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The issue of clinical decision

Rodel C et Al — Lancet Oncol -2015
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Dealing with covariates

HR(95%0)

TNM stage

Gemelli AR

YPTOND
Stagel
Stagell
Stagelll
Type of surgery
Low anterior resection
e o PSRN
Abdominoperinet resection
Totd
Al

Haard atia

11
20 3040

+— e
Favours Ivestigational group  Favours control growp

061(043-08€)
087 [D61-124)
106 (0.71-158)

073 (05~043)

andméc s aly
SIERsS IS

080 (0-62-102)
086(058-128)

057(041-075)
1.30{0-83-1.49)
064(0T-135)

083 [D67-104)
062(0-32-118)

036 (0-26-086)

anmm 11h

ootRlS

152 [0-57-4.05)
140 (052-37€)
077 (0-48-1.24)
07% [060-103)
076 (0:34-170)

078 (058-106)
GEI OB

109(0£5-181)

080 (0-64-1401)
0.40 (313-125)

120 (0.43-336)
072(040-128)
074(049-113)
089 (063-128)

098 (074-129)
TG0 (>15-133)

058 (0-35-085)

079(0-64-0.98)

Rodel C et Al — Lancet Oncol -2015
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Dealing with covariates

Dataset: 400 cases

cN, family = binomial (link =

~ z value Pr(>|z|
(Intercept) -3.63606 63 -5.703 1.18e-0§
f 0.05229 .00962  5.435 5.48e-0f

3, 0.27765

e‘(/"’u +pyAge+fycT + [y <_/_V)

Datamining "_’/\l
Radiomics (>

Gemelli AR

Advanced Radiation Therapy KBO Labs
Knowledge Based O




Dealing with covariates

* By the model equation

1

P = ~(By+ By Age+BycT +5-cN)

l+e

How can | predict the probability for a
patients with Age =55,cT=3,cN=07?

1

o~ (3:64+0.052:55+0.283+0.63:0)

=0.518




Dealing with covariates

A 4
| I | | | I I | | | | | | | | | | |

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

33 Points 115

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270

Total Points

06 0.7

Given Prediction Probabilities
Datamining /\
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Dealing with covariates
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Dealing with covariates

Sensitivity
Actual Probability

Apparent
Bias-corrected
Keal

| I T
06 04 : : 0.1 02 0.3 0.4 05 06 0.7
Specificity
Predicted Pr(TRG1=1}
B= 5000 repetitions, boot Mean absolute error=0.018 n=173

AUC=0.73 Bootstrap 5000 repetitions
Mean absolute error = 0.018
Datamining € /.\

Radiomics

Gemelli AR

Advanced Radiation Therapy ' KBO Labs
Knowledge Base
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Personalization by prediction models

il

"Nomogram” 2014:394 "cox proportional hazard model" 2014:312

"data mining" 2014: 201 "Support Vector Machine” 2014: 811

LummmmmmmmMﬂ‘

"Predictors" 2014: 14,195 "decision tree” 2014: 400

"machine learning" 2014: 1,217 "predictor” AND "radiotherapy”  2014: 278

Gemelli AR

Advanced Radiation Therapy
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Level-of evidence:scoring. criteria

Transparent reporting of a multivariable prediction
model for individual prognosis or diagnosis (TRIPOD):
the TRIPOD Statement

s ! ) » . B Aoty
thebhmj
BMJ 2014;350:97594 doi: 10.1136/bmj.g7594 (Published 7 January 2015) Page 10f 9

.
Transparent Reporting of a Multivariable R ES EA RC H M ETH O DS & R E PO RTI N G

Prediction Model for Individual Prognosis or
Diagnosis (TRIPOD): the TRIPOD statement - Transparent Reporting of a Multivariable Prediction Model
PRy A for Individual Prognosis or Diagnosis (TRIPOD):

The TRIPOD Statement

Gary . Collins ™", johanmes B, Keitsma®, Douglas C. Altman", Karel G.M. Moons
for the members of the TRIPOD growp'

Transparent reporting of a multivariable prediction
model for individual prognosis or diagnosis (TRIPOD):
the TRIPOD statement

GUOELNE

Gary S Collins associate professor', Johannes B Reitsma associate professor’, Douglas G Altman
professor', Karel G M Moons ;;7rolessor2

Transparent reporting of a multivariable Fs g " ’ ’ SPECIAL ARTICLE
prediction model for individual prognosis or 2 g - i g of braiobs Bvodcdon Mo e
diagnosis (TRIPOD): The TRIPOD statement ¢ ’ > —4 ¢ r 2P £y SR

Multivariable Prediction Model for Individual

K

Geemelli AR
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Level-of evidence: scoring criteria

. . > %
> .
4 AN \ -
' o - ’ : 1% o 'y

Only a single data set is available:
all data are used to develop model

Type 1a: Development only
D -

Type 1b: Development and
validation using resampling

Only a single data set is available:
a portion of data are

used to develop model Type 2a: Random split-sample
development and validation

D/V —
Type 2b: Nonrandom split-sample
A separate data set is development and validation
available for validation

Type 3: Development and
validation using separate data

Type 4: Validation only

Gemelli ART [ " collins GS et Al - BMJ — 2015
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Clinical' Decision

INTENSIFICATION *#

Neoadjuvant
regimen

’ 7
g L

RT+CT

C(m(IIIAPT




Personallza tion b y_ prediction models

3253

) - The EORTC trial (Bosset et al, 2006)
’ - The French trial (Gerard et al. 2006)
‘ - The German trial (Sauer et al. 2004)
- The Polish trial (Bujko et al. 2006)
""‘_ - Italian CNR (Cionini L. et al. 2015)

Valentini V et Al -JCO - 2011




ersonalization by ‘prediction models
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Cox Proportional Hazards Regression Nomogram

Variable 95% ClI Performance (c-index)

Local recurrences
BT ; 0.871t01.10
Age 0.781t0 0.97
cT stage 1.06 to0 1.31
Tumor location 0841t01.12 1
RT dose f 085t01.12 : Training: 0.71 067t00.74
Concurrent chemotherapy 0.72t00.91 : Validation: 0.68 0.591t00.76
Surgery procedure 1.00t0 1.33
pT stage ; 1.381t01.95
pN stage 1.13101.40
Adjuvant chemotherapy 0.72t00.92
Distant metastasas
R — K 0.87t01.01
Age 4 09310 1.08
cT stage g 09110 1.06
Tumor location 0.841t01.00
RT dose 088t 1.023 : Training: 0.71 0.69100.74
Concurrent chemotherapy 097t01.13 : Validation: 0.73 0.681t00.77
Surgery procedure 1.03t01.23
pT stage 1.28t0 1.57
pN stage g 14410164
Adjuvant chemotherapy X 0.831t00.97
Overall survival
—_— 08110094
Age 1.051t0 1.22
cT stage 1.06t0 1.21
Tumor location L 09010 1.07
RT dose 085t 0.98 1 Training: 0.68 0.661t00.71
Concurrent chemotherapy ; 097t01.12 : Validation: 0.70 065t00.74
Surgery procedure 1.08t01.28
pT stage 4 1.21t01.46
pN stage 1.26t01.44
Adjuvant chemotherapy 0.76t0 0.88

semelli AR K

it #2%~‘Valentini V et Al .- JCO - 2011




Survival

Score

@ pT stage
@ pN stage

@ cT
O Age, years

@ Adjuvant chemotherapy
o Surgery procedure

@ Radiotherapy dose, Gy

@ Sex
Sum of scores

Probability of death
within 5 years, %

Nomogram

-10 -8 -6 -4 -2 0 2 4 6 8 10
' T T E | 1
0 1 2 s 3 4
r E T 1
0 ! 1 2
142 3 4
T T T T T
25 35 45 55 :65 75 85
f ; )
Yes E No
LAR i APR
I E L 1
> 45 ?45 < 45
l_iﬁ
Female i Male
—r—r—r—r—r—r—r—r— S S SR — S .
-20 -10 0 10 20 30
Low i Medium | High
1 4 L4 L) 1 1 L] 1 L | | 1
5 10 20 30 4 50 60 70 80 80 95



Clinical' Decision
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Survival

Nomogram

4.4
-1.8 €=> +2.6

Boore 10 8 w6 -4 R - : 8 10
: o0
@ pT stage O ' EE: ra . e
0 1 l.. u : n q
@ PN stage I - )
P 9 p.l : ! E ] 2
cT ,-—=il—g: n n
© PTONO . %
.Age,years :-nwvva‘:.r'-r'v'rE"-ri'ﬂ-:r-ﬂ
25 35 :
@ Adjuvant chemotherapy $ :
es 1
© surgery procedure Score -12.3 u‘ ; .
@ Radiotherapy dose, Gy Yﬁs -1 ‘91'-1 ;.—"r—\
o -97 45 45 <45
ox 40/ Female i Male
0 '
<>
Sum of scores e S S —————r—r——r —r———r— ———r——r—r——r—r '
20 8:’/0 12% 0 10 20 30
. tow <w° | Medium | High
Probability of death f eyt L amansasans. T Trrr———] aana]
5 10 * 20 30 4 50 60 70 80 80 95

within 5 years, %



Survival

Nomogram

4.4
-1.8 €=> +2.6

Score s O : v
@ pT stage ,E : E ta i
: E [ q u
@ pN stage LR TR ®
Inoalonoa ! 2
Y] - —. :
ot BRI (R
O Age, years A Tttt pT3N2
© Adjuvant chemotherapy Score 11.2
@ Surgery procedure Yes 94
No 13.8

@ Radiotherapy dose, Gy

@ Sex

Sum of scores

Probability of death
within 5 years, %

-20 -10 0

AUC =0.70

10
58%, 74%

™ T T
5 10 20 30 40 50:60 70" 80 80 95



Supportito.ClinicaliDecision

INTENSIFICATION

Neoadjuvant
regimen

pT-stage

Tumor volume

Rl tumor distance

pN-stage

Sum of scores

Probability of local recurrences

0

0 1

pN-stage S e S

RI tumor volume ISABAAaRa B RenaasnansanRs nens an]
100 80 60 40 20 0 -20 -40

Type of surgery

pT-stage

Sum of scores
2

Probability of metastases




Personalization by ‘prediction models
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Nomogram
pCR

Score
-5 -4 -3 -2 -1 0 Pt 2 3 4 D
Tumor Iength r T T T T T T g ‘ E EI
15 14 12 10 8 5 4 1 12
I:“SUVmax—post l'r'l'l'l'n'r-nvn-fl-uvli.‘
-30 -10 10 30 50 70 90
Suv IR S T S B
X t 1L 1 | | || 1 || | |
e 18 16 14 12 10 8 6 4 2‘
Sum of scores 3.3 AUC = 0.86
Sum of scores
8 7 B &5 4 8§ 2 4 O 1 2 i 4 5 6
i 75%

Probability of pCR

T T T T ksl T 1

0.05 0.1 0203 05 0.70.8 0.9 0.95

Van Stiphout R, Valentini V et Al - Radioth Oncol - 2011



Supportito.ClinicaliDecision

INTENSIFICATION

Neoadjuvant
regimen

pT-stage

Tumor volume

Rl tumor distance

pN-stage

Tumor lencth

Wmae post Sum of scores

50

Probability of local recurrences

18 16 14 12 10 8 &

Sum of scores

pN-stage
Probakiity of pCR P e e e
005 010203 05 070809095 Rl tumor volume

Type of surgery

pT-stage

Sum of scores
2

Probability of metastases




; Thunder Trial

Study characterlstlcs

Maastridit Ro'm‘e
[Training]  [Validation]
THUNDER

Prospective studies

TTotal

retre: ~ During treatment  Outcome
Gender SUVmean15 pCR
Age SUVmax15 based on

MTV15 ypTONO
MaxDiam15

SUVmean0 RI_SUVmean
SUVmax0 RI_SUVmax
MTVO RI_MTV
MaxDiam0O RI_MaxDiam

ISl Van Stiphout R et Al - Radiot Oncol - 2014




RectaliCanceriperspective:lGilherapy.

pCR

Clinical tumor stage

Score

Maximal diameter at day 15 [cm)]

Response index mean SUV

Clinical nodal stage

Sum of scores
-12 -11

Probability of pathologic complete response

Gemelli ART [l ~ A%

MAASTR

Advanced Radiation Therapy

Nomogram

14 12 10 8 6 4

-10 10 30 50 70

-10 -9 -8 -7 -6 -5 -4 -Sl -2 -1 0 1 2 3

0.05 0.1 0.20.3 05 0.70.8 0.9 0.95

Van'Stiphout R et AI'— ESTRO Forum -2013




THUNDER-2 Trial Framework

Inclusion: ¢T3 any cN+

Radio-chemotherapy
50 Gy/1.8 Gy, 5-Fu

4+~
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Locally advanced Rectum Cancer

PET-CT PET-CT

+ +

DW-MR DW-MR
+

+
Blood Blood
+ +
Clinical  Clinical

’ j"_" N data DSS = Decision Support System; * Endoscopy with biopsy only in case of doubt

THUNDER




THUNDER-2 Trial Framework

Inclusion: ¢T3 any cN+

Locally advanced Rectum Cancer

Risk of
high medium
2y DFS

Radio-chemotherapy
50 Gy/1.8 Gy, 5-Fu

Informed Consent

Standard treatment: 9-12 weeks rest then

\ ey Surgery: TME then chemotherapy
Random. .,
cT

low 2y DFS P*nm"';j,;- Ewdpaintez years DFS

Experimental treatment: 8 cycli Adjuvant
Chemotherapy then Surgery: TME (even if

cCR)

PET-CT PET-
+ +
DW-MR DW-MR
+ +
Blood Blood

+ +
Clinical  Clinical

' |i—'ﬁ$ data DSS = Decision Support System; * Endoscopy with biopsy only in case of doubt




THUNDER-2 Trial Framework

Standard treatment: 9-12 weeks

‘ hi hRiSk :;f, T rest then Surgery: TME)
igh medium High s - —
2y DFS . Stobab L  Primary Endpoint: QoL

| el ¢ pCt ¥ Experimental treatment: 9-12 weeks
I rest then if cCR*: Wait & See or TEM or

Inclusion: ¢T3 any cN+

’ no cCR* then Std Surgery TME)
Standard treatment: 9-12 weeks rest then
’ S
Radio-chemothera) 1’ M a¢ ium i
50 Gy/1.8 Gy, 5-Ft ey Primary Endpoint: 2 years DFS
of | CR '
andard treatment: 9-12 weeks rest ther

Surgery: TME then chemotherapy

I dard treatment: 9-12 weeks rest then
I Risk of Surgery: TME then chemotherapy

‘ Locally advanced Rectum Cancer

PET-CT  PETCT low 2y DFS Primary Endpoint: 2 years DFS

DWTMR DW-MR perimental treatment: 8 cycli Adjuvant
Bl b d BI;od Chemotherapy then Surgery: TME (even if
3'0 b cCR)

Clinical  Clinical
y ==

= data DSS = Decision Support System; * Endoscopy with biopsy only in case of doubt
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Neoadjuvant
regimen
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Personalization by ‘prediction models
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Personalization by ‘prediction models

Multivariate analysis by logistic regression with following entry variables:
cT
cN
GTV Volume
GTV Surface
Equivalent Sphere Volume / GTV Surface
Entropy 0=0.49
Skewness 0=0.69

Final model:
DATA SET: 176 patients

Coefficients:

(Intercept) 5.1466 3.9229 1 B 0.18954

cT 1.0442 0.3584 2 0.00358 **
cN 0.5350 0.3417 1. 0.1168%
Entr.Sigma.0.4¢ 3.235¢ L S 0.04880 *
Skew.Sigma.0.69 2 ) 1

Signif. codes:

Datamining fol/

(%'()IW]()IIi fﬁﬁi Q : ‘ Radiomics ([ 4\

Advanced Radiation Therapy KBO Labs
Knowledge Based Oncology Lab:
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Personalization by ‘prediction models

Entropy o = 0.49 T T
1.6 1.7 1.8

T

Sk(‘.\\"n(‘s.‘; ag = ().69 r T T T T 1
0.7 0.6 0.5 ‘ G X -0.1 -0.2 =-0.3 -04 -0.5 =-0.6

Total Points T
0 20 120 140 160 180 200

Linear Predictor
-4.5 -4 -3.5

Probability of TRG = 1 _
AUC =0.73 0.1 0.150.2 0.3 0.4 05 06 0.7 0.80.85

Datamining
(.'. 5% )”' AN BN Radiomics |
rCINCH AR
Advanced Radiation Therapy KBO Labs
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Policlinico Agostino Gemelli »
Universita Cattolica del Sacro Cuore O S O p e ra Ve

Gemelli

in rectal cancer

* Cancer Institute Beijing 1798 pts

20 30 100

Points

Age

Sex

ECOG

Grade of Histology

RTCT

Pathological T Stage

Pathological N Stage

Residual Tumor

Chemotherapy Cycles (no.)

RT interruptions (days)

IMRT

Total Points v
350

5 Years OS Probability T T
07 06 05040302 01

Average Bad
Linear Predictor (Prognostic groups) o | ]

CicpiellART , LiuWIeCATRASTRO 2018
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Personalization by ‘prediction models

»

Ronidual cT RT mstop Fearson

tusor aycles aays T

'0 t21

Resishonl
tuncr

——
c3
cyclies

KT atep
days

IMRT

Sig. level > 0. 2:

semelli

7 1l Liu'W et Al -ASTRO — 2014




Policlinico Agostino Gemelli »
Universita Cattolica del Sacro Cuore O S O p e ra Ve

Gemelli

in rectal cancer

* Cancer Institute Beijing 1798 pts

20 30 100

Points

Age

Sex

ECOG

Grade of Histology

RTCT

Pathological T Stage

Pathological N Stage

Residual Tumor

Chemotherapy Cycles (no.)

RT interruptions (days)
20

o 3%  14%

Total Points
200 300 350 400 450

5 Years OS Probability ﬁ T <>

09 08 07 0605040302 01

Average Bad
Linear Predictor (Prognostic groups) o | ]

CicpiellART , LiuWIeCATRASTRO 2018




Knowledge Based Oncology

Guidance
for Industry and FDA Staff

Guidance for the Use of
Bayesian Statistics in
Medical Device Clinical Trials

Document issued on: February 5, 2010
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Personalization by ‘prediction models

o g, 2y

Author

Journal

Institution

Website

van Stiphout RG

Radiother Oncol, 2011

MAASTRO-UCSC
Leuven-Rovigo

pCR

Y

Valentini V

JCO, 2011

UCSC- MAASTRO

LR, DM & OS

Wang SJ

Ann Surg Oncol, 2011

Oregon University

OS

Bowles TL

Dis Colon Rectum
2013

MDAnderson

OS

Russell MC

JAMA Surg, 2013

MDAnderson

R+

Peng J

PLoS One, 2014

Fudan University
Shanghai

LR, DM & OS

van Stiphout RG

Radiother Oncol, 2014

MAASTRO-UCSC

pCR

Jwa E

Br J Cancer, 2014

Ulsan College of
Medicine, Seoul

ypN

van Gijn W

Ann Oncol, 2015

Leiden University

DM & OS

Battersby N

Gut, 2015

Danish and UK

Zz Z| zZ| Z| Z| Z| < =< <

Gemelli AR
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Accuracy ‘and . Generalizability

o 7o

o g
7 7 1"
P S AT 7 -9
’ . » s -
. ’ o~
" > 4y ”

Accuracy Brier score Predicted outcomes match
observed?

Discrimination ~ Area under ROC How well can we threshold predicted
outcomes?

Calibration Hosmer-Lemeshow How do predicted values compare to
subgroups of patients? (low/
medium/high probability)

Generalizability DDM Can we apply it to other datasets?
Reproducibility DDM approx. 0.5 Similar population
Transferability =~ DDM < 0.5 > Different population

Gemelli AR RO A A
(Ad\l/ajn]ce(dRad!ationTherapy '’ . Van Soest J - MAASTRO



(, cme III

_External ‘validation

External validation of the
Neoadjuvant Rectal (NAR) Score
and Rectal Cancer Prediction
nomograms: A Multi-Centre study
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Personallza flon b 0y predlc tion models

Conc!u510ns Ralssoum

* In @ non-clinical trial population:
— VPN predicted clinical outcomes (LR, DR, OS)

— NAR was superior than pCR in predicting OS
 May be a better endpoint than pCR in early phase clinical tnals of
LARC
— VPN is better than NAR in discriminating clinical outcomes

 Likely due to incorporation of other vanables in VPPN (tvpe of
surgery, chemotherapy, eic)

Gemelli AR

Advanced Radiation Therapy




Personalization vs prediction models

Rectal Cancer

« Some of the Unknowns/Controversies

Al . . S p—— . - . ’ ¢ ey » . . - ’ - - - . N &
- YW HO benefils fron 1erany ..‘t‘.'al‘."'.i SUTOery oone

Who should Jet agjuvant chemotherapy after chemoRT

Gemelli AR

Advanced Radiation Therapy




Observed frequency

-

'EXférhal 3 Valida tion

Overall Survival Calibration Curve

- ldeal
Nonparametric
4 Grouped patients

o
o
1

Low Risk

= High Risk

. an””I |“|H |

T T T T
0.3 04 0.5 06 0.7 0.8 0.9
Predicted probability

Gemelli A

Advanced Radiation Therapy

1.0
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-~ L] ©o
1 1

Observed frequency

o
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Overall Survival Calibration Curve

»
4

s -

a

- Ideal

Nonparametric
Grouped patients

" Medium
Risk Low
Risk

High
Risk

LowRisk i i HIQHHIM’A

High Risk

Overall Survival

T T
0.7 08
Predicted probability

Shen L et Al

Overall Survival

it
F AR

Log-Rank p-value < 0.001
Low risk: N=92
Medium risk: N=75
High risk: N=110

T T I

10 20 30 40 50

Time From Radiation [months]

C-index = 0.72

Oncotarget - 2015
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