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pCR and Organ Preservation

* The meaning of CR
* How to achieve CR
* What to irradiate

* How to predict
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pCR after CRT

Protocol pCR Concomitant CT Cumulative pCR
EORTC 22921 13.7*
FFCD 9203 11.4 5FU
STAR 16
~ (o)

ACCORD 19.2 SFU = 15%

and

oxaliplatin
NASBP RO4 20.9
CAO-ARO-AIO 04 16.5
(3 i & s
IEHIEN] S0, “esmo BT

mer r
Universita Cattolica del Sacro Cuore 2016



The meaning of CR after CRT




pCR and long term outcomes: RCT

- s " o e s
TNM stage

ypTONO 9/104 6/81 " 1-20 (0-43-3-36)

Stagel 19/148 30/176 — & 0-72 (0-40-1-28)

Stage Il 40/154 48/148 —u— 0-74 (0-49-1-13)

Stage Ill 57/154 71/169 —— 0-89 (0-63-1-28)
Type of surgery

Low anterior resection 98/398 105/416 —1- 0-98 (0-74-1-29)

Intersphincteric resection 5/31 10/30 0-46 (0-16-1-35)

Abdominoperineal resection 45/151 67/152 —— 0-58 (0-39-0-85)
Total
All 159/613 198/623 <> 079 (0-64-0-98)

| | T 1
0-2 0.5 1.0 2.0 3:04-0
Hazard ratio
Favours investigational group  Favours control group

Figure 4: Disease-free survival in the intention-to-treat population by patient subgroups according to pretreatment and surgical or pathological factors after
preoperative chemoradiotherapy
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pCR and long term outcomes:
pooled analyses

A Local-recurrence-free survival B Distant-metastasis-free survival
100 T B
3 z
T 075 5
¢ 050 % -
5 g
2 §
o =
— 025+ E -
o I
2 —pCR g
HR 0-33 (95% Cl 0-19-0-60); p<0-0001 — Nop(R HR 0-40 (95% Cl 0-29-0-55); p<0-0001
0 T T T T T T T T T T T T T T T T T T T T
Number at risk Number at risk
pCR 455 412 338 268 210 158 112 88 62 47 30 pCR 419 377 301 245 197 149 107 85 60 45 30
NopCR 2478 2232 1889 1491 1200 928 700 542 399 290 194 NopCR 2257 1954 1624 1291 1044 819 636 505 373 274 188
C Disease-free survival D Overall survival
1-00 T
b SR - ,
S \‘\< e it
5 975 \"““\._\ 7 e
> — 3 —
5 S ) 3 = e
£ o050 2
g ©
8 0254 =
HR 0-44 (95% Cl 0-34-0-57); p<0-0001 HR 0-51 (95% C1 0-38-0-67); p<0-0001
0 T T T |} T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Months Months
Number at risk Number at risk
pC(R 419 375 303 243 197 146 107 86 59 46 30 R 465 426 352 285 220 163 120 95 69 51 30
NopCR 2263 1934 1610 1279 1033 812 632 496 371 270 186 NopCR 2358 2338 2006 1583 1279 1005 774 600 458 326 225
: e
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Fondazione Policlinico Universitario A. Gemelli g member
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Surgery descalation

cT3 orcT2 low -

Long Course
RT-CT

Pucciarelli et al, S. et al Dis Colon Rectum 2013
Gérard JP et al. J Clin Oncol 2014

Vuong T et al. Semin Colon Rectal Surg 2010
Maas M et al J Clin oncol 2011

Appelt A. Lancet Oncol 2015




Sexual function (male®)

surgery
100 - Difference 2 years
65.7v574
. 80 P=.058
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*Only 11% of women completed the
questionnaire at 2 yrs Stephens et al JCO 2010
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Proportion of Patients

Sphincter function
Unintentional release of stool

100

+ PRE
=@= SEL POST
80 -
P=.004
60 - > 3 l

Difference 2 years
53.9v37.3
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Stephens et al JCO 2010



pCR and Organ Preservation

* The meaning of CR
* How to achieve CR
* What to irradiate

* How to predict
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How to achieve CR

 Chemotherapy intensification

* Radiotherapy intensification

* TIME CRT s OUIgery
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CT intensification

During RT

‘New’ CT agents

Target therapies
Sequence of therapies
Total Neoadjuvant Therapy



CT intensification during RT:
‘New agents’

ypCR OXAL- OXAL +
ACCORD 12 14 % 19 % p=ns
STAR 16 % 16 % p=ns
CAO/ARO/AIO-04 3 % 17 % 0=.038
PETAAC 6 1.5% 13 % p=ns
G3 + Acute toxicity
ACCORD 12 1% p<.001
STAR 8 % 0<.001
CAO/ARO/AIO-04 20 % 0<.001
PETAAC 6 15% p<.001
Gerard JP et Al - JCO - 2010, Aschele C et Al, CO — 2011,
Rédel C et Al - Lancet Oncol -2012, Schmoll J-ECCO - 2013
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Target therapies
Clinical trials with EGFR-Inhibition in RC

Series n Treatment pCR

Bertolini, 2007 40 Bl 5-.FU - 8%
Cetuximab

Machiels, 2007 | 30 pliniCape s 5%
Cetuximab

Rédel 2008 ag [ HEEEapERE 9%
Cetuximab

Hofheinz, 2008 | 50 LR 8%
Cetuximab

Gemelli @ a1 e By, the: Courntesy, of C Rodel| - ESTRQ Counse: 2016,

............................ =



Target therapies
Clinical trials ... With VEGF-Inhibition in " o

TOX/Postop

Series n Treatment pCR . .
complications

Presacral abscess (2); Delayed healing (2);

W|||ett’ 2009 32 BV + RT + 5-FU 16% Wound infection (3); Hematoma (1); lleus

(2); neurogenic bladder (1); ...

VeIenic, 2011 61 BV + RT + Cape 13% Presacral abscess (12); Delayed healing (18);

Anastomotic leackage (7) ...

Dellas, 2013 | 70 | BV +RT + CAPOX V7%, | =L e il

16%
BV + RT + Cape vs Grade 3-4 tox: 16% vs 13%
Salazar, 2015 | 90 RT + Cape V(S 11‘y;> Surgical: 43% vs 39%
p=0.5
AXE BEAM e Decreasaln VDY
Ve rstraete, 80 11% Small increase in hypoxia;
5015 BV + RT + CAPOX Vs 36% PDGFA, PDGF-BB; CA-IX , a-SMA as

potential biomarkers

Gemelli @A By the: Countesy off C. Redel — ESTRO Counse 2016

L 2016 2
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CT intensification:
Total Neoadjuvant Treatment

Arm A: Adjuvant CT
52 pts 100%

CTRT — Surgery —CT

3 ineligible patients excluded

49 (94%) patients commenced CRT

46 (89%) patients underwent surgery
45 RO resections

1 R1 resection

37 (71%) patients commenced adjuvant CT

9 did not receive any cycle
7 received 1-2 cycles
2 received 3 cycles

28 received 4 cycles

Follow-up
07/2013
Life Status Know n=50
Tumor status know =50

108 patients randomized

Arm B: Induction CT

56 pts 100%
CT — CTRT — Surgery

2 ineligible patients excluded

54 (96%) patients commenced induction CT
1 received 1 cycle
1 received 3 cycles

52 received 4 cycles

54 (96%) patients commenced CRT

54 (96%) patients underwent surgery

48 RO resections

2 R1 resections

2 R 2 resections

Follow-up
07/2013
Life Status Know n=55
Tumor status know =55

Fernandez-Martoz C et al. JCO 2010



Preoperative treatment intensification:

Total Neoadjuvant Treatment

Table 3. End Points for the Total Patient Group

Arm A:
Post-
operative Arm B:
Adjuvant Induction
CT CT
(n = 52) (n = 56)
End Point No. % No. % P*
pCR 7 13 8 14 .94
95% CI, % 5.6t0 25.8 6.4 t0 26.2
Downstaging 30 58 24 43 13
95% CI, % 43.2t071.3 29.7 t0 56.8
RO resection rates 45 87 48 86 40
TRGT
4: complete regression 7 15 8 15 .88
3: > 50% of tumor mass 22 48 20 37
2: = 25%-50% of tumor mass 11 24 13 24
1: < 25% of tumor mass 2 4 3 6
0: no regression 1 2 3 6
Not otherwise specified 3 7 7 13

Fernandez-Martoz C et al. JCO 2010




How to achieve CR

 Chemotherapy intensification

* Radiotherapy intensification

* TIME CRT s OUIgery
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RT intensification




Reliability of RT for cure

D50,TRG1=  92.0 Gy
D50,TRG1-2= 72.1 Gy

70 F

60 F

S
o

Response [%]
w
o

N
o

-
o

o

10 30 50 70 90
EQD2 [Gy]

Appelt AL et al. Int. J Radiat Oncol Biol Phys 2013



RT intensification: dose> 60Gy

pCR-rate

Study Reference line Study  Study 95% Confidence
15% weight  estimate Interval

Meade et al., 1995 — j 05% 250% [ 1.3,89.1%] pCR 20%

Jakobsen et al., 2012
Vestermark et al., 2012

23
4! Meadeetal., 1995

| 3.5% 25.0% [1.3,89.1%]

Mohiuddin et al., 2000 H——r 32% 44.0% [17.7,74.9%]
Rouanet et al., 2002 e 72% 160% [ 7.7,32.5%)]
Pfeiffer et al., 2005 F— 13% 7.0% [ 1.0,37.0%]
Mohiuddin et al., 2006 b 49% 31.0% [13.6,56.7%)]
Movsas et al., 2006 —— 07%  20% [ 0.1,27.7%]
Jakobsen et al., 2006 = = 13.8% 260% [15.7,39.8%]
Lindebjerg et al., 2008 F—A 12% 120% [ 1.7,53,7%]
Jakobsen et al., 2008 I-‘-'—| 8.0" Acute grade 3-4 toxicity
Vestermark et al., 2008 = < e T o e
Maluta et al., 2010 ;_._| 19. weight estimate  Interval
- :
——]
‘4

Engineer et al., 2013 6. Mohiuddin et al., 2000 P 04% 333% [11.1,66.7%]
Pfeiffer et al., 2005 —q 65%  7.1%  [1.0,37.0%]
Pooled pCR-rate estimate 100, Mohiuddinet al., 2006 —— 11.6% 43.8% [22.5,67.6%]
PR S — Movsas et al., 2006 —] 10.2% 14.3% {4.7,36.1%]
0 20 40 60 80 100% Jakobsen et al., 2006 - 10.6% 6.0% (1.9,17.0%]
Jakobsen et al., 2008 Jo 92% 57%  [1.4,20.2%]
o Vestermark et al., 2008 foi 9.2%  5.6% [1.4,19,7%)]
G3-4 TOX 10% Maluta et al., 2010 H 67%  13%  (0.2,880%)
Jakobsen et al., 2012 - 135% 101%  [57,17.3%]
Engineer et al., 2013 fo| 02%  45% {1.1,16.4%]
Pooled toxidty estimate ’ 100.0%  10.3% (54,18.6%)
! 1 1 | I i
0 20 40 60 80 100%

Burbach et al. Radiother Oncol 2014



RT intensification

Interact Trial

Xelac L L L L L L Concomitant Boost 10 Gy

[ Capecitabine 1600 mgm2 chrono ]
45 Gy
Random /
N H [ | Oxaliplatin 130 mg/m? j

45 Gy 5 Gy X
Xelox S
LAY

Interact Trial: analysis 01/14 * 33

. AR -
G'eme”] QAWR_I_ ESTRO



RT intensification
Interact Trial

Accrual: 527 pts

Xelac Xelox
Randomized 270 257
Evaluable 265 253

Pts evaluable: 518 pts

Interact Trial: analysis 01/14 . 33

O = Valentini V et al. ESTR0O-33-2014



RT intensification

TRG

Xelac (%) Xelox (%) p

TRG1 314 30.8 ns

TRG1-2  60.2 51.0 ns

pCR 244 238 ns
Interact Trial: analysis 01/14 Ee 3'3

. A Py
Gemelli & ART oo

i Modified from Valentini V et al. ESTRO-33-2014



RT intensification

Outcome:
Acute CRT G3+ Toxicity
Xelac (%) Xelox (%)

Hemat 8.4 18.4

GI 15 278

Skin 31.2 25.2

GU 20.6 17.5

Liver 5.6 54
Neuropathy € 3.8 205 D

Interact Trial: analysis 01/14

. . -
G'emelll ﬁ é_Rl ESTRO

R Valentini V et al. ESTR0O-33-2014



How to achieve CR

 Chemotherapy intensification

* Radiotherapy intensification

* TIME CRT > QUrgery
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Preoperative treatment intensification:
Total Neoadjuvant Treatment

RC~> 12 cm from AV
cT3-4, NO; cT, N1-2

Primary end-point: ypCR

VoYY d

Continuous infusion

Group 1

Group 2

Group 3

Group 4

. . Rest Total mesorectal excision
fluorouracil + radiotherapy
Contlnuou.s mfus,on Rest mFOLFOX6 Rest Total mesorectal excision
fluorouracil + radiotherapy (two cycles)
ContanOL{s |nfus!on Rest mFOLFOX6 (four cycles) Rest Total mesorectal excision
fluorouracil + radiotherapy
ContanOL{s |nfus!on Rest mFOLFOX6 (six cycles) Rest Total mesorectal excision
fluorouracil + radiotherapy
| | | | | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Weeks

Garcia-Aguilar J et al. Lancet Oncol 2015



Preoperative treatment intensification:
Total Neoadjuvant Treatment

Primary end-point: ypCR

Group 1 Group 2 Group 3 Group 4 p value
(n=60) (n=67) (n=67) (n=65)

RC% 12 cm from AV IPathoIogicaI complete response 11 (18%) 17 (25%) 20 (30%) 25 (38%) 0-0036 I
Partial response A8 3%)  BOBR) d6Bo%)  30(60%) -

cT3-4, NO; cT, N1-2
259 enrolled patients

Stable disease 5(8%) 0 1(1%) 1(2%)

Data are number (%). p value tests the null hypothesis of equal proportions across study groups.

Table 3: Pathological tumour response

Group 1 (n=60) Group 2 (n=67) Group 3 (n=67) Group 4 (n=65)  pvalue

Time from start of chemoradiation to surgery (weeks) 14-2 (4-3) 17-1(2-9) 21.0 (2-7) 25-2 (4-0) 0-0001
Time from end of chemoradiation to surgery (weeks) 8:5(4-2) 11-1(2-9) 15-4 (2-6) 193 (4-2) 0-0001 |
Sphincter-saving surgery 46 (77%) 50 (75%) 50 (75%) 44 (68%) 0-68
Ileostomy 38/46 (83%) 43/50 (86%) 47/50 (94%) 38/43 (88%)* 0-33
Resection with negative margins 59 (98%) 67 (100%) 64 (96%) 64 (100%)t 0-089
Number of nodes examined 12 (2-31) 14 (2-30) 13 (2-30) 11 (1-47) 0-20
Pelvic fibrosist 2:4(17) 3-9(2:6) 44 (2-4) 3.9 (2:4) 00001 e
Technical difficulty§ 46 (27) 49 (2:8) 51(2-5) 4-8 (2-4) 0-80
Estimated blood loss (mL) 200 (50-1200) 225 (25-1500) 200 (50-1000) 150 (0-1000) 0-62

Data are mean (SD), number (%), n/N (%), or median (range). p values test the null hypothesis of equal means or proportions across study groups. *Information on whether
an ileostomy was created or not was not available for one patient. tData missing for one patient. $Scale ranges from 1 (none) to 10 (maximum). §Scale ranges from 1 (easy)
to 10 (difficult).

Table 2: Surgical results

Garcia-Aguilar J et al. Lancet Oncol 2015



Time effect?
Pooled analysis of RCT:

Accord 12/0405

EORTC 22921

FFCD 9203
CAO/ARO/AIO-94
CAO-ARO-AIO-04
INTERACT and TROG 01.04

5247 pts > 3078 > 440 (14%) had pCR
Median Surgery Time = 6 wks

< E
Shorter Interval Longer Interval
Group Group
< 6 wks (1953 pts) >6 wks (1125 pts)
PCR .01

11% 19%

Valentini V ECCO 2017



Time effect?

Cumulative pCR along time

T - QM‘Q‘—&GVO ©

o~ 4 weeks

o — 11 weeks

----- 6 weeks
16 weeks

S
%
£ - :
= Plateau @ 16 months
@ :
>
=
g - 95% @ 11 months
8 H

- —1

o~

o =

T — T T I T T
0 5 10 15 20 25 30
Surgery time after NAD-CRT (weeks)
Gemelli ® arr 2, \z-\wl\v(\ﬁ
y - oo MAASTRO

Fondaziene Pobichnico Universitario A. Gamell

T - Valentini V ECCO 2017



Time effect?

Table 1: Significant covariates of univariate

logistic regression model
Covariates Coefficients P-Value Qutcome
Surgery time 0.019 1«0.01 An increaso of weeks after NAD-
alze« NAD-CRT CRT increases pCR rate
Radiotherapy 0,007 <0.01 An Iincrease in radiotherapy dose |
Dose Ancreases pCR rate
Neoadjuvan! 0.056 <0.01 Neoadjuvant chemotherapy
chemotherapy Oxaliplatin based increases pCR
=t —ri-
Longer interval 0,072 <0.01 Have surgary alter 6 waeks
group : increases pCH rate
Surgery time -0.015 <0.01 An increase of weeks after NAD-
alter NAD-CRT CRT decreased post-surgical
(wooks) complications

®
Gemelli ART “gomo

mukw Universitario A Gemell | ™ T
umm-un 2 del Sacro Cosre

MAASTRO N\

Valentini V ECCO 2017



Time effect?

* Retrospective pooled analysis 2094 pts from
21 Italian Centers

* Median time to surgery—> 9 weeks
* Cumulative pCR =2 22.3%

pCR 12.6% 23.0% 31.1% <0.001
AIRO
pCR 18% (8.1 wks) 25% (11 wks)  30% (15 wks) 0.036

Garcia- Aguilar

Macchia G et al. on behalf of AIRO-GI submitted



pCR and Organ Preservation

* The meaning of CR
* How to achieve CR
* What to irradiate
* How to predict
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What to irradiate

3D Conformal RT IMRT-IGRT

GTV + corresp mesorectum GTV + margin

Myerson et al IJROBP 2009



Imaging modality for GTV

24 pts
3 observer

GTV on:
° T2w
 DWI
e Combi T2-DWI

Bonnetain F et al. Eur J Cancer 2016



Imaging modality for GTV

) A o . B (
All volumes per modality Conformity index per modality HDmax per modality
200- 1.0- 60+
A A E A
x 08 ®=Hm I £
150- u o N A
3 n RS s e g o
= g " m A - i d 8 -
£ 100- Ll Al z 06 "L e 2 an A
E AAAA‘A £ 04 T2 ;E. T
o -7 A £ [T, = A.QA?‘
> 5ol b X - LR YV E
8 0.2+ = [y
[ e T L ' 0 T T r
0 Ll T i T2 DWI Combi
T2 DWI Combi 0.0 T T —
Modality T2 DWI Combi
Distance parameters (mm)
N Mean SD Min Max N Mean | SD Min Max
T2 HDmax N Mean SD Min Max
24 | 699 | .078| .55 84
T2 72 | 63.16 | 33.39 | 9.38 [153.40 e - 2a | 1859 | 7001 916 | 3141
DWI 69 | 4194 | 25.49 | 7.60 [115.18 . 23 | 707 | .104 | .38 -85 DWI 23 | 1442 |915/| 403 | 49.10
Combi 69 | 5463 | 29.54 | 10.12 | 131.68 Combi | 23 | 690 | 074 ) .53 81 Combi 23 | 1542 |6.24| 801 | 3027

volume overlapping margins

Bonnetain F et al. Eur J Cancer 2016



Target motion
Shape
variation

Set-up
*Prone up to 0.24 cm
left-right direction

Supine < 0.1 cm

Nijkamp J et al. Radiother Oncol 2009



IMAGE GUIDED RADIOTHERAPY

BEFORE CJREATMENT) ~ AFTER

MRI HYBRID Machines

Treatment Controls r Treatment Status

Target In Bounds C -

Beams

® Beam 1 Angle: (005 ® Beam 2 Angle: (1800 ® Beam 3 Angle: 28000

Segment of 11 Segment of 11 Segment of 12

] — —_—
EEmmsm—— Eeaaaaae B | EEIIENS
'7—,7'_—: ————————————

Treatment Active
o

Ireatment Time -
2 ® Couch |Ready
Nt ) copscd [ e G I | . ...,

Head 1 Head 2 Head 3
Set Elapsed Set Elapsed Set Elapsed
Primary IM Hlul ’ [0-0 ”g.o ’ |nn ”0_0 I

Secondary IM b.o ' [0.0 ”0.0 ‘ IM 'rﬂﬂ ]
pln Type wwr

Fraction Number 10 Gantry Angle IW '

Fraction Primary Dose Couch Lateral |4.2 ’ om

Patient Orientation Couch Vertical -10.8 ' cm

!Mﬁ“m Couch Lcnqiludinal[zm




pCR and Organ Preservation

* The meaning of CR
* How to achieve CR
* What to irradiate

* How to predict

L=
Gemelll O ART “esrro

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

llllllllllllllllllllllllllllllllllllllllll



Nomograms for pCR

training cohort
® 6 o radiochemotherapy

] M R Intake

L ]l L § R ] L ]
=41 11 it i} A train and
clinical  PET treatment response validate

model
for pCR

data data C1asa data assessment

Van Stiphout R, Valentini V et al. Radiother Oncol 2011

training cohort

radiochemotherapy

Intake

= } i | i} { | { | A train and
clinical  PET PET treatment response validate
data data data data assessment

model
for pCR

Van Stiphout R, Valntini V. et al. Radiother Oncol 2014



Nomogram

DCR (prono)

Score

Clinical tumor stage

Maximal diameter at day 15 [cm] A —

Response index mean SUV

-

50 70

0] 10
Clinical nodal stage ’+_$ AUC = 070

Sum of scores memmmmmmmm%
-2 11 -0 8 8 -7 6 -5 - -3 -2 -1 0 2 3

Probability of pathologic compiete response S e e
0j05 0.1 0203 05 0.70.8 0.9 0)95

low medium high

Van Stiphout R, Valentini V et al. Radiother Oncol 2014



Radiomic in rectal cancer:
a model for pCR prediction

Data analysis
(Moddicon):

MRI ROI extraction Filter Application Model
development/validatiot

EXTERNAL
VALIDATION

KBO Labs

Knowledge Based Oncology Labs

Dinapoli N.et al. ESTRO 35, Turin 2016



To remember

* The meaning of CR surg reduction
* How to achieve CR RT; TIME

* What to irradiate GTV-MR

* How to predict nomograms
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