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Abstract
Because patients with locally advanced rectal cancer are at high 
risk for both recurrence and distant disease, they require adju-
vant therapy. In the United States, the current standard of care 
is neoadjuvant chemoradiation followed by surgery and adjuvant 
chemotherapy. Neoadjuvant chemoradiation has been shown to 
improve local recurrence rates and decrease toxicity. However in 
the era of total mesorectal excision surgery, no study has shown 
a survival benefit to either chemoradiation or postoperative che-
motherapy. Newer biologic therapies, although promising in ini-
tial early trials, have yet to show a significant benefit in adjuvant 
therapy for rectal cancer. (JNCCN 2012;10:1577–1585)
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Patients with AJCC stage II (invasion through 
the muscularis layers) and III (node-positive) rec-
tal cancer are at high risk for both locoregional and 
distant failure. Chemoradiation is used to lower the 
rate of local recurrence, and adjuvant chemotherapy 
is used to lower the rate of both systemic and local 
recurrence. The initial principles of adjuvant che-
motherapy were established before the advent of 
total mesorectal excision (TME) and imaging that 
allows evaluation of the T stage and estimation of 
the circumferential margin. This article outlines the 
general principles established by the early random-
ized studies, reflects on these principles in the era of 
TME and pelvic imaging, and reviews new areas of 
investigation. 

Early Randomized Studies: 
What Was Learned? 
The initial early randomized studies are summarized in 
Table 1. The Gastrointestinal Study Group (GITSG) 
established that patients with locally advanced rectal 
cancer had better outcomes when both radiation and 
chemotherapy were used in the adjuvant setting, so-
called combined modality therapy.1,2 Subsequently, 
the Mayo/North Central Cancer Treatment Group 
(NCCTG) 79-47-51 randomized 204 patients with 
locally advanced rectal cancer treated with surgery to 
either postoperative radiation to 50.4 Gy or the same 
radiation regimen with concurrent bolus 5-FU with 
semustine both preceded and followed by adjuvant 
5-FU and semustine. Five-year local recurrence rates 
were significantly better in the chemoradiation arm 
(41% vs. 63%), with a significant 5-year overall 
survival (OS) benefit of 55% versus 40%.3 Further 
refinement in the chemoradiation regimen came 
from the joint Intergroup/NCCTG 86-47-51 trial, 
which showed a benefit in OS (70% vs. 60% at 46 
months median follow-up) for continuous-infusion 
5-FU over traditional bolus 5-FU.4 Semustine was 
eliminated from the adjuvant chemotherapy regimen 
when an analysis of the initial 445 accrued patients 
showed a statistically insignificant early effect. 

The first 2 NSABP studies, R-01 and R-02, added 
confusion to the management of locally advanced 
rectal cancer. From 1977 to 1986, NSABP R-01 
randomized 555 patients to surgery alone, surgery 
followed by radiation therapy, or surgery followed 
by chemotherapy (5-FU, semustine, vincristine). 

A statistically significant improvement in OS was 
seen for patients randomized to chemotherapy but 
not for those randomized to radiation therapy alone. 
Radiation therapy decreased the risk of locoregional 
recurrence from 25% to 16% (P=.06) but had no effect 
on survival.2 The NSABP R-02 study subsequently 
randomized 694 patients to adjuvant chemotherapy 
or combined modality therapy for patients with stage 
II and III rectal cancer and there was no difference 
in OS. Combined modality therapy did reduce 
locoregional recurrence from 13% to 8% (P=.02).5 
Despite the lack of survival benefit when comparing 
combined modality therapy with chemotherapy 
alone, and before TME, combined modality therapy 
became the standard of care because of the prior 
GITSG and NCCTG studies and its effect on 
reducing locoregional recurrence. 

Local Control in the Era of TME 
Perhaps the greatest advance in rectal cancer 
came through the development of TME as the 
oncologic surgery of choice for the management of 
rectal cancer. TME removes the intact mesorectal 
fascia layer surrounding the rectum through sharp 
dissection, and as a result removes the majority of 
draining lymph nodes. In addition, the technique 
allows for improved rate of R0 resection with regard 
to the circumferential radial margin. Heald et al6,7 
first described TME at the Basingstoke District 
Hospital in the early 1980s. They reported on an 
initial series of 100 patients treated with TME and 
no adjuvant radiation in whom no local recurrences 
were seen during the first 2 years of follow-up. 
Subsequent follow-up of this initial series showed a 
4% local recurrence rate at 5 years.8 Multiple surgical 
series were published showing similar results, such 
as the experience from Memorial Sloan-Kettering 
Cancer Center in which 246 patients were treated 
with TME. Patients with T3 disease and those with 
positive nodes had a local recurrence rate of 4% 
and 8.1%, respectively, at 5 years.9 Later, Havenga 
et al10 published a retrospective analysis of 1141 
prospectively collected patients from different 
centers that compared the locoregional recurrence 
rates for stages II and III rectal cancer. At centers 
where TME was practiced, locoregional recurrence 
rates were 4% to 8%, compared with 32% to 35% 
in the centers using conventional abdominoperineal 
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resections (APRs) or low-anterior resections 
(LARs).10 Based on these experiences, TME became 
the accepted standard in the field of rectal cancer 
surgery, although the ability to ensure quality control 
in studies lagged. 

This dramatic decrease in locoregional failure 
raised questions about the need for radiation and 
chemotherapy. The Dutch Colorectal Cancer Trial 
(CKVO 95-04) attempted to determine the benefit 
of radiation therapy by randomizing patients to 
a short course of preoperative radiation (25 Gy 
in 5 fractions) followed by TME or TME alone. 
They found no difference in survival between the 
arms, but local recurrence was significantly better 
in the radiation arm (2.4% vs. 8.2%; P<.001). 
This significant benefit in local control persisted 
with longer follow-up: 5% versus 11% at 10 years 
(P<.0001).11,12 On subset analysis, for patients with 
TNM stage III cancer with a negative circumferential 
resection margin, 10-year survival was 50% in 
the preoperative radiotherapy group versus 40% 
in the surgery-alone group (P=.032). The Dutch 
Colorectal Cancer Trial served to move the field in 
3 ways. First, it established that TME is the standard 
of care, because local control rates of 90% had 
not been seen in previous multicenter randomized 
trials for stage II and III rectal cancer treated with 
surgery alone. Second, it established that radiation 
was useful even in the setting of TME. Finally, the 
poor OS at 10 years highlighted the importance of 
adjuvant chemotherapy, which was omitted as was 
the standard custom at the time in the Netherlands. 

Neoadjuvant Chemoradiation 
Occurring at the same time as the movement towards 
TME, a series of trials attempted to address feasibility 
and outcomes of neoadjuvant chemoradiation. 
In many of the early trials, patients had difficulty 
completing chemoradiation or chemotherapy after 
surgery because of toxicity. Postoperatively, loops of 
small bowel will fill the lower pelvis and be subject to 
radiation, thus contributing to increased toxicity. In 
addition, surgeons hoped that preoperative therapy 
could make patients who needed an APR eligible 
for a sphincter-sparing LAR. The argument against 
preoperative therapy centered around the inability 
to accurately assess T3 versus T1/2 disease on staging 
CT scans.13 With the advent of endorectal ultrasound 

and MRI, the accuracy of predicting T3 disease 
improved dramatically to 90% in many series.14–17 
The first attempt to perform a randomized controlled 
trial was by the NSABP. NSABP R-03 randomized 
267 patients with locally advanced rectal cancer to 
either pre- or postoperative chemoradiation using 
5-FU and leucovorin and 50.4 Gy of radiation 
accomplished in 28 fractions. This trial closed early 
because of poor accrual. Analysis of the accrued 
patients showed a 5-year disease-free survival (DFS) 
improvement in the preoperative chemoradiation 
arm (64.7% vs. 53.4%) and a trend toward a 5-year 
OS benefit.18 No difference was seen in locoregional 
recurrence. Notably, this trial did not require that 
patients undergo a TME and no difference was seen 
in conversion to LAR. 

The debate between the advocates of preoperative 
versus postoperative therapy continued until the 
CAO/ARO/AIO-94 German Rectal Study, which 
randomized 823 patients with locally advanced rectal 
cancer to either preoperative chemoradiation to 50.4 
Gy in 28 fractions with concurrent continuous infusion 
5-FU, or postoperative chemoradiation to 55.8 Gy with 
continuous infusion 5-FU. TME was prospectively 
mandated in this trial, and both groups received 4 
cycles of bolus 5-FU after all other therapies.19,20 No 
difference was seen in OS, DFS, or distant metastases at 
5 or 10 years. A significant reduction in local recurrence 
was seen in the preoperative arm at 5 years (6% vs. 
13%), which persisted at 10 years (7.1% vs. 10.1%). 
Fewer acute and late toxicities and an 8% pathologic 
complete response rate (pCR) were also seen. They also 
reported improved sphincter-sparing surgeries in the 
preoperative arm in patients deemed to require APR at 
initial clinical staging (39% vs. 19%). Notably, 18% of 
patients assigned to immediate surgery were incorrectly 
overstaged as having T3 disease according to endorectal 
ultrasound. Nevertheless, this study established 
preoperative chemoradiation as the standard of care in 
patients with locally advanced rectal cancer.

Neoadjuvant Chemoradiation 
Versus Radiation Alone 
Although the role of chemotherapy was clearly 
established in the context of postoperative radiation 
therapy, early studies of preoperative radiation did 
not address the issue of concurrent chemotherapy.12 
The role of concurrent chemotherapy was questioned 
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because it seemed that radiation alone, as given 
in the Dutch Colorectal Cancer Trial, mitigated 
local recurrence, and postoperative chemotherapy 
decreased the risk of distant metastases. Furthermore, 
the concept of radiosensitization had not yet 
been clearly proven in rectal cancer, because the 
Intergroup/NCCTG 86-47-51 trial did not show 
an improvement in pelvic control, despite its 
improvement in OS. Therefore, several trials have 
sought to address the need for chemotherapy during 
preoperative chemoradiation. 

Two trials addressed this issue by comparing 
short-course radiation alone with standard 
preoperative chemoradiation. A Polish study and 
a study conducted by the Trans-Tasman Radiation 
Oncology Group (TROG) randomized 312 patients 
with clinically staged T3 low rectal cancer and 
326 patients who had ultrasound- or MRI-staged 
rectal cancer, respectively, to either standard 
preoperative 50.4 Gy of chemoradiation with 5-FU 
and leucovorin or 25 Gy of radiation in 5 fractions 
without chemotherapy. Both studies showed no 
difference between the arms with respect to OS, 
DFS, local recurrence, or toxicity.21,22

Two trials also addressed the role of concurrent 
chemotherapy in the setting of conventionally 
fractionated radiation therapy. Fédération 
Francophone de Cancérologie Digestive (FFCD) 
9203 randomized 733 preoperative patients with 
locally advanced rectal cancer to 45 Gy radiation 
alone or 45 Gy with concurrent chemotherapy with 
bolus 5-FU and leucovorin.23 Both groups received 
4 cycles of adjuvant 5-FU/leucovorin after surgery. 
A significant decrease in local recurrence at 5 years 
was seen in the chemoradiation arm (8% vs. 16%), 
with no benefit seen in OS. EORTC 22921 was a 
2 x 2 trial that randomized patients with T3 or T4 
rectal cancer to preoperative chemoradiation with 
continuous-infusion 5-FU or radiation alone followed 
by either postoperative chemotherapy with 5-FU or 
no further treatment.24 No progression-free survival 
or OS benefit was seen in the group that received 
postoperative chemotherapy. However, local control 
was improved in all chemotherapy-containing arms, 
regardless of whether the chemotherapy was given 
concurrently or postoperatively. 

The current standard of care in the United 
States is preoperative chemoradiation. However, this 
question is still being investigated and some centers 

offer short-course preoperative radiation without 
chemotherapy in patients unable to tolerate a full 
course of chemoradiation.

Attempts to Improve on Bolus or 
Continuous-Infusion 5-FU and Radiation
Advances in chemotherapeutics have led to multiple 
trials that attempt to improve the pCR rate of 
chemoradiation in rectal cancer. Capecitabine 
is an oral prodrug that undergoes conversion to 
5-FU. Patients prescribed capecitabine no longer 
require connection to a pump for continuous 
infusion, which has the potential to significantly 
improve their quality of life during treatment. 
However, data comparing capecitabine with 5-FU 
are still early in development. In the NSABP R-04 
trial, 1608 patients with locally advanced rectal 
cancer treated with preoperative radiation to 50.4 
to 55.8 Gy were randomized to 1 of 4 different 
concurrent chemotherapies: continuous-infusion 
5-FU; continuous-infusion 5-FU with oxaliplatin; 
capecitabine; or capecitabine and oxaliplatin. 
Preliminary data thus far show no difference in pCR, 
sphincter-sparing surgery, and surgical downstaging.25 

Three randomized trials have sought to improve 
the efficacy of preoperative chemoradiation by adding 
oxaliplatin to standard regimens because of its established 
role in the postoperative setting for resected colon 
cancer. The Studio Terapia Adiuvante Retto (STAR) 01 
trial randomized 747 patients to standard preoperative 
chemoradiation with continuous-infusion 5-FU alone 
followed by surgery and postoperative 5-FU–based 
chemotherapy or the same regimen with the addition 
of oxaliplatin.26 The ACCORD 12/0405-Prodige 2 
trial randomized patients to preoperative radiation with 
capecitabine alone or with oxaliplatin.27 The NSABP 
R-04 trial also contained arms with oxaliplatin in 
addition to either capecitabine or 5-FU.25 All 3 trials 
showed no benefit in efficacy end points (pCR rates 
for the STAR and ACCORD 12/0405-Prodige 2 trials, 
and locoregional recurrence rates for NSABP R-04), 
and significant increases in toxicity with the addition of 
oxaliplatin to chemoradiation.25–27 

Timing of Chemoradiation
Little data exist on the optimal interval between 
preoperative chemoradiation and surgery. In 
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randomized trials, surgery is typically recommended 
between 3 and 10 weeks after the completion of 
chemoradiation.23,24 In trials that have used the 
short-course regimen of 25 Gy given in 5 days over 
a single week, surgery has been performed around 1 
to 2 weeks after radiation.11,21,28 The French Lyons 
R90-01 trial used a nonstandard preoperative 
fractionation schedule (38 Gy in 13 fractions) 
followed by either a 2-week or a 6- to 8-week interval 
to surgery.29 They showed the longer interval to 
surgery improved tumor downstaging without 
increasing surgical toxicities. A trend was also seen 
toward increased sphincter-preserving surgery in 
the long interval arm. In standard clinical practice, 
surgery is commonly performed between 4 and 10 
weeks after the completion of chemoradiation.

Evolution of Adjuvant Postoperative 
Chemotherapy Regimens
The development of systemic chemotherapy regimens 
for adjuvant therapy in patients with locally advanced 
rectal cancer was borne out of initial success with 
5-FU in colon cancer.30,31 NSABP R-01 randomized 
555 patients with locally advanced rectal cancer to 
receive postoperative observation, 5-FU/semustine/
vincristine (MOF), or radiation alone to 46 Gy.4 
This trial showed a benefit in OS and DFS in the 
chemotherapy group only. The radiation arm showed 
a decrease in locoregional recurrence from 25% to 
16% without a change in DFS or OS. This helped 
solidify the role of postoperative chemotherapy in 
rectal cancer.

The use of 5-FU–based chemotherapy in the 
postoperative setting has been evaluated in the early 
adjuvant randomized trials and has consistently 
shown an improvement in OS.1,2 The relative 
benefit in risk reduction of metastatic disease was 
consistently approximately one-third, similar to the 
reduction seen in adjuvant studies in stage III rectal 
cancer. 

Because of the similar benefits in colon and 
rectal cancer seen with chemotherapy, increased 
interest has been shown in the use of oxaliplatin 
in rectal cancer regimens, driven by DFS and OS 
benefits seen in adjuvant colon cancer studies. In the 
MOSAIC study, patients with stage II and III colon 
cancer were randomized to receive adjuvant 5-FU/
leucovorin with or without oxaliplatin.32 A significant 

improvement was seen in 3-year DFS (78.2% vs. 
72.9%). Subsequent long-term follow-up shows that 
this benefit extends to OS.33 Extrapolating from 
these results, a combination of 5-FU, leucovorin, 
and oxaliplatin (FOLFOX) has become the standard 
of care for postoperative chemotherapy. A study led 
by ECOG attempting to evaluate FOLFOX in the 
adjuvant setting for patients with stage II and III 
rectal cancer was closed because of poor accrual, and 
the cooperative groups currently have no plans to 
evaluate the role of FOLFOX versus 5-FU/leucovorin 
in the adjuvant setting of rectal cancer.34

 EORTC 22921 was a 2 x 2 trial that randomized 
patients with T3 or T4 rectal cancer to preoperative 
chemoradiation with continuous-infusion 5-FU or 
radiation alone followed by either postoperative 
chemotherapy with 5-FU or no further treatment.24 
No PFS or OS benefit was seen in the entire group 
with the addition of chemotherapy. However, a 
benefit in both DFS and OS was seen in patients 
who were downstaged to T0–T2 at surgery. A 
systematic review of 4 trials that combined elements 
of modern treatment (TME surgery and preoperative 
chemoradiation) with or without postoperative 
5-FU–based chemotherapy in patients treated with 
preoperative chemoradiation also found no benefit for 
adjuvant postoperative chemotherapy.35 This raises 
questions about current guideline recommendations 
and the need for new trials evaluating the efficacy of 
postoperative chemotherapy in the modern era and 
tailoring postoperative chemotherapy to patients at 
highest risk of systemic recurrence.

Targeted Therapies in Rectal Cancer
With the increasing availability of biologic agents 
active in colon and rectal cancer, integration of 
these agents into current standard of care is under 
investigation. Most studies have focused on the 
use of agents that target 1 of 2 pathways: vascular 
endothelial growth factor (VEGF) and epidermal 
growth factor receptor (EGFR).36

VEGF Inhibition 
VEGF is a circulating glycoprotein involved in 
angiogenesis through interactions with the VEGF 
family of receptors. VEGF plays a role in both 
normal and pathologic blood vessel formation. The 
ability to recruit vessels is a critical event in tumor 
progression and can portend a negative prognosis and 
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higher stage.37 Blocking tumor angiogenesis through 
VEGF inhibition became an attractive anticancer 
target. However, VEGF activation has far-reaching 
effects, including endothelial cell proliferation and 
migration, and effects on vascular permeability and 
vasodilation. Although initially thought to exert its 
effects through primarily antiangiogenic mechanisms, 
VEGF inhibition has been shown to have multiple 
effects on the tumor microenvironment and tumor 
cell type–specific effects.38 

Bevacizumab is an anti-VEGF monoclonal 
antibody initially developed in colorectal cancer. 
Increased VEGF levels in colorectal cancers 
have been shown to predict poor outcomes.39,40 
Bevacizumab initially showed activity in a phase II 
trial in metastatic colorectal cancer.41 A follow-up 
phase III trial with 813 patients showed improved 
response rates and a benefit in median OS from 15.6 
to 20.3 months (P<.001).42 This led to FDA approval 
of bevacizumab used in a 5-FU–based regimen as 
first-line treatment in metastatic colorectal cancer. 

This activity in colorectal cancer led to interest 
in integrating bevacizumab in the adjuvant setting, 
particularly during the chemoradiation phase of 
treatment of rectal cancer. Willett et al43 performed 
phase I/II trials integrating bevacizumab into 5-FU–
based chemoradiation regimens. An initial phase 
I study enrolled 32 patients with histologically 
confirmed rectal adenocarcinoma with T3 or T4 
lesions based on endoscopic ultrasound or endorectal 
coil MRI.44 All patients received 4 cycles of therapy: 
bevacizumab (5 or 10 mg/kg) on day 1; 5-FU infusion 
at 225 mg/m2 during cycles 2 through 4; and 5040 cGy 
of radiation to the pelvis delivered in 28 fractions 
over 5.5 weeks followed by surgery. Most (30 of 
32) patients received postoperative chemotherapy. 
The pCR rate was 16%, actuarial 5-year local 
control and OS rates were 100%, and 40% of 
patients experienced postoperative complications. 
Crane et al45 reported a pCR rate of 32% (8 of 25 
patients) treated in a similar phase II trial combining 
capecitabine and bevacizumab with pelvic radiation. 
This trial reported 8 wound complications with 3 
requiring surgical intervention. This high-rate of 
surgical complications merits consideration in design 
of larger trials.

Czito et al46 reported on a similar phase I 
dose-escalation trial using the combination of 
capecitabine, oxaliplatin, and bevacizumab with 

concurrent radiation in 11 patients with rectal 
adenocarcinoma. Nine patients had pathologic 
downstaging relative to initial clinical staging. Two 
patients had a pCR and 3 had microscopic disease 
only. Kennecke et al47 reported a pCR rate of 
23.7% in a similar phase II trial using capecitabine, 
oxaliplatin, and bevacizumab with radiation. 

EGFR Inhibition
EGFR is a member of a family of tyrosine kinases 
that includes HER2. Ligand binding of the 
extracellular domain leads to a cascade of events 
that relays growth and division signals to the nucleus 
of the cell. Downstream pathways involved in this 
relay include the ras-raf mitogen-activated protein 
kinase (MAPK) pathway and the phosphoinositide 
3-kinase (PI3K)-AKT-mTOR pathway. Expression 
or upregulation of EGFR occurs in 60% to 80% of 
patients with metastatic colorectal cancer.48,49 

Two types of EGFR-targeted therapies have been 
developed and studied in rectal cancer: monoclonal 
antibodies that target the extracellular domain (eg, 
cetuximab and panitumumab) and small molecule 
tyrosine kinase inhibitors (eg, gefitinib and erlotinib). 

Gefitinib has not gained widespread use in rectal 
cancer because of its high toxicity rates. Valentini et 
al50 treated 41 patients with clinical T3/4 or node-
positive rectal cancer with continuous-infusion 5-FU 
and gefitinib with pelvic radiation, and reported a 
pCR rate of 30%. However, greater than 61% of 
patients required dose reductions for grade 3 or higher 
toxicity. Panitumumab has faced similar difficulties 
in its use in rectal cancer. Pinto et al51 reported 
results of a phase II trial in which 60 patients with 
T3,N+ or T4,N–/+ rectal cancer were treated with 
panitumumab combined with oxaliplatin, 5-FU, and 
pelvic radiation followed by surgery. They reported 
a pCR rate of 21.1%. However, grade 3 toxicity was 
high and consisted primarily of diarrhea (38.9%) 
and cutaneous reactions (18.6%), with 1 treatment-
related death from refractory diarrhea.

Early studies with cetuximab-based chemoradiation 
in head and neck cancers showed both survival and 
locoregional control benefit.52 Multiple phase I/II 
studies combining chemoradiation and cetuximab in 
locally advanced rectal cancer have been disappointing, 
with reported pCR rates ranging from 5% to 12%.53–59 
This lack of response may be from common mutations 
in rectal cancer that override upstream EGFR 
inhibition. Multiple studies have shown that 
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response to cetuximab and panitumumab occur only 
in patients without activating mutations in the k-ras 
proto-oncogene.60–63 Ongoing investigations in the 
use of cetuximab in rectal cancer integrate k-ras 
mutation status in treatment algorithms. 

Combination VEGF/EGFR Therapies 
Two large randomized trials, the Panitumumab 
Advanced Colorectal Cancer Evaluation (PACCE) 
and CAIRO2, showed no benefit and increased 
toxicity in patients with metastatic colorectal 
treated with 5-FU, oxaliplatin or irinotecan, and 
leucovorin randomized to combination EGFR and 
VEGF–targeted therapies compared with VEGF-
targeted therapies alone.64,65 

In a phase I/II study of bevacizumab and erlotinib 
in combination with 5-FU–based chemoradiation, 
Blaszkowsky et al66 reported a 47% pCR rate with 
acceptable toxicity. In a similar phase I study, Das et 
al67 reported a 44 % pCR rate with the combination of 
bevacizumab, erlotinib, capecitabine, and radiation.

The role of targeted therapies in the treatment of 
patients with rectal cancer is continually evolving. 
New drugs, including those targeting BRAF and the 
PI3K/AKT/mTOR pathway, are being investigated 
and their activity in rectal cancer has yet to be 
defined. As targeted therapies evolve, the use of 
combination treatment retains promise as a means 
of preventing salvage pathway activation. Currently, 
the use of EGFR and VEGF inhibitors in adjuvant 
therapy for rectal cancer should be restricted to the 
setting of clinical trials.

Conclusions
Although great strides have been made over the past 
2 decades in the treatment of locally advanced rectal 
cancer, many areas of open investigation remain. 
The tremendous improvement in local control 
through use of TME has focused research efforts 
on better control of systemic disease. Although 
early trial results have been disappointing, targeted 
therapeutics remain promising as discoveries in 
salvage pathways and new methods of combined 
therapies develop. A better understanding of the 
molecular heterogeneity of rectal cancers should 
help guide selection of appropriate treatments for 
patients. 
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3.  True or False: The use of 5-FU–

based chemotherapy in patients 

with rectal cancer in the postop-

erative setting has been evaluat-

ed in early adjuvant randomized 

trials and has consistently shown 

an improvement in overall sur-

vival.
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Post-Test Questions
1.  True or False: In the United States, the current standard of 

care for patients with locally advanced rectal cancer is neo-
adjuvant chemoradiation followed by surgery and adjuvant 
chemotherapy.

2.  Which of the following is NOT a target pathway for tar-
geted therapies in rectal cancer?

a. Vascular endothelial growth factor (VEGF)
b. Anaplastic lymphoma kinase (ALK)
c.  Epidermal growth factor receptor (EGFR)


