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The incidence of rectal cancer in the United States 
was estimated to be 39,910 in 2017, with approximately 
50,260 deaths from combined colon and rectal can-
cer.1 Although surgical resection remains the definitive 
treatment for rectal cancer, historical rates of local fail-
ure following surgery alone using older techniques were 
≥25%.2 The development of total mesorectal excision 
(TME) with sharp dissection of mesorectal contents 
further reduced the rates of local recurrence to as low 
as 8%.3 Despite this improvement, patients with locally 
advanced rectal cancer (LARC; commonly defined as 
T3 or T4 primary or nodal metastases) still had unac-
ceptably high risks of local and distant failure relative 
to those with early-stage disease. Therefore, additional 
treatment strategies were examined, including the use 
of adjuvant radiotherapy (RT) and chemotherapy with 
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the intent to reduce the rate of local and distant failure, 
respectively. Adjuvant RT alone decreased the risk of 
local recurrence without significant benefit to overall 
survival (OS).4 Adjuvant chemotherapy both reduced 
the rate of distant metastases and improved disease-free 
survival (DFS).5,6 This review focuses on the current 
treatment paradigms for LARC and highlights clini-
cal trials that may lead to a more selective evolution in 
management.  

Neoadjuvant Versus Adjuvant RT
Historically, the standard paradigm for the management 
of LARC (cT3, cT4, or node-positive disease) was TME 
with either low anterior resection or abdominoperineal 
resection (APR) for proximal and distal cancers, respec-
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tively. This was typically followed by adjuvant RT 
with or without chemotherapy and additional adju-
vant multiagent chemotherapy. Due to patient dif-
ficulty in completing postoperative treatment, sev-
eral trials investigated whether neoadjuvant therapy 
could offer similar disease control while resulting in 
less morbidity. In the German Rectal Cancer Study 
CAO/ARO/AIO-94, more than 800 patients with 
LARC were randomly assigned to either neoadju-
vant RT to 5,040 cGy in 28 fractions with contin-
uous-infusion 5-fluorouracil (5-FU) or to postopera-
tive RT to 5,580 cGy in 31 fractions with 5-FU7; this 
is commonly referred to as long-course, or standard, 
chemoradiotherapy (chemoRT). Surgical resection 
was TME, and both groups received 4 cycles of adju-
vant 5-FU. With long-term follow-up, neoadjuvant 
RT decreased local failure (7.1% vs 10.1%; P=.048) 
without impacting OS (59.6% vs 59.9%; P=.85) or 
distant failure (29.8% vs 29.6%; P=.9).8 Acute grade 
≥3 toxicity (27% vs 40%; P=.001) and late grade ≥3 
toxicity (14% vs 24%; P=.01) were reduced with 
neoadjuvant chemoRT. Upon review of resected 
tumors in the neoadjuvant therapy group, 9% were 
found to have pathologic complete response (pCR), 
which has been associated with improved survival 
and outcomes.9,10 

The EORTC 22921 and the Fédération Franco-
phone de Cancérologie Digestive (FFCD) 9203 trials 
compared outcomes for neoadjuvant chemoRT ver-
sus RT alone (± adjuvant chemotherapy) in patients 
with clinical T3 or T4 disease.11–13 The addition of 
chemotherapy to neoadjuvant RT improved rates of 
3-year local control (92.3% vs 84.7%; P<.0001) but 
not 5-year OS (66.3% vs 65.9%; P=.66) or 3-year 
distant progression-free survival (71.3% vs 70.7%; 
P=.5) in a pooled analysis of the data.14 pCR rates 
were significantly improved with chemoRT (11.2% 
vs 3.7%; P<.0001), consistent with the German 
trial results. Collectively, these data (Table 1) sup-
port a main recommendation by NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guide-
lines) for Rectal Cancer for locally advanced dis-
ease: neoadjuvant chemoRT, followed by definitive 
TME 5 to 12 weeks later, and then further adjuvant 
chemotherapy.15 

Short-Course RT
Although combined chemotherapy and long-course 
RT has been the primary neoadjuvant treatment 
approach in the United States, an alternative ap-
proach in other countries and some US centers has 

Table 1. Clinical Trials of Locally Advanced Rectal Cancer

Trial Treatment Regimens
Local Failure

(%)

Disease-Free 
Survival

(%)

Overall  
Survival

(%)

Pathologic Complete 
Response

(%)

German CAO/ARO/AIO-947,8 LC RT/5-FU 7.1a 68 60 9

Adjuvant LC RT/5-FU 10.1 68 60 NA

EORTC 22921/FFCD 920311–14 LC RT 15 61 66 3.7

LC RT/5-FU 8a 64 66 11.2a

Dutch TME17,18 SC RT 5a NR 48 NR

TME alone 11 NR 49 NR

Bujko et al19 LC RT/5-FU 14.2 55.6 66.2 16.1a

SC RT 9 58.4 67.2 0.7

TROG 01.0420 SC RT 8 NR 74 1

LC RT/5-FU 4 NR 70 15a

Stockholm III22,23 SC RT 1-wk delay

(All arms <5%)

65 73 1.7

SC RT 4- to 8-wk delay 64 76 10.1a

LC RT 4- to 8-wk delay 65 78 NR

Spanish GCR-340 LC RT/CAPEOX 2 64 78 13

CAPEOX → LC RT/
CAPEOX

5 62 75 14

Abbreviations: 5-FU, 5-fluorouracil; LC, long-course; NA, not applicable; NR, not reported; RT, radiotherapy; SC, short-course; TME, total mesorectal 
excision.  
aSignificant difference between arms.
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been neoadjuvant short-course RT given as 5 daily 
fractions of 5 Gy. The Swedish Rectal Cancer Trial 
was conducted in the pre-TME era and compared 
preoperative short-course RT followed by resection 
1 week later versus surgery alone. With long-term 
follow-up, short-course RT demonstrated improved 
OS (38% vs 30%; P=.008) with reduced local fail-
ure (9% vs 26%; P<.001).16 As noted, because TME 
was not a requirement for this trial, it was questioned 
whether outcomes for the surgical control arm were 
worse due to inferior surgical techniques. This theo-
ry was tested in the Dutch TME trial that similarly 
compared neoadjuvant short-course RT versus sur-
gery alone, with TME required for all patients.17 As 
with trials of neoadjuvant long-course RT followed 
by TME, short-course RT demonstrated an improved 
10-year local failure rate (5% vs 11%; P<.0001) but 
no improvement in 10-year OS rate (48% vs 49%; 
P=.86).18 Because the patient population contained 
almost two-thirds stage I/II disease, it is likely that 
many patients would not have received benefit from 
RT. This was supported by a subset analysis of pa-
tients with stage III disease and negative circum-
ferential resection margins (CRM) showing an OS 
benefit with short-course RT (50% vs 40%; P=.032).

Because of variation in practice patterns with 
the use of neoadjuvant long-course chemoRT or 
short-course RT alone for LARC, additional trials 
have been conducted to compare these regimens.19,20 
Bujko et al21 randomized >300 patients to long-
course chemoRT with 5-FU followed by resection 4 
to 6 weeks later or to short-course RT followed by 
resection within 1 week. No differences were seen 
in rates of 4-year local failure (14.2% vs 9%; P=.17), 
OS (66.2% vs 67.2%; P=.96), DFS (55.6% vs 58.4%; 
P=.82), or late toxicity (7.1% vs 10.1%; P=.36); pCR 
rates were significantly lower in the short-course arm 
(0.7% vs 16.1%; P<.001).19 Despite these patho-
logic findings, no differences were seen in the rate 
of sphincter-preservation surgery among patients 
treated with short-course versus standard chemoRT 
(61.2% vs 58%; P=.57). The TROG 01.04 trial simi-
larly randomized patients with cT3 disease to neo-
adjuvant short-course RT or long-course chemoRT 
with 5-FU followed by resection and adjuvant che-
motherapy20; it also found no differences in clinical 
outcomes (local failure, distant failure, OS, or late 
toxicity) between arms, and the pCR rate was signifi-
cantly less after short-course RT and short-interval 

surgery (1% vs 15%; P= not reported). The results 
of these randomized trials of short-course RT versus 
long-course chemoRT found no difference in rates of 
APR between arms, although the short-course arm 
in the TROG trial had a greater number of patients 
with distal (<5 cm) cancers. 

These inferior pathologic results could be at-
tributed to differences in RT fractionation sched-
ules or to differences in the delay between neoad-
juvant therapy and surgery. The Stockholm III trial 
assessed the effect of delay by randomizing patients 
to short-course RT and surgery 1 week later versus 
short-course RT with a 4- to 8-week delay, as well 
as a third arm of long-course RT alone with a 4- to 
8-week delay. In comparing the short-course out-
comes, pCR rates were higher with the longer delay 
(10.1% vs 1.7%; P<.001).22 No differences were seen 
in local/distant failure or OS between arms; howev-
er, patients receiving short-course RT with a 1-week 
delay had significantly greater incidence of postop-
erative complications compared with those receiv-
ing short-course RT with a 4- to 8-week delay (53% 
vs 41%; P=.001).23 

The NCCN Guidelines list short-course RT as 
an acceptable neoadjuvant treatment option for pa-
tients with LARC and clinical T3 CRM uninvolved 
or node-positive disease.15 In patients with clinical 
T4 disease, involved CRM, or locally unresectable/
medically inoperable tumors, long-course chemoRT 
with or without more intensive neoadjuvant chemo-
therapy is recommended given the available data for 
pathologic downstaging with standard chemoRT. 

Selection of Concurrent and 
Adjuvant Chemotherapy
The appropriate choice of concurrent chemotherapy 
was tested in the phase III randomized National Sur-
gical Adjuvant Breast and Bowel Project trial R-04. 
Patients with stage II or III rectal cancer were ran-
domized in a 2 x 2 design to either continuous infu-
sion 5-FU or capecitabine with or without oxalipla-
tin given concurrently with long-course RT.24,25 No 
differences were seen in rates of 5-year OS (79.9% 
vs 80.8%; P=.61), DFS (66.4% vs 67.7%; P=.70), or 
3-year locoregional failure (11.2% vs 11.8%; P=.98) 
between patients treated with 5-FU or capecitabine. 
Similarly, the addition of oxaliplatin did not im-
prove OS, DFS, or locoregional failure; however, 
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oxaliplatin significantly increased grade ≥3 acute 
diarrhea (P<.0001). The NCCN Guidelines recom-
mend single-agent fluoropyrimidine-based chemo-
therapy as the preferred concurrent systemic agent 
with long-course RT.15 

For patients with high-risk stage II or III colon 
cancer, large randomized trials have demonstrated a 
DFS benefit with the addition of oxaliplatin to 5-FU–
based adjuvant chemotherapy.26–28 Randomized tri-
als of patients with LARC treated with neoadjuvant 
chemoRT have provided mixed results regarding 
whether adjuvant 5-FU–based or multiagent chemo-
therapy improves survival. In the EORTC 22921 trial, 
an additional comparison of the 2 x 2 factorial design 
was randomization between 4 cycles of adjuvant 5-FU 
or observation. Adjuvant 5-FU was not found to im-
prove 10-year OS compared with observation (51.8% 
vs 48.4%; P=.32).13 Although early analysis demon-
strated a DFS benefit of adjuvant therapy for patients 
with ypT0–2 (hazard ratio [HR], 0.64; 95% CI, 0.45–
0.91; P=.13), this benefit was not observed with long-
term follow-up (HR, 0.89; 95% CI, 0.66–1.21; P= not 
reported).13,29 In a similar single randomization study, 
the Italian I-CNR-RT trial treated 655 patients with 
chemoRT with 5-FU, surgery, and either observation 
or 6 cycles of adjuvant 5-FU. For patients who under-
went resection, no difference was seen in 5-year OS 
(70% vs 69%; P=.772) or distant failure (20% both 
arms).30 A criticism of these trials is that randomiza-
tion occurred before neoadjuvant therapy, which may 
have resulted in imbalances in pathologic staging be-
tween groups prior to receiving adjuvant therapy.31 
Additionally, only 43% to 60% of patients received 
adjuvant chemotherapy as prescribed. 

Several randomized trials have investigated the 
effect of adding oxaliplatin to 5-FU–based therapy. 
The German CAO/ARO/AIO-04 trial, which ran-
domized >1,200 patients to either standard chemoRT 
with 5-FU followed by adjuvant 5-FU, or to the same 
treatment with the addition of oxaliplatin to both 
neoadjuvant and adjuvant therapy, demonstrated 
that 3-year DFS was significantly improved with the 
addition of oxaliplatin (76% vs 71%; P=.03).32 The 
ADORE phase II trial had a similar design, with ran-
domization of patients with pathologic stage II or III 
to either adjuvant 5-FU or FOLFOX chemotherapy, 
and similarly showed that the 3-year DFS rate was in-
creased in patients receiving oxaliplatin (72% vs 63%; 
P=.047).33 On subset analysis, this benefit appeared to 

be for patients with pathologic stage III disease. In 
contrast to these results, the PETACC-6 trial of pa-
tients randomized to chemoRT with capecitabine and 
adjuvant capecitabine or to the same treatment with 
the addition of neoadjuvant and adjuvant oxalipla-
tin did not find a difference in 3-year DFS (76.5% vs 
75.4%; P=.744).34

Several meta-analyses using either aggregate or 
individual patient data have not found an improve-
ment in OS or DFS when testing the effect of adju-
vant chemotherapy versus observation, or the effect 
of adding oxaliplatin to 5-FU–based therapy.35–37 De-
spite a lack of conclusive evidence of benefit, suf-
ficient data show a benefit for some patients with 
LARC that the NCCN panel continues to recom-
mend adjuvant FOLFOX, CAPEOX, or single-agent 
fluoropyrimidine-based chemotherapy.15 The recom-
mended total duration of perioperative therapy for 
patients with LARC is 6 months. 

Induction Chemotherapy and ChemoRT
Most patients with LARC will receive neoadjuvant 
chemoRT or short-course RT followed by surgi-
cal resection and adjuvant chemotherapy as the 
standard of care. There are reports that pathologic 
downstaging after neoadjuvant therapy is associ-
ated with improved survival outcomes. One measure 
of pathologic downstaging has been pCR rates, al-
though more recently the neoadjuvant rectal (NAR) 
score has been used as a surrogate for clinical trial 
outcomes.9,10,38,39 Several trials have now addressed 
sequencing of adjuvant therapy with the goals of im-
proving pCR rates/NAR scores, ensuring completion 
of prescribed therapy, and reducing late toxicity. 

The Spanish GCR-3 trial investigated moving 
adjuvant chemotherapy up-front as induction pri-
or to chemoRT. Patients were randomized to long-
course chemoRT with CAPEOX followed by TME 
and adjuvant CAPEOX or to induction CAPEOX 
followed by chemoRT and TME.40 No differences 
were seen in rates of 5-year local failure (2% vs 5%; 
P=.61), distant failure (21% vs 23%; P=.79), OS 
(78% vs 75%; P=.64), or pCR (13% vs 14%; P=.94). 
This demonstrated the safety of starting with induc-
tion chemotherapy prior to standard neoadjuvant 
chemoRT and surgery.

Garcia-Aguilar et al41 performed a multi-institu-
tional nonrandomized phase II trial testing the effect 
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of increasing preoperative chemotherapy cycles on 
pCR. Patients received chemoRT with 5-FU followed 
by (1) TME, (2) 2 cycles of mFOLFOX6 then TME, 
(3) 4 cycles of mFOLFOX6 then TME, or (4) 6 cycles 
of mFOLFOX6 and TME. Increasing the number of 
cycles of neoadjuvant mFOLFOX6 produced higher 
pCR rates (groups 1–4: 18% vs 25% vs 30% vs 38%, 
respectively; P=.0036). One consequence of length-
ening the interval between chemoRT and surgery was 
an increase in pelvic fibrosis at the time of surgery; 
however, this did not impact the R0 resection rate. 
Publication of clinical outcomes is pending.

These trials highlight the safety and potential-
ly improved efficacy of a total neoadjuvant therapy 
approach. NRG-GI002 (ClinicalTrials.gov identi-
fier: NCT02921256) is a randomized phase II trial 
platform investigating novel neoadjuvant strategies 
to produce a reduction in NAR scores as surrogate 
for OS in patients at particularly high risk of locore-
gional recurrence. The intent is that successful arms 
may go on to phase III testing. The standard arm is 
mFOLFOX6 x 8 cycles followed by capecitabine/
RT and surgery. The first experimental arm added 
the PARP inhibitor veliparib to capecitabine/RT 
and is now closed to accrual. Study eligibility crite-
ria select for patients with higher-risk disease than 
those on the Alliance PROSPECT trial (Clinical-
Trials.gov identifier: NCT01515787), including:  
(1) cT3–4 and distal location (<5 cm from anal 
verge); (2) bulky cT4 tumor within 3 mm of the me-
sorectal fascia; (3) cN2 disease; or (4) not a candi-
date for sphincter preservation prior to preoperative 
therapy. This may allow identification of new neo-
adjuvant therapies for patients with more aggressive 
LARC. 

Preoperative Chemotherapy Alone
Because the benefit of neoadjuvant RT is primar-
ily in reducing local failure, some investigators have 
questioned whether RT may be safely omitted and 
replaced by neoadjuvant chemotherapy alone. The 
Chinese FOWARC trial randomized 495 patients to 
1 of 3 arms: (1) long-course chemoRT with 5-FU and 
postoperative 5-FU, (2) chemoRT with mFOLFOX6 
and postoperative mFOLFOX6, or (3) neoadju-
vant mFOLFOX6 alone (no RT) and postoperative 
mFOLFOX6. The patient population included cT3–4 
or cN1–2 disease, and approximately 50% of patients 

had distal tumors <5 cm from the anal verge. The 
likelihood of R0 resection or sphincter-preservation 
surgery was similar regardless of neoadjuvant regimen; 
however, there was a significant difference in pCR rate 
depending on treatment arm, with arm 3 (neoadju-
vant mFOLFOX6 alone) having the lowest rate (arms 
1–3: 14% vs 27.5% vs 6.6%, respectively; P=.005, for 
arm 1 vs arm 2).42 In comparing the RT arms, mFOLF-
OX6 combined with RT produced greater grade 3/4 
gastrointestinal toxicity over standard RT + 5-FU 
(14.5% vs 7.7% diarrhea; P= not reported). 

The Alliance PROSPECT trial was opened in 
2012 to assess whether patients with favorable LARC 
may be treated with neoadjuvant chemotherapy 
alone (ClinicalTrials.gov identifier: NCT01515787). 
The study population includes patients with cT2N1 
or cT3N0–1 disease and sphincter-preservation sur-
gical candidates, while excluding cT4, cN2, or distal 
tumors that would require APR. Patients are random-
ized to chemoRT with 5-FU followed by resection 
or to induction FOLFOX6 followed by response as-
sessment. Patients in the experimental chemothera-
py-alone arm with >20% imaging response undergo 
resection, whereas nonresponders receive chemoRT 
before surgery. Both arms receive adjuvant chemo-
therapy. Compared with the FOWARC study, the 
PROSPECT patient population is selected for tumors 
with more favorable characteristics that may have a 
lower risk of local recurrence or need for downstag-
ing prior to surgery. Clinical outcomes from both trials 
are awaited before neoadjuvant chemotherapy alone 
without RT can be considered an option for select pa-
tients with LARC; this treatment paradigm is investi-
gational and not currently recommended by NCCN.15

Nonoperative Management 
Changes in neoadjuvant management with improved 
pCR rates have prompted investigation into whether 
surgery may be safely omitted in select patients. This 
would carry the potential advantage of sphincter pres-
ervation and avoidance of surgical morbidity. This 
approach of omitting surgery has been referred to as 
“nonoperative management,” “watchful waiting,” or 
“watch-and-wait.” One of the earliest reports of this 
approach by Habr-Gama et al43 described a retrospec-
tive series of 265 patients with distal nonmetastatic 
rectal cancers treated with long-course chemoRT. Pa-
tients with no evidence of disease on restaging by digi-
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tal examination, endoscopy with biopsy, and CT imag-
ing underwent nonoperative management with close 
surveillance; patients with evidence of residual disease 
underwent definitive TME. Of the cohort, 27% had 
clinical complete response (cCR), whereas 8% who 
underwent surgery had pCR. The cCR group had an 
increased 5-year OS rate (100% vs 88%; P=.01), but 
no difference was seen in rates of DFS (92% vs 83%; 
P=.09) or local failure (7% vs 13.6%; P=.2). Because 
27% of patients in this study had a cCR, which is high-
er than the approximately 15% pCR rates reported by 
many trials, this suggests that increasing time between 
completion of chemoRT and surgery has a significant 
effect on pathologic tumor response. This is supported 
by the results of the Stockholm III trial.22 These re-
sults also suggest that nonoperative management may 
allow for organ preservation without increased risk of 
recurrence or death in carefully selected patients. 

Martens et al44 reported outcomes from a prospec-
tive cohort of patients managed with either nonop-
erative management or transanal excision after cCR 
or near cCR as defined by digital examination, endos-
copy, and MRI. Of 100 patients, 61 had an initial cCR 
8 weeks after neoadjuvant therapy, 24 were found to 
have cCR at a second assessment 3 months later, and 
the remaining 15 patients underwent transanal exci-
sion. Overall, 15% of patients developed locoregion-
al failures and were salvaged with surgery; 3-year OS 
was 97%, distant metastasis-free survival was 97%, 
and colostomy-free survival was 95%. In addition to 
these findings, numerous retrospective and prospec-
tive cohort studies have reported favorable outcomes 
in patients undergoing nonoperative management 
with chemoRT.44–49 Reported local failure rates range 
from 15% to 38%, but importantly, salvage therapies 
were successful for >90% of patients with local failure. 

Reported 5-year OS rates with this nonoperative ap-
proach range from 96% to 100%. 

Nonoperative management continues to be an 
active area of investigation. Many of the trials report-
ed involve very careful patient selection that can bias 
results, which prompts caution against it as a stan-
dard treatment approach for most patients. Because 
patient selection for nonoperative management after 
chemoRT can be difficult and depends on accurate 
clinical and diagnostic assessment, its use has primar-
ily been limited to high-volume centers with experi-
enced multidisciplinary teams. This is likely to evolve 
as diagnostic modalities are better able to predict for 
pathologic response. At this time, the NCCN Guide-
lines do not recommend nonoperative management 
in patients with LARC who are otherwise considered 
candidates for surgical resection.15 

Conclusions 
The treatment paradigm for patients with LARC has 
evolved over the past decades from resection alone 
to postoperative adjuvant therapy, and now to neo-
adjuvant chemoRT followed by TME and additional 
chemotherapy, resulting in dramatically decreased lo-
cal failure rates. Continued refinement of treatment 
strategies with total neoadjuvant chemotherapy and 
chemoRT in patients at higher risk of recurrence has 
also improved pCR rates. Active clinical trials are 
aimed at further tailoring treatment to disease risk, in-
cluding selecting patients who may be at a lower risk 
of recurrence to undergo neoadjuvant chemotherapy 
alone, those at increased risk of recurrence to undergo 
additional intensified and targeted neoadjuvant regi-
mens, and those with a cCR to neoadjuvant chemoRT 
to undergo nonoperative management. 
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