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Overview

Overview:
▪

More than 40,000 cases of new rectal cancers / year.

▪

Extends from anal verge (palpable junction between hair-bearing and non-hair bearning squamous cells) and superiorly for about 12
(US) -15 (EUR) cm (to about sigmoid level).
•
12 cm is middle transverse fold.
•
Superior margin: The PERITONEAL REFLECTION IS ACTUALLY ≈ 11 cm from anal verge aka also where the middle
transverse fold is (aka known as rectosigmoid junction)
True surgical rectum begins at anorectal ring (just proximal to dentate line).
•
Anorectal ring represents the internal anal sphincter muscle.
•
Anorectal ring  is lower limit for functional sphincter preservation surgery.
“True distance” requires RIGID proctoscope and not flexible (which can overestimate about 5 cm).

Anatomy:

▪

▪

▪
▪
▪

o

Lymphatic Spread:
▪
Tumors above anorectal ring – spread along middle rectal vessel distribution
•
Internal iliac LN
▪
Tumors extending into anal canal spread via nodes along:
•
Inferior rectal and external iliac LN
▪
Cancers arising in anal canal spread
•
Inferior rectal and external iliac pathways
•
To lungs rather than liver (common to true rectal cancers)

o

Note: True surgical rectum (prox to dentate line aka anorectal ring) also represents inferior limit for functional preservation surgery (defines
lymphatic watershed for rectal cancer spread).  Worse prognosis for distal lesions.
Note: Fixed tumors more difficult to resect. Distal tumors have more fixed tumors – due to confines of bony pelvis which inhibits surgeons from
achieving adequate lateral/circumferential margins.

o

-

-

↑ third draped with peritoneum anteriorly and on both sides (IMA → superior rectal artery)
Mid third only anterior surface covered by peritoneum (internal iliac → middle rectal artery)
↓ third has no peritoneal covering and close to other pelvic structures (internal pudendal → inferior rectal artery)
•
Being more difficult to resect given the spatial confines,
there is no natural barrier to block invasion of tumor.

Prognostic factors:
o
Cancer
▪
▪
▪
▪
▪
▪
▪
▪
o
Lifestyle
▪

Stage
Tumor location (distal worse than proximal)
Histology (signet cell poorer outcomes); tumor grade
Circumferential tumors or with near/total obstruction respond poorly
Circumferential margin
Mobile cancers more favorable than fixed
LVSI, PNI
Response to neoadjuvant tx
Age, male, IBD (UC), high fat, low fiber, EtoH, tobacco, fam history, genetic (FAP, HNPCC), DM, red meat, cholecystectomy

Protective:
o
NSAIDs, fiber, vitamin B6.
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Epidemiology:
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Workup
o
o
o
o
o

H&P
▪
DRE (fixed -mobile -ulcerated –exophytic; distance from verge; anal tone; peri-rectal LAD; adjacent organ involvement)
Chest X-ray (or CT chest) & abdominopelvicCT
Full colonoscopy (synchronous disease in 5%)
TRUS and/or pelvic MRI for local staging
CBC (Hct), BUN/Cr, LFTs, CEA
▪
MUST GET A PSA to R/O prostate cancer.

o

-

Endorectal US:
▪
80-90% accurate in tumor staging
▪
70-75% accurate in mesorectal LN staging
▪
Use limited to lesions <14 cm from anus
▪
Also identify enlarged perirectal lymph nodes
▪
Important for determining extension into the anal canal
NOTE: NO PET/CT INDICATED for rectal cancers
o
BUT YES for anal.

Clinical Presentation
-

Hematochezia, diarrhea or constipation, reduced stool caliber, tenesmus, rectal urgency, inadequate emptying, urinary symptoms, perineal pain.
Abdominal pain is more COLON cancer.

Imaging

Pathology
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90% are adenocarcinoma, of which 20% has excels colloid (no significance), but the 1% with signet ring do worse.
Other: Small cell, carcinoid, leiomyosarcoma, lymphoma.
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Screening
-

Colonoscopy at age 45 (USPSTF, 2021) and q10 years if negative.
o
IF polyps, then repeat every 3-5 years depending on risk of polyp.
HIGH RISK
o
1st degree relative
Colonoscopy starts at age 40 or 10 years before first diagnosis in affected first degree relative. THEN q5 years.
o
IBD
Colonoscopy 8 years after first symptom. Depending on findings q 1-3 years afterwards.
o
HNPCC (Lynch MMR) Starts age 20-25 then q1-2 years
o
FAP
Must do elective colectomy or proctolectomy after onset of polyposis.

US Nurses’ Health Study II
Prospective 111,801 women aged 26-46 at enrollment.
Ma, JAMA Oncol 2022.
519 incident CRC cases were documented over 26 years. 2.5 M person-years of follow-up.
MVA endoscopy (vs. none) ↓↓ incident CRC for age at initiation at ALL AGES.
Before 45 years (HR, 0.37; SS), 45 to 49 years (HR, 0.43; SS), 50 to 54 years (HR, 0.47; SS), and ≥ 55 years (HR, 0.46; SS).
Absolute ↓ estimated cumulative incidence of CRC through 60 years of age was 72 per 100 000 persons for initiation of endoscopy at 45 to 49
years of age vs 50 to 54 years of age. Compared with no endoscopy, initiation of endoscopy before 50 years of age was also associated with a
reduced risk of CRC diagnosed before 55 years of age (<45 years: HR, 0.45 [95% CI, 0.29-0.70]; 45-49 years: HR, 0.43 [95% CI, 0.24-0.76]).
Conclusions and Relevance: In this cohort study, compared with no endoscopy, initiation of endoscopy before 50 years of age was associated
with a reduced risk of CRC, including CRC diagnosed before 55 years of age. Screening before 50 years of age was associated with greater
absolute reduction in CRC risk compared with initiation of CRC screening at 50 years of age or later.
NordICC “Negative” Trial
←R→ 84,585 men and women 55-64 yo Poland, Norway, Sweden, and the Netherlands between 2009 and 2014.
1:2 ratio | 1. invitation to undergo a single screening colonoscopy (the invited group) | 2. no invitation or screening (the usual-care group) |.
1O risks of colorectal cancer and related death, and the secondary end point was death from any cause.
Bretthauer, NEJM 2022.
28,220 in the invited group, 11,843 of whom (42.0%) underwent screening, and 56,365 in the usual-care group.
A total of 15 participants had major bleeding after polyp removal.
Median FU 10-years, 259 cases of colorectal cancer were diagnosed in the invited group as compared with 622 cases in the usual-care group.
Intention-to-screen analyses, 10-year risk of colorectal cancer 0.98% vs. 1.20% (RR 0.82; SS)
10-year risk of death from colorectal cancer 0.28% vs. 0.31% (RR 0.90; NS)
The number needed to invite to undergo screening to prevent one case of colorectal cancer was 455 (95% CI, 270 to 1429).
The risk of death from any cause was 11.03% vs. 11.04%.
CONCLUSIONS
In this randomized trial, the risk of colorectal cancer at 10 years was lower among participants who were invited to undergo screening
colonoscopy than among those who were assigned to no screening.
Commentary: In a per-protocol analysis of patients who actually underwent screening, 31% RR ↓ in colorectal cancer risk (0.84% v 1.22%) and
a 50% relative ↓ in colorectal cancer death (0.15% v 0.30%). AKA…screening works for those who actually go.
Age 49 → 50 Screening Study
RR → 170 434 cases of colorectal cancer were analyzed among 165 160 patients (92 247 men [55.9%]; mean [SD] age, 51.6 [6.7] years).
Data from the SEER 18 registries, representing 28% of the US population, were used to conduct a cross-sectional study of colorectal cancer incidence rates
from January 1, 2000, to December 31, 2015, in 1-year age increments (ages 30-60 years).
Abualkhair, SEER 2020
Results ↑↑ incidence of colorectal cancer from 49 to 50 years of age (46.1% ↑).
Total of 8799 of the 9474 cases (92.9%) of colorectal cancer diagnosed among individuals aged 50 years were invasive.
Conclusions and Relevance :Steep incidence increases between 49 and 50 years of age are consistent with previously undetected colorectal
cancers diagnosed via screening uptake at 50 years. These cancers are not reflected in observed rates of colorectal cancer in the SEER registries
among individuals younger than 50 years. Hence, using observed incidence rates from 45 to 49 years of age alone to assess potential outcomes
of earlier screening may underestimate cancer prevention benefits.

Genetics
Autosomal dominant AD p53 STS
Subset of FAP APC gene.
Multiple Harmartoma syndrome PTEN mutation
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Li-Fraumeni
Gardner
Cowden
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Prevention
CAPP2 Aspirin Study Lynch Syndrome
←R→ 861 international centers with Lynch syndrome | 1. 600 mg aspirin daily | 2. Placebo |.
1O Development of CRC.
Burn, Lancet 2020.
Mean 10 years = 8500 person-years.
10-year development of CRC 9% vs. 13% (HR 0·65, p=0·035).
Per-protocol analyses restricted to 509 who achieved 2 years’ intervention gave an HR of 0·56 (0·34–0·91; p=0·019) and an incidence rate ratio
of 0·50 (0·31–0·82; p=0·0057).
For all Lynch syndrome cancers combined, the intention-to-treat analysis did not reach significance but per-protocol analysis showed
significantly reduced overall risk for the aspirin group (HR=0·63, 0·43–0·92; p=0·018). Adverse events during the intervention phase between
aspirin and placebo groups were similar, and no significant difference in compliance between intervention groups was observed for participants
with complete intervention phase data; details reported previously
Interpretation The case for prevention of colorectal cancer with aspirin in Lynch syndrome is supported by our results.
Aspirin Study
RR 2419 CRC from 1997-2008. FU 10.8 years.
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Hua, JCO 2017.
Postdiagnostic aspirin-only users ↑ OS (HR, 0.75, SS) and ↑ CRC-specific survival (HR, 0.44, SS).
Association between any NSAID use after diagnosis and OS differed significantly by KRAS-mutation status (Pinteraction = .01). Use of any NSAID
after diagnosis was associated with improved OS only among participants with KRAS wild-type tumors (HR, 0.60; 95% CI, 0.46 to 0.80) but not
among those with KRAS-mutant tumors (HR, 1.24; 95% CI, 0.78 to 1.96).
Conclusion Among long-term CRC survivors, regular use of NSAIDs after CRC diagnosis was significantly associated with improved survival in
individuals with KRAS wild-type tumors.

Staging 8th EDITION
T1a

Esophageal
Stomach
Lamina propria, muscular mucosae

T1b

Submucosa

T2

Anal

Pancreas

Tis = in situ = Stage 0s
T1 = Submucosa

Tis = in situ = Stage 0
T1 < 2 cm (Breast!)

Tis = in situ (G3 PIN)
T1a-c = Breast!

2-5 cm (Breast!)

2-4 cm

> 5 cm (Breast!)

> 4 cm

Invade vagina, urethra,
bladder

Involve CA, SMA,
ComHep

Distant Mets

Distant Mets

Muscularis propria

T3

Adventitia

T4a
T4b

Resectable*
Unresectable**

Serosa

Pericolorectal soft tissue
Visceral peritoneum
Adjacent organs

M1

Distant Mets

N1

1-2

N2

3-6

M1a Just 1 single organ
M1b ≥ 2 organs
M1c Peritoneal Surface
N1a
N1b
N1c
N2a
N2b

1
2-3
only tumor deposits
4-6
≥7

N1a ing, meso, int
N1b external iliac
N1c (N1a+N1b)

1-3
≥4

N3a 7-15
N3b ≥ 16

≥7

T4a - penetrates to the surface of the visceral peritoneum*
*Direct invasion of sphincter muscles does not count as T4
T4b - directly invades or is adherent to other organs or structures
Layers: are the epithelium, basement membrane (defines intraepithelial), lamina propria (defines intramucosal) - contains capillaries
and lymphatics (but little chance for mets), muscularis mucosae, submucosa (loose connective tissue), muscularis propria (circular
and longitudinal layers), subserosa (single layer of cells).
Difference between rectum and colon is that most of the rectum lacks serosa. Thus, for the rectum, a T3 is invasion into
perirectal fat; for colon, T3 is invasion of subserosa. Also for the rectum, T4 is only invasion of other organs, whereas for
the colon T4 can also be perforation through serosa.
Regional Lymph Nodes:
N1 - 1 to 3 lymph nodes
N1a - 1 lymph node
N1b - 2-3 lymph nodes
N1c - tumor deposits in the subserosa, mesentery, or
nonperitonealized pericolic or perirectal tissues without regional
nodal metastasis
N2 - 4 or more
N2a - 4-6 lymph nodes
N2b - 7 or more lymph nodes
Distant Metastasis:
M0 - none
M1 - yes
M1a - metastasis confined to one organ or site
M1b - metastasis in more than one organ/site
M1c - peritoneum

N0

N1 a-c

I

IIIA

N2a

N2b

N2c

IIIB

IIA
IIB
IIC

IIIC
IVA
IVB
IVC
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T1
T2
T3
T4a
T4b
M1a
M1b
M1c
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Rectum

Overall Treatment Chart
Stage

Treatment

5 year LF

5 year OS

< 5%

90%

TME with APR (↓ lesions) or LAR (↑ lesions).
If pT1-2N0, no adjuvant treatment.
I
Early

II / III
Resectable

Possibly consider local excision for favorable tumor:
< 3 cm size, < 30% circumf., within 8 cm of anal verge, well/mod diff, margin > 3mm, no LVSI/PNI).
If local excision → favorable T1 lesions = observe, unfavorable T1 or T2 lesions → TME or 5-FU/RT.
TNT (preferred options)
1. FOLFOX / CAPEOX (12-16 wks) → SCRT or LCRT+5-FU→ Restaging → TME.
2. SCRT or LCRT+5-FU → FOLFOX / CAPEOX (12-16 wks) → Restaging → TME.
Consider upfront NACRT → restaging → TME → adj chemotherapy.
Not recommended, but if upfront TME → FOLFOX / CAPEOX → SCRT or LCRT+5-FU

III
(T4/unresectable)

IV

HISTORICAL II/III:
T3N0 T1-2N1 5-10%, 80%
T4N0 T3N1 10-15% 60%
T4N1 T3-4N2 15-20% 40%

If obstructed, will need diverting colostomy or stent placed prior to definitive treatment.
Same as above II/III Resectable: TNT.
Consider FOLFIRINOX (for T4, N+).
If liver or long only mets → TNT → Restaging → TME + resection ± local therapy for mets.
TNT ideally pathway 1. Chemo → SCRT.
Consider Pembro/PDL1 for dMMR/MSI-H.
At any time if the primary tumor becomes unresectable, options become individualized.
Consider additional combination chemo, or chemo ± resection ± RT.

Recurrent

Individualized options based on resectability and prior treatments.

COVID-19 Recs
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Descriptions next page →
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Dutch Expert Consensus
Radiotherapy Oncology, 2020

Early subgroup
We strongly support the use of TME without pre-operative radiotherapy.

Intermediate subgroup
In countries where high quality surgery is performed, we strongly recommend TME alone. Careful discussion of the use of radiotherapy in this group is needed in the
COVID 19 setting where the benefits of preoperative radiotherapy are likely to be small. If radiotherapy is to be used, SCRT should be the preferred option rather than
CRT (see below).

Locally advanced subgroup
Two phase III trials have compared SCRT and CRT and demonstrate comparable outcomes for local recurrence, disease free survival (DFS), overall survival (OS) and
late toxicity [2, 3]. Both approaches are widely used. In the COVID 19 setting there are some important factors to consider.
When the use of SCRT is compared with CRT there are many advantages of SCRT:- less acute toxicity; fewer radiotherapy treatment attendances; substantial
reduction in travel and contact with other patients and staff; avoidance of any detrimental effect of concurrent chemotherapy on immune function; and thus
significantly reduced risk of COVID 19 infection during treatment. The greater social distancing achieved with SCRT is a major advantage. An additional benefit is that
the use of SCRT instead of CRT in this setting will have a substantial reduction in linear accelerator usage, will help avoid waiting time to start treatment and increase
the ability of departments to treat all their patients in the setting of reduced staffing levels.
Timing of surgery after SCRT
The Dutch TME and MRC CR07 trials as well as the previous Swedish trials recommended that surgery should be performed within three to seven days of completion
of SCRT [4, 5, 6]. The recently reported Stockholm III trial compared surgery performed within one week with 4–8 weeks after SCRT [[7]]. There was no difference in
local recurrence, DFS and OS. A longer delay to surgery was associated with a reduction in post-operative and surgical morbidity but no difference in severe
complications or re-operations. An admission rate of 6% was observed for the management of diarrhoea for patients who received SCRT and delay. 3D conformal
radiotherapy techniques with a superior border of mid L5 were used. The use of SCRT and delay will result in approximately 10% of patients achieving a complete
clinical response who may be offered an organ preservation strategy. If complete response is actively monitored, then further delay or even avoidance of surgery may
be safely achieved (see below). Conversely, we note that this approach will delay the time to commencement of adjuvant chemotherapy, if considered indicated.

Advanced subgroup
Pre-operative CRT or SCRT followed by neo-adjuvant chemotherapy is recommended. CRT is given as a fluoropyrimidine (usually capecitabine) combined with
radiotherapy, commonly 45–50.4 Gy given over 5–5.5 weeks. The role of adjuvant chemotherapy is then considered with wide international variation in its use. The
Polish-2 randomized phase III trial comparing CRT with SCRT followed by three two-weekly cycles of neoadjuvant chemotherapy reported similar cancer outcomes for
local recurrence, DFS and OS [[8]]. The results of the phase III RAPIDO trial that compared CRT with pre-operative SCRT and 18 weeks of capecitabine+oxaliplatin
chemotherapy are awaited. In this trial, only patients with very high-risk criteria for recurrence were included. There is currently no published level I evidence that
demonstrated improvements in DFS or OS using neoadjuvant chemotherapy.
Recommendation: Based on the current evidence two options can be considered in the context of the COVID 19 pandemic:
1) Pre-op CRT – this is the most established standard of care and the duration of concurrent capecitabine chemotherapy is limited to 5–5.5 weeks. It involves the use
of long course of radiotherapy.
2) SCRT +/− neoadjuvant chemotherapy – here the duration of radiotherapy is substantially less and the advantages of this approach when compared to CRT are
described above.
We consider both options to be acceptable but note the advantages of using SCRT in the COVID 19 setting. The decision to use neoadjuvant chemotherapy in option 2
will reflect the attitudes to neoadjuvant and adjuvant chemotherapy in each country, the assessment of the risk–benefit ratio, considering the risk factors for COVID
19 increased mortality, and the capacity and prioritisation of chemotherapy delivery. The choice of chemotherapy regimen and duration is outside the scope of this
document but should broadly align with the Polish trial with a preference for capecitabine-based chemotherapy.
In elderly patients, patients with poorer performance status, or patients not fit for chemotherapy or standard CRT, SCRT with a delay is strongly recommended.
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Organ preservation
The use of an organ preserving strategy is increasingly considered when a complete clinical response is observed following CRT or SCRT and delay [[9]].
In some countries, radiotherapy is used in early-stage disease to avoid the need for radical surgery. However, there is limited evidence for this approach, and it is not
recommended outside clinical trials in several countries. In the context of COVID 19, if radiotherapy is used, we consider SCRT a preferred option rather than CRT for
the reasons described above. This option should be considered in the context of surgical and radiotherapy capacity, and where possible in clinical studies.
An organ preservation approach may be considered during the COVID-19 period providing that resources for an adequate surveillance including imaging and
endoscopy are available to detect local failures that require salvage surgery.

NCCN Pathways
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HIGH RISK FEATURES = + SM, LVSI, ↓ 1/3 submucosal level, poorly differentiated tumors.
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ASTRO 2020 Consensus
https://www.practicalradonc.org/cms/10.1016/j.prro.2020.08.004/attachment/e1261b8a-30c1-425b-848d-11752c949c9a/mmc1.pdf
Indications for Neoadjuvant Radiation Therapy (NA-RT)

Rec Strength

Evidence

1. Pelvic MRI with a rectal cancer protocol is recommended for preoperative clinical T and N staging.

Strong

Moderate

2. For patients with stage II-III rectal cancer, neoadjuvant RT is recommended.

Strong

High

3. For patients with stage II rectal cancer at lower risk* of locoregional recurrence, omission of neoadjuvant
RT is conditionally recommended after discussion with a multidisciplinary team.

Conditional

Moderate

4. For cT1-2N0 rectal cancer who may need an APR, neoadjuvant chemoradiation is conditionally
recommended to improve the chance of sphincter preservation

Conditional

Expert Opinion

Strong

High

5. Where radiation is indicated, RT should be performed preoperatively rather than postoperatively.

* Implementation remark: Lower risk is defined as a cT3a/b N0 tumor that is >10 cm from the anal verge** and with mrCRM ≥2 mm and no mrEMVI.
** cT3a/b = 1 to 5 mm extramural tumor spread; tumor height should be surgeon defined.
Abbreviations: APR = abdominoperineal resection; KQ = key question; mrCRM = MRI-determined circumferential resection margin; mrEMVI = MRI-determined
extramural vascular invasion; MRI = magnetic resonance imaging; RT = radiation therapy.

Neoadjuvant (NA) Regimens

Rec Strength

Evidence

1. If NA-CRT, 5000-5040 cGy in 25-28 fractions with concurrent chemotherapy is recommended.

Strong

High

2. If NA-SCRT, 2500 cGy in 5 fractions without concurrent chemotherapy isrecommended.

Strong

High

3. If NA-CRT, only concurrent 5-fluorouracil or capecitabine is recommended with RT for radiosensitization.

Strong

High

Conditional

Low

Strong

High

Conditional

Low

Conditional

Moderate

Strong

Moderate

4. If recommendation for NA Tx, chemotherapy alone (FOLFOX or CAPOX) is conditionally recommended
only in the context of a clinical trial or multiinstitutional registry.
5. If NA Tx without tumor factors that portend increased recurrence risk,* (1) chemoradiation or (2) shortcourse RT are recommended.
6. If NA Tx without tumor factors that portend increased recurrence risk,* addition of multiagent (FOLFOX or
CAPOX) chemotherapy (1) before or after chemoradiation or (2) after short-course RT is conditionally
recommended.
7. If NA Tx with tumor factors that portend increased recurrence risk, addition of multiagent (FOLFOX or
CAPOX) chemotherapy (1) before or after chemoradiation or (2) after short-course RT is conditionally
recommended.
8. In NAC as part of TNT, 3-4 months of either FOLFOX or CAPOX (without additional agents, targeted
therapy or immunotherapy) is recommended.
9. If NA-CRT with no further neoadjuvant chemotherapy planned, an interval of 6-11 weeks from the end of
chemoradiation to surgery is recommended.

Strong

High (≥ 6 weeks)
Moderate (6-11)
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10. NA-SCRT with no further neoadjuvant chemotherapy planned, an interval of either ≤3 days or 4-8 weeks
from the end of RT to surgery is recommended.
Strong
Moderate
Implementation remark: An interval of 4-8 weeks is preferred for patients who may benefit from tumor
downstaging before resection.
* Risk factors for increased recurrence include cT3 tumors ≤5 cm from the anal verge or mrCRM <2 mm; cT4 tumor or cN2 disease, presence of mrEMVI.
Abbreviations: NA-CRT = Neoadjuvant chemoradiation therapy; CA-SCRT = Neoadjuvant short course radiation therapy; NA Tx = Neoadjuvant Therapy; NAC =
Neoadjuvant Chemotherapy; CAPOX = capecitabine and oxaliplatin; FOLFOX = folinic acid, 5-Fluorouracil, and oxaliplatin; KQ = key question; mrCRM = MRIdetermined circumferential resection margin; mrEMVI = MRI-determined extramural vascular invasion.

Evidence

1. NOM conditionally rec after multidisciplinary discussion if a cCR is achieved after NA-Tx in patients:
a. would have a permanent colostomy or inadequate bowel continence after TME AND
b. decline TME AND
c. agree to close follow-up by a multidisciplinary team.

Conditional

Moderate

2. Organ preservation through NA-CRT → LE is conditionally recommended after multidisciplinary
discussion for patients with cT2 N0 who:
a. would have a permanent colostomy or inadequate bowel continence after TME AND
b. decline TME AND
c. are found to have ≤ypT1 disease and R0 margins upon LE AND
d. agree to close follow-up by a multidisciplinary team

Conditional

Moderate

Strong

Moderate

Conditional

Moderate

5. If considering NOM, assessment for response is recommended with rectal protocol MRI, CT
abdomen/pelvis, and proctoscopy/sigmoidoscopy with DRE 2-3 months after completion of treatment.

Strong

Moderate

6. If undergoing NOM or LE, surveillance is recommended with:
• proctoscopy/sigmoidoscopy with DRE every 3 months for the first 2 years, then every 6-12 months
thereafter,
• rectal protocol MRI every 3-6 months for the first 2 years, then every 6-12 months thereafter, and
• cross-sectional imaging of the chest, abdomen and pelvis every 6-12 months for the first 2 years, then
every 12 months thereafter.
Implementation remark: Follow-up should continue for a minimum of 5 years.

Strong

Moderate

Rec Strength

Evidence

1. For cT3-4 and/or cN +, inclusion of the rectum, mesorectal nodes, presacral nodes, internal iliac nodes,
and obturator nodes in the CTV is recommended.

Strong

High

2. For invasion of an anterior organ or structure (eg, prostate, seminal vesicles, cervix, vagina, and/or
bladder), inclusion of the external iliac nodes in the CTV is conditionally recommended in addition to 1.

Conditional

Low

3. If involving the anal canal, inclusion of inguinal and external iliac nodes in the CTV is conditionally
recommended in addition to 1.

Conditional

Expert Opinion

4. If treated with RT, an IMRT/VMAT technique is conditionally recommended.
Implementation remark: IMRT/VMAT may be beneficial when the external iliac nodes and/or the inguinal
nodes require treatment or when 3-D conformal techniques may confer a higher risk for toxicity.

Conditional

Low

5. If IMRT/VMAT, daily image guidance to verify localization is conditionally recommended.

Conditional

Expert Opinion

6. When CTV does not include the inguinal nodes, simulation prone with a belly board is
conditionally recommended.

Conditional

Low

3. If considering NOM or LE after RT, concurrent CRT is recommended.
Conventional fractionation from 5000-5400 cGy in 25-30 fractions.
4. If considering NOM, concurrent CRT ± induction or consolidation chemotherapy is conditionally
recommended.

RT Volumes, Doses, and Constraints
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Rec Strength
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LE and Non-Operative Management (NOM)

Surgery

-

Note:
o

Previously, an APR or LAR consisted of a blunt dissection of the perirectal soft tissue.
▪
But, failed to remove all tumor in the mesorectum. recurrence rate 15-45%.

Posteriorly, the mesorectal dissection is carried out along the presacral fascia.
Anteriorly, the dissection follows the posterior vaginal wall in females or Denonvilliers’ fascia in males,
both of which may be resected in the presence of an anterior wall rectal cancer. Reported rates of local recurrence following TME for rectal cancer have
generally been < 10%.
Distal margins: Controversial. The status of the distal and radial resection margins is an important determinant of surgical outcome. Although the first line
of rectal cancer spread is upward along the lymphatics, tumors below the peritoneal reflection can spread distally via intramural or extramural
lymphovascular routes.
o

The use of the APR for low rectal cancers has traditionally been based upon the need for a 5 cm distal margin of normal tissue.
▪
However, in retrospective studies, margins as short as 1 cm have NOT been associated with an ↑ risk of local recurrence.
▪
Distal intramural spread is usually limited to within 2.0 cm of the tumor, unless the lesion is poorly differentiated or widely
metastatic.
•
In one series, only 12 of 50 APR specimens with distal margins >5 cm had distal intramural spread beyond the confines of
the tumor edge (seven spread within 1 cm and five beyond 1 cm), 10 of whom had node-positive cancer.
•
Because only three patients (6 percent) had distal intramural spread beyond 2 cm, the authors concluded that a "wet" (or
prefixation) margin of 2.5 cm was adequate in 94% of cases.
•
Furthermore, all five patients with intramural tumor spread beyond a 1.5 cm wet margin had poorly differentiated, node
positive cancers, and mortality was attributable to distant rather than local recurrence.
•
There was no difference in survival or recurrence rates between patients with a distal resection margin of 5 cm or <5 cm.
•
Others have also concluded that extramural retrograde lymphatic spread beyond 1.5 cm represents a poor prognostic
sign, and that more radical operations are not advantageous.

o

Further data from a randomized prospective National Surgical Adjuvant Breast and Bowel Project (NSABP) trial demonstrated no significant
differences in survival or local recurrence when comparing distal rectal margins of <2 cm, 2 to 2.9 cm, and >3 cm [49]. As a result, a 2 cm distal
margin has become acceptable, although a 5 cm proximal margin is still recommended [59]. The radial margin is more critical for local control.

Radial margins — In addition to the traditional concerns of achieving adequate distal margins, the importance of obtaining adequate circumferential
(radial) margins has been more recently delineated. Besides spreading distally within the mucosa or within the muscularis propria, there is a zone of
downward spread within the mesorectum, the peritoneal investment of the ↑ rectum.
In fact, one rationale for total mesorectal excision (TME, see below) is to remove this zone of potential downward spread.
A positive radial margin is an independent predictor of both local recurrence and survival [60-65].
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-

The cornerstone of treatment.
Total Mesorectal excision (TME) either via the low anterior approach (LAR) or abdomino-perineal
approach (APR) is the gold standard.
o
Sharp dissection along presacral fascia + the mesorectum with entire fascia propria should
be excised en bloc with the rectum
o
Reduces radial positive margin
o
Non-randomized trials:
▪
5-10% local recurrence rate vs 15-45% of blunt dissection
▪
Upper rectal tumors-resect 4-5cm below distal edge of tumor
▪
Distal rectal tumors <5cm from verge: 1-2 cm margin may be acceptable
BENEFITS:
o
LRC - https://www.ncbi.nlm.nih.gov/pubmed/19269520
https://www.ncbi.nlm.nih.gov/pubmed/21298350
o
OS - https://www.ncbi.nlm.nih.gov/pubmed/12190680
https://www.ncbi.nlm.nih.gov/pubmed/11736973
o
Pelvic autonomic function -https://www.ncbi.nlm.nih.gov/pubmed/17235719
https://www.ncbi.nlm.nih.gov/pubmed/11683749
https://www.ncbi.nlm.nih.gov/pubmed/15486739
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Abdominoperineal resection (APR):
-

-

Abdominal & perineal incisions
Resection of entire rectum, distal sigmoid, anal sphincter and canal and mesocolon with its regional lymphatics
Permanent colostomy
Indicated
o
Tumors of distal rectum (Traditionally < 5 cm…but now can-do LAR if at least 2 cm)
o
Incompetent anal sphincter
o
Bulky size
o
Close proximity to the anorectal ring sphincter musculature
o
Inability to achieve a cancer free margin
Ideal distal margin disputed-2cm
Worse QOL relate to body image, and deprsssion
Higher risk of positive margins as mesorectal is very thin in the distal segment of the rectum and lateral margins are restricted by the close presence of the
prostate in the male and vagina in females

Low Anterior Resection (LAR)
-

Tumors of mid and upper rectum
Needs at least 2 cm margin from anorectal ring.
Sphincter Preservation
Dissection and anastomosis below the peritoneal reflection, with ligation of the superior and middle hemorrhoidal arteries.
Extended LAR: mobilization of the rectum down to the pelvic floor to the tip of the coccyx & between the anterior rectal wall and the vagina or prostate
Factors
o
body habitus
o
Patients ability to care for stoma
o
adequacy of the anal sphincter
o
encroachment of the tumor on the anal sphincters
o
adequacy of the distal margin (“at least 2 cm” )

Transanal Excision
-

-

5-yr LC rates – 82-97%; 5 yr survival >90% in T1 lesions
Per NCCN 2020:
o
(T1 only, < 30% circumference, < 3 cm size, SM > 3 mm, Mobile
(non-fixed), within 8 cm of anal verge, no LVI+ or PNI+, no
Grade 3.
If found to have high risk features (e.g. T2, SM+, LVI+, Grade 3), need to do
full transabdominal resection.
If further high risk features (e.g. T3, N+) then adjuvant chemo-RT.

Canadian “Tranasanal TME” Study
Objective: To assess the association of transanal TME with the incidence of local recurrence (LR) of cancer and the probability of remaining free of LR
during follow-up.
Caycedo-Marulanda, JAMA NET 2018
N = 608, 423 (69.6%) were male, the median age was 63 years.
Local recurrence was identified in 22 patients (3.6%) after a median follow-up of 27 months (IQR, 18-38 months).
Median time to LR was 13 months (IQR, 9-19 months).
Sixteen of the 22 patients with LR (72.7%) were male, 14 (63.6%) received neoadjuvant chemoradiation, and 12 (54.5%) had American Joint
Committee on Cancer stage III disease.
Of those with LR, 16 (72.7%) had a negative circumferential radial margin and 20 (90.9%) had a negative distal resection margin, 2 (9.1%)
experienced conversion to open surgery, and 15 (68.2%) also developed SR.
3-year LR-FS 96%.
Conclusions and relevance: In this cohort study, transanal TME performed by experienced surgeons was associated with an incidence of LR and
SR that is in line with the published literature on open and laparoscopic TME, suggesting that transanal TME may be an acceptable approach for
management of rectal cancer.
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Chemotherapy
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TNT and Concurrent
o
5-FU PVI (protracted venous infusion) with RT improves LC, DFS, and OS (see the old trials under Surgery ± CRT)
▪
Concurrent: 225 mg/m2 throughout RT (7 days/week)
▪
> 30%: N/V, Diarrhea, mouth sore, ↓ appetite, photophobia, metallic changes in mouth, ↓ blood counts.
▪
10-30%: skin dry/hyperpigmentation/radiation recall, hair thinning, nail changes, hand-foot mouth.
o
Capecitabine (Xeloda, 5-FU prodrug). NONINFERIOR oral drug to 5-FU PVI. (see R-04)
▪
Concurrent: 825 mg/m2 BID, 5 days per week.
▪
Cape w/o RT: 1000-1250 mg/m2 BID, days 1-14, q3 week cycle.
▪
MORE hand-foot-mouth, fatigue, proctitis
LESS blood counts.
o
Oxaliplatin.
▪
Not for adjuvant setting. No benefit despite increased toxicity.
▪
YES for Total Neoadjuvant therapy.
o
Irinotecan and bevacizumab.
▪
Multiple phase 2 trials show good tolerability in combo with Cape as part of long-course RT.
▪
Investigational.
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Radiation

CT simulation
A Standard Approach:
Prone
Belly Board placement cavity junction at pubis symphysis.
Full Bladder + Empty Rectum
Oral (SB follow through) ± IV Contrast
Anal Marker
2.5 - 3mm Slice Thickness
wire on perineal scar if s/p APR
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Consider slight Trendelenburg.
Consider Vaginal Marker.
Consider contrast-soaked tampon in vagina.
Consider IMRT for Select Cases (small bowel issues, T4, inguinal LN / anal canal involvement).

Target Delineation
FOR IMRT → See Anal Cancer Chapter.
3D-CRT
CTV: Elective nodal regions
o
Standard: Peri-rectal, internal iliac, and superior hemorrhoidal (7 mm around vessels), presacral
o
For T4 tumors extending anteriorly: include external iliac
o
For tumors invading anal canal: external iliac
o
For tumor invading anal canal below puborectalis sling: inguinal.
PTV: 5-7 mm around CTV if perform daily IGRT; 1 cm if not

Initial Lateral fields 45 Gy
Superior L5/S1
Anterior 3cm anterior to sacral
promontory / behind pubis
symphysis.
Posterior 1 cm posterior to sacrum
Inferior 3-5 cm ↓ GTV or inferior
obturator foramen

Initial AP/PA fields 45 Gy
same
Lateral 2 cm pelvic inlet

Boost 5.4 cGy OPPOSED LATs
GTV + 2 cm field edge.
ALL OF PRESACRAL SPACE +
mesorectum

Notes:

same
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Considerations for SC-RT (25 Gy in 5 fractions).
IMRT dose painting 5 Gy x5 to the gross disease / boost volume +
4 Gy x 5 to the elective nodal volume.
o
https://pubmed.ncbi.nlm.nih.gov/24606849/
WashU Experience.
Of note, possible significant diarrhea 1-2 weeks after treatment.
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Note: Rectal Cancer-RT Fields RTOG R-0012
Posterior: 1cm behind sacrum T4, 2 cm posterior to presacrum T3
T4 CANNOT SPLIT SACRUM GITSG GI-7175 LR 12% Pre-Sacrum.
Anterior: T3 tumor: posterior pubic symphysis
T4 tumor or anterior rectal wall invasion: anterior to pubic if anterior invasion
After APR cover scar with 1.5 cm margin
Boost:
3 field or opposed laterals to GTV/bed +2-3 cm or any lymph nodes → 1.5 cm to 50.4Gy
Post-op: Final Boost to 55.8Gy

NOTES Section:
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Fiore, PRO 2020.
Median FU 72.9 months (2.5 – 127.6 months).
Acute G3 GI toxicity 7.6%.
No cases of grade 4 toxicity.
Local Recurrences 5.7%. No relapse occurred in the lateral lymph nodes.
5-year LC 96.1%.
3-year OS 89.4%.
5-year OS 87%.
Conclusions De-escalation of radiation therapy target volume reduces GI side effects without compromising efficacy in patients with rectal
cancer. These results cannot be clearly extended to high-risk disease and need further evaluation in future randomized trials.
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Phase II ENI Omission.
52 patients T2 (low lying) or T3, N0-1, without disease in lateral lymph nodes.
All received NA-CRT (5040 cGy RT reduced treatment volumes – excluded pelvic nodal irradiation) with concurrent 5-FU based C.
CTV
Primary tumor and the mesorectum with vascular supply containing the perirectal and presacral nodes.
Upper border S2/S3 interspace.
1O ↓ GI toxicity.
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NCCN Principles

Dose and Constraints

Of interest: A History of Rectal Dose Escalation: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5674246/pdf/jgo-08-05-902.pdf

3D Plan –Final Tumor Dose 50.4 Gyin 28 Fractions
45 Gy to pelvis in 25 fractions
Standard –3-field if prone
External iliac coverage for T4 –4-field may be needed
5.4 Gy to boost tumor/mesorectum in 3 fractions –lats or 3-field
Femoral heads, small bowel <45 Gy; small bit sb50.4 Gy
IMRT Plan –Final Tumor Dose of 50 Gyin 25 Fractions (Dose Painted)
5-field static plan or 270 VMAT
45 Gyto PTV45 for elective pelvis
50 Gyto PTV rectal tumor and adjacent positive nodes

Of note: V30Gy < 100cc and V30 < 200cc are predicts of late G2 and G3 toxicity < 5%, respectively when small bowel loops contoured (excluding large bowel).
Abraham, PRO 2020.

Acute
Delayed

Diarrhea, Acute proctitis, Decreased blood counts, Dysuria/cystitis, Fatigue, Skin redness/desquamation
Persistent diarrhea, Proctitis, Fistula, SB obstruction/adhesions, Perineal and scrotal tenderness, Delayed wound healing, Urinary incontinence,
Bladder atrophy/bleeding, Sexual dysfunction, Secondary Malignancy.
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Toxicity

NA+Adj. CRT Criteria
GOODMAN KA Practical Rad Oncol 2016. Appropriateness of criteria of Adjuvant and Neoadjuvant Tx.

o

o

o

o

Adjuvant CRT
→ adjuvant ≥ 4 mo chemo
▪
HIGHEST
(aka positive Margin) ALWAYS
▪
High
ALWAYS
▪
ModHigh
ALWAYS
▪
Int
ALWAYS, unless ≥ 10 cm from anal
▪
German Trial 50.4 Gy + 5.4 Gy boost with concurrent infusional 5-FU or capecitabine.
Adjuvant C alone
▪
HIGHEST
(aka positive Margin) Maybe
▪
High
Maybe
▪
ModHigh
ALWAYS IF > 10 cm from anal (this is from the METAANALYSIS OF Adj Chemo)
▪
Int
Maybe
▪
C alone is adjuvant FOLF (leucovorin and 5-FU), FOLFOX, capecitabine, or CapeOx.
Definitive CRT + brachy or Definitive Brachy alone (medically inoperable)
▪
Only Maybe (rest is NEVER) if distance from anal verge is ≤ 10 cm (≤ 5 cm is best)
▪
Local symptoms present or absence is not as important as anal verge distance.
▪
Brachy is 26 Gy in 4 fractions with I-192.

21

o

NEOADJUVANT CRT → adjuvant 4 mo chemo
ALWAYS APPROPRIATE
▪
German Trial 45 Gy pelvis + CD exclude small bowel to 50.4 Gy with concurrent infusional 5-FU or capecitabine.
NEOADJUVANT SHORT COURSE RADIATION (the graph above describes this).
▪
You want CLOSE to anal verge and FAR from edge of fascia.
▪
Short-course RT is 25 Gy in 5 fraction
NEOADJUVANT Chemo alone or NO Adjuvant Tx:
▪
High
NEVER.
▪
ModHigh
Never, unless ≥ 5 cm from anal AND ≥ 2 mm distance from edge of mesorectal fascia.
▪
Int
See ↑
▪
Neoadjuvant chemo is FOLFOX (leucovorin calcium aka folinic acid, fluorouracil and oxaliplatin).
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o

Follows German study TX (see above!)

Local / Transanal Excision
T1 vs. T2
RTOG 89-02 (Russell, IJROBP 2000).
←R→ 65 patients to 1 of 3 arms. Phase II study assigned to local excision.
1. Negative Margin, no adverse prognostic features = observation. 2. Negative margin + 1 adverse feature = concurrent 5-FU and RT 50-56 Gy.
3. Positive margin = concurrent 5-FU and RT 59.4 – 65 Gy.
Inclusion: < 4 cm in diameter, involve ≤ 40% of the rectal circumference, and be below the peritoneal reflection (middle or lower rectum).
Outcome: LF (after surgery + adapted chemo-RT) by T-stage: T1 0%, T2 20%, T3 23%.
Loco-regional failure 12%. By T-stage: T1 4%, T2 16%, T3 23%. By circumference: <20% 6%, 20-40% 18%.
Distant metastasis 12%. By T Stage: T1 4%, T2 12%, T3 31%). 5-year pelvic control 88%.
Conclusion: Conservative sphincter-sparing therapy is feasible, but relatively high local failure rate for T2 and T3 lesions
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CALGB 8984. (Greenberg, Dis Colon Rectum 2008).
Phase II. 110 patients with rectal lesions < 10 cm from dentate line, < 4 cm diameter, < 40% rectal circumference, and negative margins were included
(Note no EUS or MRI). 1. 59 patients found with T1 lesions were treated with local excision alone.
2. 51 Pts found with T2 → local excision plus adjuvant radiation (54Gy) + 5-FU (500 mg/m2 intravenously Days 1–3, Days 29–31).
Outcome: Ten-year rates of OS 84% vs 66% (T1 vs T2). DFS 75% vs 64%. LR 8% vs 18%.
Conclusion: Conservative sphincter-sparing therapy is feasible for well selected T1 lesions, but T2 lesions have high LR even with adjuvant ChemoXRT.

T2(3ab)N0
T3N0 TAU-TEM
Background: Standard treatment of T2-T3ab,N0,M0 rectal cancers is TME due to the high recurrence rates recorded with local excision.
Initial reports of the pre-operative chemoradiotherapy (CRT) and transanal endoscopic microsurgery (TEM) have shown ↓ in local recurrence.
←R→ 173 rectal adenocarcinoma T2-T3ab,N0,M0 | 1. CRT-TEM | 2. TME |.
Inclusion: T2N0 (69.8%) or T3a/bN0 (≤5mm invasion through the muscularis) (30.2%)
Well to moderately differentiated, ≤4cm, and within 10cm of the anal verge.
Serra-Aracil, Ann Oncol 2022
The CRT-related morbidity rate was 29.6% (24/81).
Post-operative morbidity 20.7% vs. 50.6% (P < 0.001, SS).

Length of hospital stay 3.7 vs 10.6 days.
Temp Ostomy 4.9% vs. 76.8%.

pCR in the CRT-TEM group was 44.3% (35/79).
In the TME group,
pN1 were found in 17/81 (21%).
4.9% were understaged with T3c/d disease
12.3% were overstaged with T1 disease
Conclusion CRT-TEM treatment obtains high pathological complete response rates (44.3%) and a high CRT compliance rate (98.8%). Postoperative complications and hospitalisation rates were significantly lower than those in the TME group. We await the results of the follow-up
regarding cancer outcomes and quality of life.

ACOSOG Z6041.
Single Arm Prospective. 72 patients cT2N0 neoadjuvant CRT. Staged via endorectal ultrasound or endorectal coil MRI.
< 4 cm, < 40% circumference, < 8 cm of anal verge.
Recall Transanal resection T1N0 is rules of THREE. < 30% circumferential, > 3mm margin, also < 8cm anal verge.
C:
CAPEOX capecitabine (original dose 825 mg/m 2 twice daily on days 1–14 and 22–35), oxaliplatin (50 mg/m 2 on weeks 1, 2, 4, and 5)
RT:
45→54
45 Gy in 1·8 Gy per day for 5 weeks → boost of 9 Gy = total dose of 54 Gy.
CRT is followed by local excision.
NOTE: Adverse events during CRT, the dose of capecitabine ↓ 725 mg/m 2 twice daily, 5 days per week, for 5 weeks, boost RT ↓ 5·4 Gy.
1O 3-year DFS.
Garcia-Aguilar, Lancet 2015.
3-year DFS intention to treat group 88.2% vs. per protocol 86.9%.
34 (47%) patients achieved pCR
49 patients (64%) downstage to ypT0-1
33 patients (39%) of 84 pts developed CRT grade ≥3 complications
72 (91%) of 79 patients receiving neoadjuvant chemoradiotherapy had rectal preservation.
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**Unacceptably high toxicity even at decreased dosing
Interpretation
3-year DFS is not as high as expected, but CRT → local excision OK in carefully selected patients T2N0 who refuse or are not TME candidates.

CARTS TRIAL cT1-T3 patients cap/RT to 50-50.4 Gy. TEM 8-10 weeks later if cCR if yp T2, then completion TME surgery.
Prospective multicentre study was performed to quantify the number of patients with minimal residual disease (ypT0-1) after neoadjuvant
chemoradiotherapy and transanal endoscopic microsurgery (TEM) for rectal cancer.
cT1-3 N0 distal rectal cancer received long-course CRT. Clinical response was evaluated 6-8 weeks later and TEM performed.
Total mesorectal excision was advocated in patients with residual disease (ypT2 or more).
cT1 N0 in n=10
cT2 N0 in n=29
cT3 N0 in n=16.
Verseveld, Br J Surg 2015.
Of 47 patients who had TEM,
2/3 “near complete response” 1/3 “incomplete”
ypT0 n=21
ypT1 n=9 ypT0 N1 n=1
ypT2 n=15
ypT3 n=1.
If you DECLINED further surgery, LR developed in 3 of 9 of patients ypT2… ONLY 33%...
Postoperative complications grade I-IIIb occurred in 13 of 47 patients after TEM and in
five of 12 after (completion) surgery.
If you followed through everything with 1.5 year f/u (17 mo), 4 LR overall (8%).
ypT2 n=3 (20%), ypT1 n=1..
CRT complications ≥ G3 was 23 of 55 patients (42%), (with two deaths toxicity).
CONCLUSION:
TEM after chemoradiotherapy enabled organ preservation in one-half of the patients
with rectal cancer.

GRECCAR 2 trial. No SUPERIORITY was NOT SHOWN FOR LOCAL EXCISION OVER TME. Rullier, Lancet 2017.
←r→ 186 enrolled → 148 good responders → 145 analyzed. Age ≥ 18 years stage T2T3 lower rectal carcinoma, ≤ 4 cm, “good clinical response” to
neoadjuvant chemoradiotherapy (residual tumour ≤2 cm).
1. local excision 2. total mesorectal excision surgery.
In the local excision group, a completion total mesorectal excision was required if tumour stage was ypT2–3.
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Rullier, Lancet 2017.
In the local excision group, 26 patients had a completion total mesorectal excision.
≥ 1 events from composite primary outcome 56% in the local excision vs. 48% in TME (p=0·43).
In the modified ITT analysis, there was no difference between the groups in all components of the composite outcome, and superiority was not
shown for local excision over total mesorectal excision.
Interpretation
We failed to show superiority of local excision over total mesorectal excision, because many patients in the local excision group received a
completion total mesorectal excision that probably increased morbidity and side-effects, and compromised the potential advantages of local
excision. Better patient selection to avoid unnecessary completion total mesorectal excision could improve the strategy.

TNT: Total Neoadjuvant Therapy
TNT has tremendous benefits.
o
If patients desire TNT → watchful waiting, OPRA Phase II suggests that CRT → C is better than C → CRT in terms of 3-year TME-FS 53% vs. 41%.
o
RAPIDO showed TNT w/ SC-RT 5x5 (vs. standard CRT → Surg → Adj C) 3-year treatment failures decreased 23·7% vs. 30·4%.
▪
While pCR rate at TME were halved with TNT at 28% vs 14% (SS)… LRF 8.3% vs 6% (NS) and all survival endpoints were NS.
o
STELLAR suggested in terms of “survival endpoints” (e.g. OS, DFS, etc.), SC-RT could offer some benefit compared to standard RT.
▪
3-year OS 86.5% vs. 75.1%; P = .033.
▪
However, more patients of the SC-RT arm finished adjuvant chemotherapy than the standard arm (60% vs. 48%).
▪
BUT… there are certain subsets that could have true benefits (distance to anal verge ≤ 5 cm, bulky cT4).
o
Polish II (bulky cT4 + fixed cT3) showed 3-year OS benefit was SS weak (p=0.046) and it disappeared at 8-year follow-up.
o
French PRODIGE-23 showed that 3-year DFS was better for the modified/split-course TNT by 76% vs. 69% (HR 0·69; p=0·034).
o
OPRA II showed that the order of TNT C → CRT vs. CRT → C did not ∆ DFS or OS, but did improve tumor regrowth (40% → 27%) and 3-year
TME-FS 41% → 53%, SS.
o
GI-002 abstract suggested that adding pembrolizumab to CRT after FOLFOX did not improve neoadjuvant rectal score vs post-FOLFOX CRT
alone in patients with locally advanced rectal cancer.

Major Studies
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Important Comparison Tables

STELLAR non-inferiority Trial
←R→ 599 patients distal or middle 1/3 rectal cancer cT3-4 and/or LN+ | 1. SC-RT 5x5 over 1 weeks → 4x C | 2. CRT 50 Gy over 5 weeks + Cape |.
All patients received TME 6-8 weeks afterwards → 2x CAPOX (if arm 1) or 6x CAPOX (if arm 2).
1O 3-year DFS.
Jin, JCO 2022.
3-year DFS 64.5% vs. 62.3% (HR 0.883; P < .001 for
noninferiority).
3-year MFS 77.1% vs. 75.3% (NS)
3-year OS 86.5% vs. 75.1%; P = .033.
cCR 11.1% vs. 4.4% R0 resection both arms similar.
pCR 50% vs. 48.3%.
About 25% of ALL patients on both arms did NOT
receive adjuvant therapy (23% vs. 26%).
NOTE: % completing adjuvant therapy (60% vs. 48.3%).
Acute grade III-V toxicities 26.5% vs. 12.6% (P < .001).
Conclusion: Short-term radiotherapy with
preoperative chemotherapy followed by surgery was
efficacious with acceptable toxicity and could be used
as an alternative to CRT for locally advanced rectal
cancer.
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EMVI =extramural vascular venous invasion
MRF = mesorectal fascia.

RAPIDO
TNT 5x5
←R→ 920 LA rectal AC with MRI high risk (cT4a or cT4b, extramural vascular invasion, cN2, involved mesorectal fascia, or enlarged lateral LNs).
| 1. SC-RT → 6c CAPOX or 9c FOLFOX 4 → TME| 2. CRT → TME → adj 8c CAPOX or 12c FOLFOX4. |
SC-RT = short-course radiotherapy (5 × 5 Gy over a maximum of 8 days).
CRT = 5040 cGy in 180 cGy or 5000 cGy in 200 cGy + BID oral capecitabine 825 mg/m2.
CAPOX (capecitabine 1000 mg/m2 orally BID on days 1–14, oxaliplatin 130 mg/m2 IV on day 1, and a chemotherapy-free interval between days 15–21)./
FOLFOX4 (oxaliplatin 85 mg/m2 IV on day 1, leucovorin [folinic acid] 200 mg/m2 IV on days 1 and 2, followed by bolus fluorouracil 400 mg/m2 IV and
fluorouracil 600 mg/m2 IV for 22 h on days 1 and 2, and a chemotherapy-free interval between days 3–14).
Choice of 5040/5000 cGy and CAPOX/FOLFOX4 were per physician discretion or hospital policy.
1O 3-year DFS.
Bahadoer, Lancet 2021 Median follow-up was 4·6 years (IQR 3·5–5·5).
3-year disease-related treatment failure 23·7% vs. 30·4% (HR 0·75, p=0·019).
3-year distant failure 20% vs 26.8% (SS).
pCR rate at TME 28% vs 14% (SS).
LRF 8.3% vs 6% (NS).
No survival endpoints were different.
Neoadjuvant ≥ G3 both groups was diarrhoea (18% vs. 9%)
Adjuvant neurological toxicity in CRT group (9%).
Serious adverse events occurred in 177 (38%) vs. of 460 participants in the
experimental group and, in the standard of care group, in 87 (34%) of 254
patients without adjuvant chemotherapy and in 64 (34%) of 187 with adjuvant
chemotherapy. Treatment-related deaths occurred in four participants in the
experimental group (one cardiac arrest, one pulmonary embolism, two infectious
complications) and in four participants in the standard of care group (one
pulmonary embolism, one neutropenic sepsis, one aspiration, one suicide due to
severe depression).
Interpretation
The observed decreased probability of disease-related treatment failure in the
experimental group is probably indicative of the increased efficacy of
preoperative chemotherapy as opposed to adjuvant chemotherapy in this
setting. Therefore, the experimental treatment can be considered as a new
standard of care in high-risk locally advanced rectal cancer.
Note: eContour here, RAPIDO protocol here.

Commentary:
NOTE1: Polish II trial 3-year LRR similar rates (22% vs 21%), but ↑ 3-year OS
(73% vs 65%; HR 0·73, p=0·046). Difference could be → some RAPIDO trial
patients were non-responders or poor responders to radiotherapy but still had a
delayed surgery at 26 weeks per protocol after the entire course of consolidation
chemotherapy, which offset the anticipated benefit in terms of locoregional
failure and overall survival in the experimental group.
How to overcome? As suggested by Bahadoer, an interim restaging MRI scan
after 3c of chemotherapy can potentially identify non-responders to
preoperative treatment, thus → promp earlier surgery than planned. This
potentially can ↑ overall survival outcomes.
NOTE2: That OS benefit disappeared anyways at 8-year follow-up.
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NOTE3: GRECCAR-6 did not find any benefit in rates of pathological complete
response beyond 7 weeks after radiotherapy. The increase in pathological
complete response observed in the RAPIDO protocol isprobably due to the effect
of additional chemotherapy after initial radiotherapy.

French PRODIGE-23
“Split-Course TNT” – 3 months (half of chemo) prior and 3 months (half of chemo) after TME.
←R→ 461 locally advanced rectal cancer cT3 or cT4 | 1. TNT-LCRT | 2. SOC |.
TNT-LCRT = FOLFIRINOX → CRT 50 Gy + CAPE → TME → Adj FOLFOX6 or CAPE.
SOC = CRT → TME → Adj C.
1O DFS 3 years.
Treatment Details:
FOLFIRINOX (oxaliplatin 85 mg/m2, irinotecan 180 mg/m2, leucovorin 400 mg/m2, and fluorouracil 2400 mg/m2 intravenously every 14 days for 6 cycles),
chemoradiotherapy (50 Gy during 5 weeks and 800 mg/m2 concurrent oral capecitabine twice daily for 5 days per week), total mesorectal excision, and
adjuvant chemotherapy (3 months of modified FOLFOX6 [intravenous oxaliplatin 85 mg/m2 and leucovorin 400 mg/m2, followed by intravenous 400
mg/m2 fluorouracil bolus and then continuous infusion at a dose of 2400 mg/m2 over 46 h every 14 days for six cycles] or capecitabine [1250 mg/m2
orally twice daily on days 1–14 every 21 days]).
Conroy, Lancet 2021.
Median follow-up of 46·5 months.
3-year DFS 76% vs. 69% (HR 0·69; p=0·034).
mTNT reduced the rate of distant metastasis (25→ 17%) while maintaining a
similar rate of locoregional failure (4% vs 6%). The proportion of patients
who received planned chemoradiation was lower in the TNT arm (95% vs
99%), however there was no difference in the proportion of patients who
proceeded to surgery. The pCR rate was also significantly higher with TNT
(12→ 28%). There was no difference in 3-year overall survival.
Interpretation
Intensification of chemotherapy using FOLFIRINOX before preoperative
chemoradiotherapy significantly improved outcomes compared with
preoperative chemoradiotherapy in patients with cT3 or cT4 M0 rectal
cancer. The significantly improved disease-free survival in the neoadjuvant
chemotherapy group and the decreased neurotoxicity indicates that the
perioperative approach is more efficient and better tolerated than adjuvant
chemotherapy. Therefore, the PRODIGE 23 results might change clinical
practice.

OPRA Phase II
TNT Order
←R→ 324 Stage II/III rectal AC | 1. C → CRT | 2. CRT → C |. All then receive TME or “watch and wait” based on pCR response.
C = 4 months of infusional fluorouracil-leucovorin-oxaliplatin or capecitabine-oxaliplatin
CRT = 5,000 to 5,600 cGy RT + either IV 5-FU or Cape.
1O DFS
Garcia-Aguilar, JCO 2022
3-year Follow-up
3-year DFS 76% both arms.
In line with the 3-year DFS rate (75%) observed historically.
Total 74% of patients went on to WW without initial surgery.
Tumor regrow 40% vs. 27%.
3-year TME-FS 41% vs. 53%.
3-year LRFS, DMFS, OS are all NS.
Patients who underwent TME after restaging and patients who underwent TME after regrowth had similar DFS rates.
CONCLUSION Organ preservation is achievable in half of the patients with rectal cancer treated with total neoadjuvant therapy, without an
apparent detriment in survival, compared with historical controls treated with chemoradiotherapy, TME, and postoperative chemotherapy.
Note: You should do CRT first.

Polish II
TNT 5x5 for “Locally Advanced”
←R→ 515 patients cT4 or fixed cT3 | 1. SC-RT 5x5 → 3c FOLFOX 4 | 2. CRT 50.4 Gy + 5-FU, Leucovorin, Oxaliplatin |.
NOTE: The protocol was amended in 2012 to allow oxaliplatin to be then foregone in both groups.
1O R0 resection rates.
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Cisel, Ann Oncol 2019
The median follow-up was 7.0 years.
8-year OS 49% in both groups. 8-year DFS 43% vs. 41% (NS).
8-year LF 35% vs. 32% (NS)
8-year DM 36% vs. 34% (NS).
Rate of late complications was similar (P = 0.66), grade 3+ being 11% versus 9% in the short-course/CCT group versus the chemoradiation
group, respectively.
Conclusion: The superiority of preoperative short-course/CCT over chemoradiation was not demonstrated.
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Bujko, Ann Oncol 2016
Preoperative treatment acute toxicity 75% vs. 83% (SS).
Grade III-IV 23% versus 21% and toxic deaths 1% versus 3%.
R0 resection rates 77% vs. 71% (SS).
pCR 16% vs. 12%, (NS).
3-year OS 73% vs. 65%, p=0.046.
3-year DFS 53% vs. 52%, (NS).
3-year LF 22% vs. 21% (NS)
3-year DM 30% vs. 27% (NS).
Postoperative and late complications rates in group A and group B were, respectively, 29% versus 25%, P = 0.18, and 20% versus 22%, P = 0.54.
Conclusions: No differences were observed in local efficacy between 5 × 5 Gy with consolidation chemotherapy and long-course
chemoradiation. Nevertheless, an improved overall survival and lower acute toxicity favours the 5 × 5 Gy schedule with consolidation
chemotherapy.

TNT Pembro

Rahma. ASCO GI 2021. Abstr 8.
1O Endpoint = neoadjuvant rectal score.
Only 46% of patients completed all 6 pembrolizumab doses
26% completed 5 doses, 26% completed 1-4 doses
NS ∆ in exposure to C or RT between study arms (mFOLFOX: 84.4% pembrolizumab, 83.2% control; CRT 83.3% pembrolizumab, 74.7% control)

Mean NAR score (95% CI)
pCR, %
cCR, %
Margin-negative resection %
Sphincter preservation %

Pembrolizumab
11.53 (8.54-14.51)
31.9
13.9
94.0
59.4

Control
14.08 (10.74-17.43)
29.4
13.6
89.4
71.0

P Value
.26
.75
.95
.36
.15
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Conclusions: Adding pembrolizumab to CRT after FOLFOX did not improve neoadjuvant rectal score vs post-FOLFOX CRT alone in patients with
locally advanced rectal cancer.
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Other Studies

TNT w/ SC-RT 5x5 Cost Effectiveness vs. LC-CRT
All patients either received SC-RT 5 Gy x 5 fractions or LC-CRT all → TME.
Data collected from 11/15/2020 – 4/25/2021.
Effectiveness was defined as quality-adjusted life-years (QALYs).
Chin, JAMA Network Open 2022.
Both costs and QALYs were discounted at 3% annually. Willingness-to-pay threshold was set at $50 000/QALY.
5-year total cost / QALY $41,355 / 2.21 vs.$54,827 / 2.12.
The net monetary benefit was $69 300 for SCRT-TNT and $51 060 for LCCRT.
Sensitivity analyses using willingness to pay at $100 000/QALY and $150 000/QALY demonstrated the same conclusion.
Conclusions and Relevance These findings suggest that SCRT-TNT followed by TME incurs lower cost and improved QALYs compared with
conventional LCCRT followed by TME and adjuvant chemotherapy. These data offer further rationale to support SCRT-TNT as a novel costsaving treatment paradigm in the management of locally advanced rectal cancer.

German TNT CAO/ARO/AIO-12
←R→ 311 patients cT3-4 and/or LN+ | 1. 3c C → CRT | 2. CRT → C |. TME scheduled 123 days after the START of TNT.
C = 5-FU. Oxaliplatin, Leucovorin.
RT = 5040 cGy.
Fokas, JAMA Oncol. 2022.
FU 43 months.
3-year DFS 73% in both groups. 3-year CI LRR 6% vs 5%.
3-year DM 18% vs 16%.
3-year Chronic Toxicity G3-4 11.8% vs. 9.9%.
The GHS/QoL score decreased after total mesorectal excision but returned to pretreatment levels 1 year after randomization with no difference
between the groups. Stool incontinence deteriorated 1 year after randomization in both groups and only improved slightly at 3 years, but never
reached baseline levels.
Conclusions and relevance: This secondary analysis of a randomized clinical trial showed that CRT followed by chemotherapy resulted in higher
pathological complete response without compromising disease-free survival, toxicity, QoL, or stool incontinence and is thus proposed as the
preferred total neoadjuvant therapy sequence if organ preservation is a priority.
Fokas, JCO 2019.
CRT-related G 3 or 4 toxicity 37% v 27%.
CRT compliance was higher was CRT 80 → 90%.
The longer interval between completion of CRT and surgery in group B (median 90 v 45 days in group A) did not increase surgical morbidity.
pCR 17% vs. 25%.
Thus, only group B (P < .001), but not group A (P = .210), fulfilled the predefined statistical hypothesis.
CONCLUSION Up-front CRT followed by chemotherapy resulted in better compliance with CRT but worse compliance with chemotherapy
compared with group A. Long-term follow-up will assess whether improved pCR in group B translates to better oncologic outcome.

Combined Phase II.
Background: Fluorouracil-based neoadjuvant chemoradiotherapy (CRT) is still the standard of treatment for locally advanced rectal cancer, but it delays
administration of systemic chemotherapy, leading to high incidence of distant metastases.
180 patients 2 prospective database.
TNT = mFOLFOX6 x1c → CRT (mFOLFOX6 x 3c) → mFOLFOX x 4c → TME.
CRT = CRT (five 2-week cycles of inf 5-FU + RT).

Page

30

Zhang, JCO 2018.
TOTAL pCR 21.7%. pCR rate of TNT group and CRT group was 34.2% vs. 15.2%, respectively (p < 0.005).
Tumor downstaging rate was 60.8% vs. 35.4%, respectively (p = 0.001).
Grade3/4 neutropenia was the more common in TNT group, which was 30.4% vs. 8.9% (P = 0.0007).
Grade 3/4 Leukopenia (21.5% vs. 12.7%, p = 0.14) and thrombocytopenia (5.1% vs. 11.4%, p = 0.15) was similar between the two groups.
Conclusions: TNT showed higher pCR rate and tumor downstaging rate than that of CRT, which was a promising strategy for improving outcome
of rectal cancer, although the grade 3-4 adverse events were a little bit higher in TNT group. But this finding requires further analysis from longterm survival data. The phase III study comparing TNT with CRT is ongoing.

MSK Total Neoadjuvant RR.
RR 628 patients LARC (T3/4 or node-positive) were identified.
320 traditional CRT → surgery → planned adjuvant C. 308 received TNT (Induction 5-FU/Ox → CRT).
Cercek, JAMA Oncol 2018.
RESULTS: Age 56.7 years.
Patients in the TNT cohort received greater percentages of the planned oxaliplatin and fluorouracil prescribed dose than those in the chemoRT
with planned adjuvant chemotherapy cohort.
Rate of response (CR+PR) in those who underwent surgery and sustained clinical CR (cCR) for at least 12 months posttreatment in those who
did not undergo surgery = 21% traditional vs. TNT 36%.

ChemoRT with planned
Adj. Chemo
Stage II
Stage III
Total
TNT
Stage II
Stage III
Total

All Patients, No.

All Patients, Sustained
cCR, No. (%)

Surgery Within 12
Months, No.

Surgery Within 12
Months, pCR, No. (%)

pCR and Sustained cCR
at 12 Months, No. (%)

94
226
320

9 (9.6)
10 (4.4)
19 (5.9)

82
214
296

14 (17.1)
35 (16.4)
49 (16.6)

23 (24.5)
45 (19.9)
68 (21.3)

43
265
308

23 (53.5)
44 (16.6)
67 (21.8)

20
215
235

0
43 (20.0)
43 (18.3)

23 (53.5)
87 (32.8)
110 (35.7)
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CONCLUSIONS AND RELEVANCE: Our findings provide additional support for the National Comprehensive Cancer Network (NCCN) guidelines
that categorize TNT as a viable treatment strategy for rectal cancer. Our data suggest that TNT facilitates delivery of planned systemic therapy.
Long-term follow-up will determine if this finding translates into improved survival. In addition, given its high CR rate, TNT may facilitate
nonoperative treatment strategies aimed at organ preservation.

Non-OPERATIVE Regimens
There will always be a subset of patients who do well with surgery alone, as suggested by the MRI vs. NICE Criteria trial.

MRI vs. NICE Criteria (Re: Surg Alone)
Retrospective 378 patients 66-month FU. All undergoing 1O resectional surgery for rectal cancer, without preoperative radiotherapy.
MRI High-Risk n=248 (66%)
MRI-detected Extramural venous invasion, tumour deposits, and circumferential resection margin involvement.
NICE High-Risk n=121 (32%)
MRI-detected T3+ or MRI-detected N+ status.
Lord, Lancet 2022.
LR 22 (6%) of 378 patients, Distant Failures 68 (18%) of 378 patients.
5-year DFS
76% NICE HR vs. 87% NICE LR (HR 1·91, SS)
66% MRI HR vs. 88% MRI LR (HR 3.01, SS)
5-year OS
80% NICE HR vs. 88% NICE LR (NS, trend p=0.077).
71% MRI HR vs. 89% MRI LR (HR 2.59, SS).
MVA, NICE risk assessment NS either DFS or OS.
MVA, MRI risk assessment predicted DFS (HR 2·74, SS) and OS (HR 2·44, SS).
Note: 139 NICE high-risk patients were defined as MRI low-risk based had similar DFS as 118 NICE low-risk patients
∆, 37% (139 of 378) of patients in this study cohort would have been overtreated with NICE 2020 guidelines.
Of the 130 patients defined as low-risk by NICE guidelines, 12 (9.2%) were defined as high-risk on MRI risk stratification and would have
potentially been missed for treatment.
Interpretation
Compared to previous guidelines, implementation of the 2020 NICE guidelines will result in significantly more patients receiving preoperative
radiotherapy. High-quality MRI selects patients with good outcomes (particularly low local recurrence) without radiotherapy, with little margin
for improvement. Overuse of radiotherapy could occur with this unselective approach. The high-risk group, with the most chance of benefiting
from preoperative radiotherapy, is not well selected on the basis of NICE 2020 criteria and is better identified with proven MRI prognostic
factors (extramural venous invasion, tumour deposits, and circumferential resection margin).

ONGOING: NOM-ERA (Non-Operative Management Early Risk Assessment)
https://clinicaltrials.gov/ct2/show/NCT03904043

NORMAL-R
Non-Operative Radiation Management of Adenocarcinoma of the Lower Rectum
19 patients 5 Gy x 5 → FOLFOX ×8 or CAPOX ×5 cycles.
If cCR → nonoperative surveillance.
21% stage I, 32% stage II, and 47% stage III disease.
1O cCR 1 year.
Kim, Clin Colorectal Cancer 2021.
Median FU 27.7 months.
1-year cCR rate 68%. 18 of 19 patients are alive without evidence of disease.
Patients with cCR versus without had ↑ 2-year DFS (93% vs 67%; P = .006), ↑ DMFS (100% vs 67%; P = .03), and ↑ OS (100% vs 67%; P = .03).
cCR influenced by Involved versus uninvolved circumferential resection margin on MRI (40% vs 93%; P = .04).
Anorectal function by Functional Assessment of Cancer Therapy-Colorectal cancer score at 1 year was not different than baseline.
There were no severe late effects.
Conclusions: Treatment with SCRT and chemotherapy resulted in high cCR rate, intact anorectal function, and no severe late effects.
NCT02641691.

Habr-Gama, Ann Surg 2004.
Retrospective. 265 patients cT2-4, 24% LN+. All treated with neoadjuvant 5040 cGy with FOLF. If incomplete CR → radical surgical resection.
Therefore, we are comparing cCR vs. pT0 (those who had incomplete CR and was actually pT0 on surgery).
cCR was 71/265 (26.8%).
Additional 8.3% were pT0 on resection.
5-year OS was 100% (if cCR), and 88% (if pT0). 5-year DFS was 92% vs. 83%.
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Habr-Gama, Seminars Radiation Oncology 2011.
Retrospective. 173 patients ≤ 7cm from anal verge. All received neoadjuvant 5040 – 5400 cGy with concurrent 5-FU (1st and last 3 days of RT).
Staging initial studies:
stage I disease (cT2N0M0) in 16%
stage II (cT3-4N0M0) in 63%,
stage III (cTxN1-2M0) in 21%
Results: cCR = 67 (39%) and did NOT undergo immediate radical surgery. Of cCR, 9 (13%) had excisional biopsy of residual scar as diagnostic procedure.
Remaining patients 58 (87%) managed WITHOUT any surgical procedure.
5-year OS 96% and DFS 72%.
5-year all recurrences 15 (21%). Of these, 8 (11%) local endorectal,
7 (10%) distant
none (0%) extrarectal pelvic recurrence.
Of the 8 local recurrences, 7 salvaged successfully.

Applet, Lancet 2015.
Retrospective. 55 with T2 or T3, N0–N1 AC ≤ 6 cm from anal verge. Neoadjuvant CRT.
RT:
60 Gy to GTV
50 Gy in 30 fx to elective nodes
5 Gy endorectal boost
C:
Oral tegafur-uracil (similar class to capecitabine…aka 5-FU prodrug) 300 mg/m2.
If cCR (complete clinical tumour regression, negative tumour site biopsies, and no nodal or distant metastases on CT and MRI 6 weeks after TX) → Obs.
1O local tumour recurrence 1 year after allocation to the observation group.
Results:
cCR = 40/51 (78%).
Side effects: GI G3 diarrhea 8%.
Sphincter function “excellent” 72% and 69% at 2 years with no fecal incontinence.
Interpretation
High-dose chemoradiotherapy and watchful waiting might be a safe alternative to abdominoperineal resection for patients with distal rectal cancer.

OnCoRe project.
Propensity Matched Cohort Study of neoadjuvant CRT (45 Gy in 25 fx + 5-FU based chemotherapy).
If cCR then → watch-and-wait approach.
If incomplete response → surgical resection if eligible.
Of 259 patients included, 31 had cCR. They also added another 98 patients via national registry for total of 129 patients managed by wait and watch.
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Renehan, Lancet 2016.
LR = 44/129 (34%).
DFS 88% watch and wait vs. 78% immediate surgery (p=0.04) 3-year OS 96% vs. 87%, (p = 0.02).
3-year colostomy-free survival 74% vs. 47%, (p<0·0001), with a 26% absolute Δ in patients who avoided permanent colostomy at 3 years.
Note: the paper states that there is “no difference” in DFS and OS despite p < 0.05.
INTERPRETATION: A substantial proportion of patients with rectal cancer managed by watch and wait avoided major surgery and averted
permanent colostomy without loss of oncological safety at 3 years. These findings should inform decision making at the outset of
chemoradiotherapy.

Historical Studies
Surgery ± Adjuvant Tx
o
o
o
o
o

o
o
o

Local recurrence after surgery alone for Dukes T3-T4 or N+ is >50% and can be symptomatically devastating.
Most adjuvant trials were done in patients with Dukes B and C (T3-4N0 or N+)
Outcomes with adjuvant chemotherapy alone have been disappointing.
8 prospective randomized trials evaluated surgery alone vs. post-op RT.
▪
RT alone improves local control, but not survival.
Combined RT + 5-FU improved local control, distant control, as well as survival in two randomized trials.
▪
RT plus continued infusion of 5-FU ↑ survival over bolus 5-FU.
Advantages for adjuvant therapy: Pathologic staging available.
Disadvantages for adjuvant therapy: Increased small bowel in treatment filed, potentially hypoxic post-surgical bed, if APR → RT scar.
Modern TNT overrides the adjuvant treatment paradigm (surg → adj Tx) for locally advanced rectal cancers.

Trial

Patients

Randomization/Adjuvant Tx

Outcome

NSABP R-01
(JNCI, 1988)

555 pts w/stage II-III
treated by curative
resection

1. Observation
2. Postop 8c 5-FU, CCNU, vincristine (MOF)
3. XRT alone (46-47 gy)

NSABP R-02
(JNCI, 2000)

694 pts w/stage II-III
treated with resection

1. Females -> LV ± RT (50.4 gy)
MOF not effective in females
2. Males -> 5c MOF vs 6c 5-FU/LV ± RT (50.4 gy)

Chemo improved DFS, OS.
XRT ↓ LRR from 26% to 16% (p=0.06), no
effect on DFS/OS
Addition of RT ↓ 5 yr LRR relapse from 13%
to 8% (p=.02)
No benefit of RT on DFS or OS

GITSG 7175
(NEJM, 1985-1986)

227 pts w/stage II-III with
R0 resection

1. Observation
2. Bolus 5-FU amd M-CCNU
3. RT 40-48 gy
4. ChemoRT (40-44 gy w/bolus 5-FU) →
5-FU/M-CCNU

Mayo-NCCTG 79-4751 (NEJM, 1991)

204 pts with T3-4 or N+
treated with surgery and
all received 1 cycle of 5-Fu
and M-CCNU

1. RT alone (50.4 gy)
2. ChemoRT (50.4 Gy) with 5-FU, followed by 2
more cycles of 5-FU/M-CCNU

Summary of this table:
NSABP R-01: Adj C ↑ DFS and OS. Adj RT ↑ LC benefit.
NSABP R-02: Adj CRT is better than adj C alone due to ↓ LR benefit.
GITSIG: Essentially R-01 + another CRT arm, which ↑ everything vs. Obs.
Mayo:
Essentially R-02 REVERSED, which CRT ↑ everything vs. RT alone

Postop chemoRT ↑ OS to 55% vs 30%
w/observation; ↓ LRR (25% vs 10%),
distant (35% vs. 25%) , and any recurrence
rate (55% vs. 33%)
Diff btw chemRT vs RT alone vs chemo
alone NS
ChemoRT ↓ LR (25% vs. 14%), DM (46% vs.
29%), and significantly increased OS (55%
vs. 45%) vs RT alone
Increased dose 50.4 vs 45 ↓ LR from 24%
to 18% but did not improve recurrences
overall.

Can’t just do obs. Need either C (OS!) or RT (LC!).
Yea, C gives you OS benefit, but C+RT also gives you LR.
BUT the difference between CRT vs RT vs C alone NS.
When you increase dose from 45 Gy to 50.4 it has ↓ LR benefit!
Therefore, German study chose 50.4 cGy.
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Quirke, Lancet 2009.
Plane of surgery.
Prospective study. Negative CRM and good surgical plane associated with low LR.
3-yr LR 6% vs 17% for negative vs positive resection margin. LR 4% (mesorectal plane), 7% (intramesorectal), and 13% (muscularis propria).
Pts with mesorectal excision who had pre-op RT had only a 1% LR.
Conclusion: plane of surgery is an important prognostic indicator for local recurrence. Short-course pre-op RT ↓ the rate of LR in all groups.

Pooled ←R→ Surgery and Adjuvant Tx RELAPSE STUDY
3,791 eligible patients enrolled onto North Central Cancer Treatment Group (NCCTG) 79-47-51, NCCTG 86-47-51, US Gastrointestinal Intergroup 0114,
Five-year follow-up was available in 94% of surviving patients, and 8-year follow-up, in 62%.
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Gunderson, JCO 2004
Different treatment strategies may be indicated for intermediate-risk versus moderately high- or high-risk patients based on differential survival
rates and rates of relapse. Use of trimodality treatment for all patients with intermediate-risk lesions may be excessive, since S plus CT resulted
in 5-year OS of approximately 85%; however, 5-year disease-free survival rates with S plus CT were 78% (T1-2/N1) and 69%(T3/N0), indicating
room for improvement.

Surgery → Chemo ± RT.
Meta-analysis. 22 randomized trials. Colorectal Cancer Collaborative Group (Lancet, 2001).
5-year OS: observation 58.6% vs. RT 57.5% (NS). Annual death rate 4.6% lower with RT.
5-year risk of any recurrence: observation 54% vs. RT 50% (NS)
5-year risk of isolated local recurrence: observation 23% vs. RT 15% (SS). This was driven by 2 trials (UK MRC 3 and NSABP R-01).
Few recurrences > 5 years out.
No subgroup benefit
NSABP R-02. — "Randomized trial of postoperative adjuvant chemotherapy with or without radiotherapy for carcinoma of the rectum”
←R→ 694 pts. Dukes' B and C after curative resection. 1. adjuvant chemotherapy alone 2. chemotherapy plus RT. All females received 5-FU/LV,
whereas males were randomized to MOF vs 5-FU/LV. Median f/u 93 months.
Wolmark, J Natl Cancer Inst. 200.
Results: Post-op RT resulted in ↓ LR (13% vs 8%) but did not ↑ DFS or OS. For male, 5-FU/LV resulted in ↑ DFS ↑ OS.
Conclusion: No role for post-op RT, although benefit with local control.

Question: Does a different fractionation schedule and interval to surgery changes outcomes?
French Lyon 90-01 trial
201 pts with T2-T3 NX rectal cancer randomized to RT (39 Gy/13 fx) delivered:
1) short interval to surgery, mandated as surgery within 2 weeks after RT completed
2) long interval, mandated as surgery within 6 - 8 weeks
Longer interval group with improved tumor response rates (72% vs 53%, p=0.007) and pathological downstaging (26% vs 10%, p=0.005)
No differences with respect to sphincter preservation rate, morbidity, local relapse, or short term survival

Surgery → CRT.
GITSG GI-7175 2x2 Study (1975-1980) -- surgery alone ± postop C ± postop RT
←R→, 4 arms. Terminated early due to significant benefit of chemo-RT arm. 227/520 patients. Dukes B and C (T3-4 or N+), distal edge within 12 cm
from anal verge. Only R0 resection allowed. 1. Surgery alone, 2. post-op Chemo (bolus IV 5-FU/M-CCNU), 3. post-op RT 40 or 48 Gy standard fx,
4. post-op Chemo-RT 40 or 44 Gy standard fraction + 5-FU 500 mg/m2 followed by adjuvant 5-FU/M-CCNU as in chemo alone arm.
RT AP/PA, ↑ border L4/L5, ↓ border included perineum; major deviations in 39%. Consolidative chemo given x1.5 years or disease progression.
GI Tumor Study Group, NEJM 1985. 7-years.
Outcome: Recurrence surgery 55% vs. chemo 46% vs. RT 48% vs. chemo-RT 33% (SS). Benefit of chemo-RT (p=0.009) due to both RT (better LRC
p=0.06) and chemo (better DM p=0.06) components. Initial LRR overall 21%; by arm 24% vs. 27% vs. 20% vs. 11%; initial DM overall 25%.
LR in perineum 21%, vagina/uterus 17%, anastomosis 12%, sacrum/coccyx 12%, bladder/prostate 12%. Actuarial OS 36% vs. 46% vs. 46% vs.
56% (p=0.07).
Toxicity: Severe nonhematological chemo 15% vs. RT 16% vs. chemo-RT 35%
Conclusion: Postoperative chemo-RT significantly better for disease-free survival, with trend to overall survival benefit.
Douglass, NEJM, 1986. 8-years.
Outcome: No new recurrences. Now overall survival benefit for chemo-RT over surgery alone (SS)
Conclusion: Postoperative chemo-RT improves overall survival over surgery alone in T3-4 or N+ patients
MAYO NCCTG 79-47-51 (1980-1986) -- postop RT vs postop chemo-RT.
←R→ 204 patients, rectal CA T3-4 or N+, within 12 cm of anal verge. 1. post-op RT 2. post-op chemo-RT.
RT: 45/25 + 5.4/3 Gy boost to tumor bed and adjacent LN. Chemo: bolus 5-FU bolus + semustine x1 month, then bolus 5-FU 500 mg/m2 concurrent
with RT, then 2 months consolidative 5-FU/semustine. Major deviations 9%.
Krook, NEJM 1991. 7-years f/u.
Outcome: 5-year recurrence RT 63% vs. chemo-RT 41% (decreased by 34%, SS). LR 25% vs. 13% (decreased by 47%, SS), DM 46% vs. 29% (SS). 5year OS ~40% vs. ~55% (decreased by 29%, SS). Reduction in death rate highly significant for LAR (52%), not significant for APR (10%)
Toxicity: SBO 5%, median time-to-complication 10 months; overall severe late toxicity 7% (comparable between 45 and 50.4 Gy)
Conclusion: Adjuvant chemo-RT superior to RT alone; confirms prior GITSG 7175 results
Comment: CRT generally well tolerated, unlike GITSG GI-7175. Adjuvant chemo 1 month first, consolidaation 2 months vs 1.5 years in GITSG. On
the basis of this study and GITSG 7175, NIH consensus conference recommended chemo-RT as standard of care for T3-T4 or N+ patients
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If giving adjuvant therapy, the addition of radiation to chemo is SOC. ∆ cannot omit RT.

Δ Historical Chemo
Some History:
o
Semustine (Methyl-CCNU) was a component of both trials demonstrating benefit, but is known to increase risk of leukemia (4% cumulative risk
at 6 years). GITSG 7180 and NCCTG 86-47-51 demonstrated that semustine is not a necessary component of chemo-RT
o
In the setting of metastatic CRC, continuous infusion 5-FU is superior to bolus 5-FU (86-47-51). Synergistic effects of 5-FU and RT are greatest
when there is a continuous exposure to 5-FU for 24-48 hours after RT (PMID 6818194).
o
INT 86-47-51 demonstrated improved OS with infusional 5-FU (70% vs. 60% at 4 years).
▪
The improvement was due to increased control of distant mets, with no impact on local control.
o
INT 0144 trial evaluated infusion 5-FU vs. bolus 5-FU sandwich around infusion 5-FU/RT.
▪
Results at 5 years suggest comparable outcomes.
INT/NCCTG 86-47-51 "Improving adjuvant therapy for rectal cancer by combining protracted-infusion fluorouracil with radiation therapy after
curative surgery."
←R→ 660 pts. Stage II-III. 2x2 randomization
| 1. 5-FU + Semustine vs. 5-FU | 2. 5-FU bolus vs. 5-FU continuous infusion |.
Treated with 9 weeks of systemic chemotherapy -> RT with 5-FU -> 2nd cycle of chemotherapy.
Higher dose of 5-FU used when given alone than with semustine.
RT dose 45 Gy to the pelvis + boost 5.4 - 9 Gy, total 50.4 - 54 Gy.
Bolus 5-FU was 500 mg/m2 days 1-3, weeks 1+5 of RT.
C.I. 5-FU was 225 mg/m2 daily during RT.
O'Connell, NEJM 1994.
Outcome: Median f/u 46 mo. For C.I., less tumor relapse (37% vs 47%), distant mets (31% vs 40%), time to relapse, and overall survival
compared to bolus 5-FU. Decreased tumor relapse by 27%, death by 31%. 4-yr relapse-free survival 63% vs 53%, OS 70% vs 60%. No difference
in LR. Increased rate of severe diarrhea for C.I.; higher rate of leukopenia for bolus. No benefit seen for semustine.
Conclusion: C.I. 5-FU is superior to bolus 5-FU IN OVERALL SURVIVAL. Improves DM (extra-pelvic disease) but not LC. Much higher doses of 5FU were given by continuous infusion than by bolus. No benefit to semustine in addition to 5-FU.
Intergroup INT-0144 (1994-2000) - bolus vs modulated bolus vs CI 5-FU
←R→ 1917 pts. T3-4 or N+. Follow-on to INT 864751.
1. bolus 5-FU → CI 5-FU/RT → bolus 5-FU
2. CI 5-FU → CI 5-FU/RT → CI 5-FU,
3. bolus 5-FU + LV + levimasole → CI 5-FU/RT → bolus 5-FU + LV + levimasole. RT given 45 Gy to field including presacral and internal illiac LN + 5.4
Gy boost with 2cm margin + optional 3.6 Gy boost to tumor bed if no small bowel in-field.
Smalley, JCO 2006. Phase III trial. Median F/U 5.7 years.
Outcomes: 5-year survival: no DFS difference (57-62%), no OS difference (68-71%).
LR failure (tumor bed, anastomosis, regional LNs) at first relapse 8% vs. 5% vs. 7%. LR failure in non-T4 patients 5% vs. 3% vs. 5%, and primary
surgical treatment without neoadjuvant can be appropriate
Toxicity: GI Grade 3/4 41-44%; hematologic Grade 3/4 bolus arm 49-55% vs. CI arm 4%
Conclusion: similar survival in all arms, different toxicity profiles and central catheter requirements. LAR reasonable initial resection, since local
failure rates only 5% at first failure.
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Smalley, Proc Am Soc Clin Oncol 2003.
Median f/u 4.6 yrs. No difference in RFS or OS. 5-year estimated OS 72% CI vs. 67% bolus
Similar toxicity profiles; less GI toxicity in bolus group, less hematologic toxicity in CI group

Preop CRT
Preop CRT vs Postop CRT
German CAO/ARO/AIO-94 (1995-2002)
←R→ 823. Clinical stage T3-4, N+. 1O endpoint = OS.
≤ 75 yo, ≤ 16 cm from anal verge.
Background. Swedish trial showed us that preop RT is
better than surgery alone. It is also known that adjuvant
CRT > adjuvant RT alone.
Q: Therefore, what about PREOP CRT vs POSTOP CRT?

| 1. Preop 5040 (180 cGy/fx) + 5-FU (120 hour continuous infusion 1000 mg/m2, 1st/5th weeks of RT → 6 weeks later = surgery
→ 1 month later Adjuvant: 4x five day cycles of 5-FU (500 mg/m2 per day) |
| 2. Surgery → 5040 (180 cGy/fx) + 5-FU (120 hour continuous infusion 1000 mg/m2, 1st/5th weeks of RT + 540 cGy boost → Adjuvant.
RT: 3 or 4 field box technique. TME performed in ALL patients.
Sauer, NEJM 2004. f/u 4 years.
Results: 5-year OS preop 76% vs postop 74% (NS);
5-year DFS 68% vs. 65% (NS); LR 6% vs. 13% (SS);
DM 36% vs. 38% (NS).
Preop downstaging: pCR 8%. In favor of pre-op 25% vs
40% were LN+ (stage III). TNM Stage I disease found in
18% of post-op group (vs. 25% in pre-op).
Note: Sphincter preservation rate in 194 patients with
low-lying tumors declared by the surgeon prior to
randomization to require an APR:
Preop: 39% (43/109)
Postop: 19% (17/85)
(P = 0.004)
But overall rates of sphincter pres. same 69% vs 71%.
Grades 3 or 4 Toxicity: Fewer acute (27% vs 40%) and late
toxicities (14% vs 24%) in preoperative-treatment group.
Conclusion: Preop chemo-RT improved local control and
improved toxicity, but did not impact overall survival.
Critique: only 54% of adjuvant patients vs. 92% of
neoadjuvant patients received full RT dose.
But perhaps this goes to say that RT is much better
tolerated preop, while postop is that much more difficult.

Sauer, NEJM 2012.
10-yr OS preop 59.6% vs postop 59.9% (NS).
LR: 7.1% vs 10.1% (SS). DM: 29.8% vs 29.6% (NS). DFS:
NS.
Conclusion: "There is a persisting significant
improvement of pre- versus postoperative CRT on local
control; however, there was no effect on overall
survival."
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CONCLUSION: Pre-op CRT improved:
5 yr local recurrence 6% vs. 13% (p=0.006). Rates of pathologic LN involvement (25% vs. 40%).
↑ sphincter preservation 39% vs. 19% p=0.004
↓ grade 3-4 acute toxicity 27 % vs. 40% (p=0.001)
↓ grade 3-4 long term toxic effects 14 and 24% (p=0.01)
No difference in survival (76 vs. 74% p=0.8).
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LR RISK BY DISTANCE FROM ANAL VERGE (NO RT)
High rectal tumors 10.4%
Mid-rectal 18.7%
0-5cm form anal verge 4.5%

NSABP R-03. Preoperative or postoperative CRT.
Strange trial in that ONLY DFS was better (not LC or OS).
←R→ 267 of 900 expected patients. Trial closed prematurely @ 30% due to poor accrual. Clinical T3-T4 or N+ rectal cancer. (Same population as Sauer)
70% male, 80% palpable tumor. ≤ 15 cm from anal verge.
Surgery APR, LAR, or local excision; TME not mandated.
1. Preop chemo-RT 50.4/28 + 5-FU 500 mg/m2 and leucovorin 500 mg/m2 2. Postop chemo-RT (same as preop).
Both groups adjuvant 3 cycles of 5-FU/leucovorin
Roh, JCO 2009. Surviving patients followed for 8.4 years.
Results: 5 yr DFS pre vs post: 64.7% vs. 53.4% (SS). OS 74.5% vs 65.6% (NS). LRR 11% vs
11% (NS). Significant reduction in N+ (67% vs. 52%, SS). pCR Complete pathologic
response achieved in 15% of preop patients (none of these 15% had a recurrence).
Toxicity: Grade 4 diarrhea preop 24% vs. postop 13%; Grade 5 toxicity 5% vs 3%.
Conclusions: Preoperative CRT, compared with postoperative CRT, SS ↑ DFS and
showed a trended ↑ OS.
To REITERATE: NO PATIENT WITH A pCR RECURRED!!!!

NSABP R-04: pre-operative chemo/RT. T3-4N0 or T1-4N+.
1608 clinical stage II or III rectal cancer undergoing preoperative RT (4,500cGy in 25 fractions
over 5 wks + boost of 540cGy-1080cGy in 3-6 daily fractions). 2x2 trial.
Primary Endpoint: 3-year LRC with 3 years of minimum follow-up.
Secondary Endpoints: pCR, # sphincter saving surg, DFS, OS, QoL, Tox.
Allegra, J Nat Cancer Inst, 2015.
Results: July 2004 to August 2010
LRC, OS, DFS (NS). pCR reported in that paper of 17.8 to 20.7%
+ Ox = ↑↑↑ 3-4 diarrhea (p<0.0001). Analysis of the primary endpoint
showed 3-yr rates of L-R tumor control ranged from 87.4%-88.2%.
LRR (3 yr) with R0 resection: 2-4 % stage II pts, 4-11% stage III.
Distant mets (5 yr): 16% of stage II, 26% of stage III pts.
Chemo compliance: 84% to 97% pts received >80% chemo.
Conclusions: CVI 5-FU or oral Cape + RT = similar outcomes and toxicity.
Oral Cape avoids central venous catheters. New STD of care.
Ox just adds toxicity and no benefit.
Russell, Ann Surg, 2015. Patient reported QOL between APR and SP.
This trial did NOT show worse QOL at 1 year between APR compared to SP surgery, but profiles were DIFFERENT.
Results: 987/1608 had data for planned analyses; 62% underwent SSS; 38% underwent APR.
APR worse: body image (70.3 vs 77.0, P = 0.0005),
micturition symptoms (26.9 vs 21.5, P = 0.03),
MALES only worse sexual enjoy (43.7 vs 54.7, P = 0.02)
SSS worse: GI symptoms (18.9 vs 15.2, P < 0.0001),
weight loss (10.1 vs 6.0, P = 0.002). Conclusions:
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Gerard, JCO 2012.
CR: 13.9% vs. 19.2%
(ALL NS).
LR 5%, OS 88%, DFS 70%
(ALL NS).
All toxicity NS.
CONCLUSION: At 3 years, no significant difference in clinical outcome was achieved with the intensified CAPOX regimen. When compared with
other recent randomized trials, these results indicate that concurrent administration of oxaliplatin and RT is not recommended.
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ACCORD 12 / PRODIGE 2
PURPOSE: The ACCORD 12 trial investigated the value of two different preoperative chemoradiotherapy (CT-RT) regimens in T3-4 Nx M0 resectable rectal
cancer. Clinical results are reported after follow-up of 3 years.
←R→ 598 preoperative CRT with
| 1. CAP45 | 2. CAPOX50 |
CAP45 = 45-Gy RT for 5 weeks with concurrent capecitabine
CAPOX50 = 50-Gy RT for 5 weeks with concurrent capecitabine and oxaliplatin.
Total mesorectal excision was planned 6 weeks after CT-RT.
1O CR “sterilization of operative specimen”

Preop RT vs Preop CRT
EORTC 22921 (Bosset)

EORTC 22921
←R→ 2x2 design. 1011 patients with T3 or T4 resectable rectal CA. 1) Preop RT, 2) Preop CRT, 3) Preop RT + postop CT, or 4) Preop CRT + postop CT.
RT given 45/25 to posterior pelvis. 5-FU given 350 mg/m2/day
Bosset, NEJM 2006.
5-year OS: overall 65% (no difference among the 4 groups)
5-year LR: preop RT 17% vs. CRT 9% (preop CRT 9% vs. preop RT + postop CT 10% vs. preop CRT + postop CT 8%)
Adherence: 82% for preop CT vs. 43% for postop CT
Bosset, JCO 2005.
Tumors after preop CRT vs RT alone: smaller, lower pT, lower pN, fewer examined nodes, less LVN, increase in mucinous tumors
Conclusion: Significant downstaging with CRT over RT alone
French FFCD 9203 (1993-2003)
←R→ 733 pts. Resectable T3-T4, Nx.
1) Preop 45 Gy RT
vs 2) Preop CRT
C: concurrent bolus 5-FU (350 mg/m2) + leucovorin on days 1-5, weeks 1,5.

→ Surgery

→ 4 cycles of adjuvant 5-FU/Leucovorin

Gerard, JCO 2006.
5-year OS (primary endpoint): no difference. Sphincter preservation: no difference
5-year LR: CRT 8% vs. 16% RT alone (SS)
Grade 3+ toxicity: CRT 15% vs. 3% RT alone (SS)
Conclusion: chemoradiation recommended for improved local control
Criticism. 5fu bolus and not continuous infusion. TME not standardized in trial. Done over long period of time.
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Cochrane Meta-analysis "Preoperative chemoradiation versus radiation alone for stage II and III resectable rectal cancer."
Laura De Caluwé et al.Cochrane Database Syst Rev. 2013 Feb 28;2.
Five trials were identified and included in the meta-analysis. From one of the included trials only preliminary data are reported.
Outcome:
Response rate: CRT significantly increased the rate of complete pathological response (OR 2.12-5.84, P < 0.00001)
Sphincter Preservation: did not translate into a higher sphincter preservation rate (OR 0.92-1.30, P = 0.32)
Post-op Morbidity: marginally affected postoperative overall morbidity (OR 0.67-1.00, P = 0.05)
Anastomotic leak: No differences were observed in anastomotic leak rate
Post-op Mortality: No differences were observed in postoperative mortality
Local recurrence: at five years was significantly lower in the CRT group compared to RT alone (OR 0.39-0.72, P < 0.001).
Survival: No statistically significant differences in DFS (OR 0.92-1.34, P = 0.27) or OS (OR 0.79-1.14,P = 0.58) at five years.
Toxicity: increased grade III and IV acute toxicity (OR 1.68-10, P = 0.002)
Conclusion: No benefit to chemo-RT compared with short-course RT alone. BUT INCREASED pCR.

Short Course RT
Preop 5x5 vs. Surg alone
Swedish Cancer Trial. ONLY TRIAL TO SHOW SURVIVAL ADVANTAGE WITH RT ALONE
←R→. 1168 patients, 908 curative intent (included 316 patients from Stockholm II).
| 1. preop RT 25/5 → surgery within 1 week | 2. surgery alone |. RT given as AP/PA, 3-field, or 4-field; superior border at L4.
Non-TME trial.
Pahlman, NEJM 1997. LR at 5 years: RT 11% vs surgery alone 27% (SS). OS: RT 58% vs 48% (SS).
Dahlberg IJROBP, 2002. Cost-effectiveness study. 8 year F/U. 98/1168 randomly selected patients from main trial from single region.
Total costs: RT USD 35,300 vs. surgery alone USD 30,000
Survival benefit 21 months - cost of year saved USD 3,654. Sensitivity analysis worst case USD 15,228.
Folkesson, JCO 2005. 13-years.
Cancer-specific:
RT 72% vs. surgery alone 62% (SS)

Overall survival:
Local recurrence:

RT 38% vs. surgery alone 30% (SS)
RT 9% vs. surgery alone 26% (SS)

Birgisson, JCO 2005. Long term side effects.
Side effects: RT group more likely to be admitted < 6 months after treatment (mostly GI related); no difference > 6 months out.
Bowel obstruction: more common long term in RT patients.
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Birgisson, Br J Surg. 2008. Late GI side effects.
Outcome: RT increased risk of SBO (RR 2.5), surgically managed SBO (RR 7.4).
Difference seen after 7-8 years for conservatively managed SBO, after 1-2 years for surgically managed SBO. No impact of RT technique
Conclusion: Small bowel obstruction more common in preop RT.

Dutch TME: Question: Do you need radiation if you use TME? And the answer is YES! Benefit of LR (“NO” SURVIVAL BENEFIT, but CAVEAT)
←R→ 1805 patients treated with | 1. preop RT 25/5 → surgery within 1 week | 2. surgery alone |.
If surgery-only patients had SM+ (≤ 1mm), mandatory post-op RT.
ALL patients received TME :D.
Kapiteijn, NEJM 2001.
2-year OS: RT 82% vs. TME alone 82%
2-year LR: RT 2.4% vs. TME alone 8.2% (SS)
Conclusion: Short-term preop RT reduces risk of LR with TME
Marinjen, IJROBP 2003. 120 patients in surgery-only group with SM+; 47% received
post-op RT; LR: Post-op RT 17% vs. surgery only 16% (NS)
LR as a function of surgical margins:
Wide SM: preop RT 1% vs. 6% (SS)
Narrow SM: preop RT 0% vs. 15% (SS)
Positive SM: preop RT 9% vs. 16% (NS) … RT cannot compensate + margins.
Conclusion: Preop RT beneficial with wide or narrow SM, but not in positive SM.
Peeters, Ann Surg 2007. Median F/U 6.1 years.
Outcome: 5-year LR TME 11% vs. RT + TME 6% (SS); OS 63% vs. 64% (NS)
Subgroup benefit: N+, tumors 5-10 cm from anal verge,
negative margins
Conclusion: Preop short-term RT improves local control; no effect on survival
Kusters, Eur J Surg Onc. 2010. Local Failure Patterns.
Outcome: 5-year LR rate RT+ 5% vs RT- 11%. Most common LR: presacral (43% and
33%). RT SS ↓ anastomotic LR (from 2.7% to 0.7%).
Conclusion: RT reduces LR in all subsites, and is especially effective in preventing
anastomotic LR after LAR
van Gijn, Lancet 2011. 12 year f/u (See the LEFT 2 Graphs)
Note: The effect of radiotherapy became stronger as the distance from the
anal verge ↑. However, +SM patients were excluded, the relation between
distance from the anal verge and the effect of radiotherapy disappeared.
Results: 10-yr incidence of LR 5% RT+ vs 11% RT-.
If negative margin, RT effect was irrespective of the distance from the anal
verge and led to an ↑ CSS.
However ←→ OS since there was an ↑ in other causes of death.
… But if stage III w/ negative circumferential resection margin, 10-year
survival was 50% vs. 40% (surg alone) p=0·032.
Conclusion: LR reduced by more than 50% with RT compared to TME alone.
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Comments: Stage I patients had ↓↓ LR, but only absolute reduction of 2·6%.
 38 patients RT tx to --| 1 LR.
Stage III patients, < 10 pts RT tx --| 1 LR/ local recurrence AND exactly 10
patients RT tx --| 1 death.

Preop 5x5 vs. PREop CRT

TROG 01.04. Short Course Neoadjuvant XRT vs. Long Course in T3 patients.
RT 5x5 v PRE-OP CRT.
←R→ 326 patients T3N0-2M0 rectal cancer within 12 cm of anal verge randomized
| 1. 25 Gy x 5 Gy/fx in 1 week
→ surg within 3-7 DAYS
→ 6 courses of chemo
| 2. 50.4 Gy x 1.8 Gy/fx in 5.5 weeks + inf 5-FU
→ surg within 4-6 weeks
→ 4 courses of chemo.
Inf 5-FU 225 mg / m2. SC border: ↑ Sacral promontory. Mesorectum, pelvic side wall, presacral space, Elective LN (internal iliac perirectal nodes).
Ngan, JCO 2012. Med FU 5.9 years.
3 yr LR
7.5% vs. 4.4% (NS).
5 yr Distant Failure 27% vs. 30% (NS).
5 yr OS
74% vs. 70% (NS).
Late toxicities G3-4 6% vs. 8% (NS).

For distal tumors (< 5 cm) 6 pts vs 1 pt had LF. So in DISTAL tumors, it is UNCLEAR if NS.

 No Short course for low lying tumors.
Polish Study.
RT 5x5 v PRE-OP CRT.
TME NOT MANDATED
←R→ 312 patients to receive either
| 1. Preoperative 25 Gy | 5 fx + surgery within 7 days
| 2. CRT (50.4 Gy in 28 fractions of 1.8 Gy, bolus 5-fluorouracil and leucovorin) and surgery 4-6 weeks later. → Adjuvant Chemo NOT STANDARD.
The median follow-up of living patients was 48 (range 31-69) months.
Bujko, Br J Surg. 2006 Oct;93(10):1215-23
RESULTS:
Early RT tox: 5x5 3.2% vs. CRT 18.2% (P < 0.001).
severe late toxicity was 10.1 versus 7.1 per cent (NS) respectively.
4-year OS 67.2% vs. 66.2% (NS).
4-year DFS 58.4% vs. 55.6% (NS)
Crude incidence of LR 9.0% vs. 14.2% (NS).
***The rate of pathologic complete response was significantly higher WITH LONG COURSE!!!!! (16.1% vs. 0.7%).
CONCLUSION:
Neoadjuvant chemoradiation did not increase survival, local control or late toxicity compared with short-course radiotherapy alone.
There was a higher risk of margin positivity with 5 x 5 than CRT. So maybe with larger cancers you need CRT rather than 5 x 5.
Criticism. Short follow-up unable to assess late toxicity. Short course had more post op chemotherapy. Not powered to detect less than 15%.
Staging was ONLY clinical (no US or MRI). TME NOT MANDATED
Adjuvant Chemo NOT STANDARD.
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Pietrzak, Annals of Oncology 2019.
FU 7 years. Long term follow-up.
OS HR 0.90 (NS). However, the difference in early OS favouring short-course/CCT previously reported was observed again, being 9% at 3 years
(95% CI 0.5% to 17%). This difference disappeared later; at 8 years OS was 49% in both groups.
DFS HR 0.95 (NS) at 8 years 43% versus 41% (NS).
Local failure (35% vs 32%) and distant metastases (36% vs 34%).
Late complications grade 3+ 11% versus 9% (NS).
Conclusion
The superiority of preoperative short-course/CCT over chemoradiation was not demonstrated.

Preop 5x5 vs. POSTop CRT
UK MRC CR07 and NCIC C016 (1998-2005). Preop RT 25/5 | selective postop chemo-RT 45/25.
Background: At the start of the trial, the standard of care in most of the UK was considered to be preoperative RT.
Q: Is post-op CRT non-inferior to preoperative RT?
Note: LR for preop RT = 10% at 2 years.
←R→ 1350. Operable carcinoma of rectum (< 15 cm from anal verge), TME encouraged but not mandated (done in 93%).
| 1. Preop-RT 25/5 ± adj chemo | 2. Surgery + selective postop chemo-RT → if SM + ≤ 1mm (RT 45/25 + concur 5-FU and leucovorin) ± adj chemo|.
Concurrent Chemo: either continuous (infusion 5-FU 200 mg/m² per day + leucovorin) or weekly bolus (5-FU 300 mg/m² + leucovorin 20 mg/m2).
Adj Chemo: Either monthly (5-FU 370–425 mg/m² on days 1–5 + 20 mg/m² leucovorin) or weekly (5-FU 370–425mg/m² + 20 mg/m² leucovorin).
When do you need adjuvant chemo?
Circumferential resection margin + and LN status +, which was to be applied to both treatment groups.
If both postoperative CRT and adjuvant chemo were required, postoperative CRT was to be given first.
RT fields: sacral promontory superiorly, 3–5 cm below the inferior tumor extent, 2–3 cm anterior to the sacral promontory, 1 cm posterior to the anterior
sacrum, and 1 cm lateral to the most lateral aspect of the bony true pelvis.
1O outcome: LR. 2O outcome: OS, DFS, LRFS, time to appearance of DM, post-op morbidity, QoL, LT complications.
Note: In postop arm, SM+ was in 12% as trigger for postop CRT vs 10% in preop group. Adj chemo in 40% of preop arm and 45% of postop arm.
Sebag-Montefiore, Lancet 2009. F/U median 4 years.
Results: Preop RT vs postop CRT: LR ↓ 61% RR of LR, HR 0.39, p < 0.001. Absolute difference of 6.2% at 3 years (4.4% vs 10.6%).
DFS ↑ 24% RR of DFS, HR 0.76, p = 0.013. Absolute difference of 6% at 3 years (77.5% vs 71.5%).
Conclusions: Preop RT effective treatment for operable rectal cancer.
Post-operative radiation therapy cannot compensate for a positive CRM.
Overall negativity rate for circumferential resection margin was 89%.
Dutch trial showed similar results with 77%.

Stephens, JCO 2010. QoL Study.
Conclusion These results from a large randomized trial using validated patient-completed questionnaires show that, for males, the main
adverse effect was sexual dysfunction, and the main cause of this was surgery, but that PRE 5x5 also affected sexual and some aspects of bowel
functioning.
(LEFT) Male Sexual Dyfunction. MSD was negatively affected by surgery (mean score at baseline, 28.4; at 3 months, 59.3; P < .001 for
difference) with no difference between treatment arms. Thus, the impact of surgery (> 30 percentage points) represents a major clinical impact,
whereas PRE (8 to 10 percentage points) had only a small impact.
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(RIGHT B) GI. Proportion of patients reporting unintentional release of stools (“A little,” “Quite a bit,” or “Very much”) by treatment. PRE,
preoperative radiotherapy; SEL POST, selective postoperative chemoradiotherapy. (*) High score indicates worse quality of life.

Time from 5x5 → Surg?
STOCKHOLM III.
←R→ 840 rectal AC, M0. Surgical candidate to
1. 5 × 5 Gy → surgery within 1 week
2. 5 x 5 Gy → surgery after 4–8 weeks
3. Long Course 25 × 2 Gy → after 4–8 weeks.
After a protocol amendment, ←R→ could include all three arms or just the 2 short-course RT arms per hospital preference. 1O time to LR.
Erlandsson, Lancet 2017.
Median time to LR 33.4 mo vs. 19.3 mo. vs. 33.3 mo. HR arm1vs2 1·44 [95% CI 0·41–5·11]; HR 1vs3 2·24 [0·71–7·10]; p=0·48; NS both.
Side effects: Acute radiation-induced toxicity was recorded in one patient (<1%) of 357 after short-course radiotherapy, 23 (7%) of 355 after
short-course radiotherapy with delay, and six (5%) of 128 patients after long-course radiotherapy with delay.
Postoperative complications similar all arms 50% vs. 38% vs. 39%. [OR] 1vs3, 0·59 [95% CI 0·36–0·97], 1vs3 0·63 [0·38–1·04], p=0·075.
Pooled analysis 1 vs 2. risk of postoperative complications SS ↓ with delay, 53% vs. 41% (OR 0·61, SS).
Conclusion: Based on these findings, we suggest that short-course radiotherapy with delay to surgery is a useful alternative to conventional
short-course radiotherapy with immediate surgery.
Criticism: no C in the long course arm. Very few people got adj C, too. Use of neoadjuvant C was NOT reported. Therefore, cannot interpret this
well.
Erlandsson, Radiother Oncol 2020
318, 285, and 94 patients were included in the SRT, SRT-delay and LRT-delay groups. Median follow up was 5.7 years. There were significantly
lower tumour stages after SRT-delay. pCR was seen in 1 (0.3%), 29 (10.4%) and 2 (2.2%) patients in SRT, SRT-delay and LRT-delay, respectively.
The pCR and Dworak grade 4 were associated with superior survival. pCR vs no-pCR Hazard Ratio (95% Confidence Interval) OS: 0.51 (0.26–0.99)
p = 0.046, TTR: 0.27 (0.09–0.86) p = 0.027.
Conclusion
SRT-delay induces pCR in about 10% of the patients and is in this aspect superior to 25 × 2 Gy. A complete tumour response, TRG 4 using the
Dworak system, or a pCR, is associated with superior OS and TTR.
Polish Randomized 5x5
←R→ 154 patients all received 5x5 preop RT | 1. Surgery after 7-10 days | 2. Surgery after 4-5 weeks |.
Pach, Langenbecks Arch Surg 2012.
5-year survival rate 63% vs. 73% (NS).
5-year survival rate 90% (downstaging after RT) vs. 60% (without response), p = 0.004.
Recurrence was diagnosed in 13.2% of patients.
Systemic recurrence 12.3% vs. 2.8% (p = 0.035).
No differences in local recurrence rates were observed in both subgroups of irradiated patients (p = 0.119).
Higher downstaging rate 13% vs. 44.2%, p = 0.0001.
But NS rate of sphincter-saving procedures (p = 0.627) or curative resections (p = 0.132).
Conclusions: 1. Improved 5-year survival rate is observed only in patients with downstaging after preoperative irradiation dose of 25 Gy. 2.
Longer time interval after preoperative radiotherapy 25 Gy does not improve the rate of sphincter-saving procedures and curative resections
(R0) despite higher downstaging rate observed in this regimen.

Page

45

Note: In certain circumstances when for a rectal cancer with questionable T3 or questionable N+ by MRI 5x5 short course radiation → immediate surgery can still lead
to reasonable pathology interpretation as a guide for adjuvant chemotherapy.

Trimodality → Adjuvant Chemo
History: Many centers used to do after extrapolating from colon studies:
Adjuvant 5FU/levamisole ↓ mortality rate among patients with stage III colon cancer by 33%.
This prompted several trials which established 6 months treatment with 5FU and leucovorin as standard adjuvant chemo for stage III colon cancer.
Either 5-FU for 6 months or FOLFOX for 6 months.

Adj FOLFOX
PENDING: RTOG 08-22
CRT → 4-8 weeks surgery → 4-8 weeks FOLFOX.
CRT =
Pelvic IMRT: 45 Gy in 25 fx 3D-CRT + boost: 5.4 Gy in 3 fx to total dose of 50.4 Gy in 28 fx
Concurrent Capecitabine, Oxaliplatin

COLON CANCER “IDEA” Noninferiority Timing Trial
BACKGROUND Since 2004, 6 months of FOLFOX is great in patients with stage III colon cancer. However, since oxaliplatin is associated with cumulative
neurotoxicity, a shorter duration of therapy could spare toxic effects and health expenditures.
Noninferiority TRIAL: Prospective, preplanned, pooled analysis of six randomized, phase 3 trials that were conducted concurrently to evaluate the
noninferiority of adjuvant therapy with either FOLFOX (fluorouracil, leucovorin, and oxaliplatin) or CAPOX (capecitabine and oxaliplatin) administered for 3
months, as compared with 6 months. 1O DFS at 4 years.
Grothey, NEJM 2008.
Overall: The noninferiority of 3 months vs. 6 months was not confirmed in the overall study population (HR, 1.07, CI, 1.00 - 1.15).
CAPOX Subset: Noninferiority was seen (HR, 0.95; 95% CI, 0.85 to 1.06).
FOLFOX Subset: Non inferiority was not (HR, 1.16; 95% CI, 1.06 to 1.26).
Exploratory Subset: T4, N2, or both, DFS 6-month > 3 months (64.4% vs. 62.7%) FOR SUPERIORITY (SS).
CONCLUSIONS Among patients with stage III colon cancer receiving adjuvant therapy with FOLFOX or CAPOX, noninferiority of 3 months of
therapy, as compared with 6 months, was not confirmed in the overall population. However, in patients treated with CAPOX, 3 months of
therapy was as effective as 6 months, particularly in the lower-risk subgroup. (Funded by the National Cancer Institute and others.)
ADORE Korean Trial
←R→ 321 patients AC rectum (≤ less than 12 cm from anal verge or below peritoneal reflection). Preop CRT (with 5-FU monotherapy) → TME.
pStage II/III (ypT3–4N0 or ypTanyN1–2), all RO, with no microscopic residual (IE, all three resection margins—proximal, distal, and radial)
THEN Randomized Adjuvant
1. 4 x cycles FOLF
5-FU
380 mg/m², leucovorin 20 mg/m²
on days 1–5, every 4 weeks
2. 8 x cycles FOLFOX 5-FU bolus 400 mg/m², leucovorin 200 mg/m², oxaliplatin 85 mg/m2 on day 1
+ 5-FU infusion 2400 mg/m² for 46 h, every 2 weeks).
Radiation was 50.4.
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Hong, Lancet 2014.
Results: 95-97% patients completed treatment.
Dose modification:
FOLFOX 60% vs. FOLF 32%, p<0.0001
Cycles with reduced doses:
FOLFOX 35% vs FOLF 18%, p<0.0001
3-year DFS: FOLFOX 71·6%
vs. FOLF 62·9%, p=0·047.
3-year OS: FOLFOX 95%
vs. FOLF 85.7%, p=0·036

“German 2” CAO/ARO/AIO-4. 1O = DFS
←R→ 1236 cT3–4 or +cN
1. STD preop RT 50·4 Gy in 28 fx + IV 5-FU (1000 mg/m² d 1–5, 29–33) → surgery → 4c bolus 5-FU (500 mg/m² d 1–5, 29) for 4 months.
2. EXP preop RT 50·4 Gy in 28 fx + IV FOX
→ surgery → 8c bolus FOLFOX for total 4 months.
Concurrent FOX
5-FU
(250 mg/m² on days 1–14, 22–35), oxaliplatin (50 mg/m² on days 1, 8, 22, and 29),
Adjuvant FOLFOX
leucovorin 2h (400 mg/m² d 1, 15), IV 5-FU 46h (2400 mg/m², d 1–2 and 15–16), oxaliplatin 2h (100 mg/m² d 1, 15),
Rodel, JCO 2015. FAVOR EXP GROUP
3-year DFS EXP 75·9% vs. STD 71.2%, p=0.03.
3-year OS EXP 88.7% vs. STD 88.0%, NS
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CONCLUSION: EXP significantly improved disease-free survival of patients with clinically staged cT3–4 or cN1–2 rectal cancer compared with our former
fluorouracil-based combined modality regimen (based on CAO/ARO/AIO-94). The regimen established by CAO/ARO/AIO-04 can be deemed a new
treatment option for patients with locally advanced rectal cancer.

METAANALYSIS:
4 eligible trials, 1196 patients with (y)pTNM stage II or III disease, who had an R0 resection, LAR or APR, and had a tumor within 15 cm of the anal verge.
Breugom, Lancet Oncol. 2015.
No significant differences in OS between patients of 1. adjuvant chemotherapy vs 2. observation (hazard ratio [HR] 0·97, 95% CI 0·81–1·17;
p=0·775); there were no significant differences in overall survival in subgroup analyses. No DFS (HR 0·91, 95% CI 0·77–1·07; p=0·230) or distant
recurrences (0·94, 0·78–1·14; p=0·523) compared with observation. However, in subgroup analyses, patients with a tumour 10–15 cm from the
anal verge had improved disease-free survival (0·59, 0·40–0·85; p=0·005, p=0·107) and fewer distant recurrences (0·61, 0·40–0·94; p=0·025,
p=0·126) when treated with adjuvant chemotherapy compared with patients undergoing observation.
CONCLUSION: Adjuvant fluorouracil-based chemotherapy NO BENEFIT in OS, DFS, or distant recurrence. However, adjuvant chemotherapy
might benefit patients with a tumor 10–15 cm from the anal verge in terms of DFS and distant recurrence. Further studies of preoperative and
postoperative treatment for this subgroup of patients are warranted.

Sainato, Radiother Oncol, 2014.
←R→ locally advanced rectal cancer. 655 patients treated preoperative CRT → surg → RANDOMIZED. 1. Post-operative 6 c x leucovorin and 5FU 2. Obs.
Results: No difference in recurrence rate or OS 5 year (69 vs 70% with and without). Even when restricted to patients who had node-positive disease
(ypN+), OS no difference (52% vs 51%).

Dutch Colorectal PROCTOR/SCRIPT.
221npTNM stage II–III rectal cancer patients treated with neoadjuvant radiotherapy and TME surgery, ←R→ 1. adjuvant chemotherapy or 2. observation.
Radiotherapy consisted of 5 × 5 Gy. Chemoradiotherapy consisted of 25 × 1.8-2 Gy combined with 5-FU-based chemotherapy. Adjuvant chemotherapy
consisted of 5-FU/LV (PROCTOR) or eight courses capecitabine (SCRIPT).
Of 470 enrolled patients, 437 were eligible. The trial closed prematurely because of slow patient accrual.
Breugom, Ann Oncol 2015.
Patients were randomly assigned to observation (n = 221) or adjuvant chemotherapy (n = 216). After a median follow-up of 5.0 years, 5-year
overall survival was 79.2% in the observation group and 80.4% in the chemotherapy group [hazard ratio (HR) 0.93, 95% confidence interval (CI)
0.62-1.39; P = 0.73]. The HR for disease-free survival was 0.80 (95% CI 0.60-1.07; P = 0.13). Five-year cumulative incidence for locoregional
recurrences was 7.8% in both groups. Five-year cumulative incidence for distant recurrences was 38.5% and 34.7%, respectively (P = 0.39).
Swets, Eur J Cancer 2018.
Lymphatic invasion, PNI, extramural venous invasion, intramural venous invasion and tumour budding were determined in standard tissue
slides.
Results: The presence of PNI (HR 3.36; 95% CI 1.82–6.21), extramural vascular invasion (HR 1.93; 95% CI 1.17–3.19) and tumour budding (HR
1.83, 95% CI 1.11–3.03) was associated with a significant worse overall survival. The presence of ≥2 adverse biomarkers resulted in a stronger
prediction of adverse outcome in terms of overall survival (HR 2.82; 95% CI 1.66–4.79), disease-free survival (HR 2.27; 95% CI 1.47–3.48), and
distant recurrence (HR 2.51; 95% CI 1.56–4.02). None of these markers alone or combined predicted a beneficial effect of adjuvant
chemotherapy.
Discussion
We confirmed that several stage-independent biomarkers were significantly associated with a decreased outcome in rectal cancer patients.
More importantly, these markers did not have predictive value and are thus not useful to select for adjuvant therapy in rectal cancer.
UK Chronicle Trial
Background: In stage III colon cancer, oxaliplatin/5-fluorouracil (5-FU)-based adjuvant chemotherapy (FOLFOX) improves disease-free survival (DFS) and
overall survival (OS). In rectal adenocarcinoma following neoadjuvant chemoradiation (CRT), we examined the benefit of postoperative adjuvant
capecitabine and oxaliplatin (XELOX) chemotherapy.
←R→ 113. CLOSED PREMATURELY. Fluoropyrimidine-based CRT and curative resection → 1. observation or 2. six cycles of XELOX. The primary end point
was DFS; secondary end points were acute toxicity and OS. 390 patients were required in each arm, to detect an improvement in 3-year DFS from 40% to
50.5%, with 85% power and two-sided 5% significance level.
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Glynne-Jones, Ann Oncol 2014.
Compliance was poor, 93% allocated chemotherapy started and 48% completed six cycles. Protocolised dose reductions in XELOX were 39%,
and levels of G3/G4 toxicity 40%. After a median follow-up of 44.8 months, 16 patients (27%) in the observation arm had relapsed or died
compared with 12 patients (22%) in XELOX.
3yr DFS for XELOX and observation were 78% and 71%, respectively (HR for DFS = 0.80; 95% CI 0.38-1.69; P = 0.56).
3ur OS for XELOX and observation were 89% and 88%, respectively (HR for OS = 1.18; 95% CI 0.43-3.26; P = 0.75).

How to ↑ pCR?
∆ RT (Boost?)
Phase II RECTAL-BOOST Trial
CRT → “immediate intervention” → planned surgery 12 weeks after.
←R→ 128 patients locally advanced (50% were ≤ 3cm anal verge, 95% cT3-4, 70% ≤ 1mm distance to mesorectal fascia, ~90% N+, ~5% oligomets).
Patients in the intervention group were “offered intervention” aka they can choose to accept or not.
Patients in the control group were not offered the choice for the intervention.
Control = 50 Gy in 25 fractions (2 Gy / fx) + concurrent Cape.
Intervention = RT boost 15 Gy in 3 fractions (5 Gy / fx) without C.
1O pCR.
Couwenberg, IJROBP 2020.
51 of the 64 (79.7%) patients in the intervention
group accepted and received a boost.
pCR = 23 of 64 (35.9%) intervention vs. 24 of 64
(37.5%) control.
Near-complete or complete tumor regression 34 of
49 (69.4%) intervention vs. 24 of 53; (45.3%).
Grade ≥3 acute toxicity was comparable: 6 of 64
(9.4%) in the intervention group versus 5 of 64 (7.8%)
in the control group (OR = 1.22; 95% CI, 0.35-4.22).
Conclusions
Dose escalation with an external radiation therapy
boost to the tumor before neoadjuvant
chemoradiation did not increase the pathologic or
sustained clinical complete tumor response rate in
LARC.
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NOTE: Similar findings were seen in INTERACT Trial
cT2 (distal) – cT3.
Valentini, Radiother Oncol 2019.

Surgical Timing?
Large Pooled Analysis pCR from ←R→ Trial
3085 patients all age ≥ 18, cT3–T4 and cN0–2, no clinical evidence of distant metastasis at diagnosis, NAdj-CRT → Surgery.
1O best surgical interval (SI) to achieve ↑ pCR.
2O effect on survival outcomes according to the surgical intervention.
Gambacorta, Radiother Oncol 2020.
Overall, pCR 14% if SI at 6 weeks.
Cumulative pCR ↑ when SI lengthened, with 95% of pCR events within 10 weeks from Nad-CRT.
At UVA and MVA, lengthening of SI (p< 0.01), radiotherapy dose (p< 0.01), and the addition of oxaliplatin to Nad-CRT (p< 0.01) had a favorable
impact on pCR. Furthermore, lengthening of SI was not impactful on local recurrences, distance metastases, and overall survival.
Conclusion This pooled analysis suggests that the best time to achieve pCR in LARC is at 10 weeks, considering that the lengthening of SI is not
detrimental concerning survival outcomes.
GRECCAR-6.
←R→ 265 patients. cT3/T4 or Tx N+ tumors of the mid or lower rectum. Neoadjuvant RCT (45 to 50 Gy with fluorouracil or capecitabine) were included.
1. wait 7-week until surgery
2. Wait 11-week (11w).
Primary end point was the pCR rate defined as a ypT0N0 specimen (NCT01648894).
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Lefevre, JCO 2016
Most of the tumors were cT3 (82%). After RCT, surgery was not performed in nine patients (3.4%) because of the occurrence of distant
metastasis (n = 5) or other reasons. Two patients underwent local resection of the tumor scar. A total of 47 (18.6%) specimens were classified
as ypT0 (four had invaded lymph nodes [8.5%]).
1O endpoint no different.
7 weeks: 20 of 133, 15.0%
vs
11w: 23 of 132, 17.4%.
Morbidity SS ↑ in the 11w group (44.5% v 32%; P = .0404) as a result of increased medical complications (32.8% v 19.2%; P = .0137).
The 11w group had a ↓ SS quality of mesorectal resection (complete mesorectum [I] 78.7% v 90%; P = .0156).
Conclusion: Waiting 11 weeks after RCT did not increase the rate of pCR after surgical resection. A longer waiting period may be associated
with higher morbidity and more difficult surgical resection.

Induction Chemo?
Phase 2 Non-Randomized.
292 patients registered, 259 analyzable. Stage II–III locally advanced rectal cancer at 17 institutions in the USA and Canada.
All patients received CRT (fluorouracil 225 mg/m 2 per day by continuous infusion throughout radiotherapy, and 45·0 Gy in 25 fractions, 5 days per week
for 5 weeks, followed by a minimum boost of 5·4 Gy).
Group 1.
Patients in group 1 had total mesorectal excision 6–8 weeks after chemoradiation.
Groups 2-4.
Patients in groups 2–4 received two, four, or six cycles of mFOLFOX6, respectively, between CRT and total mesorectal excision.
Each cycle of mFOLFOX6 consisted of racemic leucovorin 200 mg/m 2 or 400 mg/m 2, according to the discretion of the treating investigator, oxaliplatin 85
mg/m 2 in a 2-h infusion, bolus fluorouracil 400 mg/m 2 on day 1, and a 46-h infusion of fluorouracil 2400 mg/m 2.
The primary endpoint was the proportion of patients who achieved a pathological complete response, analysed by intention to treat.
Garcia-Aguilar, Lancet 2015.
pCR Group 1: 18% Group 2: 25% Group 3: 30%
p=0·0036.
Hematologic G3-4 Group 3 8% Group 4 28% (SS).

Group 4: 38%

Interpretation
Delivery of mFOLFOX6 after chemoradiation and before total mesorectal
excision has the potential to increase the proportion of patients eligible for
less invasive treatment strategies; this strategy is being tested in phase 3
clinical trials.
THIS TRIAL IS THE BASIS FOR GI-002 and PROSPECT Trials.

Ongoing Trials:
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PROSPECT https://clinicaltrials.gov/ct2/show/NCT01515787

Immuno and ∆ Systemics
Phase II Dostarlimab (PD-1 inhibitor for dMMR- mismatch repair deficient patients)
12 patients with stage II or III rectal adenocarcinoma + dMMR (rare in general population 5-10%).
All → 6 months of dostarlimab → CRT → Surgery.
Cercek, NEJM 2022
100% with 6 months of follow-up have cCR (no evidence on MRI, PET, endoscopy, DRE, or biopsy).
No patients received surgery yet.
CONCLUSIONS Mismatch repair–deficient, locally advanced rectal cancer was highly sensitive to single-agent PD-1 blockade. Longer follow-up is
needed to assess the duration of response.

Keynote- 177
MSI-High Pembrolizumab
←R→ 307 metastatic MSI-H–dMMR colorectal cancer treatment naïve | 1. pembrolizumab | 2. Chemotherapy ± bevacizumab |.
Pembro = 200 mg every 3 weeks
Chemo = 5-fluorouracil–based therapy with or without bevacizumab or cetuximab every 2 weeks.
Patients receiving chemotherapy could cross over to pembrolizumab therapy after disease progression.
1O PFS and OS co-endpoints.

Andre, NEJM 2020 32.4 month follow-up.
Mean PFS 16.5 months vs. 8.2 months (HR 0.6, SS).
Estimated restricted mean survival after 24 months of follow-up was 13.7
months vs. 10.8 months.
Data on overall survival were still evolving (66% of required events had
occurred) and remain blinded until the final analysis.
Response (complete or partial) 43.8% vs. 33.1%.
Among patients with overall response, DURABLE response of 24 months =
83% vs. 35%.
Crossover from CT to pembro after PD in 56/154 patients (36%).
In ITT population, effective crossover rate was 59%.
35 additional patients received anti–PD-L1 tx outside of trial.
Treatment-related adverse events of grade 3 or higher occurred in 22% of
the patients in the pembrolizumab group, as compared with 66% (including
one patient who died) in the chemotherapy group.
∆ in EORTC QLQ-C30 Scores From Baseline to Wk 18 (BELOW) ↓
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CONCLUSIONS
Pembrolizumab led to significantly longer progression-free survival than
chemotherapy when received as first-line therapy for MSI-H–dMMR
metastatic colorectal cancer, with fewer treatment-related adverse events

Galunisertib TGT-β Phase II
Background: TGF-β is an immunosuppressive cytokine that is upregulated in colorectal cancer.
TGF-β blockade ↑ response to CRT in preclinical models of colorectal adenocarcinoma.
Hypothesis: Adding the TGF-β type I receptor kinase inhibitor galunisertib to neoadjuvant CRT could ↑ pCR in LA Rectal Cancer.
Single Arm n=38 Phase II Locally advanced, rectal adenocarcinoma, stage IIA–IIIC or IV.
Treatment:
Two 14-day courses of PO galunisertib 150 mg BID, before and during 5-FU based CRT
C = IV fluorouracil 225 mg/m2 over 24 h daily 7 days per week or PO Cape 825 mg/m2 twice per day 5 days per week.
RT = 50·4–54·0 Gy in 28–30 fractions. Concurrent with above chemo.
5–9 weeks later, patients underwent response assessment.
If CR → opt for non-operative management aka chemo.
Chemo → modified FOLFOX6 (IV leucovorin 400 mg/m2 on day 1, IV fluorouracil 400 mg/m2 on day 1 then 2400 mg/m2
over 46 h, and IV oxaliplatin 85 mg/m2 on day 1 delivered every 2 weeks for eight cycles) or CAPEOX (IV oxaliplatin 130
mg/m2 on day 1 and PO Cape 1000 mg/m2 twice daily for 14 days every 3 weeks for four cycles).
If < CR → surgical resection.
1O CR rate = composite pCR (at surgery) and cCR maintained at 1 year after last therapy in patients with non-operative management.
Yamakazi, Lancet 2022.
Of the 35 patients who completed CRT → 25 (71%) proceeded to TME.
Of the 25, five (20%) had pCR.
Ten (29%) patients had non-operative management, three (30%) of whom ultimately chose to have TME → 2/3 (66%) = pCR.
Of the remaining 7 in the non-operative management group, five (71%) had cCR at 1 year after their last modified FOLFOX6 infusion.
In total, 12 (32%) of 38 patients had a complete response.
Common grade 3 adverse events during treatment included diarrhoea in six (16%) of 38 patients, and haematological toxicity in seven (18%)
patients. Two (5%) patients had grade 4 adverse events, one related to chemoradiotherapy-induced diarrhoea and dehydration, and the other
an intraoperative ischaemic event. No treatment-related deaths occurred.
Interpretation The addition of galunisertib to neoadjuvant chemoradiotherapy in patients with locally advanced rectal cancer improved the
complete response rate to 32%, was well tolerated, and warrants further assessment in randomised trials.
Chinese Irinotecan UGT1A1 Genotype
CRT → S → XELOX
Background: Uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1) genotype is associated with better irinotecan tolerance. Could pCR be ↑?
←R→ 360 patients cT3-4 and/or N+ rectal adenocarcinoma, UGT1A1 genotype *1*1 or *1*28
| 1. pelvic RT of 50 Gy/25 + concurrent Cape → CapeOx | 2. RT + Cape + weekly irinotecan → irinotecan + Cape |
Irinotecan 80 mg/m2 for patients with UGT1A1*1*1 (75%) or 65 mg/m2 for patients with UGT1A1*1*28 (25%).
TME Surgery was performed in 88% all patients, 8 weeks after end of CRT.
All patients after surgery regardless of path results received 5x XELOX.
The primary end point was pCR.
Zhu, JCO 2022
pCR rates 15% (n = 27 of 178) vs. 30% (n = 53 of 178), RR 1.96; SS.
CCR n=4 vs n=6
Grade 3-4 toxicities 11 (6%) vs. 68 (38%), SS. Mostly Heme Toxicities.
The commonest grade 3-4 toxicities were leukopenia, neutropenia, and diarrhea.
Overall surgical complication rate was not significantly different between the two groups “(11% v 15%; P < .001).” [SIC}.
CONCLUSION Adding irinotecan guided by UGT1A1 genotype to capecitabine-based neoadjuvant chemoradiotherapy significantly increased
complete tumor response in Chinese patients.

RTOG 02-47
Irinotecan and pCR CRT → S → C
←R→ 146 T3 or T4 rectal cancer < 12 cm from the anal verge Preop RT (50.4 Gy in 1.8 Gy) + concurrent | 1. Cape and irinotecan | 2. CapeOx |.
Surgery was performed 4–8 weeks after chemoRT, and adjuvant chemotherapy 4–6 weeks after surgery.
Arm 1 Chemo = Capecitabine (1200 mg/m2/d M-F) and Irinotecan (50 mg/m2 weekly × 4 doses)
Arm 2 Chemo = Capecitabine (1650 mg/m2/d M-F) and oxaliplatin (50 mg/m2 weekly × 5 doses)
The primary endpoint was pCR rate, requiring 48 evaluable patients per arm.
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Wong, IJROBP 2011
Protocol chemotherapy was modified due to excessive GI toxicity after treatment of 35 patients.
96 were assessed for the primary endpoint—final regimen described above.
Tumor downstaging was 52% vs. 60%
Nodal downstaging (excluding N0 patients) was 46% vs. 40%.
pCR rate 10% vs. 21%.
Preop chemoRT grade 3/4 hematologic toxicity was 9% vs. 4%,
Grade 3/4 non-hematologic toxicity was 26% vs. 27%.
Conclusions Preoperative chemoRT with capecitabine plus oxaliplatin for distal rectal cancer has significant clinical activity (10/48 pCRs) and
acceptable toxicity. This regimen is “currently” being evaluated in a phase III randomized trial (NSABP R04).
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Metastatic
Systemic Options
First-line Trifluridine/Tipiracil + Bevacizumab vs Capecitabine + Bevacizumab in Unresectable mCRC
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Van Cutsem. Ann Oncol. 2020;31:1160. Van Cutsem. ASCO GI 2021. Abstr 14
Treatment effect on OS was significantly in favor of the TT-B group for women, patients with BRAF ∆, and patients w/o surgical resection.
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Oligomets / Liver
Korean Retrospective 2011 – 2020.
RR 4157 patients mCRC with metastasis-directed radiotherapy (MRT) for oligoprogressive or oligopersistent disease in patients receiving systemic Tx.
Only 91 (2%) received MRT to limited lesion sites (55 oligoprogressive and 36 oligopersistent) during systemic Tx following a period of Tx response.
1O time to change to systemic therapy.
Lee, Clinical Colorectal Cancer 2021
Median time to change to next-line systemic therapy was doubled! Overall cohort 5 months vs. MRT group 9.5 months.
Overall cohort measured from the current chemotherapy session.
MRT group measured from the MRT session.
No severe toxicity or systemic treatment interruption was observed following MRT.
1-year LC 69%.
1-year OS 99%.
Conclusion In patients with oligoprogressive or oligopersistent mCRC, MRT may be performed safely in conjunction with systemic treatment to
maximize the benefit of systemic therapy and to prolong the time to change to systemic therapy. Further prospective studies should confirm
these findings.
“Second line Chemo+SIRT” EPOCH TRIAL
←R→ 428 patients with colorectal liver metastases (CLM) who progressed on oxaliplatin- or irinotecan-based first-line therapy.
| 1. second-line chemotherapy | 2. Second-line chemo + TARE |.
TARE = radioembolization using Yttrium-90 (TheraSphere).
TARE delivered prior to 2nd line chemo, although 1 cycle was allowed during treatment planning.
Bilobar disease (82%, majority) and ¾ (76%) received TX to both lobes on the same day.
Also ¾ (74%) of patients with unilobar disease received unilobar treatment
Exclusion: confirmed extrahepatic disease. However, 49% had “indeterminate” extrahepatic lesions.
1O co-endpoints PFS and hepatic PFS (hPFS).
Mulcahy, JCO 2021.
Median PFS 7.2 months vs. 8.0 months (HR 0.69, SS).
Median hPFS 7.2 months vs. 9.1 months (HR 0.59, SS).
Objective response 21.1% vs. 34.0% (SS).
Median OS 14 months (NS).
Grade 3 adverse events were reported more frequently with TARE (68.4% v 49.3%).
Both groups received full chemotherapy dose intensity.
Grade 3 toxicity was higher with chemo alone (49%) vs. TARE (68%).
CONCLUSION
The addition of TARE to systemic therapy for second-line CLM led to longer PFS and
hPFS. Further subset analyses are needed to better define the ideal patient population
that would benefit from TARE.

“First line Chemo+SIRT” Combined Randomized Phase III TARE TRIAL
3 ←R→ Trials (FOXFIRE, SIRFLOX, and FOXFIRE-Global) with Chemo-naive mCRC + liver mets not suitable for curative resection or ablation.
| 1. FOLFOX-based| 2. FOLFOX-based + single treatment SIRT concurrent with cycle 1 or 2 of chemotherapy |.
SIRT
Selective internal radiotherapy Y90.
“FOLFOX-based”
FOXFIRE
OxMdG (oxaliplatin modified de Gramont chemotherapy; 85 mg/m2 oxaliplatin infusion over 2 h, L-leucovorin
175 mg or D,L-leucovorin 350 mg infusion over 2 h, and 400 mg/m2 bolus fluorouracil followed by a 2400
mg/m2 continuous fluorouracil infusion over 46 h).
SIRFLOX/FOXFIRE-G mFOLFOX6 (85 mg/m2 oxaliplatin infusion over 2 h, 200 mg leucovorin, and 400 mg/m2 bolus fluorouracil
followed by a 2400 mg/m2 continuous fluorouracil infusion over 46 h).
1O OS.
All three trials have completed 2 years of follow-up.
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Wasan, Lancet 2017.
Median survival time 23 months both arms.
Interpretation Addition of SIRT (Y90) to first-line FOLFOX chemotherapy for patients with liver-only and liver-dominant metastatic colorectal
cancer did not improve overall survival compared with that for FOLFOX alone. Therefore, early use of SIRT in combination with chemotherapy in
unselected patients with metastatic colorectal cancer cannot be recommended. To further define the role of SIRT in metastatic colorectal
cancer, careful patient selection and studies investigating the role of SIRT as consolidation therapy after chemotherapy are needed.

BECOME Bevacizumab Trial
RAS ∆ unresectable liver mets
←R→ 241 RAS ∆ unresectable liver-limited metastases from CRC
| 1. mFOLFOX6 + bevacizumab | 2. mFOLFOX6 alone |.
1O actual rate of patients converted to R0 resection for liver
metastases.
Tang, JCO 2020.
Follow-up 37 months.
R0 resection rates for liver metastases were 22.3% vs. 5.8% (SS).
OR rates 54.5% vs. 36.7% (SS).
Median PFS 9.5 vs 5.6 months (SS).
Median OS 25.7 v 20.5 months (P = .03)
Bevacizumab was associated with ↑ frequent proteinuria (9.9% v
3.3%; P = .04) and hypertension (8.3% v 2.5%; P < .05).
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CONCLUSION For patients with initially unresectable RAS mutant
colorectal liver metastases, bevacizumab combined with
mFOLFOX6 increased the resectability of liver metastases and
improved response rates and survival compared with mFOLFOX6
alone.

Other Questions
High Rectosigmoid Tumors
Some Helpful Notes:

o
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o
o
o
o

High rectosigmoid tumors (generally 12-15+ cm) require a rigid proctoscopy as flexible ones can overestimate the distance from anal verge.
A general reflection on whether to offer neoadjuvant CRT is if the tumor originates in (or part of the tumor extends into) the true pelvis as
defined by the peritoneal reflection on MRI.
RT should be highly considered bulky tumors T3-4 and LN+ tumors.
RT can be discussed and avoided in younger women of childbearing age.
It is always preferable to give pre-op rather than post-op RT.
Regarding RT volumes, recall that the LN drainage from the upper rectum is through the mesenteric drainage.
▪
The iliac nodal drainage only happens if there is gross bladder invasion, etc.
Local failures are generally lower with higher rectosigmoid tumors.
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Recurrent Cancer
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Currently Updating…

ETC
Coffee Cohort Trial
1171 patients prospective previously untreated locally advanced or metastatic colorectal
cancer who were enrolled in Cancer and Leukemia Group B (Alliance)/SWOG 80405, a
completed phase 3 clinical trial comparing the addition of cetuximab and/or bevacizumab to
standard chemotherapy.
Patients reported dietary intake using a semiquantitative food frequency questionnaire at the
time of enrollment.
Data were collected from October 27, 2005, to January 18, 2018, and analyzed from May 1 to
August 31, 2018.
Exposures Consumption of total, decaffeinated, and caffeinated coffee in cups per day.
1O OS and PFS.
Mackintosh, JAMA Oncology 2020.
Median FU 5.4 years.
A total of 1092 patients (93%) had died or had disease progression.
↑ consumption of coffee
↓ risk of cancer progression (HR for 1-cup/d
increment, 0.95; 95% CI, 0.91-1.00; P = .04 for trend).
↓ risk of death (HR for 1-cup/d increment, 0.93; 95% CI, 0.89-0.98; P = .004 for trend).
OS of 0.82 (95% CI, 0.67-1.00)
PFS of 0.82 (95% CI, 0.68-0.99).
MVA (≥ 4 cups of coffee / day vs. NO COFFEE) HR
OS 0.64 (95% CI, 0.46-0.87)
PFS of 0.78 (95% CI, 0.59-1.05).
Significant associations were noted for both caffeinated and decaffeinated coffee.
Conclusions and Relevance Coffee consumption may be associated with reduced risk of
disease progression and death in patients with advanced or metastatic colorectal
cancer. Further research is warranted to elucidate underlying biological mechanisms.
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MVA (2-3 cups coffee / day vs. NO COFFEE) HR

Differences Men and Women during TX → CAO/ARO/AIO-94 and CAO/ARO/AIO-04 Phase 3
Intro: The risk of toxic effects from chemotherapy is greater in women than in men, as shown in lung and colon cancer, sarcoma, Hodgkin lymphoma, and
glioblastoma, which can be explained by different pharmacokinetics and pharmacodynamics.
Few studies have demonstrated better clinical outcome in women with melanoma, lymphoma, glioblastoma, sarcoma, lung cancer, gastric cancer, and
anal cancer compared with men, but large confirmatory analyses are lacking. Intriguingly, despite the large number of phase 3 multimodal randomized
clinical trials published to date for rectal cancer, the association of sex with treatment-related factors and clinical outcome remains largely unexplored for
this disease site.
Methods Cohort of 1016 patients with cT3, cT4, or LN+ rectal cancer treated by CRT (5-FU based) → surgery → 4 cycles of adjuvant fluorouracil.
See experimental arm of the CAO/ARO/AIO-94 and the control arm CAO/ARO/AIO-04.
Mean age 62 yo.
291 (28.6%) were female.
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Diefenhardt, JAMA Oncol 2019
Results Pretreatment clinical and postchemoradiotherapy pathologic factors did not differ significantly between men and women
Women underwent sphincter-sparing surgery more often than men and experienced fewer postoperative complications (Table 1).
We observed higher rates of chemoradiotherapy-induced diarrhea and leukopenia in women.
However, treatment adherence during neoadjuvant chemoradiotherapy and adjuvant chemotherapy was similar for the 2 groups (Table 2).
After a median (interquartile range) follow-up of 59 (39-111) months, sex was not associated with DFS, overall survival, local recurrence, or
distant metastasis (Table 2).

