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A B S T R A C T

Dramatic improvements in the outcomes of patients with rectal cancer have occurred over the
past 30 years. Advances in surgical pathology, refinements in surgical techniques and instrumen-
tation, new imaging modalities, and the widespread use of neoadjuvant therapy have all
contributed to these improvements. Several questions emerge as we learn of the benefits or lack
thereof for components of the current multimodality treatment in subgroups of patients with
nonmetastatic locally advanced rectal cancer (LARC). What is the optimal surgical technique for
distal rectal cancers? Do all patients need postoperative chemotherapy? Do all patients need
radiation? Do all patients need surgery, or is a nonoperative, organ-preserving approach warranted
in selected patients? Answering these questions will lead to more precise treatment regimens,
based on patient and tumor characteristics, that will improve outcomes while preserving quality of
life. However, the idea of shifting the treatment paradigm (chemoradiotherapy, total mesorectal
excision, and adjuvant therapy) currently applied to all patients with LARC to a more individually
tailored approach is controversial. The paradigm shift toward organ preservation in highly selected
patients whose tumors demonstrate clinical complete response to neoadjuvant treatment is also
controversial. Herein, we highlight many of the advances and resultant controversies that are likely
to dominate the research agenda for LARC in the modern era.

J Clin Oncol 33:1797-1808. © 2015 by American Society of Clinical Oncology

INTRODUCTION

In the past two decades, we have witnessed dramatic
improvements in the outcomes of patients with rec-
tal cancer. The rate of local recurrence (LR) has
decreased, the probability of survival has increased,
and quality of life has improved. Advances in surgi-
cal pathology, which have added to our understand-
ing of the causes of locoregional recurrences,
refinements in surgical techniques, new imaging
modalities that help us select treatment and plan
surgery, and the widespread use of neoadjuvant
therapy have all contributed to these improve-
ments.1 However, some of these advances have gen-
erated new controversies that are likely to dominate
the research agenda in locally advanced rectal cancer
(LARC) for years. In this article, we review some of
the recent advances and controversies in the treat-
ment of patients with nonmetastatic LARC.

EXTRALEVATOR
ABDOMINOPERINEAL EXCISION

The introduction of the principles of total mesorec-
tal excision (TME) using sharp dissection along the
mesorectal fascia (MRF) has yielded high dividends

in terms of decreased LR rates.2-6 TME is now con-
sidered the standard surgical technique in the treat-
ment of most patients with rectal cancer. However,
even when TME principles are applied, the LR rates
are higher for tumors treated with an abdominoper-
ineal excision (APE) compared with a sphincter-
saving procedure (SSP).7 This disparity in outcome
was attributed to differences in tumor biology and
patterns of spread, but evidence from pathology au-
dits of the surgical specimens suggests that inade-
quate surgery may also play a role.8,9

A LARC located in the vicinity of the anorectal
ring likely involves the levator muscle or external
anal sphincter. Extending the dissection along the
MRF to the level of the anorectal ring separates the
rectal wall from the levators and risks exposing
the tumor. The surgical specimens resulting from
this type of dissection typically have a “waist” where
the tumor is closer to the circumferential resection
margin (CRM; Figs 1A and 1B).9

Pathologic and morphometric studies of APE
specimens have found a smaller volume of tissue
around the muscularis propria of the rectum and a
higher rate of positive CRMs compared with speci-
mens from SSPs.10 Patients treated with APE had
higher LR rates (22.3% v 13.5%; P � .002) and lower
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5-year cancer-specific survival (52.3% v 65.8%; P � .003) compared
with patients treated with SSPs.10 The Dutch trial (Radiotherapy [RT]
Plus Total Mesorectal Excision [TME] trial) pathology audit found
higher positive CRMs (26.5% v 12.6%; P � .001) and more perfora-
tions (13.7% v 2.5%; P � .001) in specimens from patients with low
rectal cancer (eg,�5 cm from the anal verge).8 Patients undergoing an
APE had a higher risk of a positive CRM, independent of tumor height
(30.4% v 10.7%; P � .002), as well as higher LR rates and lower rates
of survival compared with patients who had SSPs.8 These studies
indicate that differences in outcome between patients treated with
APEs and SSPs could be attributed, at least in part, to inadequate
surgical technique.

In recent years, there has been new emphasis on performing a
more radical APE, in which the dissection along the MRF ends at the
upper level of the levators, and the levator muscles are left in their
natural position, attached to the distal rectum (Figs 1C and 1D). This
procedure has been called cylindrical or extralevator APE (ELAPE),
distinguishing it from the standard APE (SAPE) in which the levators
are not removed with the specimen.9,11 The ELAPE procedure is not
without controversy. The potential oncologic benefit of removing
more tissue needs to be weighed against the increased morbidity
potentially associated with a larger perineal defect, particularly in
patients treated with neoadjuvant therapy.12 The results of a single-
institution randomized trial13 and a recent meta-analysis of several
case series indicate that ELAPE is associated with lower rates of intra-
operative perforation, lower rates of positive CRM and LR, and similar
complication rates compared with SAPE.14 ELAPE techniques were
adopted earlier in Scandinavian and European countries, but their
population-based tumor registry analyses have not demonstrated the

benefit of ELAPE compared with SAPE.15,16 A prospective compari-
son of these techniques is unlikely, and therefore the controversy will
persist. However, introduction of ELAPE principles has raised aware-
ness about the importance of adequate preoperative imaging for sur-
gical planning and precise surgical technique in patients with LARC
who require APEs.

MINIMALLY INVASIVE TME

Laparoscopy has become the preferred approach to resection of colon
cancer.17-20 Adoption of the laparoscopic approach to TME for rectal
cancer has been slower because of the difficulty of working in the deep
and narrow pelvic space using long, rigid, nonarticulated instruments.
Three multi-institutional prospective randomized trials have com-
pared open and laparoscopic TME for rectal cancer (Tables 1 and
2).21-23 A fourth prospective study, the American College of Surgeons
Oncology Group ACOSOG-Z6051 (Laparoscopic-Assisted Resection
or Open Resection in Treating Patients With Rectal Cancer),24 con-
ducted in the United States has completed accrual but the results are
pending. The combined experience of these trials indicates that lapa-
roscopic TME results in longer operative time, less blood loss, faster
bowel recovery, and shorter hospital stay compared with open TME.
Operative mortality and intraoperative and postoperative complica-
tions were not different between groups. The proportion of patients
having an SSP, a complete mesorectal excision, or a positive CRM was
not different between groups, nor was the number of lymph nodes
retrieved. However, conversion and positive CRM rates in the laparo-
scopic arms varied widely. These differences could be explained by
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No “waist”

Intact mesorectum
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Fig 1. The anatomic considerations for

extralevator abdominoperineal excision
(ELAPE) are shown. (A-B) Blue arrows
demonstrate a “waist” in the ELAPE spec-
imen versus (C-D) a specimen with no
“waist” (orange arrows). (D) A locally ad-
vanced rectal cancer specimen (patient
underwent chemoradiotherapy) with an
intact mesorectum (white arrow) and an
acceptable ELAPE with no waist (orange
arrow). (B) Adapted with permission.9

Smith and Aguilar

1798 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



trial design, inclusion criteria, randomization, and use of neoadjuvant
therapy.19,21-23 The UK MRC-CLASICC trial (Conventional Surgery
Compared With Laparoscopic-Assisted Surgery in Treating Patients
With Colorectal Cancer)19 was conducted in the early years of the
laparoscopic era, when many participating surgeons were still at the
beginning of the learning curve, whereas the COREAN (Randomized
Prospective Trial for Laparoscopic vs Open Resection for Rectal Can-
cer) trial22 was conducted recently by a limited number of surgeons
with extensive laparoscopic experience. These data also suggest that
with experience, some of the technical limitations of the laparoscopic
approach can be overcome.

At 3 years, LR, distant metastasis (DM), and survival in the
CLASICC and COREAN trials were not different between groups.19,22

However, these results should be interpreted with caution, because the
CLASICC trial was not specifically powered to detect differences be-
tween treatment groups in patients with rectal cancer, and the
COREAN trial allowed a 15% difference as the noninferiority margin.
Therefore, although these studies justify the use of laparoscopy in
rectal cancer, it seems prudent to await final results of the larger
COLOR II (COLOR II: Laparoscopic Versus Open Rectal Cancer
Removal) and ACOSOG-Z6051 trials before endorsing laparoscopy
as the preferred surgical approach to LARC.

The DaVinci platform25 was introduced to the surgical arma-
mentarium to facilitate the minimally invasive approach for proce-
dures such as prostatectomy and hysterectomy, which require optimal
visualization and dexterity in the narrow pelvic space. The DaVinci

Table 1. Multicentric, Prospective Randomized Trial Details

Detail

Trial Name

CLASICC�† COLOR II† COREAN

No. of patients 38119, 21 1,10323 34022

Recruitment July 1996 to July 2002 January 2004 to May 2010 April 2006 to August 2009
No. of participating institutions 27 30 3
Country United Kingdom 8 Countries South Korea
Rectal segment, cm All 0-15 0-9
Tumor stage All T1-3 (� 2 mm from MRF) cT3N0-2

Abbreviations: CLASICC, Conventional Surgery Compared With Laparoscopic-Assisted Surgery in Treating Patients With Colorectal Cancer; COLOR II, Laparoscopic
Versus Open Rectal Cancer Removal; COREAN, Randomized Prospective Trial for Laparoscopic vs Open Resection for Rectal Cancer; MRF, mesorectal fascia.

�The CLASICC trial accrued a total of 794 patients (413 colon cancer; 381 rectal cancer).
†Patients randomly assigned to open or laparoscopic surgery at a 1:2 ratio.

Table 2. Multicentric, Prospective Randomized Trials Comparing Laparoscopic and Open TME for Rectal Adenocarcinoma

Variable

Trial Name

CLASICC�† COLOR II† COREAN

Laparascopic v Open P Laparascopic v Open P Laparascopic v Open P

Neoadjuvant RT and/or CRT Stratified by RT 58/59 100/100
Operative time, minutes 135/180‡ 188/240 � .001 197/224.9 .001
Blood loss, mL N.R. 400/200 � .001 217/200 .006
Conversion rate, % 34 17 1
APE, % 27/25 N.S. 23/29 .120 14/11 .708
Complete TME, % 67/79 92/88 .250 88/92 .55
Positive CRM, % 14/16§ .8 10/10 .850 4/3 .77
No. of lymph nodes 13.5/12 14/13 .085 18/17 .08
Time to first bowel movement, days 6/5 3/2 � .001 5.12/4.02 � .001
Hospital stay, days 13/11 9/8 .036 9/8 .056
28-Day mortality, % 5/4 .57 2/1 .41 0/0
Morbidity, % 37/40 37/40 .42 23.5/21.1 .603
3-Year oncologic outcomes

Local recurrence, % 10.1/9.7 .96 N.A. 4.9/2.6
Distant metastasis, % 16.4/18.6 .68 N.A. 20/17
DFS, % N.A. .87 N.A. 72.5/79.2
OS, % 67/73 .12 N.A. 90.4/91.7

Abbreviations: APE, abdominoperineal excision; CLASICC, Conventional Surgery Compared With Laparoscopic-Assisted Surgery in Treating Patients With
Colorectal Cancer; COLOR II, Laparoscopic Versus Open Rectal Cancer Removal; COREAN, Randomized Prospective Trial for Laparoscopic vs Open Resection for
Rectal Cancer; CRM, circumferential resection margin; CRT, chemoradiotherapy; DFS, disease-free survival; N.A., not available; N.R., not reported; N.S., not
significant; OS, overall survival; RT, radiotherapy; TME, total mesorectal excision.

�The CLASICC trial accrued a total of 794 patients (413 colon cancer; 381 rectal cancer).
†Patients randomly assigned to laparoscopic or open surgery at a 1:2 ratio.
‡Not discriminated colon and rectum.
§Positive CRM in patients having sphincter-saving procedure was 12% for laparoscopic group and 6% for the open group.
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platform is now also used to perform TME for LARC. The experience
accumulated thus far, based on retrospective institutional case series,
suggests that a TME performed with the DaVinci platform is equiva-
lent to a laparoscopic TME in terms of completeness of the mesorectal
excision, CRM positivity, and short-term oncologic outcomes.26-28

Conversion rates appear to be lower compared with laparoscopic
TME, but hospital charges are higher. A prospective randomized
study comparing laparoscopic and robotic TME29 was recently com-
pleted, but the results are pending. Therefore, because laparoscopy has
not become standard for LARC, it is likely that the controversy regard-
ing the benefit of robotic TME will continue for years.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) with a surface phased-array coil
has become the preferred imaging modality for evaluating patients
with LARC.30 T2-weighted MRI (T2W MRI) provides high tissue
resolution and excellent anatomic depiction of the rectum, the meso-
rectum, the MRF, the levator muscles, and other pelvic structures
relative to tumor location (Figs 2A and 2B). The addition of contrast
and advanced functional sequences such as diffusion-weighted MRI
(DW-MRI) and dynamic contrast-enhanced MRI (DCE-MRI) per-
mit the quantification of tumor biologic processes such as microcir-
culation, vascular permeability, and tissue cellularity. These images are
potentially useful for early assessment of rectal cancer response to
neoadjuvant therapy.

Modern multidetector computed tomography scanners with
their potential multiplanar reconstruction capabilities provide accu-
rate images of the rectum, adjacent pelvic structures, and even the
MRF; however, this imaging modality has lower resolution compared
with MRI or endorectal ultrasound (ERUS).31 Therefore, multidetec-
tor computed tomography scanning is not considered an optimal
modality for locoregional staging, but it is essential for excluding
distant metastases. ERUS is the imaging modality that best depicts the
different layers of the bowel wall, and it is especially useful for staging
early rectal cancer.32 However, ERUS has a relatively short focal range
and is not as accurate compared with MRI in assessing the relationship
of LARC to important anatomic structures,33,34 in particular the MRF.

Tumor distance from the MRF—the CRM in TME surgery—
has become one of the most important parameters in the preoperative

evaluation of patients with rectal cancer. A recent systematic review
and meta-analysis found that MRI had a sensitivity of 77% (95% CI,
57% to 90%) and specificity of 94% (95% CI, 88% to 97%) in predict-
ing CRM involvement.35 The MERCURY trial (Magnetic Resonance
Imaging and Rectal Cancer European Equivalence), a prospective
observational study assessing the accuracy of MRI in predicting a
curative resection in rectal cancer, reported 92% specificity in predict-
ing a negative CRM.36 The 5-year follow-up report from that study
noted a 67.2% disease-free survival (DFS) in patients with MRI-clear
CRMs compared with 47.3% in patients with MRI-involved CRMs
(hazard ratio, 1.65; 95% CI, 1.01 to 2.69).37 On multivariable analysis,
MRI involvement of the CRM was the only preoperative staging
parameter remaining significant for LR and survival.37 Other impor-
tant tumor features reported by the MERCURY trial were extramural
spread, extramural venous invasion, involvement of the peritoneal
reflection, and distance of tumor from the levator muscle and
sphincter complex. By using this information, the investigators
were able to identify a group of patients with rectal cancer who had
a good prognosis (eg, clear CRM, no evidence of extramural ve-
nous invasion, T2 or T3 � 5 mm and not involving the inters-
phincteric plane) with a 3% LR rate and an 85% 5-year DFS after
treatment with surgery alone.38

There is uniform consensus about the value of MRI in the pre-
operative evaluation of patients with rectal cancer.30 The controversy
lies in the use of the information provided by MRI images in different
parts of the world. In the United States, decisions regarding the treat-
ment of rectal cancer are based on clinical TNM staging.39,40 Patients
with LARC (T3N0 or Tany, N1-2) are recommended to undergo
combined-modality therapy with fluoropyrimidine and radiotherapy
(RT), followed by TME, with consideration given to infusional fluo-
rouracil, leucovorin, and oxaliplatin (FOLFOX) before chemoradio-
therapy (CRT) as an acceptable option (Fig 3A). In Europe and
Scandinavia, rectal cancers are stratified into different risk categories
according to MRI features (Fig 3B). Patients within each risk category
are recommended different treatment approaches.41-43 These MRI-
based risk stratification schemas have been incorporated into clinical
practice guidelines and clinical trial design (eg, the EXPERT-C trial
[Randomized, Phase II European Multicenter Trial of Neoadjuvant
Capecitabine Plus Oxaliplatin Chemotherapy (CAPOX) and
Chemoradiation (CRT) With or Without Cetuximab Followed by

BA
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Fig 2. Representative T2-weighted (T2W)
magnetic resonance images of a locally ad-
vanced rectal cancer tumor located at 1
cm above the dentate line. The yellow
arrow indicates the tumor and the white
arrow indicates its relationship to the leva-
tors. These images show high resolution
and clear anatomic depictions of critical
relationships involving the levator muscu-
lature, the tumor, and the mesorectum.
(A) Coronal and (B) axial T2W magnetic
resonance image.
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Total Mesorectal Excision (TME) in Patients With MRI-Defined,
High-Risk Rectal Cancer] and the RAPIDO trial [Rectal Cancer and
Pre-Operative Induction Therapy Followed by Dedicated Operation:
The RAPIDO trial]).44,45 However, the treatment approach guided
by MRI risk categorization is based on results of prospective obser-
vational studies conducted in institutions with significant expertise
in rectal cancer and has not been tested in prospective randomized
trials.46

Most LARCs treated with neoadjuvant CRT demonstrate vari-
able degrees of tumor response, including pathologic complete re-
sponse (pCR) in up to 33% of patients.47,48 Whether tumor response
justifies modifying the surgical approach is one of the most intriguing
controversies in LARC today. Patients with tumors who have a CR to
neoadjuvant therapy could potentially achieve excellent local tumor
control and better quality of life with organ-sparing alternatives, such
as local excision (LE) or even nonoperative management (NOM).49,50

However, without accurate restaging, surgeons have been reluctant to

deviate from the initial surgical plan because of concerns about leaving
viable cancer cells in the bowel wall or in the mesorectal nodes.51

Tumor necrosis in response to chemotherapy (CT) and/or RT
leads to a local inflammatory reaction followed by degrees of fibrosis,
challenging the detection of small remnants of viable tumor cells in the
tumor bed and mesorectal lymph nodes. Clinical examination and
conventional imaging can detect tumor shrinkage but cannot reliably
identify patients with a pCR in the bowel wall or in the mesorectal
lymph nodes.52-54

The value of MRI in restaging LARC after neoadjuvant ther-
apy is controversial.55 Criteria for assessing tumor response in
T2W MRI are based on the reduction of signal intensity relative to
pretreatment images that occur when tumor is replaced by fibrosis.
A T2W MRI– based tumor regression grade is associated with good
tumor response and improved survival in patients with LARC
treated with CRT.56 Other studies have reported that a T2W MRI–
measured change in tumor volume greater than �70% after CRT is
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Patients with rectal cancer

Low risk: “The Good”
T1-T3 (< 5 mm) mid/upper rectum
T1-T3 (superficial) lower rectum

 

N0
 

Extramural vascular invasion: no
 

MRF clear
 

Risk of LR < 10%

Intermediate risk: “The Bad”
T3 (> 5 mm)

T4 (posterior vaginal wall only)
or

N1/2
or

Extramural vascular invasion: yes
 

MRF clear (> 1 mm)
 

Risk of LR 10-20%

High risk: “The Ugly”
T4 (other than posterior

vaginal wall)
 

N0/1/2
 

MRF involved
 

Risk of LR > 20%

TME

Preoperative 
short-course radiation

TME
Adjuvant chemotherapy

Preoperative
chemoradiation

TME
Adjuvant chemotherapy

Clinical Stage Primary Treatment Adjuvant Treatment

Surveillance

Surveillance

Active CT regimen 
for advanced
disease

T3, N0 or
T any, N1-2 or T4 and/or
locally unresectable or 
medically inoperable

CRT
-Cape/RT or
inf. FU/RT* or
bolus FU/LV/RT

CT
-FOLFOX or
CapeOX or
-FU/LV or
capecitabine

Capecitabine/RT
or inf. FU/RT or
bolus FU/LV/RT

Resection
contraindicated

Resection
contraindicated

Active CT regimen for advanced disease

Transabdominal
resection

Transabdominal
resection

FOLFOX or CapeOx
or FLOX or FU/LV
or capecitabine

Fig 3. (A) The National Comprehensive
Cancer Network guidelines, version 1.201540

for locally advanced rectal cancer. Adapted
with permission.40 (B) The European/Scandi-
navian model of stratification for patients with
locally advanced rectal cancer based on mag-
netic resonance imaging and then subse-
quent treatment decisions. Adapted with
permission.42 Cape, capecitabine; CapeOx,
capecitabine plus oxaliplatin; CRT, chemora-
diotherapy; CT, chemotherapy; FLOX, fluorou-
racil, leucovorin, and oxaliplatin; FOLFOX,
infusional fluorouracil, leucovorin, and oxalipla-
tin; FU, fluorouracil; inf., infusional; LR, local
recurrence; LV, leucovorin; MRF, mesorectal
fascia; RT, radiotherapy; TME, total mesorec-
tal excision.
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associated with tumor response.57,58 However, neither the visual as-
sessment of morphologic features nor the objective measurements of
tumor regression is a good predictor of pCR and therefore cannot be
used reliably to modify treatment.

DCE-MRI depicts tumor microcirculation by measuring the
pharmacokinetics of contrast agents. Semiquantitative perfusion pa-
rameters of DCE-MRI LARC imaging before and after neoadjuvant
therapy have been correlated with tumor response,59 but results are
conflicting.60 DW-MRI captures the dynamic cellular-level motion of
water, providing images with higher signal-to-noise ratio compared
with conventional morphologic sequences like T2W MRI. DW-MRI
derives its image contrast from differences in the motion of water
molecules in various tissues. Restriction of water molecule diffusion is
considered a surrogate marker of tissue cellularity. Several studies note
that DW-MRI improved the diagnostic performance in assessing rec-
tal cancer response to CRT compared with T2W MRI.61-67 Although
these results are promising, larger validation studies are necessary
before functional MRI sequences can be incorporated into clinical
practice and used to change surgical treatment of patients with LARC
treated with neoadjuvant therapy.

NEOADJUVANT RT AND CRT

Preoperative short-course radiation therapy (SCRT; 5 Gy per day;
total dose of 25 Gy) or conventionally fractionated radiation (1.8 to 2.0
Gy per day; total dose of 45 to 50 Gy) combined with sensitizing
fluoropyrimidine-based CRT have been shown to improve local tu-
mor control in patients with LARC treated with surgery, even when
TME is performed.2,7,68-81 SCRT and surgery within 7 days have the
potential benefits of shorter treatment duration, more efficient use of
resources, and reduced cost compared with CRT and surgery within 6
to 8 weeks. However, higher dose per fraction increases delayed tox-
icity risk, and tumor regression is lower with SCRT.7,82 Two prospec-
tive randomized trials have compared SCRT with CRT.83,84 The
Polish trial included patients with clinical T3-4 tumors within reach of
the examining finger but not involving the anal sphincter.83 The study
was powered to detect a difference in sphincter preservation of at least
15%. In all, 316 patients were accrued, of whom 312 were analyzable.
The proportion of patients amenable to SSPs was similar in both
groups (61% in the SCRT group v 58% in the CRT group). The pCR
rate was lower in the SCRT group (1% v 16%), and the rate of CRM
positivity was higher in the SCRT group (12.9% v 4.4%; P � .017), but
LR, DM, overall survival (OS), and late toxicity were similar in both
groups.83 The authors concluded that both regimens should be con-
sidered as alternatives in the treatment of rectal cancer; however, they
favored SCRT on the basis of treatment compliance, safety profile, and
cost. A more recent study from the Trans-Tasman Radiation Oncol-
ogy Group randomly assigned 326 patients with ERUS- or MRI-
staged T3N0-2M0 tumors located within 12 cm of the anal verge to
SCRT and early surgery followed by 6 months of adjuvant CT or CRT
(50.4 Gy of radiation; 1.8 Gy per fraction with continuous venous
infusion of fluorouracil) and surgery in 4 to 6 weeks, followed by 4
months of adjuvant CT.84 All patients in the SCRT group received the
full dose of radiation; in the CRT group, 93% received the full dose of
radiation and 84% received CT within 10% of the prescribed dose.
The cumulative LR rate was slightly higher in the SCRT group com-
pared with the CRT group (7.5% v 4.4%; P � .24). Treatment groups

were well balanced for most patient and tumor characteristics, but
more patients in the SCRT group had distal tumors (� 5 cm from the
anal verge) compared with the CRT group (30% v 19%), which may
account for the higher LR rates in the SCRT group.84 The authors
concluded that CRT may be more effective than SCRT in reducing the
LR risk; this has been challenged, however, on the basis of an imbal-
ance between patient groups.85,86 In summary, these studies have not
solved the controversy about SCRT effectiveness compared with CRT,
particularly for distal LARC.

Substitution of the oral prodrug capecitabine (converted to flu-
orouracil by intracellular thymidine phosphorylase) for continuous
venous infusion (CVI) fluorouracil is attractive because it is conve-
nient for patients.87 In a European trial, capecitabine was not inferior
to CVI fluorouracil with respect to 5-year OS and was even superior to
fluorouracil in 3-year DFS.88 In the National Surgical Adjuvant Breast
and Bowel Project R04 (Radiation Therapy and Either Capecitabine or
Fluorouracil With or Without Oxaliplatin, Before Surgery in Treating
Patients With Resectable Rectal Cancer) trial, clinical stage II to III
patients undergoing preoperative RT were randomly assigned to CVI
fluorouracil with or without oxaliplatin, or capecitabine with or with-
out oxaliplatin as radiosensitizers. In the 1,608 patients evaluated,
grade 3 or 4 diarrhea was more frequent with use of oxaliplatin, but the
surgical end points of pCR, SSPs, or conversion to SSPs were
similar in all four groups.89 Although long-term oncologic out-
comes are not yet available for that study, the data support the
noninferiority of capecitabine versus CVI fluorouracil as a radio-
sensitizer for patients with LARC.88,89

The STAR-01 trial (Preoperative Fluorouracil [FU] -Based
Chemoradiation With and Without Weekly Oxaliplatin in Locally
Advanced Rectal Cancer),90 the ACCORD 12/0405-Prodige2 trial
(Radiation Therapy and Capecitabine With or Without Oxalipla-
tin in Treating Patients Who Are Undergoing Surgery for Stage II
or Stage III Rectal Cancer),91 and the aforementioned NSABP-
R-04 trial89investigated adding oxaliplatin to a fluoropyrimidine as
a radiosensitizer. They reported that addition of oxaliplatin once per
week to various fluoropyrimidine-based CRT regimens in patients
with LARC resulted in higher toxicity and worse therapeutic ratio.
Conversely, the CAO/ARO/AIO-04 (Neoadjuvant Chemoradiother-
apy and Adjuvant Chemotherapy With 5-Fluorouracil and Oxalipla-
tin Versus 5-Fluorouracil Alone in Rectal Cancer)92 trial found that
the inclusion of oxaliplatin in a fluorouracil-based CRT regimen led to
a higher pCR rate, with no increase in toxicity. However, the results of
the CAO/ARO/AIO-04 trial should be interpreted with caution be-
cause the fluorouracil dosage and schedule were different in the con-
trol and oxaliplatin arms, which may have contributed to the different
outcomes. These trials do not support adding oxaliplatin to fluoropy-
rimidines as a radiosensitizer in LARC.

It has been proposed that targeted therapy be incorporated into
the multimodality treatment of patients with LARC. Both anti-
vascular endothelial growth factor and anti-endothelial growth factor
receptor agents have been tested in phase II trials as radiosensitizers;
unfortunately, these studies have fallen short in meeting their primary
end points (eg, pCR or progression-free survival [PFS]) and have not
made it to phase III evaluation.44,93,94 Targeted therapies currently
play no role in the neoadjuvant treatment of patients with potentially
resectable LARC outside of clinical trials.
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SYSTEMIC CT IN RELATION TO CRT AND TME

In the past, LR was the dominant problem in patients with LARC, but
in the modern era, more patients develop distant relapse than LR.
Consequently, patients with LARC treated with neoadjuvant RT
and/or CT and TME are recommended postoperative adjuvant CT
independent of the chemotherapeutic response.39 A meta-analysis of
21 randomized controlled trials concluded that postoperative
fluorouracil-based CT is effective in patients with LARC.95 Therefore,

the current recommendations for use of adjuvant CT in patients with
LARC treated with CRT and TME is based in part on these data and
extrapolation from colon cancer data.95-97 Similar to patients with
colon cancer, patients with LARC treated with CRT and TME usually
receive fluorouracil or capecitabine plus oxaliplatin-based adjuvant
CT.39 Despite these recommendations, up to 27% of eligible patients
with LARC never start adjuvant CT, and less than 50%98 receive the
full prescribed treatment without interruptions or delays78,92 resulting
from postoperative complications, slow recovery, interference with

A

B

Random assignment

Group 1: FOLFOX
× 6 cycles

Restaging of primary tumor

LAR with TMEFUCMT

CT suggested:
FUCMT AND FOLFOX
× 4 cycles (regimen 

choice optional)
CT suggested:

FOLFOX × 6 cycles
(regimen choice options)

Distal rectal cancer
MRI staging

Random assignment

CT suggested: FOLFOX × 8 cycles
(regimen choice optional)

LAR with TME

Group 2: FUCMT

Regression
< 20% or ANY
progression

R0

R1/R2

NO progression
AND regression
> 20%

Arm 1 (induction)
INCT

FOLFOX/CapeOX
(16-18 weeks)

Interval evaluation*
DRE-Endoscopy-MRI

CRT (5.5 weeks)

No significant
clinical response

TME NOM

Significant clinical response
(clinical complete response)

Arm 2 (consolidation)
CNCT

CRT (5.5 weeks)

Interval evaluation*
DRE-endoscopy-MRI

FOLFOX/CapeOX
(16-18 weeks)

Restaging
DRE-Endoscopy-MRI

Observation with follow-up 
evaluations and event 

monitoring for recurrence/death
(5–8 years after randomization)

Fig 4. (A) The PROSPECT trial (Chemo-
therapy Alone or Chemotherapy Plus Radia-
tion Therapy in Treating Patients With Locally
Advanced Rectal Cancer Undergoing Surgery)
study schema is shown.121,123 This is a phase
II/III randomized trial to evaluate the impact of
selective use of radiotherapy compared with
nonselective use of chemoradiotherapy (CRT)
for all patients with locally advanced rectal
cancer. Cycle length, 14 days; fluorouracil or
capecitabine plus radiotherapy (FUCMT) dura-
tion, 5.5 weeks. Regression is estimated by
tumor imaging and clinical tumor response on
endoscopy. If there is evidence of progressive
disease at restaging of the primary tumor after
six cycles of infusional fluorouracil, leucovorin,
and oxaliplatin (FOLFOX), group 1 patients
would proceed to FUCMT instead of event
monitoring. (B) Memorial Sloan Kettering Can-
cer Center phase II trial schema that is under-
way to test the feasibility of incorporating a
nonoperative management (NOM) approach
to the multimodality treatment of rectal cancer
in a multi-institutional setting. This study will
evaluate 3-year disease-free survival in pa-
tients with locally advanced rectal cancer
treated with chemotherapy (CT) plus induc-
tion (INCT) or chemotherapy plus consolida-
tion (CNCT) and total mesorectal excision
(TME) or NOM.124 CapeOx, capecitabine plus
oxaliplatin; DRE, digital rectal examination;
LAR, low anterior resection; MRI, magnetic
resonance imaging. (*) Patients with tumor
progression at the interval evaluation will be
treated according to standard of care.
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closure of their temporary ileostomy,99 or simply refusal of treat-
ment.100 A systematic review of 10 studies that included more than
15,000 patients evaluated the effect of timing on the efficacy of post-
operative adjuvant CT and demonstrated that each 4-week delay in
treatment correlated with a 14% decrease in OS.101

Therefore, splitting adjuvant CT and delivering a limited number
of cycles pre-CRT and then delivering the remaining cycles postsur-
gery has been proposed to increase tumor response in patients with
LARC.102-106 An alternative is to deliver all of systemic CT before CRT
and surgery. This neoadjuvant CT (NACT) has several potential ad-
vantages compared with the standard adjuvant CT. It treats occult
micrometastases several months earlier and increases treatment com-
pliance,107 potentially enhancing the efficacy of CT in preventing DMs
and ultimately improving survival. Other benefits of NACT include
increased response of the primary tumor, early identification of non-
responders, and earlier removal of the loop ileostomy.

A recent study at Memorial Sloan Kettering Cancer Center
(MSKCC) investigated the safety and efficacy of FOLFOX before CRT,
demonstrating excellent treatment compliance and no evidence of
serious adverse effects requiring treatment delay.108 All patients un-
dergoing TME had an R0 resection, and nearly half had a tumor
response greater than 90%, including 30% who had either a pCR or a
clinical complete response (cCR). CT can also be delivered as consol-
idation CT (after CRT completion and before surgery). The TIMING
trial (NCT00335816; Timing of Rectal Cancer Response to Chemora-
diotherapy Trial), which completed accrual in 2012, showed that
delivering two, four, or six cycles of FOLFOX after CRT in patients
with LARC increased the pCR rates up to 25%, 30%, and 38%, respec-
tively, compared with CRT alone (18%), without any associated in-
crease in adverse events or surgical complications.109 Eighty percent of
patients received consolidation CT without interruption.109,110 These
studies suggest that delivering systemic CT in the neoadjuvant setting,
either before or after CRT, is well tolerated and has potential advan-
tages for the patient. Although solid data from large prospective stud-
ies is still lacking, in the most recent edition of the National
Comprehensive Cancer Network guidelines, NACT is contemplated
as an option for the treatment of patients with LARC (Fig 3A).40

SHIFTING PARADIGMS: “LESS MAY BE MORE”

The results of the aforementioned clinical trials conducted over the
last three decades have crystallized in the development of a multimo-
dality treatment for patients with LARC that includes preoperative

CRT, TME, and postoperative adjuvant CT.39 This approach has
improved outcomes to the point that survival is now better for patients
who have rectal cancer than for patients who have colon cancer.111 But
this success has been achieved at the cost of significant morbidity and
reduced quality of life. The challenge now is to identify treatment
approaches that could maintain or even improve the oncologic out-
comes while preserving quality of life.50

In the process of implementing an intense multimodality ap-
proach to LARC, we have identified patient subgroups with different
tumor characteristics that have been associated with different risks of
recurrence and survival probability. This risk stratification leads us to
question whether all patients with LARC require all components of an
intense multimodality approach.

Many patients with LARC experience various degrees of response
to CRT, and tumor response is now one of the most important prog-
nosticators in patients with LARC.112,113 The need for adjuvant CT in
patients with a complete or near-complete response after CRT has
been questioned.114,115 Recent work from a multi-institutional retro-
spective analysis of 3,133 patients shows that the benefit of adjuvant
therapy differs between LARC subgroups. For example, patients with
ypT1-2 or ypT3-4 tumors benefitted the most from adjuvant therapy
compared with patients who had ypT0N0 tumors.116 Some centers
now use postoperative CT selectively on the basis of tumor response to
CRT. In the recently published phase II ADORE trial (Adjuvant Ox-
aliplatin in Rectal Cancer), which examined use of selective adjuvant
CT, patients with LARC who had ypT3-4N0 or ypTanyN1-2 tumors
after fluoropyrimidine-based CRT were randomly assigned to adju-
vant CT with either four cycles of fluorouracil and leucovorin or eight
cycles of FOLFOX. The administration of FOLFOX after surgery was
associated with prolonged PFS in stage III patients but not in stage II
patients. In addition, FOLFOX was associated with prolonged OS for
stage II and stage III patients with rectal cancer.117 Identification of
those patients most likely to derive benefit from adjuvant treatment
will be better informed by carefully conducted correlative studies that
more accurately delineate molecular, pathologic, and clinical markers
of resistance.

The risk of LR in LARC depends on tumor stage and also on the
distance of the tumor from the anal verge and the proximity of the
tumor to the MRF.7,38 Upper rectal tumors away from the MRF have
a low risk of LR when treated with TME. The added benefit of RT in
these patients has been questioned because RT is associated with
significant toxicity, including bowel obstruction, hip fractures, sexual
and urinary dysfunction, and proctitis.82,118,119 A growing body of

Table 3. Summary of Outcomes With Nonoperative Versus Operative Management of LARC After CRT in High-Volume Centers

Reference
No. of
cCRs %

Mean Interval
to LR

(months)
No. of

Patients

OS DFS

NOM
Operative

Arm NOM
Operative

Arm

Survival % Survival % Survival % Survival %

Habr-Gama et al125 71 27 60 2 5-year 100 5-year 88 5-year 92 5-year 83
Habr-Gama et al126 90 49 17 28 5-year 91 N.A. 5-year 68 N.A.
Maas et al127 21 11 22 1 2-year 100 2-year 91 2-year 89 2-year 93
Smith et al128 32 N.A. 11 6 2-year 97 2-year 88 2-year 100 2-year 98

Abbreviations: cCR, clinical complete response; CRT, chemoradiotherapy; DFS, disease-free survival; LARC, locally advanced rectal cancer; LR, local recurrence;
N.A., not available; NOM, nonoperative management; OS, overall survival; RT, radiotherapy;
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evidence suggests that RT could be safely avoided in patients with
intermediate-risk rectal cancer (eg, rectal cancers located between 5
and 12 cm from the anal verge that do not threaten the MRF) on
MRI.120,121 In a pilot phase II trial conducted at MSKCC, 32 patients
with resectable, clinical stage II to III rectal cancer were treated with
preoperative FOLFOX and/or anti- vascular endothelial growth factor
and selective CRT on the basis of tumor response.122 The 30 patients
who completed preoperative CT had tumor regression and under-
went TME without preoperative CRT. No local recurrences were
noted at 4 years, and an 84% DFS was achieved.122 These data were
used as proof of concept for the design of the phase II/III PROSPECT
trial (Chemotherapy Alone or Chemotherapy Plus Radiation Therapy
in Treating Patients With Locally Advanced Rectal Cancer Undergo-
ing Surgery), which is now accruing worldwide.123 The overarching goal
of this randomized trial is to determine whether pelvic RT can be used
selectively in patients with LARC.121 The trial uses selective rather than
reflexive CRT to individualize treatment based on patient response to
neoadjuvantFOLFOX(thestudyschemaisshowninFig4A).Thehopeis
that a trial that tailors therapy more precisely, based on clinical subgroups
and tumor response to treatment, will help eliminate the over- or under-
treatment noted in previous trials.120

TME is the cornerstone of the treatment algorithm for patients
with LARC. However, up to 33% of patients with LARC treated with
neoadjuvant CRT exhibit a pCR at the time of surgical resection.47,48

Patients with a pCR have improved oncologic outcomes, with LR rates
of less than 1% and a 5-year survival rate of more than 95%,112,113

leading us to question the added benefit of TME for these patients. The
potential gains of avoiding TME—reduced morbidity, improvement
in quality of life, and potential reduction of health care expenses—
could be significant. The current challenge lies in accurately identify-
ing which patients have achieved a pCR and could safely avoid TME.52

Although cCR does not always correlate with pCR, and current imag-
ing modalities cannot distinguish tumor remnants from tissue fibrosis
with certainty,52-54 several institutions have reported their experience
with the selective use of an organ-preserving or NOM approach in
patients with a cCR after CRT.125-129 The largest experience with the
NOM approach to rectal cancer comes from Habr-Gama’s group in
Sao Paulo, Brazil.125-128 Patients with persistent tumor underwent
TME; those with a cCR underwent monthly clinical evaluations. Pa-
tients with evidence of tumor relapse were directed to surgery, whereas
patients with a sustained cCR after 1 year continued surveillance every
3 months for an additional year and every 6 months thereafter.
Twenty-seven percent of patients with rectal cancer treated according
to this protocol had a sustained cCR and were spared TME. LR during
follow-up developed in 10% of patients entered in the NOM protocol,
but all had curative TME. The oncologic results in this NOM group
were equivalent to those of patients who had a pCR after TME. A
group from Maastricht University in the Netherlands reported their
NOM experience in 21 patients with cCR as determined on clinical
examination, MRI, and endoscopic biopsy, among 192 patients
treated with CRT between 2004 and 2010.128 After a mean follow-up
of 25 � 19 months, one patient developed LR but was able to undergo
curative salvage surgery. The other 20 patients are alive without dis-
ease. Outcomes in patients with cCR treated according to the NOM
protocol were similar to outcomes of patients with a pCR after TME.
At MSKCC, patients with rectal cancer with a cCR have been managed
under a NOM strategy since 2006. Of the 32 patients starting treat-
ment before 2010 who were followed for a median of 23 months, six

patients (21%) developed relapse, and all underwent curative salvage
surgery; three of these patients also developed DMs.129 The combined
experience of these series suggests that NOM may be an alternative ap-
proachtoTMEinhighlyselectedpatientswithdistalLARCwhoachievea
cCRtoneoadjuvant therapy(Table3).However, thesafetyandefficacyof
the NOM approach outside of centers specializing in the treatment of
rectal cancer is controversial. It is now clear that even with strict cCR
definitions, some patients will later develop LR, emphasizing the impor-
tanceofclosesurveillancebecausethesuccessofthisapproachreliesonthe
early diagnosis of recurrences and timely salvage therapy. In addition, the
risk of DM in patients with an apparent cCR who develop local tumor
regrowth, along with subsequent outcomes, is unknown.

LE with or without RT has been used for patients with stage I
rectal cancer.130-132 In recent years, LE has been used as an alternative
to TME in patients with LARC who were downstaged by CRT to avoid
the sequelae of removing the rectum. Perez et al133 have reported a
15% LR rate after LE at 15 months in 27 patients with clinical stage II
or III disease who experienced a partial clinical response after CRT.
Because the median time to LR in patients with LARC treated by TME
after CRT is 3 years, and because almost one third of recurrences are
diagnosed after 5 years,134 it can be expected that the recurrence rate will
continue to increase as follow-up matures. In addition, recent work by
Park et al48 noted that patients with an intermediate (ypT1-2N0) or poor
(ypT3-4orN�)responseexperiencedsignificantlyworse5-yearPFS,LR,
and distant recurrence compared with patients with a pCR, suggesting
more aggressive biologic behavior. These data indicate that LE may be
insufficient surgical treatment in patients with LARC who have a partial
response to CRT. Conversely, LE may be unnecessary in patients with a
cCR because it can interfere with appropriate follow-up studies, and with
a proper TME option should the tumor regrow. These observations indi-
cate that there is not a safe role for LE after CRT in patients with LARC
with a partial or cCR to CRT.135

The design of large, prospective randomized trials investigating
the efficacy of the NOM approach in selected patients is challenging,
given the relatively small proportion of patients with a cCR to standard
neoadjuvant CRT and the disparity of the treatment arms—observa-
tion versus TME. However, several prospective observational
studies136-138 and phase II trials, including our own (Fig 4B) are un-
derway to test the feasibility of incorporating a NOM approach into
the multimodality treatment of rectal cancer in a multi-institutional
setting.124,139

SUMMARY

Decades of clinical research have resulted in a multimodality treatment
paradigm for patients with LARC that provides unprecedented local tu-
mor control and patient survival. This intense multimodality treatment is
associatedwithsignificantmorbidityand long-termsequelae thatperma-
nently impair quality of life. Identifying patients at different risk levels for
tumor recurrence and survival based on baseline tumor characteristics
and tumor response to therapy makes it possible to customize this multi-
modality approach to individual patients. This patient-specific approach,
along with efforts aimed at early diagnosis, should further improve surgi-
cal outcomes while preserving quality of life. Finding predictors of tumor
response and ways to identify response early in the treatment course
should help improve the treatment of patients with LARC.
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