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Abstract
Background There is increasing evidence to support the use of neoadjuvant chemotherapy (NAC) in locally advanced colon
cancer (LACC). However, its safety, efficacy and side effect profile is yet to be completely elucidated. This review aims to assess
NAC regimens, duration, compare completion rates, intra-operative and post-operative complication profiles and oncological
outcomes, in order to provide guidance for clinical practice and further research.
Methods PubMed, EMBASE and MEDLINE were searched for a systematic review of the literature from 2000 to 2020. Eight
eligible studies were included, with a total of 1213 patients, 752 (62%) of whom received NAC. Of the eight studies analysed,
two were randomised controlled trials comparing neoadjuvant chemotherapy followed by oncological resection to upfront
surgery and adjuvant chemotherapy, three were prospective single-arm phase II trials analysing neoadjuvant chemotherapy
followed by surgery only, one was a retrospective study comparing neoadjuvant chemotherapy followed by surgery versus
surgery first followed by adjuvant chemotherapy and the remaining two were single-arm retrospective studies of neoadjuvant
chemotherapy followed by surgery.
Results All cases of LACC were determined and staged by computed tomography; majority of the studies defined LACC as T3
with extramural depth of 5 mm or more, T4 and/or nodal positivity. NAC administered was either folinic acid, fluorouracil and
oxaliplatin (FOLFOX) or capecitabine and oxaliplatin (XELOX) with the exception of one study which utilised 5-fluorouracil
and mitomycin. Most studies had NAC completion rates of above 83% with two notable exceptions being Zhou et al. and The
Colorectal Cancer Chemotherapy Study Group of Japan who both recorded a completion rate of 52%. Time to surgery from
completion of NAC ranged on average from 16 to 31 days. The anastomotic leak rate in the NAC group ranged from 0 to 4.5%,
with no cases of postoperative mortality. The R0 resection rate in the NAC group was 96.1%. Meta-analysis of both RCTs
included in this study showed that neoadjuvant chemotherapy increased the likelihood of a negative resection margin T3/4
advanced colon cancer (pooled relative risk of 0.47 with a 95% confidence interval) with no increase in adverse consequence of
anastomotic leak, wound infection or return to theatre.

Conclusions Our systematic review and meta-analysis show
that NAC is safe with an acceptable side effect profile in the
management of LACC. The current data supports an oncolog-
ical benefit for tumour downstaging and increased in R0 re-
section rate.
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Introduction

Colorectal cancer is the third most commonly diagnosed can-
cer and the fourth most common cause of cancer death world-
wide [1]. One of the challenges is mitigating the risk of local
and distant recurrences, which is estimated to be 20–30% in
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patients with locally advanced colon cancer (LACC) [2]. The
definition of LACC includes T3 tumours with ≥ 5 mm inva-
sion beyond the muscularis propria, T4 (direct invasion into
adjacent structures) or extensive regional lymph node involve-
ment, without distant metastases [3–5].

Several trials have validated neoadjuvant chemotherapy
(NAC) as a strategy for other tumour types, such as locally
advanced gastroesophageal, breast and rectal cancers [6–9].
Hence, there has been an interest in applying this strategy
for LACC as well. The theoretical advantages for this include
the early treatment of potential lymph node and/or distant
micrometastases, increased likelihood of a clear resection
(R0) margin and the ability to evaluate chemosensitivity and
assess tumour biology by the degree of downstaging that may
occur after treatment.

However, use of neoadjuvant treatment is not without risk:
it has been associated with chemotoxicity resulting in delay to
surgery, disease progression, risk of bowel obstruction or per-
foration requiring emergency surgery [6, 7, 10]. Several recent
trials have assessed the role of neoadjuvant chemotherapy in
LACC [10–17]. Many of these studies have been small, ob-
servational studies with only two multicentre randomised con-
trolled trials (RCT) that have been published thus far [11, 12].
As a result, most studies have inconsistent results with no
international consensus on the value of neoadjuvant chemo-
therapy compared with adjuvant chemotherapy.

Therefore, this study aims to assess NAC regimens and
duration, compare completion rates, intra-operative and post-
operative complication profiles and oncological outcomes, in
order to provide guidance for clinical practice and further
research.

Methods

A systematic literature search was performed of all published
articles in English from January 2000 to January 2020. This
systematic review was performed in accordance with guide-
lines from the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) group [18].
Randomised control trials, non-randomised prospective trials,
retrospective studies and conference abstracts were included
given paucity of available literature. Studies were identified
by searching MEDLINE (via PubMed) and EMBASE (via
OvidSP) databases. Ongoing trails were identified via the clin-
ical trials registry: https://clinicaltrials.gov/.

Studies included in data analysis were reporting the use of
preoperative chemotherapy in non-metastatic locally ad-
vanced colon cancer and included the terms “neoadjuvant
chemotherapy”, “preoperative chemotherapy” and “perioper-
ative chemotherapy”. Articles were excluded if (i) it was not
possible to differentiate between colon and rectal cancers, (ii)
treatment for rectal cancer only and (iii) studies that

investigate the role of neoadjuvant therapy in the setting of
colon cancers with distant metastasis. Data was collated using
a well-defined data extraction sheet.

Data collection and endpoints

Data regarding trial design, patient selection protocols, num-
ber of patients, patient demographics, radiological stage, pre-
and post-operative chemotherapy protocols, completion rate
of chemotherapy, type of surgery, rate of surgery, histopatho-
logical outcomes, perioperative morbidity and mortality,
length of follow-up and oncological outcomes were recorded.
The primary end point of the study assessed was the tumour
regression grade (TRG) to NAC. Secondary end points in-
cluded completion rates of neoadjuvant and adjuvant chemo-
therapy, R0 resection rates and chemotherapy toxicity.
Adverse events included anastomotic leak, wound infection
and overall rate of return to theatre.

TRG was graded in 3 categories by Ryan et al., from 1
(complete or near-complete response) to 3 (no response)
based on the presence of residual tumour cells in resection
specimen [19]. R0 resection was defined as a microscopi-
cally margin-negative resection. Completion rate was de-
fined as the number of patients in whom the full course of
chemotherapy was completed, as a percentage of all pa-
tients that started chemotherapy. Toxicity was graded in
accordance with the Cancer Therapy Evaluation Program
Common Toxicity Criteria. Grade 3 toxicity was defined as
a severe and undesirable adverse event [20]. Time to sur-
gery was defined as the time in days from the date of com-
pletion of neoadjuvant chemotherapy to the date surgery
was performed.

Data were entered into an Excel spreadsheet and verified
for accuracy.

Statistical analysis

All categorical data was pooled using the random effect model
to yield a relative risk and associated 95% confidence interval
(CI). I2 statistic was formed to assess for inter-study heteroge-
neity. The Newcastle-Ottawa scale is used to assess the quality
of each non-randomised study where Jadad score was used to
assess the quality of RCTs. A p value of < 0.05 was consid-
ered significant. All data analysis was performed in R Studio
Team (2015). RStudio: Integrated Development for R Studio,
Inc., Boston, MA, and using the metaphor package for meta-
analysis [21].

Results

The preliminary search identified 17 studies pertinent to neo-
adjuvant treatment of LACC. Nine studies were excluded from
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analysis: three involved neoadjuvant radiotherapy either as a
single modality or in combination as chemotherapy [22–24],
three studies had outcome measures not relevant to this meta-
analysis [25–27] and one study was a literature review with no
original findings [28]. Of the eight studies included, two were
randomised controlled trials comparing neoadjuvant chemo-
therapy followed by oncological resection to upfront surgery
and adjuvant chemotherapy [11, 29], three were prospective
single-arm phase II trials analysing neoadjuvant chemotherapy
followed by surgery only [10, 15, 30], one was a retrospective
study comparing neoadjuvant chemotherapy followed by sur-
gery versus surgery first followed by adjuvant chemotherapy
[31] and the remaining two were single-arm retrospective stud-
ies of neoadjuvant chemotherapy followed by surgery [32, 33].

Design features of all eligible studies are shown in Tables 1
and 2. All cases of LACC were determined and staged by
computed tomography; majority of the studies defined
LACC as T3 with extramural depth of 5 mm or more, T4
and/or nodal positivity. Neoadjuvant chemotherapy adminis-
tered was either folinic acid, fluorouracil and oxaliplatin
(FOLFOX) or capecitabine and oxaliplatin (XELOX) with
the exception of one study which utilised 5-fluorouracil (5-
FU) and mitomycin (MMC). Most studies had NAC comple-
tion rates of above 83% with two notable exceptions being
Zhou et al. and The Colorectal Cancer Chemotherapy Study
Group of Japan who both recorded a completion rate of 52%.
Time to surgery from completion of NAC ranged on average
from 16 to 31 days.

Completion of adjuvant chemotherapy ranged from 67 to
100%, with Zhou et al. reporting 47.1% adjuvant chemother-
apy completion. On specific analysis of the two RCTs includ-
ed, Karoui et al. documented an adjuvant chemotherapy com-
pletion rate of 74.5% in their control arm while the FOxTROT
Collaborative Group recorded 72.5%. Completion rates in
their intervention arms were 98% and 81.7%, respectively.
The median days to adjuvant chemotherapy was consistently
5–6 weeks in both intervention and control groups.

Both RCTs included in this study showed that neoadjuvant
chemotherapy increased the likelihood of a negative resection
margin T3/4 advanced colon cancer (pooled relative risk of
0.47 with a 95% confidence interval) (Fig. 1) with no increase
in adverse consequence of anastomotic leak, wound infection
or return to theatre (Figs. 2, 3 and 4). Further assessment on the
complication profile associated with neoadjuvant chemothera-
py is outlined in Table 3. This includes risk of neutropenia
(13.1%), neurotoxicity (7.4%) with an overall grade 3 toxicity
rate of 9.8%.

Discussion

To the best of our knowledge, this is the first published
meta-analysis reviewing the use of NAC in LACC. OurTa
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study shows that NAC can be delivered safely with accept-
able toxicity and is associated with higher R0 resection
rates. Neoadjuvant chemotherapy is already an accepted
gold standard treatment for rectal, gastric, pancreatic and

breast cancer [8, 34–36]. Our study results support the hy-
pothesis that NAC in selected colon cancer can encourage
tumour regression with the aim of downstaging tumours,
thus resulting in better rates of local control. These results
are novel.

The specific patient cohort for analysis in this systematic
review and meta-analysis was patients that had high-risk fea-
tures such as T4 or high-risk T3 (> 5-mm tumour invasion
beyond the muscularis propria, lymphovascular involvement
or poorly differentiated tumours) without distant metastases
(T3/4, N0, M0). Identifying this patient population relies
heavily on accurate CT staging as it guides the need for neo-
adjuvant therapy. In a recent meta-analysis, Nerad et al. [37]
found CT staging to be accurate with an overall sensitivity of
90% in detecting tumour invasion beyond the bowel wall and
nodal involvement.

Another potential modality is the magnetic resonance
imaging (MRI), which is the current gold standard for stag-
ing rectal cancer [38]. The comparative diagnostic perfor-
mance of MRI and CT for LACC has been investigated in
multiple previous studies [39–42], in which all unanimous-
ly concluded that MRI is superior in defining T3 tumours
with serosal involvement and T4 tumours compared to CT.
Combined with this known precision for detecting liver
metastases, MRI may rapidly become the most optimal
staging modality for patients with locally advanced colon
cancer.

Table 2 Regimen of neoadjuvant chemotherapy utilised

Author Number of patients Neoadjuvant
chemotherapy
regimen

Completed
neoadjuvant
CT

Days to
surgery in
weeks

Number of patients
completing adjuvant
chemotherapy

Median (IQR) days to ad-
juvant chemotherapy

Intervention Control Intervention Control Intervention Control

Karoui et al. 52 52 FOLFOX–4 cycles 48/50 (96%) 31 (20–62) 42 (87.5) 29 (76.3) 39
(25–111)

42 (26–88)

Arredondo et al. 65 None XELOX/FOLFOX 61 (93.8) 24 (21–30) 39 (100) NR NR NR

Liu et al. 47 None XELOX 42 (89.4) NR 47 (100) NR NR NR

Zhou et al. 23 None FOLFOXIRI–4
cycles

12 (52.2) 16 (3–45) 10 (47.1) NR 34
(18–109)

NR

Jakobsen et al. 71 None XELOX–3 cycles 59 (83.1) NR 53 (73.6) NR NR NR

Arredondo et al. 44 None XELOX 44 (100) NR NR NR NR NR

FOxTROT 99 51 FOLFOX–3 cycles 85/95
85 (89%)

61 days
from start
of NAC
(42 days)

19

67/82
(82%)

67 (67.7)

29/40 (72%)
29 (56.9)

47 (40–55) 53 (44–57)

The Colorectal
Cancer
Chemotherapy
Study Group of
Japan

351 358 5-FU + MMC 183 (52.1) NR NR NR NR NR

FOLFOXIRI Folinic acid, 5-fluorouracil, oxaliplatin, irinotecan, FOLFOX folinic acid, 5-fluorouracil, oxaliplatin, XELOX capecitabine, oxaliplatin, 5-
FU 5-fluorouracil, MMC mitomycin C, NR not recorded, NAC neoadjuvant chemotherapy

Table 3 Clinical outcomes of studies analysed

Clinical outcomes No. patients (%)

Neoadjuvant chemotherapy response

Complete response 16 (5)

Partial response 174 (54.2)

No response 131 (40.8)

Neoadjuvant toxicity

Neutropenia 16 of 122 (13.1)

Neurotoxicity 7 of 94 (7.4)

Grade 3 toxicity 83 of 844 (9.8)

R0 resection

Neoadjuvant arm 317 of 330 (96.1)

Control arm 88 of 103 (85.4)

Anastomotic leak

Neoadjuvant arm 15 of 334 (4.5)

Control arm 3 of 151 (2)

Wound infection

Neoadjuvant arm 22 of 292 (7.5)

Control arm 7 of 103 (6.8)
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The Colorectal Cancer Chemotherapy Study Group of
Japan [17] employed the use of neoadjuvant MMC and 5-
FU; this regime is largely usurped by agents such as capecit-
abine, oxaliplatin and irinotecan. MMC is an old drug that has
been tested in multiple phase III trials for its use in colorectal
cancer, and although it has a favourable toxicity profile when
administered synergistically with capecitabine [43, 44], it has
failed to show a survival benefit when compared with 5-FU
alone [45] and hence has no role as the first or second line of
therapy in colorectal cancer.

Other concerns raised about NAC were related to unneces-
sary patient morbidity from chemotherapeutic toxicities and
delays to operative intervention. In addition, the response of
tumours to neoadjuvant therapies remains variable, a sub-
group of patients may not achieve any down-staging of the
tumour and some of them even show disease progression as
observed in locally advanced rectal cancer [46, 47]. This sub-
group tended to haveworse tumour biology and poorer overall
prognosis; hence, administering NAC would allow potential
stratification and select patients out that will benefit the most
from curative surgery as many may progress to distant metas-
tasis. The results of this study clearly show that NAC is well

tolerated with an acceptable side effect profile with on average
less than 30 days to surgery. Clinically significant neoadju-
vant therapy toxicity (grade 3) was only observed in 9.8% of
all patients included.

The FOxTROT trial demonstrated that there was no in-
creased risk of tumour progression leading to emergency sur-
gery. Karoui et al. [11] and the FOxTROT Collaborative
Group [12] both reported higher rates of completion of thera-
py in NAC group as compared to the adjuvant therapy alone
group, 88% vs 76% and 68% vs 57%, respectively.
Importantly, pooled relative risk analysis of both RCTs
showed no significant difference in post-operative anastomot-
ic leaks, wound infections or return to theatre between the
neoadjuvant and control arms. In a recent presentation at the
European Society for Medical Oncology (ESMO) Congress in
2019, the FOxTROT Collaborative Group presented an inter-
im analysis of a further 1053 patients across 98 hospitals in the
UK, Denmark and Sweden. The group reported that compared
to the NAC arm patients in the control arm had double the
number of incomplete resections (10% vs %; p = 0.001) re-
quiring an additional operation (7.1% vs 4.3%; p = 0.05) and
suffered higher rates of anastomotic leaks or intra-abdominal

Fig. 1 Resection margin. NCT = neoadjuvant chemotherapy. Pooled relative risk of 0.47 in the neoadjuvant chemotherapeutic arm as compared to
control

Fig. 2 Anastomotic leak. NCT = neoadjuvant chemotherapy. AL = anastomotic leak. Pooled relative risk of 1.21 in the neoadjuvant chemotherapeutic
arm as compared to control
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abscesses (7.4% vs 4.7%; p = n.s.); however, this data is yet to
be published and hence could not be used for statistical anal-
ysis [48].

Complete oncological resection followed by adjuvant che-
motherapy is the current standard of treatment for patients
with LACC. This approach may necessitate an extensive en
bloc multivisceral resection for T4b to maintain a high-quality
surgical resection, with the aim of a negative resection margin
to decrease the risk of recurrence. However, this is often as-
sociated with an increased postoperative morbidity and
known to have a lower rate of R0 resection, varying between
40 and 90% [49, 50]. As such, the current NCCN guidelines
have added NAC as a treatment option for patients with clin-
ical T4b disease [51]. Pooled outcome of all the patients
analysed in this study has revealed that 59.2% demonstrated
at least a partial histopathological response with 5% demon-
strating a complete response. Additionally, the aforemen-
tioned interim analysis by the FOxTROT group also reported
that of the 699 patients allocated to the NAC arm, 88% com-
pleted the three cycles of neoadjuvant FOLFOX and had
marked histological downstaging with a lower pT and pN

stage (p < 0.0001 for both). A subset of patients in the NAC
arm displayed a complete (3.8%) and near-complete (4.6%)
tumour regression [48]. However, larger studies are required
to further elucidate the true effect of tumour regression after
NAC.

This review was limited primarily by a paucity of data
available for comparative analysis. There were only two
randomised control trials eligible for pooled meta-analysis.
There are currently, however, many ongoing trials
assessing both pathological response and survival of
LACC after NAC.

Conclusion

Neoadjuvant chemotherapy is safe for the management of
LACC as highlighted by this review. The current data sup-
ports an oncological benefit for tumour downstaging and in-
creased in R0 resection rate. Hence, NAC can be considered
as alternate strategy before surgery for clinically staged

Fig. 3 Wound infection. NCT = neoadjuvant chemotherapy. WI = wound infection. Pooled relative risk of 1.67 in the neoadjuvant chemotherapeutic
arm as compared to control

Fig. 4 Return to theatre. NCT = neoadjuvant chemotherapy. RTT = return to theatre. Pooled relative risk of 1.02 in the neoadjuvant chemotherapeutic
arm as compared to control
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advanced colon cancers (T4b), particularly where a clear re-
section margin is questionable.
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