
Christopher Straka, MD

Assistant Professor, UCSD Department of Radiation Medicine

A Radiation Oncology Perspective

March 20, 2024

Total Neoadjuvant Therapy 
in Rectal Cancer



1
Radiation in rectal cancer 1.0 (pre TNT): Who, why, when, how 
much?

2

3

5

4

TNT from a radiation perspective

Potential omission of surgery

Potential omission of radiation

Radiation in rectal cancer 2.0 (+TNT): Who, why, when, how 
much?

Agenda

2



Radiation in rectal cancer 1.0 (pre 
TNT): 

Who, why, when, how much?
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Indicated for T3+ and/or N1+

Current NCCN treatment paradigm listed 
on this slide…notice TNT

But radiation has been a part of rectal 
cancer long before TNT…

Radiation in rectal 
cancer
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Why radiation?

5

GITSG7175

• 227 patients with stage pT3+ or N+ rectal 
cancer randomized to post-op observation 
vs chemo vs RT vs chemo RT

• 10 yr, surgery alone vs postop Chemo-RT 

• OS: 27% v 45%

• LR: 55% v 33

• LF Rate: 25% v 10%

Thomas PR et al. Radiother Oncol 1988



Why radiation?
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NCCTG 79-47-51

• 204 patients with stage pT3+ or N+ rectal 
cancer randomized to post-op RT vs chemo 
RT

• 5-year overall recurrence: RT 63% vs. chemo-RT 
41% (P = 0.0016)

• LR 25% vs. 13% (P = 0.036)

• DM 46% vs. 29% (P = 0.011)

• 5-year OS ~40% vs. ~55% (P = 0.025)

NEJM 1991



When radiation?
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German Rectal Trial

• 823 patients with T3+ or N+ rectal cancer 
randomized to pre-op vs post-op chemo RT

• Conclusions:

• No SS difference in incidence of DM, DFS, or OS

• Recommended pre-op CRT for locally advanced 
disease:

• Superior compliance

• Improved LR control

• Reduced Acute and Late Toxicity

• Increased rate of sphincter-sparing surgeries
Sauer et al, NEJM 2004

Sauer et al, JCO 2012

5yr f/u PreOp(%

)

Postop(

%)

P-Value

Acute G3-4 27 40 0.001

Late G3-4 14 24 0.01

pCR 8 0 <0.001

LR 6 13 0.006

Sphincter 

preservation 

39 19 0.004

DM 36 38 NS 

(0.84)

OS 76 74 NS 

(0.80)



How much radiation?

8

Long course chemoRT

•Daily M-F treatments given over 

~5 weeks

•Smaller daily dose 

•Higher net dose including higher 

biologically equivalent dose (BED)

•Concurrent chemo

Short course RT alone

•Just 5 treatments typically 

delivered over 1 week

•Higher daily dose

•Lower net dose including lower 

biologically equivalent dose (BED)

•Radiation only, no concurrent 

chemo



How much radiation?

9

TROG 0104

• 326 pts randomized to short course (25/5) vs. std 
CRT (50.4/28 w. 5-FU)

• Surgery 4-6 wks after long course CRT

• No difference in 3 yr local control 

• 7.5 vs 4.4%

• No difference in DFS or OS

• More path downstaging w/ long course CRT (45 vs. 28% p= 
0.002)

• More pCR w/ LC-CRT (15 vs 1)

• Distal tumors (< 5 cm): LR in 6 of 48 pts (short course) vs 1 
of 31 (std CRT) (NS)



How much radiation
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Society of Surgical Oncology’s 2021 
International Conference on Surgical 

Cancer Care



TNT from a radiation 
perspective
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RAPIDO Trial
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Dijkstra et al Annals Surg 

2023 Bahadoer Lancet Oncol 

2020

912 patients with 1+ MRI high risk feature: 

• T4a/b 

• EMVI 

• N2

• < 1mm MRF

• Lateral LN

TNT



RAPIDO Trial

SS improvement in 3 & 5 year cure rates and distant mets with TNT, trend to improve local control 
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Dijkstra et al Annals Surg 

2023 Bahadoer Lancet Oncol 

2020



PRODIGE 23 Trial

461 patients with traditional chemoRT criteria: T3+ or N1+ 
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TNT
Conroy Lancet Onc 2021



PRODIGE 23 Trial

SS improvement in 3-yr cure rates and distant mets, trend to improve OS with TNT 

15 Conroy Lancet Onc 2021



Potential omission of surgery
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OPRA Trial

324 patients with Stage II or III distal rectal cancer requiring APR
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OPRA Trial

Disease outcomes in line 
with historical norms
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Comparing 
TNT 
approaches
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OPRA

(includes 

NOM)

PRODIGE 
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RAPIDO



ASTRO 2021 Guidelines
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NCCN 2024 Guidelines
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NCCN 2024 Guidelines
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NCCN 2024 Guidelines
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Quality of life

278 patients

Dutch prospective cohort

Treated with NOM
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Potential omission of 
radiation
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PROSPECT Trial

1194 patients with T2N1, T3N0 or T3N1 

No distal tumors (>5cm from anal verge)

No N2

No T4

>3mm from MRF
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PROSPECT Trial

9.1% of patient in FOLFOX group received 
pre-op chemoRT, and 1.4% received post-op

Criticisms:

-No TNT for chemoRT arm

-15% of patients not staged with MRI
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OCUM Study
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MMR deficient/MSI high

29



Radiation in rectal cancer 2.0 
(+TNT): 

Who, why, when, how much?
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Who 2.0

Definitely

• Involving/abutting sphincter

• Threatened MRF

• T4

• Extra-pelvic LNs

• No/minimal response to 
chemo

• Patient motivated for NOM

31

Probably

• Mid-rectum

• N+

• Approaching MRF

• Bulky

Consider omission

• T3 N0 High rectum far from 
sphincter

• MMR deficient/MSI high

• Meets criteria for 
PROSPECT trial

• Not motivated for NOM



When radiation 2.0

German CAO/ARO/AIO-12 trial

326 patients with T3+ or N+ 

32 Fokas, JCO 2019



When radiation 2.0

OPRA Trial

324 patients with Stage II or III distal rectal cancer requiring APR

33 Fokas, JCO 2019



When radiation 2.0

34 Julio Garcia-Aguilar JCO 2022



How much 2.0
Wash U. Phase II trial 90 patients with Stage I-III rectal cancer treated with short course 
radiation followed by chemo

• 50% had CR and underwent NOM

• At 30.1m 79% had persistent CR

35
Chin et al, IJROBP 

2021



How much 2.0
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OPRA

(Long course)

47-60%

Wash U.

Short course

~40%



How much 2.0

ASTRO 2021 guidelines
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How much 2.0

Ongoing GERMAN TNT Trial CAO/ARO/AIO-18.1
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How much 2.0

Ongoing STAR-TREC UK Trial
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How much 2.0

OPERA Trial

T2 or T3, N0 or N1

Tumors <5cm in diameters

All patients got 45Gy chemoRT

Arm A got 9Gy in 5 fx external beam 
boost

Arm B got 90Gy 3 fx contact internal 
brachy boost

40



How much 2.0
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Table 3Adverse events

Group A (n=69) Group B (n=72)

Grade 2 Grade 3 Grade 4 Grade 5 Grade 2 Grade 3 Grade 4 Grade 5

Blood disorders 0 0 0 0 1 (1%) 2 (3%) 0 0

Neutropenia 0 0 0 0 0 1 (1%) 0 0

Lymphopenia 0 0 0 0 0 1 (1%) 0 0

Venous thromboembolism 0 0 0 0 1 (1%) 0 0 0

Gastrointestinal 4 (6%) 0 0 0 10 (14%) 5 (7%) 0 0

Proctitis 4 (6%) 0 0 0 7 (10%) 2 (3%) 0 0

Diarrhoea 0 0 0 0 3 (4%) 3 (4%) 0 0

General disorders and administration site conditions 0 1 (1%) 0 0 4 (6%) 0 0

0

Asthenia 0 0 0 0 2 (3%) 0 0 0

Coronary artery spams 0 1 (1%) 0 0 0 0 0 0

Anorexia 0 0 0 0 1 (1%) 0 0 0

Erectile dysfunction 0 0 0 0 1 (1%) 0 0 0

Renal and urinary disorders 2 (3%) 3 (4%) 0 0 4 (6%) 0 0 0

Urinary infection 0 2 (3%) 0 0 0 0 0 0

Dysuria 2 (3%) 1 (1%) 0 0 4 (6%) 0 0 0

Skin disorders 7 (10%) 0 0 0 2 (3%) 0 0 0

Radiation dermatitis 7 (10%) 0 0 0 2 (3%) 0 0 0

Other 4 (6%) 0 0 0 2 (3%) 0 0 0

Rectal bleeding 2 (3%) 0 0 0 0 0 0 0

Chest pain 0 0 0 0 2 (3%) 0 0 0

Oral candidiasis 1 (1%) 0 0 0 0 0 0 0

Palmar-plantar erythrodysesthesia 1 (1%) 0 0 0 0 0 0 0

The highest-grade adverse event for each patient is reported.



How much 2.0
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Why 2.0
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Thank you



Annex
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When surgery?
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• Stockholm III

Phase III non inferiority study 

• Randomized patients

• 5 x 5 Gy and surgery w/in 1 wk

• 5 x 5 Gy and surgery in 4-8 wks 

• 25 x 2 Gy and surgery in 4-8 wks

• Had to addend protocol because not enough centers 
wanted to enroll in 25x2 Gy arm

• No difference in 3 arm comparison with oncologic 
outcomes including OS, LR, DFS or toxicity

• In 2 arm comparison no difference in oncologic 
outcomes but increased toxicity w/ complications



When surgery
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• GRECCAR-6: French phase III study cT3/4 or N+ treated with CRT 
w/ 5-FU or Capecitabine

• Randomized to 7 or 11 wk break

• 265 pts

• No difference in pCR 15 vs. 17.4%

• Morbidity was significantly increased in the 11 wk group

• 44.5 vs. 32% p= 0.04

• Worse quality of the resections (less with complete en bloc 
resection)

• 78.7 vs. 90% p= 0.016



Anatomy

Peritoneum:

• Upper 1/3 of rectum: covered 
by peritoneal reflection 
anteriorly and laterally

• Middle 1/3 of rectum: covered 
by peritoneum anteriorly only

• Lower 1/3 of rectum:  no 
peritoneal coverage



Anatomy: LN Drainage



Pathology

• >90% are adenocarcinomas

• 15-20% have extracellular                               mucin 
(colloid) – not prognostic

• 1-2% have intracellular mucin,                  ‘signet 
ring’ – poorer prognosis 

• Additional types include squamous cell, melanoma, 
small cell, carcinoid, sarcoma, and lymphoma

• Less likely to spread longitudinally like esophageal 
tumors



Epidemiology

• 44,000 new cases of rectal cancer annually. Slight male predominance (60:40), more 
common in AA population

• Incidence rising in younger patients 

• Colorectal cancer is #2 leading cause of cancer death among men and #3 among women 

• US lifetime risk of CRC is 5%

• Genetic and environmental factors affect risk



Risk factors

• Hereditary syndromes

• FAP

• Lynch syndrome (HNPCC)

• MUTYH-associated polyposis

• Increasing age

• Male sex

• Family history

• IBD

• Increasing height

• Increasing BMI

• Consumption of processed meat, refined grains, starches, sugars

• Excessive alcohol intake

• Smoking

• Low folate consumption

• Cholecystectomy 



• Chest imaging for lower 1/3 rectal lesions as more likely to have lung mets (caval>portal 
drainage)

• Sensitivity for CEA for CRC is 46%

• Elevated in benign conditions including COPD, DM, diverticulitis, PUD, any acute or inflammatory state

• Can be helpful in relapse setting

Work up
MMR/MSI Testing for All, KRAS/NRAS/BRAF for Metastatic

Synchronous disease in 5%

H&P

DRE (comment on fixation, 

ulceration, exophytic, distance 

from anal verge, anal tone, 

extension)



Low Anterior Resection 

(LAR)

• Sphincter-sparing

• Colo-anal anastamosis

• Need circumferential 

margin

• Ideally 2 cm distal 

margin

• Similar recurrence rates 

to APR if adequate 

marginAbdominoperineal resection 

(APR)

• Sacrifice sphincter

• Permanent Ostomy 


