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History of rectal cancer

A.S. Galler et al. / Surgical Oncology 20 (2011) 223–230

Rectal cancer has been a recognized disease 
for millennia.

It was considered incurable until the 18th 
century, when Giuseppe Morgagni proposed 
the first techniques to remove the rectum.

Jacques LisFranc performed the first 
successful excision of a rectal tumor in 1826.



History of rectal cancer surgery

LR rate 20%-50%

1908

Miles described a combined 
abdominoperineal approach high mortality 
and local failures of 50%

1940

Dixon proposed AR negligible impact on 5-
year LRR of 20%-40%
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Pioneer POSToperative RT
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34.5 total dose

+ 5FU & MTX

+ 5FU

Pioneer PREoperative RT



Take home 

messages

• RT in rectal cancer not so common

• Post-operative RT preferred

• Intermediate pre-operative doses 
evaluated

• Large fields + intensive concomitant 
chemotherapy to be avoided

Pioneer RT

LR rate 30%



90’ Standardization

Standardized Surgery

Standardized Staging Tumor Response



POST-operative

PRE-operative

1° generation: PREoperative RT



PREoperative RT

Theoretical benefits of neoadjuvant RT:

• tumors with intact vasculature

• less risk of surgical tumor seeding

• increased frequency of sphincter-sparing surgery

Pahlman L et al. Ann Aurg 1990

25.5

60

Pre-RT > Post-RT



ToxicityOSDFSLocal 

control

RandomizationTrial

yesyesyes5x5 S

vs S alone

Swedish trial
Swedish Rectal cancer Trial NEJM 1997

nonoyes5x5 S

vs S alone
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Kapiteijn E NEJM 2001

noyesyes5x5 S

vs S alone

British trial
MRC-CR07

Sebag-Montefiore D. Lancet  2009

nonoyesPreop CRT

vs post-op CRT
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Sauer R. NEJM 2004

nonoyesPreop CRT
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FFCD

Gérard JP et al JCO 2006
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vs preop RT

Scandinavian trial
Braendengen M  JCO 2008

1° generation: PREoperative RT



Before TME

Swedish trial

1147 RESECTABLE 

RECTAL CANCER

SURGERY (no TME)
574 pts

SCRT
573 pts

SURGERY (no 

TME)

Cedermark B, et al. N Engl J Med 1997

1147 RC patients

Primary end-points: local recurrence; overall survival



PRE-operative LC-CRT

PRE-operative SC-RT + TME



With TME

1805 RC pts

All STAGES

Primary endpoint LC

Secondary endpoints DM, OS, CSS
RESECTABLE 

RECTAL CANCER

TME
908 pts

SCRT
897 pts

TME
Post LC RT 

if margin +

Kapiteijn E et al. N Engl J Med 2001



Local control

26%

9%

p< 0.001

14%

4.5%

p= 0.009

22%

6%

46%

23%

p< 0.001 p< 0.001

All Stage I 

Stage II Stage III 

NO TME TME

Folkesson J, et al. J Clin Oncol 2015 Van Gijn W, et al. 

Lancet Oncol 2011

3%

9%    6% p=0.001

15%
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1° generation: PREoperative RT

Local Control

T1-T3

resectable

NO DOWNSTAGING



Overall Survival

NO TME TME

Overall Survival gain 48% 58% 10%

p=0.004
OS  NO gain in all patients

Folkesson J, et al. J Clin Oncol 2015 Van Gijn W, et al. Lancet Oncol 2011
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PRE-operative LC-CRT

PRE-operative SC-RT + TME



N Engl J Med 2004 

CAO/ARO/AIO-94

Pre-ChemoRT > Post-ChemoRT

1° generation: PREoperative RT
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Take home 

messages

• Preop Short Course RT: 

• Improves LC and OS if NO TME

• No downstaging 

• Preop ChemoRT:

• Improves LC

• Downstaging 

• Tumor response as a broad spectrum 
of rectal cancer disease

1° generation RT

LR rate 3-5%



2° generation: INTEnsification Trials

Long Course 

5FU

5 weeks

Total dose 45-50 Gy

Daily dose: 2 Gy

OXA

extra-dose

55-60 Gy on the tumor

2.2-2.4 Gy on the tumor



ComplianceToxicitypCRRandomizationTrial

25%                    
vs 11%

RTCT OXA-5FU-HD            

vs RTCT 5FU
ACCORD 12
Gérard JP. JCO 2010

20%                
vs18%

RTCT OXA-5FU-HD            

vs RTCT 5FU
NSABP R04
O’Connell M. JCO 2014

16%                    
vs 16%

RTCT OXA-5FU            

vs RTCT 5FU
STAR 01
Aschele C. JCO 2011 

==17%                    
vs 13%

RTCT OXA -5FU            

vs RTCT 5FU
CAO-ARO-AIO 04
Rödel C. Lancet Onc 2012 

=26%                
vs26%

RTCT OXA-5FU            

vs RTCT 5FU HD
INTERACT
Valentini V. R&O 2019

14%                    
vs 11%

RTCT OXA -5FU            

vs RTCT 5FU
PETACC-6
Schmoll HJ. JCO 2020

Tumor

Response

2° generation: INTEnsification Trials
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2° generation: INTEnsification Trials

T3-T4

Low Tumor

DOWNSTAGING

T3-T4

HR
(MRF+,mucinous, EMVI)

DOWNSTAGING



ComplianceToxicitypCRRandomizationTrial

NO
RTCT OXA-5FU-HD            

vs RTCT 5FU
ACCORD 12
Gérard JP. JCO 2010

NO
RTCT OXA-5FU-HD            

vs RTCT 5FU
NSABP R04
O’Connell M. JCO 2014

NO
RTCT OXA-5FU            

vs RTCT 5FU
STAR 01
Aschele C. JCO 2011 

==YES
RTCT OXA -5FU            

vs RTCT 5FU
CAO-ARO-AIO 04
Rödel C. Lancet Onc 2012 

=NO
RTCT OXA-5FU            

vs RTCT 5FU HD
INTERACT
Valentini V. R&O 2019

NO
RTCT OXA -5FU            

vs RTCT 5FU
PETACC-6
Schmoll HJ. JCO 2020

Tumor

Response

2° generation: INTEnsification Trials



534 stage 

II-III rectal

cancer

50 Gy + oxa

55 Gy

Valentini V et al. Radiother Oncol 2019

INTERACT ITALIAN TRIAL

R S
8-10 wks

RT Dose INTEnsification Trials



pXELOXXELACToxicity

0.01118%8.7%Hemat

0.05410.2%16.9%GI

0.00121%1.7%Neuro

pXELOXXELAC

ns32.9%32.3%TRG1

0.03952.3%61%TRG1-2

ns26%26%pCR

INTERACT ITALIAN TRIAL

Tumor Response Acute toxicity

Valentini V et al. Radiother Oncol 2019

RT Dose INTEnsification Trials



PRE-operative LC-CRT

PRE-operative SC-RT + TME



5 x 5 S

5 x 5 S pT0 = 1.7%

pT0 = 11.8%

Petterson D et al. Br J Surg 2015  

Stockholm III RCT for operable rectal cancers

228 pts

227 pts

455 pts



SCRT and delayed Surgery: Overall Survival

All

NO difference

OS LR

Better OS and TR in pts with pCR

Erlandsson J et al. Radiother Oncol 2019



Gambacorta MA et al. Radiother Oncol 2020

p-valueLong Interval

Group 
>6 wks (1125 pts)

Short Interval

Group 
< 6 wks (1953 pts)

0.0119%11%pCR

Pooled analysis of RCT:
Accord 12/0405 

EORTC 22921 

FFCD 9203

CAO/ARO/AIO-94

CAO-ARO-AIO-04 

INTERACT and TROG 01.04

3078 pts   pCR  440 (14%) 

Median Surgery Time  6 wks



Plateau  16 wks

95% of pCR 10 wks

Gambacorta MA et al. Radiother Oncol 2021

The TIME effect



Take home 
messages

• Preop ChemoRT Intensification 
improves downstaging and pCR

• pCR rate of 25%

• Preop Short Course RT and Delay 
surgery same LC, better tolerance and 
downstaging

2° generation RT



TNT-era

RAPIDO trial for HR RC 

SCRT + CT and TME



Rationale for TNT

Earlier use of systemic therapy: micrometastases

Maximal downstaging: better primary tumor local control



TNT: SCRT vs LCRT

PRODIGE-23 trial

T

M

E
RESTFOLFOX (9 cycles) or CAPOX (6 cycles)Rest

R

T

RAPIDO trial

T

M

E
RESTChemoradiationRESTFOLFIRINOX 6 cycles



3° generation: Total Neoadjuvant Therapy



RAPIDO pCR

StandardTNT

14%28%pCR

Bahadoer RR Lancet Oncol 2021



DFS



RAPIDO trial: Outcomes

Bahadoer RR Lancet Oncol 2021



RAPIDO trial: LR

Dijkstra E, Ann Surg 2023

More LR in the 

experimental arm

12% 8%



Take home 

messages 

• Better DFS     3yDFS 76%

• Decreased 5yDM ≈ 23%

• Increased LR in SC RT 12%

• Increased pCR

3° Generation TNT



RAPIDO trial for HR RC 

SCRT + CT and TME

FUTURE
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Appelt et al, IJROBP 2013

DOSE



TECHNIQUES

MACHINES

IMAGING

What has changed in RT?



Target visualization: MRI-Guided RT

Direct TUMOR visualization: 

 During each fraction

 Throughout the treatment

 By doctor

 By patient

 Gated dose delivering



t5 t10

t25t20t15

Adaptive Radiation Therapy

t0

Boldrini L et al. Radiol Med 2018



Radiomics

 Not invasive

 Repeatable

 Analyzes entire tumor volume 

 Uses already available diagnostic and 

therapeutics images

 Cheap



Delta volumes and radiomics for CR prediction

AUC = 0.83

2017

Delta Radiomics

AUC = 0.95AUC = 0.78
AUC = 0.73

2017-2018 2018-2019 2019-2020

Fractals Radiomics 1.5-3T MRI Radiomics1.5T MRI Radiomics

GEMELLI.ART published experiences

Early regression index

2020

AUC = 0.93

2021

AUC = 0.97

Early regression index + Radiomics



Future: personalization



The rectal cancer journey: what have we 
not to forget? 

RADIOTHERAPY

• Alone   Local Control

• RT-CT   Tumor Response

• TNT      Distant Metastases

FUTURE

• Treatment personalization

• Treatment modulation


