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Abstract

Purpose Use of neoadjuvant chemotherapy (NAC) for locally advanced colon cancer (LACC) remains controversial. An
integrated analysis of data from high-quality studies may inform the long-term safety of NAC for this cohort. Our aim was
to perform a systematic review and meta-analysis of randomised clinical trials (RCTs) and propensity-matched studies to
assess the oncological safety of NAC in patients with LACC.

Methods A systematic review was performed as per preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines. Survival was expressed as hazard ratios using time-to-effect generic inverse variance methodology,
while surgical outcomes were expressed as odds ratios (ORs) using the Mantel-Haenszel method. Data analysis was per-
formed using Review Manager version 5.4.

Results Eight studies (4 RCTs and 4 retrospective studies) including 31,047 patients with LACC were included. Mean age
was 61.0 years (range: 19-93 years) and mean follow-up was 47.6 months (range: 2—133 months). Of those receiving NAC,
4.6% achieved a pathological complete response and 90.6% achieved RO resection (versus 85.9%, P <0.001). At 3 years,
patients receiving NAC had improved disease-free survival (DFS) (OR: 1.28, 95% confidence interval (CI): 1.02-1.60,
P=0.030) and overall survival (OS) (OR: 1.76, 95% CI: 1.10-2.81, P=0.020). When using time-to-effect modelling, a
non-significant difference was observed for DFS (HR: 0.79, 95% CI: 0.57-1.09, P=0.150) while a significant difference in
favour of NAC was observed for OS (HR: 0.75, 95% CI: 0.58-0.98, P=0.030).

Conclusion This study highlights the oncological safety of NAC for patients being treated with curative intent for LACC
using RCT and propensity-matched studies only. These results refute current management guidelines which do not advocate
for NAC to improve surgical and oncological outcomes in patients with LACC.

Trial registration International Prospective Register of Systematic Review (PROSPERO) registration: CRD4202341723.

Keywords Colon cancer - Neoadjuvant therapies - Personalised medicine

Introduction

Traditionally, surgical resection combined with adjuvant
chemotherapy (AC) was the cornerstone of managing locally
advanced colonic cancer (LACC) [1]. The paradigm of
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several other gastrointestinal malignancies, including rectal,
gastric, and esophageal cancers, has evolved to recognise the
benefits of neoadjuvant chemotherapy (NAC) [2—4]. NAC
is advantageous for several reasons: tumour downstaging
to facilitate complete resection (RO) [5], reducing the theo-
retical risk of micrometastatic dissemination of cancer cells
within human circulation [6], providing in vivo data with
respect to sensitivity of the tumour to systemic therapies
(recognised to carry prognostic significance) [7], and ensur-
ing higher systemic treatment completion rates (with ration-
ale that complications and postoperative morbidity following
surgery may delay progression) [8]. Notwithstanding these
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perceived benefits of NAC, there remains hesitancy among
expert consensus guidelines, such as the National Compre-
hensive Cancer Network (NCCN) [9], the European Society
for Medical Oncology (ESMO) [10], and the National Insti-
tute for Health and Care Excellence (NICE) [11], to alter
recommendation in support of NAC as the standard of care
for LACC. This is likely due to concern regarding overtreat-
ment. Toxicity associated with NAC has been shown to com-
promise fitness of certain patients due to proceed to surgical
resection [12]. Risk of resistant tumours advancing while
on NAC is of considerable concern to the multidisciplinary
team (MDT) [13]. Thus, contemporary clinical guidelines
do not currently advocate for NAC in the setting of LACC.

The FOXTROT trial (NCT00647530) is the largest pro-
spective multicentre randomised clinical trial (RCT) which
formally evaluates the value of NAC in radiologically con-
firmed T3 (>5-mm invasion beyond the muscularis pro-
pria) or T4 (tumour penetrates to the surface of the visceral
peritoneum and further) LACC [14, 15]. Participants were
randomised to either neoadjuvant FOLFOX (5-fluorouracil,
leucovorin and oxaliplatin with the addition of panitumumab
made based on Ras status) followed by surgical resection and
subsequent AC or surgical resection followed by 24 weeks
of systemic therapy in the adjuvant setting. Preliminary data
from FOXTROT illustrated the oncological safety of NAC for
patients with LACC, through enhanced survival outcomes,
increased RO resection rates, with lower treatment toxicities,
and perioperative morbidity observed for the majority [15].

While FOXTROT provides a degree of optimism sur-
rounding NAC for LACC [14, 15], there remains a paucity
of high-quality studies providing long-term data support-
ing this therapeutic strategy, with several previous analyses
failing to randomise or match patients to reduce the natural
risk of competing confounding, selection, and ascertainment
biases influencing results observed [5, 16]. Accordingly, the
aim of the current study was to perform a systematic review
and meta-analysis of RCTs and propensity-matched studies
to evaluate the oncological safety of NAC in patients being
treated with curative intent for LACC.

Methods

This systematic review was conducted in accordance with
the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines, as previously outlined
by Moher et al. [17]. As this study used data from previously
published studies, ethical approval was not sought from the
local institutional review board. All authors contributed to
formulating a predetermined review protocol which was then
prospectively registered and published on the International
Prospective Register of Systematic Reviews (PROSPERO:
CRD42023417231).
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Population, intervention, comparison, and outcome
(PICO) tool

Applying the PICO framework [18], as previously described
by Richardson et al., the research question the authors sought
to address through this analysis was as follows:

e Population: any patient diagnosed with radiologically
confirmed T3 (defined as disease extending > 5-mm
invasion beyond the muscularis propria or similar) or
T4 (defined as tumour penetrating to the surface of the
visceral peritoneum and other adjacent organs or simi-
lar) colon cancers. Patients either had to be randomised
(in the clinical trial setting) or indicated to undergo
NAC and subsequently matched with similar patients
who had undergone upfront surgery followed by AC
(in the retrospective cohort studies where propensity
matching has occurred).

e Intervention: any patient randomised or indicated to
undergo NAC for primary treatment of their LACC.

e Comparison: any patient randomised or indicated to
undergo surgery and AC for primary treatment of their
LACC.

e Outcomes: the primary outcome measures and study end-
points included the following:

— Disease-free (DFS) and overall survival (OS) out-
comes for patients who underwent NAC and OS,
expressed as dichotomous outcomes at 2-year,
3-year, 5-year follow-up and for overall outcomes,
or as time-to-effect models as hazard ratios (HRs),
with associated 95% confidence intervals (95% CIs).

— Complete resection (or RO) rates between patients
who underwent NAC and AC, expressed as dichoto-
mous outcomes.

Study definitions

e QOverall survival: freedom from mortality due to any
cause following treatment for primary LACC [19]

e Disease-free survival: freedom from invasive disease
recurrence or mortality due to any cause following treat-
ment of primary LACC [19]

Search strategy

A predetermined electronic search was performed by
two independent reviewers of the PubMed, Scopus, and
Cochrane Library databases on the 29th of December 2022
to assess for relevant RCTs and matched studies which
would be suitable for inclusion. The search was performed
of all fields under the following headings: (neoadjuvant
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therapies) AND (colon cancer), under medical subheadings
(or MeSH Terms), which were linked by ‘AND’ which oper-
ated as a Boolean operator. Included studies were limited
to those published in the English language, and the authors
elected not to restrict included studies based on year of
publication. For retrieved studies, their titles were initially
screened, before the study abstracts and full texts were
evaluated to identify studies which were deemed appropri-
ate for inclusion.

Eligibility criteria

Studies were considered eligible if they met the follow-
ing inclusion criteria: (1) studies to be of prospective ran-
domised or retrospective propensity-matched design to be
eligible for inclusion in this study, (2) studies had to com-
pare outcomes in adult patients aged 18 years who were
randomised (or indicated) to receive NAC and subsequent
surgical resection or upfront surgical resection followed by
AC following diagnosis with radiologically confirmed T3/
T4 colon cancers, and (3) studies had to report oncological
and survival outcomes for those in the NAC and AC groups,
respectively (as outlined previously).

Studies were excluded if they satisfied any one of the fol-
lowing exclusion criteria: (1) studies reporting outcomes for
diseases other than LACC, (2) studies evaluating outcomes
in the setting of diseases other than T3 or T4 LACC, (3)
studies not reporting clinical outcomes in relation to NAC
versus AC, (4) studies including participants aged 17 years
and younger, (5) studies where participants were not ran-
domised or matched, (6) case reports or series with less than
5 patients, or (7) any previous review article.

Data extraction and quality assessment

Literature search was performed by two independent review-
ers (M.G.D. and A.H.A.) using the predesigned search strat-
egy, as outlined previously. Duplicate studies were manu-
ally removed. Each reviewer systematically reviewed titles,
abstracts, and/or full texts before identifying studies which
met inclusion criteria. Retrieved manuscripts then had data
pertaining to the study information, study design, patient
information, treatment details, survival, and oncological
outcomes extracted. Risk of bias assessments of included
studies was performed using the risk of bias (ROB) tool for
RCTs and risk of bias in non-randomised studies - of inter-
ventions (ROBINS-I) for non-randomised studies as appro-
priate [20, 21], as recommended in the 6th edition of the
Cochrane Handbook of Systematic Review of Interventions
(version 6.3, 2022) [22]. GRADE (Grading of Recommen-
dations, Assessment, Development, and Evaluations) was
also performed [23].

Statistical analysis

Descriptive statistics were primarily used to determine
associations between treatment with NAC and AC with
both DFS and OS outcomes using Fisher’s exact test (),
as appropriate [24]. Thereafter, treatment strategies and
respective survival outcomes were expressed as dichotomous
or binary outcomes, before estimation of survival outcomes
using the Mantel-Haenszel method. These survival outcomes
were expressed as ORs with corresponding 95% Cls, similar
to surgical outcomes (i.e.: RO resection rates) which were
also expressed as odds ratios (ORs). The Mantel-Haenszel
method is useful in such instances to demonstrate the over-
all probability of an outcome for two different treatment
exposures (i.e.: NAC vs. AC); however, it is limited in that it
fails to demonstrate the influence of such exposures over a
period of time [25]. Thus, the impact of treatment strategies
on respective survival outcomes was analysed using time-to-
effect modelling using generic inverse variance method and
expressed as hazard ratios (HRs), to demonstrate the influ-
ence of these treatments on survival over time [26]. Random
effects modelling was applied to all studies on the basis that
significant heterogeneity (/?) had to existed between studies
included in analysis, with heterogeneity determined using />
statistics. Symmetry funnel plots were used to assess pub-
lication bias. All tests of significance were two-tailed with
P <0.050 indicating statistical significance. Descriptive
statistics were performed using the Statistical Package for
Social Sciences (SPSS) version 26 (International Business
Machines Corporation, Armonk, New York). Meta-analysis
was performed using Review Manager (RevMan), version 5.4
(Nordic Cochrane Centre, Copenhagen, Denmark).

Results
Literature search

Systematic search strategy identified 2102 studies, of which
176 duplicates were manually removed. The remaining 1926
studies had titles screened for relevance, before 30 abstracts
and 13 full texts were assessed for eligibility. In total, 8 stud-
ies fulfilled inclusion criteria [14, 27-33] (Fig. 1).

Study characteristics

Of the 8 included studies, 4 were prospective RCTs [14,
27,29, 33] and 4 were retrospective studies where patients
underwent propensity matching [28, 30-32] (both 50.0%).
Four of the studies were from European research facilities
(50.0%) [14, 28, 29, 32], 2 from China (25.0%) [7, 31], and
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1 from both Japan [33] and the USA [30] (both 12.5%),
respectively. Publication dates of included studies ranged
over a 20-year period (2003—2023). Details and risk of bias
assessments from the 8 included studies are outlined in
detail in Table 1.

Patient characteristics

In total, 31,047 patients who were treated with primary cura-
tive intent for T3/T4 LACC were included. The mean age
was 61.0 years (range: 19-93 years). Overall, 52.0% were
male (16,137/31,047). Mean follow-up was 47.6 months
(range: 2—133 months). Patient details from the 8 included
studies are outlined in Table 2.
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Neoadjuvant chemotherapy characteristics

Of the 31,047 patients included in this study, 8.8% were
designated to undergo NAC (2729/31,047). In total, 4.6%
of those undergoing NAC achieved a pathological complete
response (pCR) (67/1457). Overall, 90.6% undergoing NAC
(984/1086) and 85.9% in receipt of AC (801/933) achieved
an RO resection (P <0.001, ). At meta-analysis, there was
a non-significant difference in RO resection rates when
using overall data (OR: 1.14, 95% CI: 0.85-1.53, P=0.370)
(Fig. 2A), RCT data (OR: 1.23, 95% CI: 0.59-2.58,
P=0.580) (Fig. 2B), and matched data (OR: 1.04, 95% CI:
0.73-1.49, P=0.810) (Fig. 2C). Details in relation to chem-
otherapy regimens are outlined in Table 1.



International Journal of Colorectal Disease (2023) 38:193 Page50f11 193
Table 1 Details from the 8 studies included in this systematic review

Author Year Country Study design Regimens Follow-up (range) ROB Grade
Hu 2022 China RCT FOLFOX or CAPOX 32.5 months Low? High
Morton 2023 UK RCT OxMdG 37 months Low? High

de Gooyer 2020 Netherlands RC - PSM Various 44 months (4-133) Moderate® Moderate
Karoui 2020 France RCT FOLFOX 54 months Low? Very low
Dehal 2017 USA RC - PSM Various 44 months Moderate® Low
Zeng 2022 China RC - PSM Xelox 62 months (2-83) Serious® Low
Laursen 2022 Denmark RC - PSM Various - Moderate® Low
CCCSIG 2003 Japan RCT 5-FU and MMC 60 months Low" Moderate

ROB risk of bias, RCT randomised clinical trial, RC retrospective cohort, PSM propensity score matched, UK United Kingdom, USA United
States of America, CCCSJG Colorectal Cancer Chemotherapy Study Group of Japan, FOLFOX leucovorin (folinic acid), 5-fluorouracil, oxalipl-
atin, CAPOX/XELOX capecitabine and oxaliplatin, OxMdG oxaliplatin de Gramont, 5-FU 5-fluorouracil, MMC mitomycin C

2Use of risk of bias (ROB) tool for randomised clinical trials

YUse of risk of bias in non-randomised studies - of interventions (ROBINS-I) tool for non-randomised clinical studies

Disease-free survival

Overall, 81.4% of those undergoing NAC were free of recur-
rence or death at follow-up (1232/1514) compared to 78.4%
of those undergoing AC (957/1221, P=0.005, 1) (Table 3).
At meta-analysis, this non-significant difference was evi-
dent for DFS from overall (OR: 1.01, 95% CI: 0.75-1.36,
P=0.950) (Fig. 3A) and RCT data (OR: 1.08, 95% CI:
0.81-1.45, P=0.590) (Fig. 3B). Zeng et al. was the sole
study providing matched data for overall DFS and therefore
was not analysed at meta-analysis [31].

At 2-year follow-up, 86.0% of those undergoing NAC
were free of recurrence or death at follow-up (600/698) com-
pared to 82.5% of those undergoing AC (292/354, P=0.146,
t). At 3-year follow-up, 81.2% of those undergoing NAC
were free of recurrence or death at follow-up (910/1121)

compared to 76.3% of those undergoing AC (594/779,
P=0.001, 1) (Table 3). At meta-analysis, a significant dif-
ference in 3-year DFS was observed in favour of NAC from
the overall data (OR: 1.28, 95% CI: 1.02-1.60, P=0.030)
(Supplementary Material 1A), which was comprised solely
of RCT data.

At 5-year follow-up, 76.1% of those undergoing NAC
were free of recurrence or death at follow-up (299/393) com-
pared to 77.6% of those undergoing AC (343/442, P=0.622,
1) (Table 3). At meta-analysis, this non-significant differ-
ence was evident from the overall data (OR: 1.06, 95% CI:
0.47-2.41, P=0.880) (Supplementary Material 1B).

When using a time-to-effect model at meta-analysis,
a non-significant difference was observed from overall
(HR: 0.79, 95% CI: 0.57-1.09, P=0.150) (Supplementary
Material 1C) and RCT data (HR: 0.82, 95% CI: 0.58-1.15,

Table 2 Patient details from

o A Author Year Number NNAC N AC Mean age (range) Female/male Stage
the 8 studies included in this
systematic review Hu 2022 744 371 373 (19-75) 306; 438 T3 (with>5-mm
invasion beyond
the muscularis
propria or T4)
Morton 2023 1052 698 354 - - -
de Gooyer 2020 447 149 298 64 (25-88) 108; 339 T4
Karoui 2020 104 52 52 64 (30-79) 39; 63 High risk T3 or T4
Dehal 2017 27,575 921 26,654 60 13,772; 14,253 T3 or T4
Zeng 2022 126 42 84 67 T3 with>5-mm
invasion beyond
the muscularis
propria or T4
Laursen 2022 290 145 145 72 (23-93) - -
CCCSIG 2003 709 351 358 57 309 Dukes A-D

CCCSJG Colorectal Cancer Chemotherapy Study Group of Japan, N number, NAC neoadjuvant chemo-
therapy, AC adjuvant chemotherapy, T tumour stage
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NAC AC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
de Gooyer 2020 115 149 225 298 39.1% 1.10 [0.69, 1.75] ——
Karoui 2020 46 52 48 52 4.8% 0.64 [0.17, 2.41] — A
Lauresen 2022 118 145 118 145 24.2% 1.00 [0.55, 1.81] —
Morton 2023 665 698 329 354 29.4% 1.53 [0.90, 2.62] T
Zeng 2022 40 42 81 84 2.5% 0.74[0.12, 4.61] S
Total (95% CI) 1086 933 100.0% 1.14 [0.85, 1.53] ’
Total events 984 801
- 2 " T _ = S 12 — 09, I } } {
;let:rfogenelty,"Tz;: ;S?% g;l(p__z(?;})df =4 (P =0.68);1°=0% 001 o1 10 100
est for overall effect: Z = 0. = 0. NAC AC
NAC AC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Karoui 2020 46 52 48 52 24.9% 0.64 [0.17, 2.41] B E—
Morton 2023 665 698 329 354 75.1% 1.53 [0.90, 2.62] - B
Total (95% Cl) 750 406 100.0% 1.23 [0.59, 2.58] <l
Total events 711 377
S o . Chi2 — _ _ 12 = 2009 | b + {
?eterfogenelty.”Ti: —;)}2() g;n P—_164$,8df— 1(P=0.23);1°=30% o1 o1 o 100
est for overall effect: Z = 0.55 (P = 0.58) NAC AC
NAC AC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
de Gooyer 2020 115 149 225 298 59.4% 1.10 [0.69, 1.75] _—t
Lauresen 2022 118 145 118 145 36.7% 1.00 [0.55, 1.81] C
Zeng 2022 40 42 81 84 3.8% 0.74 [0.12, 4.61] —_—
Total (95% CI) 336 527 100.0% 1.04 [0.73, 1.49] ‘
Total events 273 424
ity: 2 - Chi? = = = SR = t } } i
Heterogeneity: Tau = 0.00; Chi 0.20,df = 2 (P = 0.90); | 0% 01 o1 0 100
Test for overall effect: Z = 0.24 (P = 0.81) NAC AC

Fig.2 Forest plots illustrating the non-significant difference observed
with respect to neoadjuvant chemotherapy and adjuvant chemother-
apy for complete resection (R0) rates using the A overall data, B ran-

P=0.250) (Supplementary Material 1D). Once again, Zeng
et al. was the only study providing matched data for DFS
using time-to-effect modelling and therefore was not ana-
lysed at meta-analysis [31].

Overall survival

Overall, 83.8% of those undergoing NAC were free of death
at follow-up (2268/2706) compared to 79.4% of those under-
going AC (22,216/27,851, P<0.001, 1) (Table 3). At meta-
analysis, this non-significant difference was evident from the
overall (OR: 1.21,95% CI: 0.97-1.52, P=0.100) (Fig. 4A),
RCT (OR: 1.38, 95% CI: 0.98-1.94, P=0.060) (Fig. 4B),
and matched data (OR: 1.02, 95% CI: 0.83-1.26, P =0.820)
(Fig. 4C), respectively.

At 3-year follow-up, 85.2% of the NAC group were
free of death at follow-up (1720/2019) compared to 79.6%
of those undergoing AC (21,449/26,966, P <0.001, )
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domised clinical trial data, and C matched data when using the Man-
tel-Haenszel method

(Table 3). At meta-analysis, a non-significant difference
in 3-year OS was observed from the overall (OR: 1.44,
95% CI: 0.94-2.22, P =0.090) (Supplementary Material
2A); however, a significant difference was observed from
the RCT data (OR: 1.76, 95% CI: 1.10-2.81, P=0.020)
(Supplementary Material 2B).

At 5-year follow-up, 78.3% of those undergoing NAC
were free of death at follow-up (308/393) compared to
76.0% of those undergoing AC (336/442, P=0.458, 1)
(Table 3). At meta-analysis, this non-significant differ-
ence was evident from the overall data (OR: 1.27, 95%
CI: 0.72-2.22, P=0.410) (Supplementary Material 2C).

When using a time-to-effect model at meta-analysis, a
significant difference was observed from the overall (HR:
0.75, 95% CI: 0.58-0.98, P=0.030) (Fig. 5A) data which
was subsequently not apparent from RCT (OR: 0.77, 95%
CI: 0.59-1.00, P=0.050) (Fig. 5B) and matched data (HR:
0.90,95% CI: 0.62-1.31, P=0.580), respectively (Fig. 5C).
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Table 3 Pooled disease-free survival and overall survival data from
the 8 studies included in this systematic review

Parameter NAC AC P-value
RO resection 984 801 <0.001%F
R1 or R2 resection 202 132

Overall events 282 264 0.005%t
Overall EFS 1232 957

2-year events 98 62 0.146%
2-year EFS 600 292

3-year events 211 285 0.001%
3-year EFS 910 594

5-year events 94 91 0.622F
5-year EFS 299 343

Overall deaths 444 5725 <0.001%%
Overall OS 2268 22,126

3-year deaths 299 5517 <0.001%%
3-year OS 1720 21,449

5-year deaths 85 106 0.4587
5-year OS 308 336

NAC neoadjuvant chemotherapy, AC adjuvant chemotherapy, RO
resection complete resection, R/ or R2 resection incomplete resec-
tion, EF'S event-free survival, OS overall survival

“Statistical significance
TFisher’s exact test

Discussion

This systematic review identified 8 high-quality randomised
and propensity-matched studies which provide novel insights
into the oncological safety of NAC relative to upfront sur-
gery followed by AC for patients treated with curative intent
for LACC. Outcomes from 31,047 patients were included
representing some of the most meaningful data regarding
NAC use in LACC, since publication of initial results of the
seminal FOXTROT trial in 2012 [15]. The most important
clinical finding in this analysis is the data supporting NAC
as a safe treatment strategy in the setting of LACC, which
remained consistent within sensitivity analyses performed
using RCT data only. Thus, NAC seems a pragmatic thera-
peutic strategy which may be utilised in cases of LACC,
where deemed feasible by the MDT.

As described, evidence from this study illustrates non-
inferiority of NAC relative to AC in LACC, with compara-
ble RO resection rates and DFS and OS outcomes observed
for both treatment arms at meta-analysis. In addition, when
comparing raw data for survival between NAC and AC,
outcomes tend to significantly favour NAC for both sur-
vival metrics (as outlined in detail in Table 3). These are
important results, in particular when considered in tandem

NAC AC Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
CCCSJG 2003 267 351 289 358 29.6% 0.76 [0.53, 1.09] i
Hu 2022 286 373 292 371 30.6% 0.89 [0.63, 1.26] A
Karoui 2020 41 52 36 52 9.3% 1.66 [0.68, 4.03] o
Morton 2023 600 698 292 354 30.5% 1.30[0.92, 1.84] T
Zeng 2022 32 42 0 0 Not estimable
Total (95% CI) 1516 1135 100.0% 1.01 [0.75, 1.36] ’
Total events 1226 909

ity: 2 _ - Chi2 = = = C 12 = 519 t } } {
?et:rfogenelty."T?;J N gi)So (c):gl(p _Gblg,sdf 3(P=0.11); 1 51% o1 o1 10 100

est for overall effect: Z = 0. = 0.95) NAC AC
NAC AC Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
CCCSJG 2003 267 351 289 358 29.7% 0.76 [0.53, 1.09]
Hu 2022 292 371 286 373 30.8% 1.12 [0.80, 1.59] B
Karoui 2020 41 52 36 52 8.9% 1.66 [0.68, 4.03] T
Morton 2023 600 698 292 354 30.6% 1.30[0.92, 1.84] i
Total (95% CI) 1472 1137 100.0% 1.08 [0.81, 1.45] 0
Total events 1200 903

o 2 _ CChi2 — _ _ 12 = 489 ! . } i
Heterogeneity: Tau’ = 0.04; Chi®* = 5.73,df = 3 (P = 0.13); I° = 48% o1 o1 0 100
Test for overall effect: Z = 0.54 (P = 0.59) NAC AC

Fig. 3 Forest plots illustrating the non-significant difference observed with respect to neoadjuvant chemotherapy and adjuvant chemotherapy for
disease-free survival using the A overall data and B randomised clinical trial data when using the Mantel-Haenszel method
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NAC AC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
CCCSJG 2003 271 351 271 358 18.6% 1.09 [0.77, 1.54]
de Gooyer 2020 100 149 194 298 15.6% 1.09 [0.72, 1.66] A
Dehal 2017 709 898 20779 26187 28.2% 0.98 [0.83, 1.15]
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Fig.4 Forest plots illustrating non-significant difference observed
with respect to comparison for neoadjuvant chemotherapy and adju-
vant chemotherapy for overall survival using A overall data, B ran-

with 3-year survival outcomes which illustrate a signifi-
cant improvement in DFS and OS at meta-analysis. Not-
withstanding these results losing significance as follow-up
progressed beyond the mean follow-up of almost 4 years,
more caution should be exercised when interpreting data
after this point surrounding true oncological safety of these
therapeutic strategies.

Data supporting NAC in LACC is promising, particularly
because the management paradigm for LACC has been sub-
ject to considerable lag behind other malignancies, where
NAC has been adopted as a practical strategy for establish-
ing locoregional control [34-36]. As previously described,
the advantages of NAC include increased propensity to
achieve tumour downstaging, increased R0 resection rates
[5], and theoretical reduction of cancer cells disseminating
within human circulation [6] and may be associated with
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domised clinical trial, and C matched data, respectively, when using
the Mantel-Haenszel method

enhanced outcomes [7]. This supports the current analysis
where NAC improved surgical and oncological outcomes.
Therefore, results of this study support long-term oncologi-
cal benefit of NAC in LACC, notwithstanding surgical prag-
matism of this strategy to improve RO rates and increasing
patient eligibility for local resection [13].

Importantly, the data from the current study and the FOX-
TROT trial support NAC in T3/T4 LACC [14, 15]. This evi-
dence is not represented in current expert consensus guide-
lines: Recent NCCN guidelines acknowledge the perceived
benefit of NAC in pT4b colon cancer from FOXTROT [9]
but fails to endorse NAC in pT4a disease. Moreover, NAC
is not recommended by the American Society of Colon and
Rectal Surgeons (ASCRS) and European Society for Medi-
cal Oncology (ESMO) guidelines for the management of
LACC [10, 37], with such therapies currently reserved solely
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Fig.5 Forest plots illustrating the differences observed with respect
to neoadjuvant chemotherapy and adjuvant chemotherapy for over-
all survival using A overall data, B randomised clinical trial, and C

for stage IV disease [38]. Accordingly, this study provides
clinical data indicating that NAC is advantageous in LACC,
therefore refuting recent recommendations of the aforemen-
tioned expert consensuses and guidelines.

Overall, the authors see the data proposed in the current
study as being representative of patients with LACC in the
‘real-world’ setting. For example, the mean age of included
patients in this study was 61 years, considerably lower
than the typical patient with stage IV colon cancer [39],
yet directly compared to previous studies where patients
received NAC for LACC [5, 40]. Moreover, 52% of patients
treated in the current study were male demonstrating consist-
ency with global cancer statistics as reported by Siegel et al.
in 2023 [41], where close to a 50:50 split in colon cancer
diagnoses was observed among male and female patients
with LACC. In addition, a pCR rate of 4.6% was observed
in this study, which is similar to previously published study
by Hasan et al. from North America which used patient data
from the National Cancer Database [42]. Similarly, utility
of NAC significantly increased RO resection rates in this

matched data using time-to-effect modelling using the generic inverse
variance method

study to approximately 90%, again consistent with recent
results of Huang et al. [43]. Accordingly, when considering
the promising results of this study in tandem with the work
of our colleagues globally, the authors believe this data pro-
vides a fair representation of the typical patient who may be
subject to NAC as a therapeutic strategy in contemporary
LACC management, making these results translatable to
clinical practice.

The present systematic review and meta-analysis suffers
from a number of limitations. Firstly, various neoadjuvant
chemotherapeutic strategies have been evaluated in this study,
some of which may be scrutinised in providing limited data
within the context of current best practice guidelines. Sec-
ondly, while the raw data captured in this study seems to sup-
port NAC as a safe treatment in LACC, there is limited data
surrounding tumour progression rates, with 10% of patients
undergoing incomplete (R1 or R2) resections post NAC.
Thirdly, inclusion of retrospective data inevitably renders
results subject to unavoidable confounding and selection bias
[44]. Fourthly, surgical techniques and concepts surrounding

@ Springer
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colonic resection have evolved in recent decades (e.g.: com-
plete mesocolic resection) [45], which may have implica-
tions on the oncological and surgical outcomes observed for
patients with LACC. Finally, it is imperative to highlight that
the authors appreciate that under no circumstances, it is sen-
sible to assume that propensity-matched studies are capable of
replicating the insights provided by studies of a prospective,
randomised design [46]. Thus, their analyses were performed
in isolation in the current study as well as being pooled with
the RCT data. Nevertheless, as described, the authors believe
this data provides ‘real-world” data with advocacy for use of
NAC as a practical therapeutic strategy in LACC.

In conclusion, 8 randomised or propensity-matched stud-
ies were identified which, in tandem, highlight the oncologi-
cal safety of NAC for patients being treated with curative
intent for LACC. While this study may face criticism due to
inclusion of non-randomised studies, these results certainly
refute current management guidelines which do not advo-
cate for NAC as a practical strategy to improve surgical and
oncological outcomes in those with LACC.
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