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Abstract
Background Currently, the standard management of locally
advanced rectal cancer (LARC) is neoadjuvant chemoradio-
therapy followed by resection. Despite the significant im-
provement in local recurrence, survival benefits are not gained
due to distant failure and radiotherapy-associated toxicity.
Compliance to adjuvant chemotherapy after preoperative che-
moradiotherapy is also poor. Neoadjuvant chemotherapy
alone followed by surgery may be an alternative. The objec-
tive of this review is to determine the efficacy of neoadjuvant
chemotherapy alone in operable LARC.
Materials and Methods Electronic databases searched (from
database inception–December 2013) were Medline, PubMed,
Embase, Scopus, Cochrane library, and the Clinical Trials
Register. Specific journals were also hand searched. The se-
lection criteria were studies published in English investigating
stage II–III non-metastatic rectal cancer patients treated with
neoadjuvant chemotherapy (oral, intravenous or rectal route)
followed by curative resection. The primary outcome measure
was tumour response. Secondary outcome measures included
acute toxicity, operative morbidity, R0 resection, local recur-
rence, overall survival (OS) and disease-free survival (DFS).
Results One randomised phase III trial, six single-arm phase
II trials and one retrospective case series study were eligible
for inclusion. Six studies administered fluoropyrimidine-

based multiple agent regimens and two studies administered
fluorouracil-based monotherapy. The studies with multiple
agents and stronger chemotherapy regimens (intravenous
and/or oral) followed by delayed surgery showed better tu-
mour response rates. The overall objective response rate was
good and ranged from 62.5 to 93.7 %. Pathological complete
response ranged from 3.8 to 33.3 %. The R0 resection and
compliance rates were also high ranging from 90 to 100% and
72 to 100 %, respectively. Grade 3–4 toxicities ranged from
2.3 to 39 %. Four- to 5-year OS and DFS ranged from 67.2 to
91 % and 60.5 to 84 %, respectively.
Conclusion This review demonstrates that neoadjuvant che-
motherapy could be affectively administered in LARC and
could provide a good alternative to chemoradiotherapy in
moderate-risk rectal cancers without compromising short-
and long-term outcomes.
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Preoperative care neoadjuvant therapy . Combinedmodality
therapy . Drug therapy

Abbreviations
APR Abdominoperineal resection
CAPOX Oxaliplatin and capecitabine
CIV Continuous intravenous infusion
cPR Complete pathological response
CRC Colorectal cancer
CRM Circumferential resection margin
CRT Chemoradiotherapy
DFS Disease-free survival
5-FU 5-Fluorouracil
FLOFOX Oxaliplatin, fluorouracil (5-FU) and folinic acid
IFL Irinotecan, 5-fluorouracil and leucovorin
ITT Intention to treat
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IV Intravenous
LAR Low anterior resection
MRI Magnetic resonance imaging
OS Overall survival
PRISMA Preferred reporting items for systematic reviews

and meta-analyses
RCT Randomised controlled trial
RECISTs Response evaluation criteria in solid tumours
TPE Total pelvic exenteration
XELOX Oxaliplatin and capacitabine

Introduction and Literature Review

Colorectal cancer (CRC) accounts for 10 % of all cancer cases
worldwide and is the third and secondmost common cancer in
men and women, respectively [1]. In the UK, CRC is the
second highest cause of cancer-related deaths with 8574
men and 7134 women dying from it in 2010 (male/female
ratio of 12/10) [2]. Rectal cancers account for 25 % of all
colorectal cancers.

Management of rectal cancer has evolved in the last two
decades from a mainly surgically treated disease to a
multimodality treatment model. Traditional management of
locally advanced rectal cancer (T3–T4 and/or N+ or any T
with N+) had been immediate surgery followed by chemora-
diation. A landmark randomised German trial by Sauer et al.
[3] altered the stage II–III rectal cancer management into neo-
adjuvant chemoradiotherapy. There was a significant im-
provement in 5-year local recurrence rate (6 vs. 13 %, P=
0.006) and a significant reduction in acute and late adverse
effects among patients in preoperative long-course chemora-
diotherapy arm [3]. A Polish randomised trial [4] compared
long- and short-course radiotherapy for T3–T4 mid- to low-
resectable rectal cancer (n=312). Specifically, there were sig-
nificantly higher rates of complete pathological responses in
the long-course radiotherapy arm compared to the short course
(16 vs. 1 %, P<0.001). In addition, long-course radiotherapy
patients achieved less + circumferential resection margin
(CRM) as compared to short-course radiotherapy (4 vs.
13 %, P=0.017). Chemotherapy given concurrently with ra-
diotherapy acts as a radio sensitizer and enhances the tumour
downstaging and sphincter preservation rate. The results of a
French trial [5] and a multicentre European trial (EORTC) [6]
show significantly lower local recurrence among patients giv-
en combined modalities.

Limitations of Preoperative Chemoradiotherapy

Despite the significantly low recurrence rates, none of the
above-mentioned trials [3, 4, 6] show any difference in terms
of overall survival because of higher distant metastatic rates of

up to 38 % [6]. In addition, pelvic radiotherapy can lead to
long-term morbidity. A Dutch trial [7] that randomised pa-
tients into preoperative short-course chemoradiotherapy
followed by surgery vs. surgery alone showed that patients
in the radiotherapy arm experienced increased bowel frequen-
cy and significantly higher rates of anal blood loss and faecal
incontinence. The same group also showed that radiotherapy
had a negative effect on sexual functioning in males (P=
0.004) and females (P<0.001) and irradiated males had more
ejaculation disorders (P=0.002), and erectile functioning de-
teriorated over time (P<0.001) [8].

Ways to Improve Chemotherapy

Combining newer chemotherapeutic drugs such as oxaliplatin
plus capacitabine (combination termed as XELOX or
CAPOX) and irinotecan to conventional fluoropyrimidine-
based chemotherapeutic schedules [9, 10] and the addition
of targeted agents such as cetuximab and pantimumab [11]
have shown promising results in patients with metastatic and
locally advanced colorectal cancer. These newer agents are
being extrapolated into the trials of recent approaches to neo-
adjuvant therapy in rectal cancer, but early results do not show
any significant improvement on early pathological response
[12]. Similarly, preliminary results from the multicentre
randomised phase II EXPERT-C trial comparing neoadjuvant
chemotherapy before chemoradiotherapy in high-risk rectal
cancer with or without cetuximab did not show improved
complete pathological response as a primary end point [13].
Several phase II single-arm studies have incorporated the ap-
proach of neoadjuvant chemotherapy prior to chemoradiother-
apy in T3 rectal cancers (induction therapy). The results sug-
gest that this approach is feasible with minimal risk of disease
progression and compromise of subsequent radiotherapy and
resection [14, 15].

Neoadjuvant Chemotherapy
Without Chemoradiation

The concept of neoadjuvant chemotherapy without chemora-
diation has not been assessed in resectable colorectal cancer
until now because of the theoretical risk of disease progression
on the one hand and the risk of over treating low-risk patients
due to inaccurate radiological staging on the other hand. How-
ever, the potential advantages [16] for using neoadjuvant che-
motherapy include:

& Early systemic treatment of micrometastasis and circulat-
ing cancer cells.

& Administration of chemotherapeutic agents at full system-
ic doses.
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& Improved compliance as compared to adjuvant
chemotherapy.

& Long-term morbidity associated with pelvic radiotherapy
can be avoided.

& Early recognition of non-responders who may benefit
from intensive treatment strategies.

& Better response in primary tumour due to a likely increase
in drug distribution to the tumours with an intact blood
supply.

Aims and Objectives of the Systematic Review

Primary

& The primary objective of this systematic review is to as-
sess tumour response to neoadjuvant chemotherapy alone
in operable locally advanced rectal cancers.

Secondary

The secondary objectives of the study are as follows:

& To determine the feasibility of neoadjuvant chemotherapy
in locally advanced operable rectal cancer

& To determine the safety and efficacy of neoadjuvant
chemotherapy

& To determine the surgical morbidity and outcomes after
neoadjuvant chemotherapy

& To determine the long-term oncological outcome in terms
of recurrence, disease-free survival and overall survival

Methodology

The following methodology is in accordance with the pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines.

Eligibility Criteria

Types of Studies Included in the Review

As the concept of use of neoadjuvant chemotherapy without
radiotherapy is an evolving one and on scoping review, no
phase III randomised trials for neoadjuvant chemotherapy
alone in rectal cancers were located; therefore, all study de-
signs were included (phase II randomised or non-randomised
clinical trials, cohort, case series). In addition, studies investi-
gating the use of neoadjuvant chemotherapy alone in

colorectal cancer were only included if separate end results
would be provided for rectal cancers.

Participant Types

Inclusion Criteria

& Patients with histologically proven rectal adenocarcinoma
& Stage II–III rectal cancer undergoing neoadjuvant chemo-

therapy followed by surgery for curative intention

Exclusion Criteria

& Metastatic disease
& Unresectable cancer

Types of Intervention

& This pertains to single agent preoperative chemotherapy
or multiple preoperative chemotherapy agents including
additional antiangiogenic agents followed by resection ±
adjuvant chemotherapy.

Route of Neoadjuvant Chemotherapy Administration

The studies investigating oral, intravenous and rectal admin-
istration routes of chemotherapy administration were includ-
ed. Various trials comparing capacitabine (oral pro-drug of 5-
fluorouracil (5-FU))-based radiotherapy with intravenous 5-
FU-based radiotherapy have demonstrated similar efficacy
[17]. Similarly, tegafur (a pro-drug of 5-FU) when adminis-
tered in the form of suppositories gets absorbed quickly
through the rectal mucosa and reaches the level similar to
intravenous tegafur administration [18].

Types of Outcome Measures

Primary Outcomes

& Response rate to chemotherapy either radiological or path-
ological including histological downstaging, partial and
complete pathological response

Histological downstaging of rectal tumour (based on the
TNM system) in response to chemoradiation predicts long-
term survival as an independent prognostic factor [19] and,
therefore, is an important outcome. A meta-analysis [20] has
shown that patients with partial tumour [21, 22] regression in
response to neoadjuvant treatment in rectal cancer had a better
disease-free survival than those with no response with de-
crease in hazard ratio of <50 %. Complete pathological
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response is defined as the absence of viable tumour cells in a
resected specimen and is present in up to 25% of rectal cancer
patients operated following neoadjuvant chemoradiotherapy
[21, 22]. Five-year disease-free survival is significantly higher
for patients with complete pathological response than the pa-
tients without it as shown in a pooled analysis of several stud-
ies (83.3 vs. 65.6 %, P<0.0001) [23].

Secondary Outcome Measures

& Toxicity
& Survival including overall survival and disease-free

survival
& Recurrence (local and distant)
& Postoperative mortality and morbidity
& R0 resection—complete resection with histologically neg-

ative margins [24]

Language

Only the studies published in English were included in the
review.

Search Strategy

Databases Searched

Electronic databases were searched (from database inception
to 29 December 2013): Medline, PubMed, Embase, Scopus,
Cochrane library and Clinical Trials Register. In addition, ab-
stracts from international cancer meetings such as the Amer-
ican Society of Clinical Oncology (ASCO) and the European
Society for Medical Oncology (ESMO) were hand searched
from relevant journals.

Search Terms with MeSH Headings: Medline

MeSH headings (1) rectal neoplasm, (2) preoperative period
or preoperative care, (3) neoadjuvant therapy or combined
modality therapy and (4) drug therapy were combined using
Boolean operators ‘AND’ (Appendix 1). In addition, phrases
(preoperative chemotherapy) AND (Rectal Cancer) and (neo-
adjuvant chemotherapy) AND (rectal cancer*) were also
searched using Boolean operators ‘AND’ and ‘OR’, and syn-
onyms for each component were also searched. In addition,
‘explode’ feature of the MeSH system was used to include the
entire subtree of MeSH terms within a single world.

Selection of Studies and Quality Appraisal

Initial screening of studies based on titles and/or abstracts
against the eligibility criteria was conducted (OJ). Appraisal

of full text articles for the final selection of studies in the
review was conducted by two authors (OJ and TA). The liter-
ature search of this review found quantitative studies with
different methodologies, so a generic quantitative quality as-
sessment tool developed by Effective Public Health Practice
Project (EPHPP), Canada, was used which is suitable for mul-
tiple study designs (e.g. randomised controlled trials (RCTs),
case-control, cohort (before and after designs): Appendix 2).
This tool has been validated to be used in the effectiveness of
systematic reviews and has been shown to have construct and
content validity [25].

Data Extraction

The data extraction form used in this review was developed
(Appendix 3) considering the review objectives and questions
and has been adapted from the checklist of items to be con-
sidered in data collection and extraction byHiggins and Deeks
[26].

Data Synthesis

A narrative synthesis was performed due to the different study
designs and statistical heterogeneity.

Results

The total number of hits from all the resources was 2289. After
the removal of duplicates and non-English articles, 1783 re-
cords were returned; 1682 records were excluded on the basis
of screening of titles and/or abstracts. One hundred fifty-five
full text articles were assessed for the eligibility. Of these, 146
did not fulfil the eligibility criteria and were excluded. A
randomised study [27] comparing a control group (treated
with radiotherapy and direct endolymphatic chemotherapy)
with an experimental group (treated with intravenous ukrain
chemotherapeutic agent) was excluded because differences in
the outcomes between the two groups could not be attributed
due to the confounder factor of endolymphatic chemotherapy
in the control group. A total of eight studies were selected for
the review. These include one randomised controlled trial,
four single-arm published phase II trials, three unpublished
single-arm phase II trials and one retrospective case series
study. The randomised study included both colonic and rectal
cancers but was included in the review because the patients
were stratified for either colonic site or rectal cancer site
and then randomly allocated to either group. Results of
outcomes measured were provided separately for rectal
cancers and included 5-year overall survival and DFS.
Two ongoing trials were identified by searching the website
www.clinicaltrials.gov: PROSPECT and BACCHUS. The
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four-phase flow diagram of literature search based on the
PRISMA statement is shown in Fig. 1.

Description of Studies

The studies included in the review showed considerable het-
erogeneity clinically and methodologically.

Characteristics of the Patients Included
in the Studies

The randomised trial by the chemotherapy study group of
Japan [28] included 600 rectal cancer patients <70 years with
at least T2–T3 or N+ disease and added preoperative chemo-
therapy with 5-FU IV infusion for 5 days up until the day
before the surgery to postoperative chemotherapy in compar-
ison with postoperative chemotherapy only. Two studies [29,

30] included only T3N− or T3N+ intermediate-risk mid-rectal
cancer patients (n=32 and 46, respectively). Patients were
ineligible if the primary tumour was T4, encroaching on the
mesorectal fascia, fixed or deemed unresectable. Contrary to
this, Uehara et al. [31] only included MRI-defined high- or
poor-risk cancers (n=32) with CRM involved or threatened,
tumour infiltrating ≥5 mm into peripheral fat, T4 or any TN2
tumours. Hasegawa et al. [32] included patients with stage
either T4 (n=18) and/or any T with N+ (n=7). These two
Japanese studies [31, 32] along with Fernandez-Martos et al.
[29] administered the preoperative chemotherapy regimen—
XELOX with bevacizumab. Two studies from the Memorial
Sloan-Kettering Cancer Centre, New York [30, 33], adminis-
tered the combination chemotherapy regimen—FOLFOX
with bevacizumab. The later study by Cercek et al. [33] retro-
spectively reviewed six rectal cancer patients who received
preoperative chemotherapywithout radiotherapy because they
had either refused radiotherapy or had contraindications to it.
In addition, this study also included 14 patients with

Fig. 1 Literature search
process—PRISMA flow diagram
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synchronous metastatic colon or rectal cancer treated with
preoperative chemotherapy undergoing resection of primary
tumour. The phase II trial by Ishii et al. [34] administered
2 cycles of irinotecan, 5-fluorouracil and leucovorin (IFL)
neoadjuvant chemotherapy to T3–T4 and or N+ patients. In
the trial by Ohwada et al. [35], neoadjuvant chemotherapy
was administered in the form of tegafur suppositories—a
pro-drug of 5-fluorouracil. Duration of treatment was at least
14 days before surgery and up until the day before surgery.
Immediate surgery after the completion of chemotherapy was
performed in two studies [28, 35]. Time interval to surgery
after the completion of neoadjuvant treatment varied for the
rest of the studies ranging from 2 to 8 weeks (Table 1).

Effects of the Intervention

Response Rate

Objective Clinical (Radiological) Response

Three studies stated objective clinical response to neo-
adjuvant chemotherapy [29–31]. Objective response rate
was assessed by measuring tumour diameter on either
MRI images [29, 31] or both MRI and endoscopic rec-
tal ultrasonography [30] before and after chemotherapy
and reported according to the modified Response Eval-
uation Criteria in Solid Tumours (RECISTs). On the
basis of intention to treat analysis, the objective re-
sponse rates in these studies were 62.5 % [31],
78.6 % [29] and 93.7 % [30]. Though the protocol of
the last two studies [29, 30] allowed chemoradiotherapy
to be administered to non-responding patients, no dis-
ease progression was detected in both of these studies.
In the study by Uehara et al. [31], there was no pro-
gression of disease detected in the patients who had
surgery (30/32).

Histological Tumour Regression and Pathological Complete
Response

The two studies from the Memorial Sloan-Kettering Can-
cer Centre, New York, reported a higher rate of complete
pathological response (cPR) and categorised the tumour
response based on the measure of residual viable cancer
vs. the measure of fibrotic tissues within the tumour
mass proposed by Dworak et al. [36]. One of the two
studies by Cercek et al. [33] showed the highest rate of
cPR, i.e. 33 % but total number of patients was small
(n=2/6 cases of localised rectal cancer). The other cases
in this series had 99, 95 and 90 % response, while the
sixth case had minimal response. Overall cPR rate in all
20 patients including synchronous metastatic colorectal

cancers was 35 % (n=7). The second study by Schrag
et al. [30] along with the study by Fernandez-Martos
et al. [29] reported cPR rates of 25 % (n=8/32) and
19.6% (95 % CI 9.4 to 33.9) (n=9/46), respectively.
Both these studies recruited moderate-risk patients.
Schrag et al. [30] also reported regression of 80–90 %
in 13 cases, 60–70 % in 4, 50 % in 2 cases and <50 %
in 5 cases. The four Japanese trials [31, 32, 34, 35]
assessed pathological response based on the Japanese
Society for Cancer of colon and rectum guidelines. A
moderate pathological complete response rate of 13.3 %
(n=4/30) was observed in the Japanese trial by Uehara
et al. [31] despite recruiting poor-risk locally aggressive
rectal cancers. Tumour regression on histological basis
was seen in all 30 cases who underwent surgical resec-
tions. But grade 2 or above regression was seen in 11
cases (36.7 %). Ishii et al. [34], Ohwada et al. [35] and
Hasegawa et al. [32] reported lower cPR rates of 3.8 %
(n=1/26), 3.9 % (n=5/129) and 4 %, respectively. In
addition to the lower rate of cPR, Ohwada et al. [35]
also reported lower grade 2 regression rate of 6.2 %.
Almost 90 % of cases in this trial showed either poor
or no response. However, despite lower cPR, Hasegawa
et al. [32] reported good histological regression (grade 2
or above) rate of 61 %.

Downstaging

Data for overall T downstaging was available for the five
studies and ranged from 46 % in the study by Ishii et al. [34]
to 69 % in the study by Schrag et al. Fernandez-Martos et al.
[29], Uehara et al. [31] and Cercek et al. [33] reported T
downstaging rate of 48, 60 and 66%, respectively. In the study
by Uehara et al. [31], 57 % of cases (17/30) were staged cT4
(T4a=9/T4b=8). All cT4a patients showed regression, but
63 % of cT4b showed stable disease ypT4b requiring com-
bined resection of adjacent organs to enable R0 resection.
Hasegawa et al. [32] reported individual T downstaging in
29, 63 and 50 % cases of T2–3, T4a and T4b tumours, respec-
tively. Nodal downstaging (cN+ to ypN0) rate varied from
around 65 % [30, 33, 34] to 83.3 % [31]. Hasegawa et al.
[32] reported N downstaging in 86 and 63 % of N1 and N2
cancers, respectively.

Survival and Recurrence

Four studies reported late outcomes in terms of recur-
rence and survival—overall and disease-free. The
randomised study [28] did not show significant differ-
ences for either 5-year survival rate (67.2 vs. 69.2 %) or
DFS (60.5 vs. 63 %) between the treatment or control
group. Ishii et al. [34] reported 5-year overall survival
rate of 74 % and disease-free survival of 84 % with
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median follow-up of 75 months. Recurrence was ob-
served in five cases (three local and two distant). The
study by Schrag et al. [30] reported higher 4-year over-
all survival and disease-free survival in 91 and 84 % of
cases, respectively. No local recurrence was reported
until the mean follow-up of 53 months. Distant recur-
rence was observed in 4/32 cases (12.5 %). The study
using tegafur suppositories [35] reported 4-year overall
survival rate of 80.1 % (95 % CI 72.3–87.9) and
disease-free survival rate of 67.6 % (95 % CI 59.4–
76.8). This study showed the highest overall recurrence
rate of 24 % (n=31). Local recurrence rate was 6.2 %
(n=8) but distant metastasis occurred in 23.3 % (n=30).
OS and DFS for all these studies are comparable to the
overall survival rate of 63.9 % and DFS rate of 57.5 %
in non-metastatic rectal cancer patients treated with che-
moradiotherapy [37]. However, this also suggests that
these tumours were intermediate risk.

R0 Resection and Postoperative Morbidity

Four studies [30, 32, 34, 35] reported 100 % R0 resec-
tion rate. Despite recruiting MRI-defined poor-risk rectal
cancers, the study by Uehara et al. [31] achieved R0
resection in 90 % (27/30) of cases. However, this study
reported the highest overall incidence of postoperative
complications in 13 patients (43.3 %) who develop anas-
tomotic leak (n=5/18, 27.8 %), wound infection (n=7),
pelvic sepsis (n=3), ileus (n=6) and UTI (n=3).
Hasegawa et al. [32] reported postoperative complication
in 39 % of cases; however, there are no further details
and data available for such complications. Ohwada et al.
[35] reported overall postoperative morbidity rate of
32 %. The most frequent complication was wound infec-
tion (n=17) followed by anastomotic leak (n=7, 9 %),
sexual dysfunction (n=6), neurogenic bladder (n=5) and
intestinal obstruction (n=3) and bleeding (n=2). Higher
rate of anastomotic leak (9 %) could be due to the fact
that there was no construction of defunctioning stoma for
sphincter sparing surgery.

Ishii et al. [34] reported the lowest complication rate
of 15 %. Four patients developed postoperative compli-
cations: two had anastomotic leak and two had wound
infection. Schrag et al. [30] reported one postoperative
death 17 days after surgery due to renal failure attributed
to high output from ileostomy.

Compliance

Compliance reported by five studies ranged from 72 %
[32] to 100 % [34]. For the randomised trial [28], a
completion rate of 5-FU continuous infusion was
96.8 %. In the trial by Uehara et al. [31] usingT
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XELOX-bevacizumab, 29 out of 32 patients (90.6 %)
completed the scheduled chemotherapy. Two patients
refused to continue because of grade 3 toxicity and
the third patient had disease progression. In the study
by Schrag et al. [30], 2/32 patients did not complete
the neoadjuvant chemotherapy secondary to cardiovas-
cular toxicity (one patient had arrhythmia and the other
had angina).

Toxicity

Grade 3–4 toxicities were reported by the five studies
and ranged from 2.3 to 39 % [29, 31, 32, 34, 35]. Two
studies [31, 34] used the Common Toxicity Criteria of
the National Cancer Institute (version 3.0) and one
study [35] used the WHO scale. No information was
available for the remaining two studies [29, 32].
Ohwada et al. [35] and Ishii et al. [34] reported lower
rates of grade 3–4 adverse events (2.3 % n=3/129 and
3.8 % n=1/26, respectively). Fernandez-Martos et al.
[29], Hasegawa et al. [32] and Uehara et al. [31] report-
ed higher rates of grade 3–4 toxicities: 39, 28 and
25 %, respectively. All these three studies administered
the same neoadjuvant regimen, i.e. XELOX with
bevacizumab. In the first of these studies, the most fre-
quent adverse event was diarrhoea (15 %) which was
also responsible for the two deaths. In the second study,
majority of toxicities were of haematological origin
(12.5 %) and the last study reported appetite loss
(12.5 %) being the most common adverse event.

Assessment of Robustness of the Synthesis

Table 2 shows the grading for the quality of studies in
the review. None of the study was rated strong on glob-
al rating (where strong is defined as no weak ratings in
all six domains). On the global rating, five studies were

rated moderate (with one weak rating in any domain)
and three studies were rated weak (two or more weak
ratings). In addition, limited data and information were
available regarding the three studies (all rated weak on
global rating) that were only published as conference
abstracts [29, 32, 33].

Discussion

The varying response to chemotherapy among the phase
II trials included in the review could be attributed to the
differences in neoadjuvant chemotherapy regimens and
time interval to surgery after the completion of chemo-
therapy. The randomised trial [28] was unsuccessful in
proving the efficacy of neoadjuvant chemotherapy
which was its main aim. This could be due to the ad-
ministration of the single agent 5-FU in a low dose and
patients undergoing immediate surgery. Similarly, pa-
tients underwent immediate surgery in the trial using
tegafur suppositories [35], and results showed low levels
of cPR rate of 3.9 % and grade 2 response rates of
6.2 %. This could also be attributed to the different
routes of administration as compared to contemporary
chemotherapy regimens. Delaying the surgery in locally
advanced rectal cancer treated with neoadjuvant chemo-
radiotherapy leads to increasing tumour response [38]
and significant downstaging [39].

Studies which use multiple agents were more effec-
tive. Specifically, a randomised phase III study [40] com-
paring the different combinations of irinotecan, 5-FU and
oxaliplatin in the treatment of advanced colorectal cancer
found significantly superior time to progression, response
rate and survival time for fluorouracil, leucovorin and
oxaliplatin (FOLFLOX) regimen compared to the IFL
combination. There was only one patient out of 26 with
cPR in the study using the IFL regimen [34] compared to

Table 2 Quality appraisal of the studies

Quality domains Colorectal Cancer
Chemotherapy study
group of Japan [28]

Uehara
et al. [31]

Ishii et.
al. [34]

Ohwada
et al. [35]

Schrag
et al. [30]

Fernandez-Martos
et al. [29]

Hasegawa
et al. [32]

Cercek
et al. [33]

Selection bias Strong Moderate Moderate Moderate Moderate Moderate Moderate Moderate

Study design Strong Moderate Moderate Moderate Moderate Moderate Moderate Weak

Confounders Strong Moderate Moderate Moderate Moderate Weak Weak Weak

Blinding Weak Weak Weak Weak Weak Weak Weak Weak

Data collection
method

Strong Strong Strong Strong Strong Strong Strong Weak

Withdrawals and
dropouts

Strong Strong Strong Strong Strong Strong Strong Strong

Global rating Moderate Moderate Moderate Moderate Moderate Weak Weak Weak

228 J Gastrointest Canc (2015) 46:219–236



8/32 (25 %) [30] and 2/6 (33.3 %) [33] in the two stud-
ies by the Memorial Sloan-Kettering Cancer Centre using
powerful neoadjuvant chemotherapy comprised of
FOLFLOX. Similarly, one of these studies [30] showed
T downstaging in 73 % of cases compared to 46 % in
the study using IFL regimen.

The rates of grade 3–4 toxicities for the review studies
are comparable to those of large randomised phase III
trials treating rectal cancers with chemoradiotherapy.
Two German trials [3, 41] reported 23–27 % grade 3–4
toxicities in the preoperative group. A pilot phase of an
ongoing randomised controlled trial [42] comparing neo-
adjuvant systemic chemotherapy for 6 weeks with fluo-
rouracil and oxaliplatin vs. no preoperative chemotherapy
in operable locally advanced colon cancer reported 34 %
grade 3–4 adverse events with neoadjuvant treatment. In
the current review, two studies [31, 32] reported high
overall postoperative morbidity in 43.3 and 39 % of pa-
tients. Anastomotic leak rate was also high in the first
study (5/18, 27.8 %). Both these studies administered
bevacizumab with chemotherapeutic agents. Many phase
II trials have used bevacizumab in varying combinations
with chemoradiotherapy/chemotherapy regimens in rectal
cancer. Concerns have been raised that bevacizumab may
increase postoperative morbidity due to its inhibitory ef-
fect on vascular endothelial growth factor in physiologi-
cal wound healing. However, this evidence is not con-
clusive and the available phase II trials do not show a
significant association between bevacizumab and postop-
erative morbidity [43].

Limitations of the Literature Review

This review provides an up-to-date synthesis of the best
available evidence. However, the main limitation of this
review is that only eight English language studies with
varying trial designs currently report on this topic as
identified by a comprehensive search strategy. Study
designs varied from RCT, cohort (before and after) to
case series/case reports. Sources of variability among
the studies were related to the staging of patients; a lack
of standardised neoadjuvant chemotherapeutic regimes
among the studies in terms of doses, route and duration;
and differences in time interval to surgery after comple-
tion of chemotherapy. In addition, there were differences
in the tools to assess response rate and toxicity.

Conclusion

This review demonstrates that compliance with neoadju-
vant chemotherapy treatment is good, and with

acceptable tolerance, it can be effectively administered
in moderate-risk rectal cancers achieving a high rate of
R0 resection and comparable pathological complete re-
sponses. Neoadjuvant systemic chemotherapy alone
followed by surgery could provide a good alternative
to chemoradiotherapy in moderate-risk rectal cancers
without compromising survival outcomes. In addition,
this could avoid unnecessary radiotherapy-associated ad-
verse effects. Multiple agent and stronger chemotherapy
regimens contribute to further improvement in tumour
response, local and distant control. However, these con-
clusions are mainly based upon a few single-arm phase
II trials when patient selection is likely much more rel-
evant for the results than the given therapy. These find-
ings need to be validated by large randomised phase III
trials comparing neoadjuvant chemotherapy alone and
preoperative chemoradiotherapy for locally advanced
rectal cancers.
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Appendix 1 Search Terms with MeSH Headings:
Medline

1. Rectal neoplasm (used for tumour rectal, neoplasm rectal,
neoplasms rectal, rectal tumours, rectal neoplasms, can-
cers rectal, cancer rectum, rectum neoplasms, rectal neo-
plasm, rectal cancer, neoplasm rectum, rectum neoplasm,
cancer of rectum, cancer rectal, cancer of the rectum, tu-
mours rectal, neoplasms rectum, rectum cancer, rectal
cancers, cancers rectum, rectum cancers and rectal
tumour)

2. Preoperative period (used for period preoperative) or pre-
operative care (used for preoperative procedure, proce-
dures preoperative, procedure preoperative, preoperative
procedure, preoperative care, care preoperative)

3. Neoadjuvant therapy (therapies neoadjuvant, treat-
ments neoadjuvant, neoadjuvant treatments, therapy
neoadjuvant, neoadjuvant treatment, neoadjuvant
therapy, treatment neoadjuvant and neoadjuvant
therapies) or combined modality therapy (treatment
multimodal, therapy combined modality, treatments
multimodal, multimodal treatment, combined mo-
dality therapy, combined modality therapies, modal-
ity therapy combined, multimodal treatments, mo-
dality therapies combined, therapies combined
modality)

4. Drug therapy (used for chemotherapies, therapy drug,
chemotherapy, drug therapy, therapies drug pharmaco-
therapy, drug therapies, pharmacotherapies)
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