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Abstract
Purpose of Review Neoadjuvant long-course chemoradiation (LCRT) and short-course radiotherapy (SCRT) are evidence-based
treatment options for locally advanced rectal cancer. Both paradigms improve local control but have not shown to impact distant
metastases or overall survival. Herein, we compare these two radiation approaches and review their role in the multidisciplinary
management for locally advanced rectal cancer.
Recent Findings There are no significant differences in disease outcomes between LCRTand SCRT. Delaying surgery after either
radiation regimens is safe and leads to tumor downstaging without compromising oncologic outcomes. Attempts to incorporate
chemotherapy to intensify neoadjuvant radiation regimens are under active investigation.
Summary LCRT and SCRT are proven neoadjuvant regimens that improve local control. Supporters of LCRT emphasize the
higher likelihood for tumor downstaging and sphincter preservation, while those favoring SCRT highlight lower acute toxicities,
decreased costs, and patient convenience. Delaying surgery after either LCRT or SCRT is safe and provides pathologic
downstaging. The optimal timing of surgery has yet to be determined. There is growing interest in total neoadjuvant therapy
which incorporates chemotherapy with neoadjuvant radiation.
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Introduction

Colorectal cancer is the third most common cancer in the United
States (USA) in both men and women. In 2019, it is expected
that there will be 44,180 new cases of and 51,020 deaths from
rectal cancer [1]. Oftentimes, patients present with locally ad-
vanced, deeply invasive (T3–4), or node-positive tumors require
a multimodality treatment approach to achieve optimal out-
comes. For locally advanced rectal cancer, NCCN guidelines

recommend neoadjuvant chemoradiation followed by total
mesorectal excision (TME) and adjuvant chemotherapy.
Radiation delivered prior to TME has consistently shown to
reduce local and regional pelvic recurrences. Two standard neo-
adjuvant radiation paradigms are long-course chemoradiation
(LCRT) (50.4 Gy in 28 fractions given concurrently with
fluorouracil-based chemotherapy) and short-course radiotherapy
(SCRT) (25 Gy in 5 daily fractions) [2].

The role for neoadjuvant LCRT was established by the
French FFCD 9203 and German Rectal Cancer trials [3–5].
The French FFCD 9203 trial demonstrated that patients re-
ceiving pre-operative chemoradiation had significantly lower
5-year local recurrence (LR) rates (8.1%) compared to patients
receiving radiation therapy alone (16.5%, p < 0.05), though
without improvements in 5-year overall survival (OS) or
sphincter preservation. The trial randomized 733 T3–4 rectal
cancer patients to either pre-operative radiotherapy alone
(45 Gy in 25 daily fractions) or radiotherapy given concur-
rently with 5-FU and leucovorin followed by non-TME sur-
gery 3 to 10 weeks later. The German Rectal Cancer trial
similarly found fewer local relapses with neoadjuvant LCRT
followed by TME compared to TME followed by adjuvant
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LCRT. Patients with T3–4 or node-positive rectal cancer were
randomized to either pre-operative or post-operative chemo-
radiation with 50.4 Gy in 28 fractions to the tumor and pelvic
lymph nodes given concurrently with continuous infusion of
5-FU. The 10-year incidences of distant metastases (DMs),
disease-free survival (DFS), and OS were not different be-
tween study groups. Acute and late treatment-related morbid-
ity were reduced with neoadjuvant LCRT.

In parallel, a shorter course of pre-operative radiation also
effectively reduced local recurrence rates over surgery alone.
The Swedish Rectal Cancer Trial demonstrated that patients
undergoing SCRTwith 25 Gy over 5 daily fractions followed
by surgerywithin 1 week had lower rates of LR (11% vs. 27%,
p < 0.001), improved 5-year OS (58% vs. 48%, p = 0.004),
and 9-year cause-specific survival (CSS) (74% vs. 64%, p =
0.002) compared to those undergoing surgery alone [6]. These
findings remained significant after median follow-up of
13 years [7]. Of note, patients in this trial did not undergo
TME, which is considered standard of care today. The poorer
outcomes among patients undergoing surgery alone were
thought to be from inferior surgical techniques.

To specifically address the value of pre-operative SCRT in
the setting of TME, the Dutch trial randomized 1861 patients
with resectable rectal cancer to either SCRT followed by TME
or TME alone [8]. Patients with SCRT had significantly lower
10-year LR rates but no improvement in OS. On subset anal-
ysis, TNM stage III rectal cancer patients with negative cir-
cumferential resection margins (CRMs) who underwent
SCRT had improved 10-year OS (50%) compared to those
undergoing surgery alone (40%, p = 0.032) [9].

Despite evidence for the effectiveness of SCRT, LCRT re-
mains standard of care in the USA; however, SCRT is utilized
more in countries outside the USA and in academic centers. In
this review, we summarize the clinical trials comparing LCRT
and SCRT, as well as potential reasons for why clinicians may
favor one regimen over the other. We also discuss trials inves-
tigating the optimal timing of surgery after neoadjuvant radi-
ation and intensification of neoadjuvant radiation with chemo-
therapy, or total neoadjuvant therapy (TNT), to improve on-
cologic outcomes.

Comparison of Oncologic Outcomes
Between Neoadjuvant Long-Course Chemoradiation
and Short-Course Radiation

To date, two prospective randomized trials comparing LCRT
to SCRT for locally advanced rectal cancer have shown no
major differences in oncologic outcomes. Findings are sum-
marized in Table 1.

The Polish trial randomized 316 patients from 19 institu-
tions between 1999 and 2002 with palpable T3–4 rectal ade-
nocarcinomas to 25 Gy in 5 fractions or 50.4 Gy in 28 frac-
tions with bolus 5-FU and leucovorin [11, 12]. Patients were

staged with digital rectal exams (DREs), endorectal ultra-
sound, and pelvic CTscans. Patients with distant disease were
excluded based on results of chest X-ray and/or CT of the
abdomen. TME followed within 1 week of SCRT or 4–
6 weeks after LCRT, and post-operative chemotherapy was
optional. There were higher pathologic complete response
(pCR) rates after LCRT (16.1% vs. 0.7%, p < 0.001), and
lower rates of positive radial margins (4% vs. 13%, p =
0.017). Despite significant tumor downstaging, no differences
in sphincter preservation rates (61% vs. 58%, respectively;
p = 0.57) were observed. Long-term results showed no signif-
icant differences in LR rates, 4-year OS, or DFS between the
two regimens [11]. While LCRT was associated with higher
acute toxicity (18.2% vs. 3.2%, p < 0.001), severe late toxic-
ity, defined as grade ≥ 3 or requiring major surgical interven-
tion or hospitalization, was not significantly different between
the two neoadjuvant regimens (10.1% vs. 7.1%, p = 0.36). Of
note, 39.5% of patients in the SCRT group had pT1–2 disease,
thought to result from either tumor downstaging when surgery
was delayed beyond 10 days (which occurred in 12.7% of
patients) or from inaccurate clinical staging.

More recently, the TROG 01.04 study compared SCRT
followed by surgery within 1 week to LCRT followed by
surgery within 4–6 weeks. Patients with cT3 and N0–2 rectal
adenocarcinoma located within 12 cm from anal verge were
included [13]. After median follow-up of 5.9 years, there was
significantly more tumor downstaging with LCRT (45% vs.
28%, p = 0.002) and increased pCR rates (15% vs. 1%,
p < 0.001). Similar to the Polish study, these findings did not
translate to reduced rates of anterior peritoneal resections
(APRs) for distal tumors (79% vs. 77%, p = 0.87), 3-year
LR (7.5% vs. 4.4%, p = 0.24), 5-year distant recurrence rates
(27% vs. 30%, p = 0.92), or improvement in 5-year OS (74%
vs. 70%, p = 0.62). Late toxicity was not significantly differ-
ent between the two arms (5.8% vs. 8.2%, p = 0.53). A subset
analysis of patients with distal tumors < 5 cm from anal verge
(n = 79) showed a cumulative LR incidence of 12.5% vs. 0%
after SCRT and LCRT, respectively (p = 0.26). Although this
cumulative LR incidence was not statistically significant, the
trial did not have sufficient power to detect a true difference in
this subgroup. Additionally, possible reasons why higher
pathologic downstaging with neoadjuvant LCRT did not lead
to higher sphincter preservation rates could be that the extent
of tumor downstaging was not sufficient enough to alter sur-
gical approach or that surgeons made surgical decisions based
on presenting clinical characteristics. SCRTwas not expected
to reduce APR rates due to insufficient time for tumor
downstaging.

There are some notable differences between the TROG and
Polish trials. The TROG trial assessed patients with endorectal
ultrasound or pelvic MRI, with sigmoidoscopy and biopsy,
compared to DRE and pelvic CT scans in the Polish trial.
Additionally, patients in the TROG trial were treated with
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continuous infusion (as opposed to bolus) 5-FU. Several stud-
ies have reported superior outcomes with continuous infusion
5-FU with respect to pCR rates, time to relapse, and survival
[18, 19]. Finally, both arms in the TROG trial received four
cycles of adjuvant chemotherapy, while the adjuvant chemo-
therapy was optional and variably administered in the Polish
trial.

Given the results of these studies, the optimal fractionation
and timing of surgery after radiation remains controversial.
The Stockholm III trial aimed to compare three different
schedules of radiotherapy [15••]. This non-inferiority trial ran-
domized patients with resectable tumors located within 15 cm
from the anal verge to SCRT followed by immediate surgery
1 week later, SCRTwith delayed surgery 4–8 weeks later, and
long-course radiation with delayed surgery by 4–8 weeks.
There were no significant differences in time to LR among
the three groups (33.4 vs. 19.3 vs. 33.3 months, respectively).
The cumulative incidence of LR (2.2% vs 2.8% vs. 5.4%), 5-
year OS (73% vs. 76% vs. 78%), and acute toxicities (< 1%
vs. 7% vs. 5%) were similar among all three groups. The two
SCRT groups were considered non-inferior to long-course
radiation. Comparing between the two SCRT regimens, the
overall risk for post-operative complications was significantly
lower when surgery was delayed, though the frequency of
severe complications requiring reoperation was no different.
Lower risk for any post-operative complications from SCRT
and delayed surgery was partially offset by 7% of patients
experiencing grade 3 toxicity requiring hospital admission.

A planned interim analysis of the Stockholm III trial com-
pared pathologic outcomes between the two SCRT groups and
was published in 2015. There was a higher rate of pCR (11.8%
vs. 1.7%) and Dworak grade 4 tumor regression (10% vs.
1.7%) with SCRT and delayed surgery compared to SCRT
with immediate surgery [20]. In 2019, tumor regression out-
comes were reported for all three study groups [21•]. After
median follow-up of 5.7 years, pCR from SCRT and delayed
surgery remained higher (10.4%) than pCR rates achieved
from SCRT and immediate surgery (0.3%) and long-course
radiation with delayed surgery (2.2%). Furthermore, achiev-
ing a pCR was significantly associated with improved time to
recurrence (HR = 0.27) and OS (HR = 0.51, p = 0.046).
Despite differences in pCR rates among neoadjuvant regi-
mens, there were no significant impacts to local control, dis-
tant metastasis, or OS, consistent with prior reports.
Interestingly, patients achieving near-complete response (con-
sistent with Dworak grade 3 tumor regression) had worse
disease control or survival compared to patients with true
pCR.

The Stockholm III trial is the first to report a higher pCR
rate with SCRT and delayed surgery over long-course radia-
tion. Until now, most retrospective and prospective series have
reported superior pCR rates with LCRT over either SCRT
regimens (immediate or delayed surgery) [13, 16, 17,

22–24]. About half the patients in the Stockholm III trial had
pre-operative staging and clinical information available, mak-
ing generalizability and interpretation of the data difficult.
Additionally, this study did not evaluate lymph node regres-
sion, which has also been associated with improved oncologic
outcomes [25, 26]. There has been conflicting evidence in the
literature as to whether patients must achieve a pCR to benefit
from a lower risk of disease recurrence, or whether any degree
of tumor downstaging is beneficial [27, 28]. Many high-
quality reports suggest that pCR may not be a good surrogate
for oncologic outcomes like OS, since it does not take into
account potential micrometastatic disease [29].

There are other limitations with this trial. Due to limited
hospital resources in some participating centers and concerns
for the long delay to surgery with long-course radiation, the
trial was amended 1 year after opening. Randomization was
subsequently limited to the two SCRT arms yet analyzed with
intention-to-treat, which may not take into account for poten-
tial imbalances among the study groups. Additionally, the
Stockholm trial did not give concurrent chemotherapy in the
long-course radiation arm. Studies have since shown that con-
current chemotherapy with long-course radiation improves
local control [3, 30, 31]. Finally, acute toxicities arising from
SCRTand immediate surgery may be confused for early post-
operative complications [32]. This trial suggested that
delaying surgery after SCRT by 4–8 weeks is safe and yields
similar oncologic outcomes as SCRTwith immediate surgery.

Stockholm III highlights the importance of further explor-
ing the optimal timing of surgery following neoadjuvant ther-
apies for certain subsets of patients. The benefits of delaying
surgery without impacting oncologic outcomes have led some
investigators to evaluate the idea of intensifying neoadjuvant
radiotherapy with additional chemotherapy to improve onco-
logic outcomes.

Optimal Timing of Surgery Following Neoadjuvant
Therapy

The optimal timing of surgery after radiation has yet to be
determined. GRECCAR-6 found that delaying surgery be-
yond 11 weeks after neoadjuvant LCRT led to poorer-
quality TMEs and increased surgical morbidity [33]. This
phase III multicenter trial recruited patients with cT3–4 and/
or node-positive tumors located in the mid or distal rectum.
All patients received 45–50 Gy with concurrent 5-FU or cap-
ecitabine and were then randomized to surgery 7 or 11 weeks
later. Morbidity was significantly worse when surgery was
prolonged by 11 weeks (32% vs. 44.5%, p = 0.040). These
patients experienced more medical complications (19.2% vs.
32.8%, p = 0.0137) and worse-quality TMEs, in which the
mesorectum was not completely resected (90% vs. 78.7%,
p = 0.0156).
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The recent Stockholm III trial suggests that delaying sur-
gery after SCRT by 4–8 weeks provides an opportunity to
improve tumor downstaging while not impacting OS or recur-
rence rates [21•, 34, 35]. In addition, a retrospective study
suggests that the optimal timing for resection is within 7 to
10 weeks following LCRT [35]. In this study, downstaging
rates peaked between 6 and 7 weeks; ypCR rates increased up
to 6 weeks after surgery but declined beyond 10 weeks.

Quality of Life, Cost-Effectiveness, and Utilization
of Neoadjuvant Short- and Long-Course Regimens

As the optimal neoadjuvant regimen is still debated, recent
reports have assessed toxicity and cost-effectiveness to guide
clinicians in deciding between LCRT and SCRT prior to im-
mediate surgery.

Acute toxicities and post-operative complications from
TROG 01.04 were reported by Ansari et al. [14]. All patients
randomized to SCRT were able to complete the treatment
course, and 93% of patients completed LCRT. A significantly
higher proportion of patients experienced at least one acute
toxicity with LCRT (99.4%) compared to SCRT (72.3%)
(p < 0.001). More specifically, about 3–5% of patients after
LCRT experienced significant grade 3 or higher radiation der-
matitis, proctitis, nausea, fatigue, and/or diarrhea. However,
there were no significant differences in surgical complication
rates between the two neoadjuvant regimens. There was a
trend towards more permanent stomas (38% vs. 29.8%, p =
0.13) and anastomotic breakdowns (7.1% vs. 3.5%, p = 0.26)
for patients undergoing SCRT. A trend towards more perineal
wound complications was observed in patients undergoing
LCRT (38.3% vs. 50%, p = 0.26).

There are more limited data reporting long-term toxicities
following SCRT, but most studies generally report that quality
of life (QOL) is similar between LCRT and SCRT at least
1 year after completing neoadjuvant therapy. Compared to
patients undergoing SCRT, patients who had LCRT experi-
enced a greater decline in emotional, physical, cognitive,
and social functioning 3–6 months after neoadjuvant therapy.
These QOL domains improved with time, and eventually be-
came comparable to patients after SCRT after 1–2 years [10,
36, 37]. One study reported a higher degree of bowel function
14 years following SCRT and TME compared to TME alone
among patients enrolled on the Dutch TME trial from 1996 to
1999 [8, 38]. In the long-term toxicity analysis, 583 of the
original 1530 patients enrolled on the Dutch TME trial were
alive at time of this study and were given a set of question-
naires assessing low anterior resection syndrome (LARS) and
QOL [38]. LARS is a constellation of symptoms that include
fecal incontinence, bowel urgency, frequent or fragmented
bowel movements, bloating, or sensation of incomplete bowel
evacuation. Forty-six percent of study patients experienced
“major LARS,” 22% experienced “minor LARS,” and 32%

with “no LARS.” Fifty-six percent of patients with major
LARS underwent SCRT and 35% had TME alone. On multi-
variate analysis, patients undergoing SCRT and age less than
75 years were at high risk of developing major LARS. When
stratified by the degree of LARS experienced by patients,
those with major LARS had significantly worse QOL out-
comes compared to other subgroups. Finally, regardless of
neoadjuvant regimen, 44–60% of patients with LAR tend to
experience major bowel dysfunction, while patients who had
APR have more urinary and sexual dysfunction [37, 39, 40].

A recent cost-effectiveness analysis comparing SCRT
followed by immediate surgery and LCRT followed by de-
layed surgery concluded that SCRT was more cost-effective
for most locally advanced rectal cancer patients [41]. This
study included sensitivity analyses varying costs of surgery
and radiation over a reasonable range, and SCRT still
remained the higher value treatment. However, LCRT was
the cost-effective approach for distally located tumors assum-
ing a higher proportion of patients undergoing LCRT would
have sufficient downstaging to undergo a sphincter-sparing
surgery compared to patients having undergone SCRT. The
cost-effectiveness of SCRT versus LCRT was dependent on
the utilities of the disease-free states after APR and LAR,
highlighting the importance of preference sensitive care.

Despite evidence reporting equivalent oncologic outcomes
and long-term toxicities between SCRT with immediate sur-
gery and LCRT, SCRT is still under-utilized, especially in the
USA. A survey of American radiation oncologists who regu-
larly treat patients with rectal cancer showed that 96% of re-
spondents preferred LCRT, and 44% had never recommended
SCRT [42]. Some reasons why clinicians may offer SCRT
include less acute toxicity, patient convenience, and lower
costs [42–44]. SCRT was usually not recommended due to
insufficient tumor downstaging for potential sphincter preser-
vation and desire for long-term follow-up [42]. In light of the
Stockholm III trial and as US healthcare moves towards a
more capitated payment model, SCRT may be utilized more
often in the future.

Intensifying Neoadjuvant Radiation
with Chemotherapy

Local failure rates with neoadjuvant radiation followed by
TME are low (5–10%) [3, 5, 9]. However, rectal cancer pa-
tients often fail distantly, which may explain the lack of OS
benefit from radiation.

Intensifying neoadjuvant radiation with concurrent multi-
drug chemotherapy has been evaluated in several phase II–III
randomized trials. At least 5 clinical trials have incorporated
oxaliplatin with 5-FU or capecitabine during LCRT. None
have shown improvement in pCR rates or OS [45–49]. Only
the German CAO/ARO/AIO-04 trial demonstrated better
DFS with neoadjuvant LCRT with 5-FU and oxaliplatin
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(75.9% vs. 71.2%, p = 0.03) [46]. Early phase trials have also
evaluated incorporating other agents (irinotecan, cetuximab,
bevacizumab, and tyrosine kinase inhibitors) with 5-FU-based
chemoradiation, but have had variable results [50–55].

Limited trials have studied concurrent chemotherapy with
SCRT due to concerns for worsening acute toxicities. A series
of trials from South Korea evaluated the safety and feasibility
of concurrent chemotherapy with SCRT. Outcomes were de-
pendent on the chemotherapy agent used. One of the phase 2
trials included patients receiving SCRTwith concurrent bolus
injections of 5-FU and leucovorin, which led to severe grade 3
or higher acute toxicities in 38% of patients and poor patho-
logic responses compared to conventional LCRT [56].
However, continuous infusion of 5-FU or oral capecitabine
concurrently with SCRT led to better toxicity profiles and
comparable pathologic outcomes to LCRT [57, 58].

In an attempt to minimize acute toxicities, early phase trials
demonstrated the feasibility of hyperfractionated SCRT [59,
60]. Delivering a BED > 30 Gy was associated with improved
local control and reduced mortality rates, compared to regi-
mens with ≤ 30 Gy. A Japanese study also gave capecitabine
concurrently with hyperfractionated SCRT (25 Gy in 2.5 Gy
per fraction given twice daily) for T3Nx low rectal cancer
patients [61]. While 31% of patients experienced grade 1 cys-
titis and 5% experienced grade 2 diarrhea, there were no grade
3 or higher acute toxicities. Short-term oncologic outcomes
appeared favorable, with 76% of patients experiencing tumor
downstaging and 10% achieving pCR. Two-year local
relapse-free survival was 95% and 2-year recurrence-free sur-
vival was 91%.Overall, hyperfractionated SCRTwith or with-
out concurrent chemotherapy is a feasible and promising al-
ternative to standard SCRT and LCRT.

Interest in chemotherapy prior to or soon after neoadjuvant
radiation is growing as well. This approach has been termed
total neoadjuvant therapy (TNT). Studies from the UK report-
ed high radiographic response rates with induction capecita-
bine and oxaliplatin (CAPOX) prior to initiating neoadjuvant
LCRT [62, 63]. In their most recent report, 74% of patients
were found to have radiographic response rates after induction
chemotherapy, 89% achieved radiographic responses after
LCRT, and 20% had pCR. Three-year relapse-free survival
(RFS) and OS were high at 74% and 83%, respectively. The
GCR-3 phase II trial showed similar pCR rates of 14.3% after
induction CAPOX. This trial compared induction versus ad-
juvant CAPOX to LCRT and surgery. pCR rates, distant fail-
ure rates, and OS were similar between the two arms, but
patients were found to have better compliance and toxicity
profiles with induction CAPOX [64]. NRG-G1002
(NCT02921256) is an ongoing phase II randomized trial with
induction FOLFOX and LCRT as the control arm. There are
multiple experimental arms involving induction FOLFOX
and LCRT with concurrent 5-FU and targeted agents like
veliparib or pembrolizumab before TME.

The UK COPERNICUS trial assessed induction CAPOX
with SCRT and immediate surgery specifically among rectal
cancer patients who had T3–4 onMRI with either extra-mural
venous invasion or lymph node involvement. Post-induction
chemotherapy MRI showed 73% tumor response rate, and
37% of patients having tumor regression grade (mrTRG) of
1–2. Delaying time to surgery with induction chemotherapy
did not jeopardize surgical outcomes, and 74% of patients had
high-quality surgeries [65].

Neoadjuvant chemotherapy given after radiation but before
surgery is another total neoadjuvant therapy strategy under
active investigation. Most studies have administered consoli-
dation chemotherapy after SCRT. Several phase II trials have
employed consolidation CAPOX after SCRT, resulting in
high pCR rates ranging from 25 to 30% [66, 67]. Among
locally advanced T3–4 or node-positive tumors, 3-year local
control and OS were 94% and 65%, respectively [66]. One
trial assessed the efficacy of SCRTand consolidation CAPOX
with bevacizumab among high-risk patients with limited re-
sectable metastases. This treatment regimen achieved relative-
ly long-term survival for this subset of patients despite high
distant recurrence rates (80.6%). After median follow-up of
8 years, OS was 32% and DFS was 28% [67]. Similar favor-
able outcomes using consolidation FOLFOX (4 cycles) after
SCRT among rectal cancer patients (T3–4, any N and M)
planned for resection of primary tumor were reported
[68–70]. At time of surgery, ~ 70% of patients had tumor
downstaging. Twenty-five to 28% of patients had pCR,
though 32% still had node-positive disease. Local control after
30 months of follow-up was 95%, and 87% of patients were
free from distant metastases [68]. More recently, a single in-
stitution reported their experiencewith 26 patients with locally
advanced rectal adenocarcinoma who underwent SCRT
followed by mFOLFOX6 or CAPOX prior surgery [70]. Of
19 patients who underwent post-neoadjuvant treatment endo-
scopic evaluation, 9 patients (47%) were noted to have com-
plete clinical response. Twenty (20) patients ultimately
underwent surgery, of which 35%were observed to have path-
ologic complete response. Twenty-seven percent (27%) of
patients experienced CTCAE grade 2 radiation-associated
proctitis and 30% experienced Clavien-Dindo grade 3 post-
operative complications within 30 days of surgery.

Early comparisons between patients undergoing SCRTand
consolidation FOLFOX with those who had standard LCRT
have been made [71, 72]. R0 resection and pCR rates from
TNT are comparable to those after LCRT. R0 resection rates
from TNT have been ~ 77% and pCR rates range from 16 to
28% [72]. Results have been mixed regarding the impact of
TNT on disease recurrence and OS [71, 72]. The STELLAR
trial is a multicenter phase III trial from China that compared
SCRT and 4 cycles of consolidation CAPOX to LCRT with
capecitabine. TME followed 6–8 weeks later in both groups,
and additional two to six courses of CAPOX post-operatively
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were prescribed for both groups [73].While there were similar
R0 resection rates between the two groups (92.9% vs. 89.5%,
p = 0.593), a significantly higher proportion of patients who
were randomized to SCRT and CAPOX achieved pCR rates
compared to patients randomized to receive LCRT (26.2% vs.
5.3%, p = 0.011). Moreover, a significantly higher proportion
of patients receiving SCRT and CAPOX were able to com-
plete all planned treatments compared to LCRT (76.5% vs.
49%, p = 0.000). The RAPIDO is another randomized trial
comparing oncologic outcomes after SCRT and 6 cycles of
consolidation CAPOX before TME, and standard LCRT.
The RAPIDO trial recently completed, and results are
anticipated.

Replacing Neoadjuvant Radiation with Chemotherapy

The possibility of omitting neoadjuvant radiation entirely is
being explored. Approximately 30% of patients eventually
develop distant metastases, and efforts focusing on neoadju-
vant chemotherapy alone without radiation to address this
issue are underway.

The Chinese FOWARC trial is a phase III trial that random-
ized 495 cT1-4N1-2 rectal cancer patients to one of three
arms: standard LCRT with 5-FU and 7 cycles of adjuvant 5-
FU, LCRTwith FOLFOX6 and adjuvant FOLFOX6, or peri-
operative mFOLFOX6 alone [74]. Initial results reported that
perioperative mFOLFOX6 alone led to worse pCR rates (14%
vs. 27.5% vs. 6.6% respectively), tumor downstaging (37.1%
vs. 56.4% vs. 35.5%), and nodal downstaging (80.1%, 87.4%,
73.5%) compared to the other two study groups involving
LCRT. Toxicities from perioperative mFOLFOX6 group were
not reported, but using FOLFOX concurrently with LCRT led
to high-grade 3–4 GI toxicities Despite these initial results, no
significant differences in primary endpoint (3-year DFS)
(72.9% vs. 77.2% vs, 73.5%, p = 0.709), local recurrence after
R0/1 resections (8% vs. 7% vs. 8.3%, p = 0.873), or 3-year OS
(91.3% vs. 89.1% vs. 90.7%, p = 0.971) were observed [75].
Thus, this study calls for further investigation into the utility of
radiation in neoadjuvant regimens for locally advanced rectal
cancer.

The results of the ongoing Alliance PROSPECT trial
(NCT01515787) are pending and will be informative. This
phase II–III trial is randomizing cT2-3N0-1 patients to either
LCRTwith 5-FU or capecitabine or to neoadjuvant FOLFOX
for 6 cycles alone. LCRT will be selectively provided to pa-
tients in the neoadjuvant FOLFOX group whose tumor does
not decrease by > 20% after completing neoadjuvant therapy.

Conclusion

Neoadjuvant radiotherapy with either LCRT or SCRT prior to
TME yields low rates of pelvic recurrences. Recent

prospective randomized trials comparing LCRT to SCRTsug-
gest no differences in oncologic outcomes or toxicity.
Compared to SCRT followed by immediate surgery, LCRT
followed by delayed TME has been associated with higher
likelihood for tumor downstaging. While delaying surgery
after SCRT is safe and results in higher rates of tumor
downstaging, SCRT is rarely recommended in the USA. The
optimal timing of surgery remains uncertain, and there is
growing interest in further improving outcomes by incorpo-
rating chemotherapy with neoadjuvant radiation.
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