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Abstract
Background Despite screening initiatives, rectal cancer re-
mains one of the most prevalent malignancies diagnosed in
patients worldwide with a high mortality. The introduction of
neoadjuvant therapy has resulted in a paradigm shift in the
treatment and outcomes of rectal cancer. Surgeons play an
intricate role in the pre-operative, operative, and post-
operative management of these patients.
Purpose The purpose of this comprehensive literature review
was to summarize the evolution of the use chemotherapy and
radiation and the process of differentiation into specific neo-
adjuvant chemoradiation protocols in the treatment of locally
advanced rectal cancer. This will provide a concise summary
for practicing surgeons of the current evidence for neoadju-
vant chemoradiation as well as the various implications of
therapy on operative outcomes.
Conclusion The initial benefit of adjuvant therapy in the treat-
ment of rectal cancer patients became evident with prospective
studies demonstrating improvements in various oncologic sur-
vival outcomes. Due to the improved compliance and reduced
toxicity, as well as the potential for tumor down-staging and
sphincter preservation, neoadjuvant approaches became the
preferred method of administering chemotherapy and radiation.
Furthermore, a subgroup of patients has been shown to present
with complete clinical response to neoadjuvant therapy. This
has resulted in the development of the non-operative Bwatch

and wait^ approach, which has initiated discussions on chang-
ing the interval from the completion of neoadjuvant therapy to
surgical resection. The continued development of the multidis-
ciplinary approach will only further improve our ability to pro-
vide patients with the best possible oncologic outcomes.
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Introduction

Neoadjuvant chemoradiotherapy (NACRT) has become the
standard of care in the treatment of locally advanced rectal
cancer. National guidelines have included recommendations
for the use of various chemoradiation regimens in order to try
to decrease rates of local recurrence, with the potential to
improve overall survival in this patient population [1].

Prior to the advent of perioperative chemotherapy or radia-
tion, recurrence rates were as high as 40 % in patients with
locally advanced rectal cancers [2]. In the majority of these
studies, locally advanced disease was defined as extension
through the muscularis propria (T3) and/or lymph node positive
disease (N1+). This problem initiated two movements that
seemed to develop with the intention of addressing these recur-
rence rates. Richard BBill^ Heald from Basingstoke, UK, im-
proved the surgical approach to a proctectomy with the advent
of the total mesorectal excision (TME) [3], while other authors
began to focus on the use of adjuvantmeasures of chemotherapy
and radiation, specifically in the post-operative period [4–6].

The evidence for adjuvant therapy

Initial efforts to study the effects of adjuvant chemotherapy
and radiation were demonstrated in various trials.
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Chronologically, the Gastrointestinal Tumor Study Group
(GTSG 7175) was the first to publish the findings of a trial
in which patients were randomized to one of four groups: no
adjuvant therapy, adjuvant chemotherapy with 5-fluorouracil
(5-FU) and semustine, adjuvant radiation between 4000 and
4800 rad or a combination of chemotherapy and radiation. A
total of 202 of 227 randomized patients were analyzed. A
significant decrease in overall recurrences was seen in the
adjuvant chemotherapy and radiation group (33 %) as com-
pared to the control group (55 %; p=0.04) with an associated
prolongation in time to tumor recurrence. Despite the im-
provement in recurrence-free survival, overall survival was
not found to be different between the groups. Interestingly,
local recurrence rates were found to be lowest in the chemo-
radiation group (11 %) when compared with radiation alone
(20 %), with no observed impact identified in the chemother-
apy and surgery alone groups (27 vs 24 %, respectively) [7].
Multiple randomized trials followed investigating various pat-
terns of adjuvant treatment. The National Surgical Adjuvant
Breast and Bowel Program 3-arm trial (NSABP R-01) com-
pared surgery alone with adjuvant radiation or adjuvant che-
motherapy as single independent adjuvants. Patients treated
with adjuvant chemotherapy were found to have an improve-
ment in disease-free survival (DFS; p=0.006), although no
difference in local or distant recurrence rates was observed.
Interestingly, patients treated with adjuvant radiation were
found to have a significant decrease in local recurrence rates
from 25 to 16 %, with no observed difference in overall sur-
vival. However, the first trial to demonstrate a benefit of ad-
juvant chemoradiation on local recurrence rates as well as 5-
year overall survival and DFS was the North Central Cancer
Treatment Group (NCCTG 794751) trial in which patients
were randomized to either surgery alone or adjuvant chemo-
radiation [5]. In this study, full-dose chemotherapy was used
both before and after combined chemoradiation in an attempt
to decrease distant metastases. The Norwegian Adjuvant Rec-
tal Cancer Project Group followed in designing a study where-
by patients were randomized to either surgery alone or with
adjuvant chemoradiation. Chemotherapeutic treatment dif-
fered in this trial in that 5-FU was administered only in bolus
form, concomitantly with external beam radiation therapy
(EBRT) with no form of maintenance chemotherapy. Signifi-
cant decreases in local recurrence rates to as low as 12% in the
chemoradiation group as compared to 30 % in the surgery
alone group were observed. Despite the use of bolus 5-FU, a
significant benefit in overall survival was observed (64 vs
50 % in the surgery along group; p=0.01) [8].

The evidence for a total mesorectal excision

Various pathological assessments of rectal cancers and
mesorectal disease have demonstrated and outlined the pat-
terns of lymphatic drainage and metastatic spread [9]. Well-

designed pathological studies have postulated that one of the
major causes of pelvic or local recurrence of rectal cancer is
the persistence of tumor foci within parts of a retained
mesorectum [10, 11]. Initial attempts to address this issue prior
to the availability of these hypotheses were pioneered by Dr.
Heald, with the first description of the TME in 1982 [3]. With
this technique, rates of local recurrence as low as 5 to 10 %
were described, independent of the administration of adjuvant
therapy. The need for a complete resection of the mesorectal
specimen emphasizes the importance of pre-operative evalua-
tion of the mesorectal circumferential resection margin
(CRM) with various imaging modalities.

The evidence for neoadjuvant therapy

Initial efforts to further improve rates of local control and
increase rates of sphincter preservation led many investigators
to further assess the potential advantages of NACRT. These
included tumor down-staging allowing for ease of resectabil-
ity, decreased rates of small bowel irradiation, and decreased
rates of anastomotic irradiation, both of which result in signif-
icant functional issues in this patient population [12]. Howev-
er, studies have varied in terms of the amount of radiation
administered to the tumor bed. A dose-dependent response
was demonstrated by Gray and colleagues in their systematic
review where NACRT were found to be associated with sig-
nificantly improved rates of local recurrence and overall sur-
vival as long as a minimal dose of 30 Gy is administered to the
tumor bed [13].

Oncological outcomes

A recurring theme in studies that have assessed the oncolog-
ical benefits of neoadjuvant therapy in the treatment of rectal
cancer have demonstrated improvements in local control, al-
though with inconsistent benefits in the areas of disease-free
and overall survival. Three of the earliest large-scale random-
ized trials to assess the role of neoadjuvant therapy were the
German Rectal Cancer Trial, the Swedish Rectal Cancer Trial,
and the Dutch TME trial. Each assessed the role of neoadju-
vant therapy based on different interventional parameters, sur-
gical technique, and stages of disease. In the Swedish phase III
trial, 1186 patients with Dukes A, B, or C rectal cancer were
randomized to either pre-operative short-course radiation
(5 Gy daily for 5 days) with subsequent surgery or surgery
alone. In this trial, there was no standardization of surgical
technique, although time was taken to ensure clear margins
had been obtained by the surgeons involved. A significantly
lower rate of local recurrence was observed in patients treated
with the neoadjuvant regimen (11 vs 27 %; p<0.001). With a
median follow-up of 75 months (range 60–96 months), the 5-
year overall survival was found to be 58 % in the neoadjuvant
therapy group as compared with 48 % in the surgery alone
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group (p=0.004). Additionally, an improvement in cancer-
specific survival was observed at 9 years (74 vs 65 %; p=
0.002). In this study, the authors comment that the use of a
standardized technique to optimize surgical resection may
help address variations that could emanate from differences
in the quality of resection. Furthermore, an attempt was made
to discuss the potential benefits to their wide inclusion criteria
of Dukes staged rectal cancers in indicating that a proportional
reduction of local recurrence rates occurred in all Dukes stages
[14].

Subsequently, two main trials went on to assess the role of
neoadjuvant therapy in the era of the TME dissection. The
Dutch TME trial then went on to randomize patients with
resectable rectal cancer to either a short course of neoadjuvant
radiation followed by surgery vs surgery alone. Interestingly,
almost half of the patients had early stage disease. Despite this
fact, the local recurrence rates were observed to be 8.4 % in
the control group as compared to 2.4 % in the interventional
group (p<0.001), with no benefit in overall survival [15].
Twelve-year follow-up data revealed a persistence of lower
local recurrence rates in the neoadjuvant therapy group at
5 % as compared to 11 % in the control group (p<0.0001)
[16]. The German Rectal Cancer Trial went on to randomize
423 patients to pre-operative vs post-operative chemoradia-
tion therapy in patients with stage II and III rectal cancers. In
this study, the authors were careful in their attempts to ensure
an appropriate TME had been performed and as such stratified
by surgeon during the randomization process. Significant im-
provements in local recurrences (6 vs 13 %; p=0.006),
chemotherapy-associated toxicity (27 vs 40 %; p=0.01), and
rates of sphincter preservation were observed in patients treat-
ed with NACRT. No difference in overall survival was iden-
tified between the two groups [17]. Furthermore, 10-year fol-
low-up data demonstrated the advantage in local control to
persist with no continued difference in overall survival [18].

The European Organization for Treatment of Cancer Ra-
diotherapy Study group trial (EORTC 22921) published the
results of a multi-arm randomized controlled trial in which
patients with a known diagnosis of a T3/T4 rectal cancer were
randomized to one of several arms of adjuvant therapy. These
arms included pre-operative radiotherapy, pre-operative che-
moradiotherapy, pre-operative radiotherapy with post-
operative chemotherapy, and pre-operative chemoradiothera-
py with post-operative chemotherapy. In this trial, pre-
operative radiotherapy consisted of long-course radiation with
45 Gy distributed in 25 fractions over 5 weeks. Although the
trial had started recruitment in 1993, a TME dissection was
only recommended as of 1999. As such, between 35 to 40 %
of patients in each arm received a TME dissection. After the
randomization of 1011 patients, the authors found that regard-
less of the addition of chemotherapy in the neoadjuvant or
adjuvant settings, no difference was found in overall survival.
However, the addition of chemotherapy to neoadjuvant

radiotherapy was found to confer a significant benefit in local
control. At 5 years, local recurrences were highest in the pre-
operative radiotherapy alone at 17.1 %, whereas pre-operative
chemoradiotherapy and post-operative chemotherapy con-
ferred the strongest local control advantage with a 5-year local
recurrence rate of 7.6 %. This treatment effect was noted to be
homogenous regardless of the height within the rectum at
which the tumor was identified (≤5 vs >5 cm; p=0.74) [19].

However, one of the questions that remained unanswered
was the oncological outcome of pre-operative radiation ther-
apy as compared with surgery and adjuvant therapy when
indicated in the era of the TME dissection. One of the largest
prospective randomized trials that took place during this time
in addition to the increased rigor in circumferential resection
margin analysis was the MRC CR07 (combined with the
NCIC-CTG C016) trial. The authors randomized all patients
with resectable rectal cancer, regardless of stage, to either
standard short-course neoadjuvant radiation therapy followed
by surgery compared to immediate surgery with adjuvant che-
moradiation when indicated by a positive CRM (≤1 mm). The
primary outcome of 5-year local recurrence was significantly
lower in the pre-operative radiotherapy group (4.7 vs 11.5 %;
p<0.0001). Although there was no detectable difference in
overall survival at 5 years, an improvement in disease-free
survival was seen in the pre-operative radiotherapy group
(73.6 vs 66.7 %; p=0.013) [20].

Outcomes with varying the type of chemotherapy

Recently, oral capecitabine has been demonstrated to be an
equivalent substitute for infusional 5-FU chemotherapy ad-
ministered in the neoadjuvant setting. Capecitabine is a
fluoropyrimidine derivative of 5-FU that has been found to
be equivalent in efficacy with a favorable adverse event pro-
file, when compared to 5-FU/folinic acid in the adjuvant treat-
ment of stage III colon cancer [21]. In the NSABP-R04 study,
capecitabine, with or without oxaliplatin, was compared to
infusional 5-FUwith or without oxaliplatin in the neoadjuvant
treatment of stage II and III rectal cancers, when combined
with radiation. The use of oxaliplatin was found to increase
the rates of toxicity, whereas the use of either oral capecitabine
or infused 5-FU was not found to affect sphincter preservation
and pathological complete responsiveness rates. Furthermore,
no difference in the rates of tumor down-staging was observed
[22]. This finding was further established in a phase 3, non-
inferiority designed randomized controlled trial in patients
with stage II and III rectal cancer where 5-FU or capecitabine
chemoradiation was administered. Although patients in this
trial received their chemoradiation in either the pre- or post-
operative setting, capecitabine was found to be non-inferior to
5-FU with regard to 5-year overall survival, with a significant
improvement in disease-free survival observed in patients re-
ceiving capecitabine (75.2 vs 66.6 %; p=0.034) [23].
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Induction chemotherapy, prior to chemoradiotherapy, has
also been investigated in various forms in order to address the
risks of systemic disease in more aggressive primary tumors.
One of the earliest trials to investigate this assessed the use of
5-FU with concurrent mitomycin-C in the context of neoad-
juvant radiotherapy with optimistic results [24]. However, in
the era of chemotherapeutic agents with more specific activity
against colorectal malignancies, various non-randomized tri-
als have demonstrated a significant benefit of FOLFOX (5-
FU/Folinic acid/Oxaliplatin) and CapeOx (Capecitabine and
Oxaliplatin) in tumor down-staging, with no demonstrable
concern of tumor progression [25, 26]. In order to test this,
Maréchal and colleagues conducted a trial in which patients
with locally advanced rectal cancers were randomized to the
control of neoadjuvant chemoradiation with radiosensitizing
infusional 5-FU vs short-course induction FOLFOX chemo-
therapy (2 cycles) followed by neoadjuvant chemoradiation as
performed in the control arm. Fifty-seven patients were ran-
domized after which the trial was closed prematurely due to
futility. No difference was identified in the ypT0-1 N0 rates
between groups and, furthermore, an increase in toxicity was
identified in patients treated with induction therapy (35 vs
7 %; p=0.017) [27]. However, these concerns regarding tox-
icity have been observed in a more pronounced fashion when
chemotherapy is administered in the adjuvant setting. As an
example, in the Spanish GCR-3 trial, patients with a locally
advanced rectal cancer were randomized to induction CapeOx
with neoadjuvant radiotherapy as compared to the interven-
tion of NACRTwith induction CapeOx followed by adjuvant
CapeOx therapy. Although no differences were identified in
either 5-year disease-free survival rates or local recurrence
rates, a significantly higher rate of grade 3 and 4 toxicity
(Common Terminology Criteria for Adverse Events, Version
3.0) was identified in the interventional group (54 %) as com-
pared to those treated neoadjuvantly alone (19 %). Further-
more, the percentage of patients completing the entire cycle of
therapy was higher in those not receiving adjuvant therapy (94
vs 57 %) [28].

Various randomized trials have been performed to investi-
gate the role the addition of neoadjuvant oxaliplatin may have
on affecting oncologic outcomes. The ACCORD (Actions
Concertées dans les Cancers Colorectaux et Digestifs) 12 trial
aimed to compare neoadjuvant capecitabine (CAP) with neo-
adjuvant capecitabine and oxaliplatin (CapeOx) in patients
receiving long-course neoadjuvant radiotherapy (45–50 Gy
over 5 weeks) for locally advanced rectal cancers (T3-
4NxMO), followed by TME surgery [29]. After randomizing
598 patients, no difference was identified in the rate of path-
ological complete response (pCR) between groups (CAP 13.9
vs 19.2%; p=0.09). Furthermore, no difference was identified
in overall survival, disease-free survival, and local recurrence
in each group at 3 years. Other trials with similar designs have
failed to show any benefits in rates of pCR, disease-free or

overall survival thus questioning the role, if any, of adding
oxaliplatin to neoadjuvant regimens [22, 30].

Outcomes with varying the technique of radiotherapy

Although studies have varied in their use of various
established radiotherapy regimens in the neoadjuvant setting,
few studies have compared these two approaches in a head to
head fashion. Long-course, conventional therapy includes the
administration of a total of 45 Gy of radiation over 20–25
fractions divided over a course of 5 to 6 weeks with the po-
tential for an additional boost to the tumor bed of approxi-
mately 5.4 Gy. Short-course therapy is usually characterized
by the administration of 25 Gy of radiotherapy in 5 Gy frac-
tions over 5 days followed by surgery 1 week later. Various
benefits have been proposed to each approach. Short-course
therapy has been found to be less costly and associated with
lower rates of early toxicity, although with the chance for
delayed toxicity [17, 31, 32].

Given the equipoise that exists in the literature surrounding
these approaches, the Polish Colorectal Study Group
established a randomized trial comparing the two forms of
therapy. After 312 patients with locally advanced rectal can-
cers were randomized to either short-course neoadjuvant ra-
diotherapy vs neoadjuvant long-course radiotherapy and 5-
FU/Folinic acid, follow-up was conducted to a median of 48
(range 31–69) months. The study’s findings failed to show
any oncologic benefit in the area of local recurrence (9 vs
14.2 %; p=0.17), disease-free survival (58.4 vs 55.6 %; p=
0.82), and overall survival (67.2 vs 66.2 %; p=0.96) in the
short- and long-course groups. Early radiation toxicity was
expectedly higher in the long-course group (18.2 vs 3.2 %;
p<0.001) [33]. These findings were echoed by the Tran-
Tasman Radiation Oncology Group trial (TROG-01.04)
where no difference in overall and disease-free survival, local
recurrence, and incidence of late toxicity were identified [34].
More recently, Lautkauskas and colleagues conducted a trial
investigating the tumor down-staging effects of short- vs long-
course neoadjuvant radiotherapy. The authors report a smaller
tumor size in patients reassessed following long-course che-
moradiation (2.5 vs 3.3 cm; p=0.04), with a trend towards
higher pCR rates (39.1 vs 21.6 %; p=0.07) [35]. To further
corroborate these findings, a recently published meta-analysis
of randomized and non-randomized controlled trials demon-
strated the lack of any difference in local recurrence, disease-
free, and overall survival rates in patients treated with short- or
long-course radiotherapy for locally advanced rectal cancers.
Despite finding an increase in the rate of grade 3–4 toxicity in
patients treated with long-course radiotherapy (RR: 0.13,
p<0.00001), no difference was demonstrated in the rates of
long-term toxic effects of treatment [36]. The authors also
demonstrate a higher rate of pCR in the long-course radiother-
apy group (RR 0.15; p=0.003).
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Toxicity and compliance with neoadjuvant therapy

The turn towards neoadjuvant therapy in the 1990s was based
on many presumed benefits, one of which was the potentially
improved patient compliance with treatment regimens [37]. In
one of the earliest studies, Pahlman and colleagues began
comparing pre-operative radiation to post-operative regimens
and demonstrated significant improvements in the patients’
ability to tolerate the entire therapeutic treatment plan as com-
pared to those in the adjuvant therapy group [38]. This result
was further substantiated as one of the many benefits of neo-
adjuvant therapy in addition to the potential for tumor down-
staging and the theorized increased effect on well-oxygenated
tissue [12]. The comparative tolerance of and toxicity rates
with short- and long-course regimens has been described in
various randomized trials which we have discussed above
[33–35]. Furthermore, Zhou and colleagues conducted a com-
prehensive meta-analysis comparing the various outcomes of
trials using short- and long-course radiation therapy in the
treatment of rectal cancers. Their assessment was divided into
acute and long-term toxicity, although one would assume the
acute effects of therapy to be the only form to affect compli-
ance. When analyzing the outcomes in all grades of toxicity,
their analysis was limited because of the significant heteroge-
neity of patients. Their initial, statistically appropriate, random
effects comparison failed to reveal a significant difference in
all grades of toxicity between the groups; this difference sub-
sequently became significant when using a fixed effects model
suggesting higher rates of toxicity of all grades with long-
course therapy (RR 0.06, 95 % CI 0.02–0.16, p<0.00001).
One is therefore limited in the utility of these results. Evalua-
tion of the higher grades of toxicity (3 and 4) between groups
was undertaken by meta-analysis of a total of 1435 patients
from 6 trials, demonstrating minimal patient heterogeneity
and a significantly higher rate of acute toxicity in the long-
course therapy group (RR 0.13 95 % CI 0.06–0.28,
p<0.00001) [36].

The EORTC trial allowed for a comparative assessment of
toxicities to therapy in patients randomized to various groups
involving pre- and post-operative therapy. It was demonstrat-
ed that adherence rates to the protocol were high with relative-
ly low toxicity rates, depending on the randomization group.
Radiotherapy was well tolerated with adherence rates of 98 %
in patients receiving radiotherapy alone as compared to
95.5 % in patients receiving combination chemoradiotherapy.
The authors demonstrated that 82 % of patients were able to
tolerate and adhere to neoadjuvant fluorouracil infusions as
compared to only 42.9 % in the adjuvant setting, of which
25 % had refused further therapy [19]. This can potentially
be explained by the lower rate of grade 2 or higher toxicity
observed in patients treated neoadjuvantly as compared to the
adjuvant therapy groups. These findings are echoed by other
trials that have investigated the role of neoadjuvant therapy. In

a recent Cochrane review comparing neoadjuvant radiation
with NACRT, a significant increase in grade 3 and 4 toxicity
was observed with an OR of 1.68–10 (p<0.002) in patients
receiving chemoradiation. Despite this fact, chemotherapy ad-
herence rates remained relatively high [39].

The addition of oxaliplatin to neoadjuvant regimens has
been the subject of various randomized trials with minimal
demonstrable oncologic benefits [22, 29, 30]. Although many
of these studies commented on slightly increased rates of tox-
icity in patients receiving oxaliplatin, one study went further
to comment on differences in compliance to therapy [30]. In
this study, the addition of oxaliplatin to the neoadjuvant ther-
apy appeared to affect compliance with both radiation and
fluorouracil infusions. As an example, 84% of patients receiv-
ing combined oxaliplatin were able to complete their full dose
of radiotherapy as compared to 92 % of patients in the control
group without oxaliplatin therapy. Similar differences were
seen with compliance to 5-FU infusions with only 69 % of
patients completing all 6 cycles in the intervention group as
compared to 84 % of controls.

Surgery-related outcomes following neoadjuvant therapy:
sphincter preservation rates

Sphincter preservation (SP) rates have been reported in a
number of trials as one of the patient-centered outcomes
of choice given the strong association observed in quality
of life studies [40]. Studies have demonstrated obvious
improvements in the rates of SP that have occurred over
the course of the past few decades. Earlier reports dem-
onstrated rates of abdominoperineal resection as high as
90 % when investigating the effects of neoadjuvant ther-
apy in rectal cancer [41]. The applicability of such results
is minimal given the changes that have occurred in surgi-
cal technique with the development of the TME dissec-
tion, the timing of surgery, as well as the changes in neo-
adjuvant therapy. In a review of various centers associated
with the National Comprehensive Cancer Network, it was
found that rates of SP in patients managed for rectal can-
cer were as high as 77 %. The authors attributed this high
rate of SP to various factors including the availability of
specialty centers with expertise in rectal surgery as well as
techniques that have made rectal surgery easier such as
laparoscopy and newer stapling devices [42]. Further-
more, the change in dogma that distal resection margins
of <2 and >3 cm does not result in any differences in local
recurrence and overall survival has likely encouraged sur-
geons to perform a colorectal or coloanal anastomosis
when they otherwise would not have [43, 44].

Some initial reports and reviews have suggested an
improved rate of sphincter preservation with neoadjuvant
chemoradiotherapy as compared to adjuvant therapy [45].
Multiple studies have investigated this as a secondary
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outcome in trials designed for another primary outcome
variable; however, few have been designed for the pri-
mary outcome of SP [31, 46]. In the Lyon R90-01 trial,
the authors investigated the effect of varying intervals
from neoadjuvant therapy to surgery by randomizing
201 patients to either surgery within 2 weeks or 6–
8 weeks after the completion of radiotherapy and the
effect on SP. Despite identifying an improvement in
pathological down-staging in patients operated on fol-
lowing a longer interval from neoadjuvant radiotherapy,
no difference was identified in the rate of SP between
groups (long interval 76 % vs short interval 68 %; p=
0.27) [46]. Similarly, the Polish trial that compared short-
and long-course neoadjuvant radiotherapy on the primary
outcome of SP failed to demonstrate any difference be-
tween each group. More recently, a systematic review of
the role of neoadjuvant therapy on sphincter preservation
was published, reporting data from 17 trials including the
two aforementioned studies [47]. Unfortunately, as dem-
onstrated by the authors, the trials are significantly het-
erogeneous which compromises the ability to perform a
meta-analysis of the results. This heterogeneity exists in
areas of the surgical technique, the method of radiation
therapy, the type and volume of chemotherapy, as well as
the interval to surgery. Despite demonstrating improved
rates of pCR of up to 16 to 19 % in some of the most
recent trials, no benefit was observed in SP rates in pa-
tients treated with external beam radiation therapy
(EBRT) and chemotherapy [29, 30].

Many hypotheses have been expressed to explain the
reasons for which previous randomized trials have failed
to demonstrate a difference in the outcome of SP follow-
ing neoadjuvant therapy. One major reason is that many
surgeons have previously expressed reluctance to veer
from the originally planned procedure upon initial assess-
ment of a patient prior to neoadjuvant therapy. Further-
more, the majority of these trials were performed at a time
when distal resection margins of >2 cm had been sug-
gested or prior to the advent of the intersphincteric
proctectomy. Many oncologists have also theorized a ben-
efit to high doses of radiation to the tumor given the
proposed radiation dose-tumor response relationship often
mentioned [48]. The Lyon R96-02 trial was performed to
address the role of boost endoluminal contact radiother-
apy (CRT) may have in affecting outcomes in patients
with locally advanced rectal cancers. After randomizing
88 patients to the EBRT (total 39 Gy over 17 days) or
EBRT with boost CRT (84 Gy in three fractions), the
authors reported a significant increase in the primary
outcome of SP in the CRT group (76 vs 44 %; p=
0.004). Unfortunately, this technology is not as widely
available or frequently used internationally, although it
is the subject of further study.

Surgery-related outcomes following neoadjuvant therapy:
anastomotic concerns

Anastomotic leak (AL) rates have been reported in the litera-
ture to occur in 1 to 30 % of rectal resections, with the highest
rates occurring in low colorectal or coloanal anastomoses
[49–52]. This post-operative complication represents one of
the most concerning potential morbidities that occur in this
patient population for a variety of reasons including poorer
gastrointestinal function and quality of life [53, 54], increased
rate of recurrence [55, 56], and decreased frequency of ulti-
mate sphincter preservation [57].

As has been discussed above, multiple randomized con-
trolled trials have been performed examining the various per-
mutations of perioperative therapy in locally advanced rectal
cancers. In a Cochrane review of the literature, insufficient
data was available to meta-analyze from randomized con-
trolled trials when it came to the outcome of AL and dehis-
cence [58]. De Caluwé and colleagues performed an updated
review in 2013 whereby no significant effect of NACRTwas
identified on the rates of AL. It should be emphasized that this
endpoint was not the primary outcome of these studies and, as
such, the studies were likely insufficiently powered to identify
a difference. Additionally, the occurrence of this outcome is
quite low, and therefore, an exceptionally high number of
patients would be required in a randomized trial to be appro-
priately powered to detect such a difference. Interestingly, in a
separate meta-analysis, Qin and colleagues demonstrate the
same conclusion despite stratification of the trials by method
of neoadjuvant therapy, whether purely radiotherapy or com-
bined NACRT.

However, observational data do exist with larger patient
sample sizes and appropriate, bias-reducing analyses and have
been performed to bypass the concerns of inadequate power.
Unfortunately, the literature remains somewhat vague in this
area. Although some smaller observational trials have demon-
strated a significant increase in AL rates with NACRT [59–61],
Chang and colleagues were able to demonstrate through a larg-
er, statistically sound analysis that this did not appear to be the
case [62]. The authors performed a propensity score matched
analysis in 1437 patients comparing the primary endpoint of
anastomotic leak rates between patients treated with and with-
out neoadjuvant chemoradiotherapy; after controlling for differ-
ences in known baseline variables, the authors failed to demon-
strate a difference in AL rates between the two groups (7.5 and
8.1 %; p=0.78). As it stands, there is an insufficient amount of
evidence to conclude that any association exists between the
use of neoadjuvant chemoradiotherapy and AL. Larger and
more adequately powered studies would be needed. Further-
more, given that most of these patients are diverted, uncensored
data from after the first 30-day post-operative period would be
important to obtain given the continued incidence and detection
of AL more than 30-days post-operatively [63].
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Surgery-related outcomes following neoadjuvant therapy:
functional outcomes

Most studies that have assessed the functional outcomes that
occur following rectal cancer surgery have focused on gastro-
intestinal functionality as well as general quality of life indi-
ces. A smaller subset has also looked into the potential impli-
cations on long-term bladder as well as sexual function; how-
ever, the issue also becomes more difficult to analyze due to
the need for intraoperative preservation of the autonomic
nerve plexuses [64]. Despite the large number of randomized
trials that have investigated the role of various regimens of
neoadjuvant therapy, few have done so with a standardized
TME dissection protocol for participating surgeons. In the
follow-up study to the Dutch trial, a comprehensive analysis
was performed of various quality of life and functional out-
comes for patients who had been randomized to either TME
dissection or neoadjuvant short-course radiotherapy with sub-
sequent TME dissection [65]. Although the authors demon-
strated that no difference existed in the rates of urinary incon-
tinence, there was a clear difference in the rates of fecal incon-
tinence between groups. Patients without a stoma who had
been treated with neoadjuvant radiation were found to have
significantly higher rates of daytime and night incontinence,
anal mucus loss, anal blood loss, and daily pad use. In a strat-
ified analysis, the difference was found to exist mainly in
patients with a primary lesion below 10 cm.

Sexual function has become an important part of the pre-
treatment and pre-operative conversation in the management
of patients with rectal malignancies. Various observational
and randomized studies have demonstrated differences in the
rates of sexual dysfunction in post-proctectomy patients
[66–68], with additional analyses that have suggested an ex-
acerbation of symptoms with radiotherapy. In a follow-up to a
randomized trial, male and female patients treated with pre-
operative short-course radiotherapy demonstrated higher rates
of sexual dysfunction. Furthermore, male patients were spe-
cifically found to have higher incidences of ejaculatory and
erectile dysfunction. These rates did not differ in patients with
a SP procedure or an APR [67]. In a follow-up study from the
MRC CR07/NCIC-CTGC016 trial, the authors found that the
main adverse effect identified in male patients was sexual
dysfunction; in these analyses, surgery, and not radiotherapy
was found to be the principally associated cause [69]. Further-
more, these changes in sexual dysfunction were not found to
resolve 3 years after surgery. The authors also concluded that
their patients treated with radiotherapy did not appear to have
any difference in gastrointestinal function or incontinence as
compared to those treated with surgery alone. The study is
limited by the varying completion rate of follow-up quality
of life questionnaires and the potential for feedback bias. Giv-
en the scattered reports of associations between neoadjuvant
therapy and quality of life indices, others have questioned

whether there may be a difference in function based on the
form of neoadjuvant radiation provided. In a large population
level analysis, Bregendahl and colleagues demonstrated a
41 % rate of major dysfunction in patients following low
anterior resection. Despite an increased risk of dysfunction
in patients treated with neoadjuvant radiotherapy, no increased
risk was demonstrable based on the form of neoadjuvant ra-
diation administered [53]. A comprehensive meta-analysis of
25 observational and prospective trials involving 6548 pa-
tients revealed an increased rate of stool incontinence (RR
1.67, p<0.00001) with worse manometric results in irradiated
patients as assessed by mean resting and maximum squeeze
pressures. Despite being reported by only a few studies, no
significant effect of radiation was identified related to the in-
cidence of sexual and urinary dysfunction indices [70].

Indications for neoadjuvant therapy in rectal cancer

After review of numerous studies that have investigated the
role of NACRT in rectal cancer, it is evident that there is a
definite heterogeneity in the indications for treatment. Earlier
studies have included any resectable rectal cancer for consid-
eration of NACRT [14, 15]; however, a number of studies
have used pre-operatively staged T3/T4 tumors or node pos-
itivity [17, 19] as the inclusion criteria for therapy. More re-
cently, there has been a gradual trend towards the pre-
operative identification of a threatened CRM as an indication
for NACRT, although this is more often used as an adjunct to
the aforementioned indications. At present, there is no inter-
national consensus although many national associations have
been developed to establish guidelines and quality measures
in the treatment of rectal cancer.

Management of the patient post-neoadjuvant therapy

Optimizing patient outcomes post-neoadjuvant therapy

Despite the improved oncologic outcomes, recent data have
demonstrated a significant deterioration in the physical fitness
as well as the perioperative morbidity of patients following
NACRT. Recent studies have relied upon cardiopulmonary
surrogates, specifically oxygen uptake, measured prior to
and during exercise in assessing the physical fitness of pa-
tients. West and colleagues performed a comprehensive pro-
spective observational study in which decreases in the level of
physical fitness were demonstrated in patients’ post-NACRT
[71]. The authors subsequently introduced a structured re-
sponsive exercise-training program (SRETP) involving three
sessions of exercise per week on a training bike, with assess-
ments of surrogates of physical fitness. The authors demon-
strated a significant improvement in the physical fitness of
patients with this intervention [72]. Although this study was
the first to investigate physical fitness changes in rectal cancer
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patients’ post-NACRTwith subsequent improvement follow-
ing SRETP, others have demonstrated the significant benefits
of a pre-habilitation program in optimizing the perioperative
and post-operative outcomes of surgical patients [73, 74]. Pre-
habilitation programs are thus being gradually incorporated
into various enhanced recovery pathways to improve patient
outcomes.

Complete response rates and the Bwatch and wait^ approach

Given the attempts to demonstrate a potential role of NACRT
in sphincter preservation, a natural next step would be to as-
sess the role of therapy in preserving the organ as a whole.
Additionally, we have seen that patients treated with NACRT
and surgery have clear differences in gastrointestinal function
in addition to the high morbidity and oncologic implications
of an anastomotic leak. However, for this to be an option, a
complete absence of tumor on pathological assessment would
be necessary to ensure rectal preservation. Many studies have
reported complete tumor regression in the resected specimens
of locally advanced rectal cancers treated with neoadjuvant
therapy—termed a pathologic complete response (pCR) [75,
76]. Currently, clinical complete response (cCR) rates have
been reported to occur in 11 and 28 % of patients [77]. The
majority of series in the literature describe chemotherapy with
either capecitabine or 5-FU/Folinic acid with long-course ra-
diotherapy administering a total of 45–50.4 Gy over 25–28
fractions [78]. The majority of reports have come from Habr-
Gama and colleagues who have pioneered this approach [79,
80]. In one of the largest series, the authors described a 69 %
5-year local recurrence-free survival rate that increased to
94 % after salvage surgery. This led to an overall rate of organ
preservation of 78 % and an overall survival of 91 % in these
patients [81]. In a retrospective series by Smith and colleagues
with a 28-month follow-up period, 265 patients were treated
demonstrating a cCR of 12% and a locoregional failure rate of
19%. The disease-free survival in this series approached 88%
with an overall survival of 96 % [82]. Furthermore, a prospec-
tive Dutch series identified 21 (11 %) cCR patients from a
total of 192 treated patients. Maas reports a locoregional fail-
ure rate of only 5 % with a disease-free survival rate at 2 years
of 89 % and an overall survival of 100 % [83]. Chawla and
colleagues theorized that the difference between the
locoregional recurrence rates in these studies likely arose
from the retrospective design of the study by Smith et al.,
given that similar chemoradiotherapy regimens were used; in
this case series, patients were accrued based on physician
recall that likely created a selection bias [77, 82]. Addition-
ally, some evidence has suggested the increased likelihood
of SP when a cCR is suspected, although surgery is still
offered [84].

Although grading systems exist for pCR [75], there is a
lack of consensus on the definition and method of

determination of cCR [78]. To address the dynamic nature of
these assessments, clinical and endoscopic findings are termed
as the initial cCR when assessed at 8 weeks, with subsequent
assessments between 10 weeks and 12 months termed
sustained cCR, when evidence of cCR persists. The impor-
tance of the 1-year landmark appears to emanate from the fact
that more than 50 % of local recurrences that have been ob-
served to occur in these patients tend to do so within the first
year.

Chawla and colleagues outline a detailed review of the
evidence behind various aspects of the clinical assessment of
a cCR [77]. The protocolized nature of the assessment is
meant to address the significant discordance that has been
noted between cCR and pCR [85]. The first step in this as-
sessment involves digital rectal examination, which has been
shown in previous prospective and retrospective studies to be
associated with a low degree of correlation with true pCR.
Habr-Gama and colleagues have published recommendations
for the standardization of the clinical and endoscopic features
associated with cCR. These authors discuss various visual and
tactile features characteristic of cCR that differentiate between
an initial and sustained response (discussed earlier), as well as
a complete and incomplete response, the latter of which in-
cludes residual nodularity and superficial and deep ulceration
[80]. Furthermore, the authors advise against proceeding di-
rectly to surgery in cases of suspicion such as rectal wall
thickening, densification of the perirectal fat, and small
perirectal nodes (<5 mm). This recommendation is further
supported by recent data, which have questioned the accuracy
of some of these clinical features. In a retrospective study,
Smith and colleagues assessed the gross mucosal appearance
of residual disease as compared with final pathological stage.
Sixty-one patients were identified with ypT0 lesions; 74 %
had residual mucosal changes, of which 40 had a residual
ulcer and 5 had exophytic lesions. The recommendation stated
that alternative means of restaging should be attempted if rec-
tal conservation is to be considered in these patients [86].

Adjuncts to the clinical assessment are also often recom-
mended. This includes the use of carcinoembryonic antigen
(CEA) levels, endoscopic ultrasonography, and various forms
of cross-sectional imaging. When using CEA levels, the ma-
jority of evidence seems to point towards employing normal-
ization in CEA levels post-NACRT as the most significant
predictor of cCR. A recent article published by Kleiman and
colleagues describes a retrospective cohort of 141 patients
treated with NACRT, in whom a 13.5 % cCR was identified.
Normalization of CEAwas associated with an odds ratio of 65
(95 % CI: 2.53–18,371) in predicting the outcome of a pCR.
Despite the smaller sample size and the retrospective design,
this was highly suggestive of a strong association with the
outcome of pCR [87].

Further substantiation of the clinical assessment of cCR is
performed with cross-sectional imaging. CT, endorectal

668 Langenbecks Arch Surg (2015) 400:661–673



ultrasound, and MRI have been shown to lack accuracy in
predicting cCR [88]. The functional and microstructural infor-
mation provided in using diffusion-weighted imaging MRI
(DWI -MR I ) a n d PET-CT [w i t h i n f u s e d 1 8 F -
fluorodeoxyglucose (FDG)] have shown some promise in in-
dependent series in increasing the accuracy of cCR. A recent
systematic review performed on both DWI-MRI and PET-CT
revealed a low positive predictive value of the outcome of
cCR (DWI—54 % and PET-CT—39 %). The general conclu-
sion of the authors was that neither imaging modality was
accurate enough to predict the outcome of cCR or pCR. Inter-
estingly, a longer time interval between the completion of
NACRTand imaging with PET-CTwas associatedwith higher
rates of pCR [89]. Perez and colleagues found that, when
added to their protocol of assessing cCR, the accuracy of
PET-CT increased from 84 to 96 % when performed at
12 weeks after completion of NACRT [90]. The authors have
also advised that increases in the 1-h SUV uptake performed
post-FDG infusion when compared at 6 and 12 weeks are
associated with poorer prognoses. Unfortunately, most series
are small in sample size, which, despite their prospective de-
sign, can result in significant weakness in power and external
validity.

Changing the interval to surgery

The timing of surgery has been a topic of much debate as
surgeons attempt to balance the time-dependent maximal ben-
efits to radiotherapy with the oncologic implications of
waiting to remove the primary neoplasm. The recommended
intervals have been constantly changing since the sentinel
Lyon R90-01 trial, establishing the benefits of waiting until
at least 6 weeks following completion of NACRT [45, 46].
Recent data have also emerged to suggest an increase in pCR
rates with delaying surgery [91]. Furthermore, increasing pCR
rates have also been associated with a significantly better
long-term outcome [92, 93]. Unfortunately, all of the data to
support increasing this interval since the randomized Lyon
R90-01 have come from smaller cohort studies. These studies
are also varied in their indications for neoadjuvant therapy
with some recommending therapy for a high T-stage (T3/4)
and suspected nodal involvement, whereas others focused on
the potential for a threatened CRM, which may compromise
the oncologic quality of surgery. Furthermore, the studies
were heterogeneous in terms of the type of NACRT offered,
which varied within and between studies as well as the differ-
ing increasing interval offered [94]. Quality of resection was
assessed by the majority of studies, with no study demonstrat-
ing a difference in the rates of CRM positivity. Larger cohorts
appeared to demonstrate higher rates of pCR in their pa-
tients. Wolthius and colleagues reported the largest series
of patients where ≤7 weeks and >7 weeks intervals from
NACRT were used. A total of 356 patients were reported,

although this included stage II and III rectal cancers with
201 patients in the ≤7 weeks and 155 patients in the
>7 weeks group. The rate of pCR was found to be signifi-
cantly higher in the longer interval group (28 vs 16 %; p=
0.006) with no difference in perioperative morbidity or mor-
tality. Furthermore, they demonstrated an improvement in
overall and disease-free survival in patients treated with lon-
ger intervals from surgery [95].

The notion of a surgeon’s reluctance to delay surgery due to
the potential effects on the dissection was investigated in a
prospective study. In this study, patients were offered NACRT
followed by surgery at 6 weeks or two additional cycles of
FOLFOX with surgery 3–5 weeks later; this latter option
would only be offered when evidence of a clinical response
was seen. Despite finding higher rates of reported pelvic fi-
brosis in patients with delayed surgery, the authors did not find
any difference in the rates of surgeon-reported operative com-
plexity in both groups [96]. In a systematic review, the authors
found a few studies that had reported on surrogates of surgical
complexity in patients receiving a delayed operation, such as
bleeding and operative time. One study identified a slight
increase in time when surgery was delayed, but there was no
difference in bleeding among the studies [94].

The current available data have been highly suggestive of a
significant short- and long-term benefit to increasing the inter-
val to surgery; however, prospective randomized trials are
required. Currently, the Royal Marsden Hospital has complet-
ed its enrollment and is in a follow-up phase of a prospective
randomized trial comparing tumor regression and down-
staging outcomes when resected 6 and 12 weeks post-
NACRT (Clinicaltrials.gov ID: NCT01037049). Furthermore,
the French Greccar 6 trial is enrolling patients in a randomized
design comparing pCR rates at 7 and 11 weeks post-NACRT
(Clinicaltrials.gov ID: NCT01648894). The early and late out-
comes of these trials will likely result in significant changes to
the currently accepted recommended intervals to surgery,
post-NACRT.

Conclusion

It has been established in the literature that NACRT decreases
rates of local recurrence following surgery for locally ad-
vanced rectal cancers. This result may be due to a down-
staging of lesions with the additional benefit of potentially
allowing for preservation of the anal sphincter or even the
entire rectum. In the era of patient-centered approaches to
care, patients are becoming increasingly involved in the
sensitive decisions being made. Discussions regarding the
benefits of NACRTas well as the immediate and perioperative
morbidity are crucial components of any discussion.
Furthermore, quality of life is of utmost importance to most
patients and significantly affects the choice of therapy, such as
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whether sphincter preservation is offered or chosen. At a
time when non-operative management is being entertained
as an option for favorably responsive rectal cancers, it is
crucial that oncologists be sufficiently informed on the
therapeutic options available to patients, as well as the
quality of evidence. We are currently at a dynamic point
in the management of rectal cancer; the outcomes of on-
going prospective trials will shed light on many of these
topics and likely result in a paradigm shift in how we see
rectal cancer treated over the next few years.
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