15, pages 2778-2788, 23 APR 2013 DOI: 10.1002/cncr.28097
http://onlinelibrary.wiley.com/doi/10.1002/cncr.28097/full#cncr28097-fig-0001

http://onlinelibrary.wiley.com/doi/10.1002/cncr.v119.15/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/cncr.28097/full#cncr28097-fig-0001


Tumor to normal tissue interface



Boundaries of the tumor need a specific treatment







Conclusion

 Spatially explicit mapping of tumor regions, for 
example by superimposing multiple imaging 
sequences, may permit patient specific 
characterization of intratumoral evolution and ecology, 
leading to patient- and tumorspecific therapies

 The future is mining large collections of image 
metadata to improve precision of practice




