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Introduction 

It is estimated that over 40,000 patients were diagnosed with 
rectal cancers in 2009 in the United States alone (1).  While 
curative surgery remains the mainstay of definitive manage-
ment, local and distant recurrence rates for rectal cancer after 
curative resection can be significant.  The main prognostic 
determinant is stage, with those patients exhibiting invasion 
through the muscle wall or lymph node involvement (Ameri-
can Joint Committee on Cancer [AJCC] stage II or III) being 
at increased risk for both locoregional and systemic failure (2).  
More so than in colon cancer, locoregional failure is a signifi-
cant concern due to the lack of serosa in the rectum and the 
technical difficulties of rectal cancer surgery.  Compounding 

this, recurrence in the pelvis carries substantial morbidity (3).  
Secondary to these concerns, there has been refinement in 
surgical technique along with a variety of adjuvant therapies 
and therapy schedules being investigated over the last several 
years.  The results of several randomized trials have been pub-
lished attempting to determine the ideal sequence and tech-
nique of surgery, radiation therapy, and systemic therapy.  This 
manuscript reviews the current clinical practice guidelines for 
patients with stage II/III rectal cancer and the published data 
supporting these recommendations.    

Patient work-up/staging 

In the treatment of rectal cancer, there are many different 
treatment paradigms depending on the extent of disease, 
making initial staging and work-up extremely important.  And 
with recent investigations showing the importance of treat-
ment sequence, inaccurate initial staging can potentially have 
a considerable impact on treatment outcome.

For patients with a newly diagnosed rectal cancer, a full 
colonoscopy should be performed to ensure that there are no 
other lesions in the large intestine that would impact manage-
ment.  In addition, a rigid proctoscopy should be performed 
by the surgeon in order to determine the size and location of 
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the tumor, particularly the distance of the lesion from the anal 
verge.  Additional work-up includes a full physical examina-
tion, computed tomography (CT) of the chest, abdomen, and 
pelvis, and a carcinoembryonic antigen (CEA) level (4).  Ide-
ally, each patient should also undergo either an endoscopic 
ultrasound or magnetic resonance imaging (MRI) in order 
to more precisely assess both tumor depth and the presence 
of adjacent lymph nodes.  Both ultrasound and MRI have 
been found on meta-analysis to be more sensitive than CT 
for determining depth of tumor invasion on pre-treatment 
examination, while all three modalities had similar sensitivity 
and specificity in determining lymph node involvement (5).  
Following assessment of clinical stage, it is recommended that 
the patient’s case be presented in a multidisciplinary fashion 
with input from surgical, medical, and radiation oncologists, 
pathologists, and radiologists to reach a consensus on the rec-
ommended course of treatment.     

Surgery 

The anatomy of the bony pelvis makes complete tumor resec-
tion and dissection of mesenteric nodes at risk for metastasis 
within the mesorectum technically difficult (6).  In addition, 
the close proximity of soft-tissue organs such as the bladder, 
vagina, and ureters, along with the absence of a serosal barrier 
allowing for early tumor extension into the perirectal tissue, 
further impacting the complexity level.  Early randomized tri-
als of patients with stage II/III disease found local recurrence 
(LR) rates of approximately 25-30% for patients treated with 
surgery alone (7-10).  Surgery in these studies often relied 
on blunt dissection of the rectal fascia, a technique that many 
times failed in removing all tumor-bearing tissue, particularly 
at the circumferential margin (11,12).  

These relatively high recurrence rates led to a focus on a 
more anatomically precise surgery; the total mesorectal exci-
sion (TME).  With TME, sharp dissection of the entire mes-
entery of the hindgut is performed.  In several reports, results 
of TME were shown to be quite impressive both in terms of 
LR and overall recurrence (11-14).  While TME is a more 
extensive surgery, data suggest no significant differences in 
operative mortality or complications between TME and con-
ventional surgery (15).  Maximal radial margin should be at-
tained during surgery, as positive and close margins have been 
shown to increase rates of both local and distant recurrence 
(16-18).  

In the United States, it is recommended that patients with 
stage II/III rectal cancers undergo transabdominal resection, 
and sphincter preservation is preferable if technically feasible.  
For those patients with tumors in the upper rectum, a low 
anterior resection (LAR) can be performed, extended several 
centimeters past the tumor distally with subsequent creation 

of a colorectal anastomosis.  For those tumors in the low 
rectum, it is recommended that patients undergo TME with 
colorectal or coloanal anastomosis or alternatively, an abdom-
inoperineal resection (APR) with the creation of a colostomy 
(4,19).     

Rationale for radiation therapy

In patients with stage II/III disease treated with conventional 
surgery, radiation therapy has often been employed, with and 
without systemic therapy, in order to reduce the risk of local 
recurrence.  The timing (preoperative versus [vs.] postopera-
tive), treatment dose and duration, and its sequence with 
adjuvant systemic therapy have all been investigated in this 
patient population.  In Europe, 25 Gray (Gy) in 5 daily treat-
ment fractions delivered preoperatively followed immediately 
by surgery has been extensively studied.  While many studies 
showed a benefit in terms of local control (LC), there was no 
large randomized trial showing significant difference in over-
all survival (OS) between patients treated neoadjuvantly with 
radiation therapy and patients treated with surgery alone until 
the completion of the Swedish Rectal Cancer Trial (20).   In 
this trial, the neoadjuvant arm received short course RT fol-
lowed by surgery within 1 week of finishing RT.  At 5 years, 
local recurrence was reduced from 27% to 11% (p<0.001) 
and OS was improved from 48% to 58% (p=0.004) with the 
addition of neoadjuvant irradiation (10).  

Earlier trials including the Swedish Rectal Cancer Trial 
have been criticized for not using standardized surgery tech-
niques.  Proponents of TME argued that with improvements 
in surgical technique, radiation therapy was of marginal ben-
efit (11,12,14).  This led to the Dutch CKVO 95-04 trial ran-
domizing patients with clinically resectable rectal cancer to 
surgery alone by TME, or short course radiation followed by 
TME (21).  In this study, there was no significant difference 
in OS, but LR was decreased with short course neoadjuvant 
radiation (12% vs. 6% at 5 years). Patients with stage III dis-
ease randomized to surgery alone, had a 15% LR at 2 years 
compared to 4.3% for patients receiving neoadjuvant therapy 
(21,22).  Meta-analyses comparing surgery alone to neoad-
juvant radiation and surgery have confirmed the LC benefit, 
but there remains debate over whether this translates into an 
improvement in OS (23,24). 

There are questions regarding the radiobiological limita-
tions of short course neoadjuvant radiation (25-27).  High 
dose-per-fraction short course radiation has been found to 
induce a relatively high rate of acute toxic reactions and in-
creases perioperative morbidity (28,29).  Acute toxicity in 
the Dutch trial included 10% of patients with neurotoxicity, 
12% with postoperative anastomotic leaks, and 29% with 
perineal wound complications (30).  Also, with larger frac-
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tion sizes (5 Gy) there is a possibility for increased late side 
effects as seen in the Swedish Trial.  In that study, a number of 
patients experienced neurogenic symptoms in the gluteal and 
hamstring region, leading to chronic pain and difficulty with 
ambulation (31).  Despite the potential for increased toxicity, 
short course neoadjuvant radiation therapy is convenient for 
patients, leads to timely surgery, and contains cost, leading to 
many European institutions to adopt this regimen in patients 
with stage II/III disease (21). 

Rationale for chemotherapy and chemora-
diotherapy

Systemic therapies, particularly those featuring 5-Fluorouracil 
(5-FU), have been widely studied as adjuvant treatment in 
stage II/III rectal cancer.  5-FU serves as a radiosensitizer to 
improve the therapeutic ratio of radiation therapy, and also 
works to reduce microscopic systemic disease (32).  The 
United States National Institutes of Health (NIH) recom-
mended in 1990 that all patients with stage II or III rectal can-
cer should receive adjuvant chemoradiotherapy i.e. combined 
modality therapy (CMT) following the publication of results 
from a series of prospective randomized trials showing the ef-
ficacy of postoperative radiation therapy in combination with 
5-FU-based chemotherapy (7,8,33-36).  The Gastrointestinal 
Tumor Study Group (GITSG) 7175 study showed improved 
LC and OS in patients receiving postoperative irradiation 
(40-44 Gy) with concurrent 5-FU followed by maintenance 
chemotherapy (7).  The National Surgical Adjuvant Breast 
and Bowel Project (NSABP) R-01 showed a reduction in LC 
with adjuvant radiation therapy alone and improved OS in 
males receiving adjuvant 5-FU-based chemotherapy alone 
(9).  The North Central Cancer Treatment Group (NCCTG) 
79-47-51 trial compared postoperative radiation therapy to 
5-FU-based postoperative CMT, with the CMT group having 
statistically significant advantages in LC, control of distant 
metastases, and OS (34).  NSABP R-02 compared postopera-
tive chemotherapy alone to CMT and found the rate of LC 
was significantly improved in the CMT group (37).  

In Europe, the role of systemic therapy in the neoadjuvant 
setting has been investigated.  In the French FFCD 9203 
study, patients with resectable T3/T4 tumors neoajuvantly 
received either radiation therapy alone (45 Gy in 25 frac-
tions) or the same radiation concurrent with bolus 5-FU/
leucovorin, with all patients undergoing surgery 3-10 weeks 
after therapy, followed by all patients receiving postoperative  
5-FU/leucovorin (38).  Grade 3/4 acute toxicity was more 
frequent with CMT (14.6% vs. 2.7%; p<0.05) and there was 
no difference in sphincter preservation. However, pathologic 
complete response (CR) was more frequent with CMT 
(11.4% vs. 3.6%; p<0.05).  And while there was no significant 

impact on OS, at 5 years, the rate of LR was lower with CMT 
(8.1% vs. 16.5%; p<0.05).

In the European Organization for Research and Treatment 
of Cancer (EORTC) 22921 study, patients with clinical T3 or 
T4 resectable rectal lesions were randomized to preoperative 
radiation therapy, preoperative CMT, preoperative radiation 
therapy and postoperative chemotherapy, or preoperative 
CMT with postoperative chemotherapy.  Radiation therapy 
consisted of 45 Gy in 25 fractions, chemotherapy consisted of 
bolus 5-FU and leucvorin (for 2 cycles when given preopera-
tively and for 4 cycles when given postoperatively) (39).  The 
addition of preoperative chemotherapy allowed for a signifi-
cant increase in tumor downstaging (p<0.0001) at the time 
of surgery, but did not have a significant effect on sphincter 
preservation (p=0.47) (40).  Among the 4 groups, there 
was no significant difference in OS.  However, the addition 
of chemotherapy did significantly affect the rate of LR, with 
5-year LR rates of 8.7%, 9.6%, and 7.6% in the groups that 
received chemotherapy preoperatively, postoperatively, or 
both, respectively, and 17.1% in radiation therapy-only group 
(p=0.002).

Not all studies have confirmed a therapeutic benefit for 
neoadjuvant CMT.  In a phase III study by the Polish Rectal 
Cancer Group, patients with resectable clinical T3 or T4 dis-
ease were treated with either preoperative short-course radia-
tion (25 Gy in 5 fractions) and surgery within a week or pre-
operative CMT (50.4 Gy in 28 fractions and bolus 5-FU and 
leucovorin) and surgery 4-6 weeks later (41).  While the early 
analysis of the trial showed a higher pathological CR rate, 
reduction in positive circumferential margins and increased 
downstaging at surgery in the CMT arm, further analysis re-
vealed that among the two groups, there were no significant 
benefits in terms of sphincter preservation, OS, DFS, LC, or 
rate of late toxicity (41).  In addition, the preoperative CMT 
arm had a significantly higher rate of acute toxicity (18.2% 
versus 3.2%; p<0.001).  

Sequencing of adjuvant therapy

Preoperative radiation therapy (with or without systemic 
therapy) offers certain theoretical advantages that postopera-
tive radiation therapy or CMT does not.  In lesions of the 
distal rectum, preoperative therapy may allow for sphincter 
preservation.  And for locally advanced (T4) lesions that may 
be otherwise unresectable, preoperative therapy may allow 
for the possibility of tumor downstaging and resection.  Pre-
operative radiation therapy also allows for better definition 
of gross tumor volumes during radiation planning and may 
allow for smaller treatment portals.  With preoperative radia-
tion therapy, the perineum is often avoided from treatment 
and potentially less small bowel is irradiated since it is more 
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mobile, and the anastomosis is not in the treatment field.  In 
addition radiation before surgery can potentially sterilize the 
operative field, thus decreasing the risk of tumor cells spill-
ing during surgery.  Irradiating preoperatively has increased 
radiosensitivity compared to postoperative therapy due to 
preserved vasculature thus allowing for better tumor oxygen-
ation (25).  Therefore, preoperative radiation should theoreti-
cally improve the therapeutic ratio over postoperative therapy 
(25-27). 

Three large randomized trials were designed to compare 
preoperative and postoperative CMT in stage II/III rectal 
cancer.  All three used conventional doses of daily radiation 
and concurrent 5-FU-based chemotherapy with pretreatment 
assessment of the planned surgical procedure.  Two of the tri-
als (NSABP R-03 and Intergroup 0147) were closed early due 
to low accrual and thus the data from these studies is limited.  
Preliminary results of the NSABP R-03 trial demonstrated 
that 23% of patients treated neoadjuvantly had a clinical CR 
and a larger proportion of neoadjuvant  patients underwent 
sphincter sparing operations compared to patients treated 
postoperatively (42).  

The third study, the German Rectal Cancer Trial CAO/
ARO/AIO-94, reached targeted accrual (43).  In this study, 
stage II/III patients in the neoadjuvant arm received 50.4 Gy 
in 28 fractions while receiving 5-FU as 120-hour continu-
ous venous infusion (CVI) of 1000 mg/m²/day during the 
1st and 5th week of treatment.  TME was then scheduled 
4-6 weeks after completion of preoperative therapy.  Three 
to 4 weeks after surgery, the patients went on to receive 4 
additional cycles of 5-FU as bolus injection of 500 mg/m²
/day for 5 consecutive days repeated every 4 weeks.  In the 
postoperative arm, patients began CMT within 4 weeks after 
surgery, with the same concurrent chemotherapy and radia-
tion therapy schedule as the neoadjuvant CMT arm.  After 
the completion of the initial 50.4 Gy, a 5.4 Gy boost in 3 frac-
tions was delivered to the tumor bed, followed by 4 cycles of 
bolus 5-FU as in the preoperative CMT arm.  Five-year LR 
was significantly lower in the preoperative arm (6% vs. 13%, 
p=0.006), while there was no significant difference in DFS 
and OS.  Eight percent of patients had a pathological CR, and 
there was a greater percentage of sphincter-preserving opera-
tions performed (39% vs. 19%, p=0.004) in the preoperative 
group.  Acute grade 3 or 4 toxicity was significantly less in the 
neoadjuvant group (27% vs. 40%, p=0.001), as was the rate 
of late grade 3 or 4 toxicity (14% vs. 24%, p=0.01).  It should 
be noted that 18% of patients in the immediate surgery arm 
were found to have stage I disease upon pathologic assess-
ment of the surgical specimen.  Since all patients were staged 
before treatment and were felt to have stage II/III disease, 
the authors concluded that this number (18%) represents the 
approximate number of patients at risk of overtreatment with 

neoadjuvant CMT, again stressing the importance of accurate 
pre-treatment staging (43).

The results of the Medical Research Council (MRC) 
CR07 study were recently published, evaluating the merits 
of short-course preoperative radiation (44).  In this random-
ized study, patients were treated with 25 Gy in 5 fractions 
followed by surgery or were treated with immediate resection 
with selective postoperative CMT (45 Gy in 25 fractions 
with concurrent 5-FU) in patients with positive circumferen-
tial surgical margin.  It should also be noted that all patients 
found to have stage III disease were to receive postoperative 
5-FU.   In patients receiving preoperative radiation, there was 
a 61% reduction in the relative risk of LR (hazard ratio [HR]: 
0.39, 95% confidence interval [CI] 0.27-0.58, p<0.0001), 
with 3-year LR of 4.4% in the preoperative radiation therapy 
arm vs. 10.6% in the selective postoperative CMT arm (95% 
CI 5.3-7.1).  In addition, there was a statistically significant 
improvement in DFS in the preoperative radiation therapy 
arm (HR 0.76, 95% CI 0.62-0.94, p=0.013), however OS did 
not differ significantly between the two groups.  This study 
further confirmed the value of preoperative radiation therapy.

Preferred techniques/regimens

In the United States, it is recommended that patients staged 
with resectable stage II or III rectal cancer should be treated 
initially with preoperative CMT unless there are medical 
contraindications (4).  Radiation therapy should employ 
multiple treatment portals and the treatment volume should 
include the tumor with margin, along with the internal iliac 
and presacral lymph nodes (as well as the external iliac lymph 
nodes with T4 disease) (Figures 1 and 2).  Recommended 
treatment dose is 45-50 Gy in standard fractionation (1.8-2.0 
Gy/fraction).  Concurrent 5-FU by continuous infusion is 
preferred, as outlined in the German Rectal Cancer Trial (43).  
Definitive surgery should then take place 4-6 weeks after com-
pletion of CMT.  Postoperative systemic therapy should then 
be initiated approximately 4 weeks after resection, with a goal 
of approximately 6 months total of perioperative systemic 
therapy (combined preoperative CMT and postoperative che-
motherapy).  Postoperatively, chemotherapy should be 5-FU 
based, with emerging rectal studies and extrapolation from 
adjuvant colon cancer studies suggesting potential merits to 
the use of capecitabine or FOLFOX in the place of adjuvant 
5-FU (45,46).  For patients thought to have stage I disease 
on preoperative staging who are subsequently upstaged upon 
final pathologic staging after surgery to stage II/III disease, it 
is recommended that they be assessed for adjuvant treatment.  
The recommended strategy in this scenario is a “sandwich” 
approach with adjuvant 5-FU based chemotherapy followed 
by CMT followed by additional 5-FU based chemotherapy 
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with approximately a total of 6 months of systemic therapy 
(4).

   
Follow-up

Randomized studies have demonstrated therapeutic ben-
efits to a proactive intensive post-treatment surveillance 
program in patients with stage II/III disease (4,47-49).  For 
patients who have completed definitive trimodality therapy, 
follow-up including history and physical exam and CEA 
level should be performed every 3-6 months for 2 years 
and then every 6 months up to 5 years.  A colonoscopy is 
recommended 1 year after resection, again at 3 years post-
operatively, and every 5 years thereafter (assuming no suspi-
cious findings are found in the interim).  A CT scan of the 
chest/abdomen/pelvis is recommended on a yearly basis 

for 3-5 years after definitive treatment.  In addition, patients 
are recommended to undergo proctoscopy every 6 months 
for the first 5 years after treatment in order to evaluate for 
recurrences at the anastomosis. 

 
Conclulsion 

In patients with stage II and III rectal cancer, both local and 
distant recurrences are of concern following definitive surgi-
cal resection despite advances in surgical technique.  Adju-
vant therapies such as radiation to the tumor/tumor bed and 
regional lymph nodes and 5-FU-based systemic therapies 
have helped to reduce these recurrences.  The current recom-
mendation in the United States is for preoperative CMT with 
surgery several weeks after CMT is completed to maximize 
treatment response, followed by approximately 4 months of 

Figure 1  A conformal 3-dimensional radiation treatment plan with sagittal, coronal and axial views through the treatment iso-
center along with a view of a posterior-anterior (PA) treatment portal for a patient with stage III rectal cancer undergoing neo-
adjuvant combined modality therapy.  Isodose lines representing radiation dose to the “at-risk” regional lymph nodes and pelvic 
tissues along with higher doses to the areas of gross disease are demonstrated. 
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adjuvant 5-FU-based systemic therapy.  In Europe, the ben-
efits of neoadjuvant radiation therapy (both short-course and 
a protracted course) have been shown in randomized phase 
III trials, but the role of concurrent chemotherapy remains 
a question of debate.  The importance pre-therapy staging 
is stressed as sequencing of therapy appears to significantly 
impact outcome.  In addition, close follow-up in the post-
treatment setting appears of great importance both in terms 
of managing treatment-related side-effects and for early recur-
rence detection. 
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