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Abstract

Background and purpose Neoadjuvant chemoradiotherapy (NACRT) is the standard treatment regimen for
locally advanced rectal cancer (LARC) but has unavoidable radiation toxicity. With the advent of more optimized
chemotherapy regimens, neoadjuvant chemotherapy (NAC) is sometimes offered as an alternative to NACRT. The
purpose of this meta-analysis was to compare the short- and long-term outcomes of NAC and NACRT for LARC
patients.

Materials and methods Eligible studies through June 15, 2023, were identified in the online databases. Short-term
and long-term outcomes were synthesized. A total of 10 studies involving 14,807 patients (1714 vs. 13093) were
included in this meta-analysis.

Results There were no significant differences between the two groups in terms of lymphovascular invasion,
perineural invasion, RO resection, local recurrence, overall survival, disease-free survival, or grade 3-4 adverse events.
The NAC group had a lower rate of pathological complete response [OR (95% Cl)=0.61 (0.45, 0.82)] and tumor
regression grade [OR (95% Cl)=0.42 (0.25, 0.70)] and a greater rate of sphincter preservation [OR (95% Cl)=1.57 (1.14,
2.16)] than did the NACRT group. In the prospective studies, no differences in pathological complete response [OR
(95% Cl)=0.62 (0.35, 1.11)], tumor regression grade [OR (95% Cl)=0.72 (0.52, 1.00)], and rate of sphincter preservation
[OR (95% Cl)=1.40 (0.94, 2.09)] have been found between the two groups.

Conclusion NAC was able to achieve similar short- and long-term outcomes as NACRT. It is worth noting that some
prospective studies excluded patients with high-risk features. For those LARC patients with high-risk features, the
efficacy of NAC versus NACRT needs to be further explored.
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Introduction

Colorectal cancer (CRC) is the third most common
cancer in the world and affects men more severely
than women [1, 2]. Approximately half of all CRC cases
involve rectal cancer. Of these, locally advanced rectal
cancer (LARC) accounts for a significant proportion of
patients. Treatment of LARC has historically been con-
sidered a challenge due to the complexity of the pelvic
anatomy [3]. Currently, the treatment standard for LARC
patients integrates multidisciplinary methods, including
neoadjuvant chemoradiotherapy (NACRT), total meso-
rectal excision (TME), and postoperative adjuvant che-
motherapy [4, 5].

The goal of NACRT is to shrink tumors and control
tumor growth before surgery to increase RO resection
rates and reduce the risk of postoperative recurrence.
However, the efficacy of NACRT seems to be unsatisfac-
tory. Previous reports have shown that (1) NACRT has
no significant advantage in improving overall survival
(OS) or disease-free survival (DES) [6, 7]. (2) The rate of
pathological complete response (pCR) after NACRT is
unsatisfactory, ranging from approximately 9-27% [8—
10]. (3) Although NACRT reduces local recurrence, the
possibility of distant metastasis remains a challenge [11,
12]. (4) Patients with LARC subjected to preoperative
radiotherapy are at risk of encountering radiotherapy-
associated adverse reactions, notably intestinal, bladder,
and femoral head toxicities, which may exert a deleteri-
ous influence on postoperative quality of life and physi-
ological function [13, 14]. These factors may reduce the
choice of NACRT as a preferred treatment option for
physicians and patients.

Neoadjuvant chemotherapy (NAC) without radio-
therapy has been shown to have efficacy similar to that
of NACRT in patients with LARC and is often used as an
alternative treatment option to NACRT due to its lack of
radiation toxicity [15]. In a retrospective study by Han
et al. [7], pCR was significantly greater in the NACRT
group than in the NAC group (17.5% vs. 5.6%, P=0.047),
but there was no significant difference between the two
groups in terms of 2-year OS or 2-year DFS. The results
of the PROSPECT trial designed by Schrag et al. [6]
showed that the NAC group achieved similar pCR, RO
resection, 5-year OS, and 5-year DFS rates as did the
NACRT group. Preliminary results from the phase III
trial conducted by Mei et al. [16] showed that patients
who underwent NCA had similar pCR and RO resection
rates and lower rates of perioperative distant metas-
tases than patients who underwent NACRT (0.7% vs.
3.1%, P=0.03). Previously published studies differed in

chemotherapy regimens, patient demographic charac-
teristics, and experimental design, which may have led
to inconsistent findings. Therefore, this study employs a
meta-analysis to compare the short-term and long-term
outcomes of NACRT and NAC for patients with LARC.

Materials and methods

Search strategy

The search terms used were as follows: (1) rectum cancer
OR rectal neoplasms OR rectal cancer OR rectal tumors;
(2) neoadjuvant OR (neoadjuvant chemoradiotherapy
and neoadjuvant chemotherapy) OR (with or without
radiation); and (3) clinical trial OR study. A comprehen-
sive search was conducted with specific keywords from
the Pubmed, Embase, Web of Science, and Cochrane
Library databases through June 15, 2023. Finally, dupli-
cate studies were removed after the process of search-
ing was complete. Moreover, the study was implemented
according to the principles of the Preferred Report-
ing Items for Systematic Review and Meta-analysis
(PRISMA) checklist.

Inclusion and exclusion criteria

The studies were enrolled if they met the following cri-
teria: (1) the type of disease included in the study was
LARG; (2) the aim of the study was to determine whether
not receiving neoadjuvant radiotherapy was beneficial for
patients with LARC; and (3) the study design was retro-
spective case—control (neoadjuvant chemoradiotherapy
vs. neoadjuvant chemotherapy) or prospective random
clinical trial (RCT).

The reports were excluded if they met one of the fol-
lowing criteria: (1) the topic of study was not LARC;
(2) the purpose of the study was not met; (3) the type
of study was a conference paper, review or book; (4) no
available data could be extracted from original articles; or
(5) the study was written in another language instead of
English.

Data extraction and quality assessment

Two experienced individuals independently extracted
the data from the original articles. The detailed term
information was extracted from the included studies as
follows: (a) first author; (b) year; (c) country; (d) interven-
tions; (e) number of patients; (f) treatment plan; (g) type
of surgery; (h) study period; i: study design; j: median or
mean age; k: distance from the anal verge (cm); 1: sphinc-
ter preservation, pCR, RO resection, tumor regression
grade (TRG), T downstage, N downstage, lymphovas-
cular invasion, perineural invasion, local recurrence,



Guo et al. BMC Gastroenterology (2025) 25:87

postoperative mortality, DFS, OS, and grade 3/4 adverse
events.

The Newcastle-Ottawa Scale (NOS) was used to eval-
uate the quality of the studies included in this study. A
study was considered to be of high quality if the NOS
score exceeded six. The Cochrane Risk of Bias tool was
used to assess the bias of prospective studies, and the
bias levels were categorized into three, low bias, moder-
ate bias, and high bias. The STROBE checklist was used
to assess the reporting quality of the studies included in
this study. Compliance with more than 80% of the criteria
is considered high quality reporting. The primary indica-
tor assessed was pCR. All assessments are independently
completed by two experienced reviewers, and when there
is a discrepancy in the evaluation results, a third reviewer
will assist in resolving it.

Statistical analysis

R (version 4.2.3) software was used to process the origi-
nal data. Odds ratios (ORs) and hazard ratios (HRs)
were utilized to assess the effect sizes of short-term and
long-term outcome measures, respectively. All statisti-
cal analyses were conducted with the NACRT group as
the reference group. Forest plots were drawn to show the
results. The fixed or random effects model was applied
to analyze the data. The I test and P value were used to
check for heterogeneity in the pooled results. An F*>50%
or P<0.05 was considered inevitable heterogeneity. Sub-
sequently, subgroup analysis was carried out to control
for heterogeneity to ensure the reliability of the results.
The leave-one-out method was employed to conduct
sensitivity analyses, assessing the impact of heterogene-
ity from individual studies on the overall results, thereby
ensuring the robustness of the results. Egger’s test was
used to quantitatively evaluate publication bias. Studies
with low quality data will be considered for exclusion.
The test level was a=0.05.

Results

Basic characteristics of the included studies

Based on a predesigned search strategy, two independent
evaluators initially identified a total of 11,317 studies and
subsequently excluded 11,307 studies. Ultimately, 10
studies were included in this meta-analysis (Fig. 1).

A total of 14,807 patients were included in this meta-
analysis; 13,093 (88.42%) were in the NACRT group, and
1,714 (11.58%) were in the NAC group. These ten studies
included three RCTs with patients from China [16, 17],
Canada, Switzerland, and the United States [6]. Half of
the studies were from China [7, 16—19], and three stud-
ies were from Japan [20—22]. One study [23] had an NOS
score of 5, and the remaining studies had NOS scores of 6
or above (Table S1). All prospective studies were assessed
as low bias (Figure S1), and the reporting quality of all
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studies was assessed as high (Table S2). Table 1 and Table
S3 document the patient characteristics and treatment
protocols of these studies.

Tumor response to neoadjuvant treatment

Evaluation of pCR in the ten included studies revealed
significant heterogeneity among the included prospective
studies (P=77%, P=0.01); therefore, a random effects
model was used. The results showed that the pCR rate in
the NAC group was lower than that in the NACRT group
[OR (95% CI)=0.61 (0.45,0.82), Z = -3.28, P<0.01]. Sub-
group analyses of the retrospective studies revealed that
the pCR rate was lower in the NAC group than in the
NACRT group [OR (95% CI)=0.62 (0.46, 0.83), Z = -3.19,
P<0.01], and that there was no significant difference in
the pCR rate between the NAC and NACRT groups in
the prospective studies [OR (95% CI)=0.62 (0.35, 1.11),
Z = -1.62, P=0.11] (Fig. 2A). Evaluation of the TRG in
the six included studies revealed heterogeneity (I” =76%,
P<0.01); therefore, a random effects model was used. The
results showed that the TRG rate was lower in the NAC
group than in the NACRT group [OR (95% CI)=0.42
(0.25, 0.70), Z = -3.37, P<0.01]. Subgroup analyses of
the retrospective studies revealed that the TRG rate
was lower in the NAC group than in the NACRT group
[OR (95% CI)=0.26 (0.14, 0.47), Z = -4.40, P<0.01], and
that there was no significant difference in the pCR rate
between the NAC and NACRT groups in the prospec-
tive studies [OR (95% CI)=0.72 (0.52, 1.00), Z = -1.94,
P=0.05] (Fig. 2B).

RO resection and sphincter preservation

Evaluation of RO resection in the six included studies
revealed no significant heterogeneity among the included
studies (FP=0%, P=0.61), with no significant difference
in RO resection rates between the NAC group and the
NACRT group [OR (95% CI)=1.42 (0.94, 2.14), Z=1.66,
P=0.10]. Subgroup analyses revealed no significant dif-
ference in RO resection rates between the NAC and
NACRT groups in either retrospective or prospective
studies [retrospective: OR (95% CI)=1.21 (0.76, 1.91),
Z=0.80, P=0.42; prospective: OR (95% CI)=1.21 (0.76,
1.91), Z=0.80, P=0.42] (Fig. 2C). Evaluation of sphinc-
ter preservation in the six included studies revealed no
significant heterogeneity (I*=25%, P=0.25), and the per-
centage of patients with sphincter preservation in the
NAC group was greater than that in the NACRT group
[OR (95% CI)=1.57 (1.14, 2.16), Z=2.73, P<0.01]. Sub-
group analyses of the retrospective studies showed that
the rate of sphincter preservation was greater in the NAC
group than in the NACRT group [OR (95% CI)=1.94
(1.12, 3.37), Z=2.35, P=0.02], and there was no sig-
nificant difference in the rate of sphincter preservation
between the NAC and NACRT groups in the prospective
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Fig. 1 PRISMA flow diagram showing the selection of articles for meta-analysis

studies [OR (95% CI) = 1.40 (0.94, 2.09), Z=1.66, P=0.10]
(Fig. 2D).

Lymphovascular invasion and perineural invasion

Evaluation of lymphovascular invasion in the three
included studies revealed significant heterogeneity
(P=63%, P=0.07); therefore, a random effects model
was used. The results revealed no significant difference in
lymphovascular invasion rates between the NAC group
and the NACRT group [OR (95% CI)=2.71 (0.80, 9.13),
Z=1.61, P=0.11] (Fig. 3A). Evaluation of perineural inva-
sion in the three included studies revealed no significant
heterogeneity between the included studies (I”=0%,
P=0.39), with no significant difference in perineural
invasion rates between the NAC group and the NACRT

group [OR (95% CI)=1.45 (0.78, 2.69), Z=1.17, P=0.24]
(Fig. 3B).

Local recurrence, DFS and OS

Evaluation of local recurrence in the three included
studies revealed no significant heterogeneity among
the included studies (P=45%, P=0.16), with no sig-
nificant difference in local recurrence rates between the
NAC group and the NACRT group [HR (95% CI)=1.40
(0.82, 2.39), Z=1.24, P=0.21]. Subgroup analysis of
the prospective studies showed no significant differ-
ence in local recurrence rates between the NAC group
and the NACRT group [HR (95% CI)=1.04 (0.56, 1.92),
Z=0.11, P=0.91] (Fig. 4A). Evaluation of DFS in the
three included studies revealed no significant hetero-
geneity among the included studies (I”=38%, P=0.20),
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Odds Ratio
MH, Random, 95% CI

Type = Retrospective
Sakuyama,2016 4 44 9 4 AT%
Sada,2018 35 410 1352 11614 22.5%

0.39[0.11, 1.37]
0.71[0.50, 1.01]

Okuyama,2018 127 5 28 17% 018[0.02, 163]
Sato,2019 2 16 0 10 09% 3.62[0.16, 83.53]
Zhao,2022 15 92 23 92 11.0% 0.58[0.28, 1.21]
Yin,2023 121 4 42 16% 047[005, 454]
Han,2023 3 54 18 101 46% 0.27[0.08, 0.97]
Total (95% Cl) 664 11931 46.9%  0.62[0.46, 0.83]

Heterogeneity: Tau? = 0; Chi® = 5.22, df = 6 (P = 0.5153); I = 0%
Test for overall effect: Z = -3.19 (P = 0.0014)

Type = Prospective

Deng,2019 10 165 61 330 116% 0.28[0.14, 0.57]
Mei, 2023 30 272 36 261 16.4% 0.77[0.46, 1.30]
Schrag,2023 117 535 124 510 25.1%  0.87[0.65, 1.16]
Total (95% Cl) 972 1101 53.1%  0.62[0.35, 1.11]

Heterogeneity: Tau? = 0.197; Chi® = 8.57, df = 2 (P = 0.0138); I = 77%
Test for overall effect: Z = -1.62 (P = 0.1052)

Total (95% CI) 1636 13032 100.0%
Heterogeneity: Tau? = 0.068; Chi? = 14.70, df = 9 (P = 0.0995); I? = 39%
Test for overall effect: Z = -3.28 (P = 0.0010)

Test for subgroup differences: Chi® = 0.00, df = 1 (P = 0.9892)

C Study or NAC NACRT 0Odds Ratio

Subgroup

Events Total Events Total Weight MH, Fixed, 95% CI

0.61 [0.45, 0.82]

—

-

*

0.1 0512
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NACRT NAC

Odds Ratio
MH, Fixed, 95% CI

Type = Retrospective

Sakuyama,2016 8 44 24 44 132%  0.19[0.07,0.49]
Zhao,2022 19 92 33 92 17.9% 0.47[0.24, 0.90]
Yin,2023 2 2 " 42 71% 0.30[0.06, 1.49]
Han,2023 8 54 54 101 15.0%  0.15[0.06, 0.35]
Total (95% Cl) 211 279 53.3%  0.26 [0.14, 0.47]

Heterogeneity: Tau? = 0.150; Chi? = 5, df = 3 (P = 0.1715); I = 40%
Test for overall effect: Z = -4.40 (P < 0.0001)

Type = Prospective

Mei, 2023 63 272 66 261 22.3% 0.89[0.60, 1.32]
Schrag,2023 284 535 327 510 24.4%  0.63[0.49,0.81]
Total (95% Cl) 807 771 46.7%  0.72[0.52,1.00]

Heterogeneity: Tau? = 0.030; Chi® = 2.04, df = 1 (P = 0.1530); I = 51%
Test for overall effect: Z = —1.94 (P = 0.0526)

Total (95% ClI) 1018 1050 100.0%  0.42[0.25, 0.70]
Heterogeneity: Tau? = 0.255; Chi® = 21.11, df = 5 (P = 0.0008); I = 76%

Test for overall effect: Z = -3.37 (P = 0.0007)

Test for subgroup differences: Chi® = 8.70, df = 1 (P = 0.0032)

NAC NACRT 0Odds Ratio
Events Total Events Total Weight MH, Fixed, 95% CI

Study or
Subgroup

— .
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T T T 1

0.1 051 2 10
NACRT NAC

0Odds Ratio
MH, Fixed, 95% CI

Type = Retrospective

Okuyama,2018 26 27 26 28 24% 200[0.17,23.44]
Zhao,2022 92 92 92 92 0.0%

Yin,2023 8 9 28 30 36% 057[0.05 7.14]
Total (95% CI) 128 150 6.0% 1.14[0.20, 6.57]

Heterogeneity: Tau® = 0; Chi® = 0.49, df = 1 (P = 0.4851); 1> = 0%
Test for overall effect: Z = 0.15 (P = 0.8846)

Type = Prospective

Deng,2019 136 165 262 330 77.2% 1.22[0.75, 1.97]
Mei, 2023 271 272 260 261 25% 1.04[0.06, 16.75]
Schrag,2023 529 535 495 510 14.3% 2.67[1.03, 6.94]
Total (95% Cl) 972 1101 94.0% 1.43[0.94, 2.19]

Heterogeneity: Tau? = 0.017; Chi? = 2.13, df = 2 (P = 0.3451); I = 6%
Test for overall effect: Z = 1.67 (P = 0.0944)

Total (95% CI) 1100 1251 100.0% 1.42[0.94, 2.14]
Heterogeneity: Tau? = 0; Chi? = 2.70, df = 4 (P = 0.6098); I = 0%

Test for overall effect: Z = 1.66 (P = 0.0967)

Test for subgroup differences: Chi® = 0.06, df = 1 (P = 0.8020)

11

0.1

051 2
NACRT NAC

10

Type = Retrospective

Okuyama,2018 19 27 8 28 3.8% 594[1.85 19.01]
Sato,2019 10 16 4 10 3.0% 250(0.49, 12.64]
Yin,2023 9 9 28 30 1.1% 167[0.07,37.89]
Han,2023 38 54 67 101 22.8% 1.21[0.59, 2.46]
Total (95% CI) 106 169 30.8% 1.94[1.12, 3.37]

Heterogeneity: Tau® = 0.349; Chi? = 5.35, df = 3 (P = 0.1477); I = 44%
Test for overall effect: Z = 2.35 (P = 0.0185)

Type = Prospective

Deng,2019 136 165 249 330 480% 153[0.95, 245]
Mei, 2023 258 272 246 261 213% 1.12[0.53, 2.38]
Total (95% Cl) 437 591 69.2% 1.40[0.94, 2.09]

Heterogeneity: Tau? = 0; Chi? = 0.46, df = 1 (P = 0.4986); 1> = 0%
Test for overall effect: Z = 1.66 (P = 0.0961)

Total (95% CI) 543 760 100.0% 1.57 [1.14, 2.16]
Heterogeneity: Tau? = 0.066; Chi® = 6.64, df = 5 (P = 0.2488); I> = 25%

Test for overall effect: Z = 2.73 (P = 0.0063)

Test for subgroup differences: Chi® = 0.87, df = 1 (P = 0.3501)

j‘”“‘ﬂ‘”

11

01 051 2 10
NACRT NAC

Fig. 2 Forest plot of pathological complete response (A), tumor regression grade (B), RO resection (C), and sphincter preservation (D) between the NAC
and NACRT groups. Note: NAC: neoadjuvant chemotherapy; NACRT: neoadjuvant chemoradiotherapy

A NAC

NACRT

Odds Ratio

Odds Ratio

Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Sakuyama,2016 22 44 5 44 375% 7.80[2.59, 23.50]

Okuyama,2018 15 27 13 28 384% 1.44[0.50, 4.17] —

Yin,2023 2 9 5 30 241% 1.43[0.23, 9.01]

Total (95% CI) 80

102 100.0%

2.71[0.80, 9.13]

Heterogeneity: Tau? = 0.707; Chi? = 5.34, df = 2 (P = 0.0692); I? = 63% ' '
Test for overall effect: Z=1.61 (P = 0.1076)

NAC

NACRT

Odds Ratio

0.1 051 2

NACRT NAC

Odds Ratio

Study Events Total Events Total Weight MH, Fixed, 95% CI MH, Fixed, 95% CI
Sakuyama,2016 15 44 13 44 52.3% 1.23[0.50, 3.03]
Yin,2023 4 9 4 26 7.0% 4.40[0.81, 23.90] ;
Han,2023 7 54 11 101 40.7% 1.22[0.44, 3.35]

Total (95% CI) 107

171 100.0%

Heterogeneity: Tau? < 0.001; Chi? = 1.89, df = 2 (P = 0.3886); I> = 0%
Test for overall effect: Z=1.17 (P = 0.2408)

1.45[0.78, 2.69]

0.1 051 2 10
NACRT NAC

Fig. 3 Forest plot of lymphovascular invasion (A) and perineural invasion (B) between the NAC and NACRT groups. Note: NAC: neoadjuvant chemo-

therapy; NACRT: neoadjuvant chemoradiotherapy
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Study or Hazard Ratio Hazard Ratio
A Subgroup logHR SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Type = Prospective
Deng,2019 -0.0513 0.4070 44.6% 0.95[0.43, 2.12] :
Schrag,2023 0.1655 0.5030 29.2% 1.18[0.44, 3.16] %
Total (95% ClI) 73.7% 1.04[0.56, 1.92]

Heterogeneity: Tau? = 0; Chi? = 0.11, df = 1 (P = 0.7376); I = 0%
Test for overall effect: Z=0.11 (P =0.9132)

Type = Retrospective

Han,2023 1.1878 0.5299 26.3% 3.28[1.16, 9.26] ——
Total (95% CI) 100.0% 1.40 [0.82, 2.39] -
Heterogeneity: Tau? = 0.183; Chi® = 3.60, df = 2 (P = 0.1649); I = 45% ! rT '
Test for overall effect: Z = 1.24 (P = 0.2140) 02 05 1 2 5
Test for subgroup differences: Chi® = 3.49, df = 1 (P = 0.0617) NACRT NAC

B Study or Hazard Ratio Hazard Ratio
Subgroup logHR SE Weight 1V, Fixed, 95% ClI IV, Fixed, 95% CI
Type = Prospective
Deng,2019 0.0583 0.2057 19.1% 1.06[0.71, 1.59] —
Schrag,2023 0.0862 0.1092 67.9% 1.09[0.88, 1.35] —.—
Total (95% CI) 87.0% 1.08 [0.90, 1.31] -
Heterogeneity: Tau? = 0; Chi? = 0.01, df = 1 (P = 0.9046); I° = 0% ;
Test for overall effect: Z = 0.83 (P = 0.4065) !
Type = Retrospective
Zhao,2022 —0.4005 0.2494 13.0% 0.67[0.41,1.09] & l
Total (95% Cl) 100.0% 1.02 [0.85, 1.21] -
Heterogeneity: Tau? = 0.021; Chi? = 3.24, df = 2 (P = 0.1976); 1> = 38% | ! !
Test for overall effect: Z=0.20 (P = 0.8451) 0.5 1 2
Test for subgroup differences: Chi? = 3.23, df = 1 (P = 0.0724) NACRT NAC

C Study or Hazard Ratio Hazard Ratio

Subgroup logHR SE Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI

Type = Prospective

Deng,2019 0.0583 0.3151 21.2% 1.06[0.57, 1.96]
Schrag,2023 ~0.0408 0.1712 71.7% 0.96 [0.69, 1.35]
Total (95% CI) 92.8% 0.98 [0.73, 1.32]

Heterogeneity: Tau? = 0; Chi> = 0.08, df = 1 (P = 0.7823); 1> = 0%
Test for overall effect: Z=-0.12 (P = 0.9035)

Type = Retrospective

Zhao,2022 -0.4155 0.5414 7.2% 0.66[0.43, 3.59]

Total (95% CI) 100.0% 0.95[0.72, 1.27]

Heterogeneity: Tau? = 0; Chi? = 0.58, df = 2 (P = 0.7497); 1> = 0%

Test for overall effect: Z = -0.32 (P = 0.7473) 05 1 2
Test for subgroup differences: Chi® = 0.50, df = 1 (P = 0.4795) NACRT NAC

Fig. 4 Forest plot of local recurrence (A), disease-free survival (B) and overall survival (C) between the NAC and NACRT groups. Note: NAC: neoadjuvant
chemotherapy; NACRT: neoadjuvant chemoradiotherapy
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with no significant difference in DFS rates between the
NAC group and the NACRT group [HR (95% CI)=1.02
(0.85, 1.21), Z=0.20, P=0.85]. Subgroup analysis of the
prospective studies showed no significant difference
in DEFS rates between the NAC group and the NACRT
group [HR (95% CI)=1.08 (0.90, 1.31), Z=0.83, P=0.41]
(Fig. 4B). Evaluation of OS in the three included studies
revealed no significant heterogeneity among the included
studies (I?= 0%, P=0.75), with no significant difference in
OS rates between the NAC group and the NACRT group
[HR (95% CI)=0.95 (0.72, 1.27), Z = -0.32, P=0.75]. Sub-
group analysis of the prospective studies showed no sig-
nificant difference in OS rates between the NAC group
and the NACRT group [HR (95% CI)=0.98 (0.73, 1.32),
-2=0.12, P=0.90] (Fig. 4C).

Grade 3-4 adverse events

Evaluation of Grade 3—4 adverse events and toxicities in
the six included studies revealed significant heterogeneity
(P =96%, P<0.01); therefore, a random effects model was
used. The results showed no significant difference in the
incidence of Grade 3—4 adverse events between the NAC
and NACRT groups [OR (95% CI)=0.72 (0.23, 2.23), Z =
-0.57, P=0.57]. Subgroup analyses revealed no significant
differences in the incidence of Grade 3—4 adverse events
or toxicities between the NAC group and the NACRT
group in either the retrospective or prospective studies
[retrospective: OR (95% CI)=0.62 (0.32, 1.22), Z = -1.39,
P=0.16; prospective: OR (95% CI)=0.87 (0.15, 5.16), Z =
-0.15, P=0.88] (Figure S2). Table S4 details the grade 3—4
adverse events included in the study.

Subgroup analysis for Asia and Euro-America

The main results were categorized into two subgroups
based on region (Asia and Europe-America). All the sub-
total results for each subgroup were consistent with the
overall results (Figure S3). Thus, there is reason to believe
that effect sizes will stabilize and 95% confidence inter-
vals will narrow as more studies from both regions are
included.

Sensitivity analysis

The results of the sensitivity analysis using the leave-one-
out test showed that eliminating any one study did not
affect the pooled results, indicating that the results are
robust and reliable (Figure S4). The results of the sensi-
tivity analysis of the pCR rate of the prospective studies
using the leave-one-out test showed that eliminating any
one prospective study did not affect the pooled results,
indicating that the results of the prospective studies are
robust and reliable (Figure S5).
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Publication bias

No publication bias was detected in this study. Egger’s
test revealed P values exceeding 0.05 (pCR: 0.118; TRG:
0.109; RO resection: 0.910; sphincter preservation: 0.414;
lymphovascular invasion: 0.817; perineural invasion:
0.136; local recurrence: 0.411; OS: 0.612; DFS: 0.434;
grade 3—4 adverse events: 0.393).

Discussion

Preoperative NACRT is the standard treatment for
LARC according to the National Comprehensive Cancer
Network guidelines [24]; however, some studies indicates
that NAC can achieve similar rates of pCR, RO resec-
tion, and OS as NACRT, while avoiding radiation toxic-
ity [6, 16, 17]. Therefore, NAC is considered an attractive
alternative to NACRT. To further explore the short- and
long-term efficacy of NAC versus NACRT, we conducted
a meta-analysis of studies published up to June 15, 2023.
Compared with a similar previous meta-analysis by Lin et
al. [25], this meta-analysis excluded one study [26] whose
treatment regimen did not meet the inclusion criteria
and added five new studies [6, 7, 16, 18, 19], as well as
meta-analyses for TRG, lymphovascular invasion, peri-
neural invasion, OS, DFS, and grade 3/4 adverse events.
This is the first meta-analysis that comprehensively com-
pares the short- and long-term outcomes of NAC and
NACRT in patients with LARC and was designed to
explore the possibility of NAC replacing NACRT as the
preferred option for the clinical treatment of LARC. Ten
studies including 14,807 (NAC:1714 vs. NACRT:13093)
patients were identified as eligible for this meta-analysis.
The results showed that NAC was inferior to NACRT in
terms of pCR and TRG and was noninferior to NACRT
in terms of lymphovascular invasion, perineural invasion,
RO resection, local recurrence, OS, DES, and grade 3-4
adverse events but was superior to NACRT in terms of
sphincter preservation. Notably, recently published pro-
spective studies have shown that NAC is not inferior to
NACRT in terms of pCR or TRG [6, 16, 17].

The pCR rate is an important indicator for evaluat-
ing the effect of neoadjuvant therapy, and in general,
chemoradiotherapy tends to yield a higher pCR rate
than chemotherapy or radiotherapy alone [27]. The pres-
ent meta-analysis also obtained similar results, i.e., the
PCR rate in the NAC group was lower than that in the
NACRT group [OR (95% CI)=0.61 (0.45, 0.82), P<0.01].
However, in the prospective studies, there was no sig-
nificant difference in the pCR rate between the NAC and
NACRT groups [OR (95% CI)=0.62 (0.35, 1.11), P=0.11].
By comparison, we can easily find that the prospective
group was more refined in patient selection. Mei et al.
[16] recruited only LARC patients with imaging sugges-
tive of clinical cT2N +or cT3-4aNany disease; Schrag et
al. [6] recruited only LARC patients with clinical stage
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T2 lymph node-positive, T3 lymph node-negative, or T3
lymph node-positive disease. This finding suggested that
for LARC patients with T2/T3 stage disease, NAC not
only achieved similar pCR results to those of NACRT
but also potentially reduced the possibility of over-
medication. The TRG reflects the extent of pathological
changes in tumors after neoadjuvant therapy and is often
evaluated along with the pCR to assess the effective-
ness of neoadjuvant therapy. The present meta-analysis
revealed that the TRG rate was lower in the NAC group
than in the NACRT group [OR (95% CI)=0.42 (0.25,
0.70), P<0.01]; however, in the prospective study, this
difference was no longer significant [OR (95% CI)=0.72
(0.52, 1.00), P=0.05], which was consistent with the pCR
results. Therefore, we recommend that patients with T3/
T4 stage disease and willingness to undergo surgery be
considered for NAC and that patients with T4 stage dis-
ease and unwillingness to undergo surgery be considered
for NACRT.

RO resection is critical for patients with LARC because
it improves patient prognosis, reduces the risk of recur-
rence, and improves the outcome of surgical treatment.
Patients with LARC who undergo either preopera-
tive NAC or NACRT can achieve satisfactory RO resec-
tion rates [28-30]. In this meta-analysis, the NAC and
NACRT groups were found to have similar RO resection
rates [OR (95% CI) =1.42 (0.94, 2.14), P=0.10]. This dem-
onstrates that the preoperative choice of NAC or NACRT
is unlikely to result in a change in the RO resection out-
come. Sphincter preservation is closely related to patient
quality of life and is one of the therapeutic goals for both
patients and physicians. However, NACRT, especially
radiotherapy and sphincter-saving operations, tends to
cause a series of functional gastrointestinal diseases, such
as a high frequency of bowel movements, urgency, and
fecal incontinence [31-34], which leads to deterioration
of quality of life [35, 36]. The results of this meta-analysis
showed that the sphincter preservation rate was greater
in the NAC group than in the NACRT group [OR (95%
CI)=1.57 (1.14, 2.16), P<0.01]. In the prospective stud-
ies, we found no significant difference in sphincter pres-
ervation between the NAC group and the NACRT group.
In retrospective studies, patients with tumors closer to
the anus were more likely to choose NACRT, whereas in
prospective RCT studies, patients were randomized to
their treatment regimen. Therefore, this study suggests
that the main factor affecting SPR may be the location
of the tumor, and further studies are needed to confirm
whether NAC improves SPR relative to NACRT.

Lymphovascular invasion refers to the invasion of
tumor cells into small lymphatic vessels or blood ves-
sels [37]. Perineural invasion is a pathological process
in which a tumor invades a neural structure and spreads
through the nerve sheath [38]. Lymphovascular invasion
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and perineural invasion are important biomarkers for the
prognosis of rectal cancer [39], and positive lymphovas-
cular invasion or perineural invasion is usually associated
with tumor recurrence as well as poorer OS and DEFS [40,
41]. Thus, lymphovascular invasion and perineural inva-
sion can reflect the effectiveness of preoperative neoad-
juvant therapy. The results of the present meta-analysis
showed that there was no significant difference in lym-
phovascular invasion or perineural invasion positivity
between the NAC group and the NACRT group [lym-
phovascular invasion: OR (95% CI)=2.71 (0.80, 9.13),
P=0.11; perineural invasion: OR (95% CI)=1.14 (0.78,
2.69), P=0.24]. These findings suggested that patients in
the NAC and NACRT groups may have similar risks of
tumor recurrence and survival.

Monitoring recurrence and survival in LARC patients
with or without neoadjuvant therapy is critical for evalu-
ating treatment efficacy. Okamura et al. [42] found that
more than 80% of local recurrences or distant metastases
occurred within 2.2 years and 98.7% within 5 years of sur-
gery. Ruppert et al. [43] found that, in high-risk patients
(involved in the mesorectal fascia and/or cT4 stage) who
underwent NACRT, the 5-year survival rates were 5.9%
(95% CI, 3.0-8.8) for local recurrence and 34.5% (95%
CI, 28.6-40.4) for distant metastasis, with the worst DFS
and OS. Matsuda et al. [44] found that LARC patients
treated with capecitabine in combination with oxalipla-
tin and irinotecan had a 3-year local recurrence rate of
3.9%, a 3-year DFS rate of 77.3%, and a 3-year OS rate of
96.0%. Furthermore, the type of surgery can markedly
affect both functional outcomes and oncologic results
in patients with rectal cancer. In particular, for low rec-
tal cancer, more extensive surgery is often required to
achieve radical tumor resection, which can pose chal-
lenges to sphincter preservation and may lead to post-
operative bowel function alterations [34]. It is important
to note that patients with low rectal cancer might have
a higher risk of postoperative recurrence and potentially
face lower postoperative survival rates, although these
outcomes are influenced by a multitude of factors beyond
the type of surgery [39, 45]. Reducing recurrence and
improving survival in patients with LARC remain major
challenges. The results of this meta-analysis showed
that there was no significant difference in local recur-
rence [HR (95% CI)=1.40 (0.82, 2.39), P=0.21]; OS [HR
(95% CI)=0.95 (0.72, 1.27), P=0.75]; or DFS [HR (95%
CI)=1.02 (0.85, 1.21), P=0.85] between the NAC and
NACRT groups. Some studies have shown that patients
who achieve pCR tend to have better long-term outcomes
[46, 47]. In this study, the meta-analysis of long-term out-
comes was mainly derived from prospective studies. We
compared the meta-analysis of prospective studies and
found that the NAC group had consistent results with the
NACRT group in terms of pCR and long-term outcomes.
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The safety of treatment regimens has received extensive
attention from physicians and patients. Radiation toxic-
ity is one of the limitations of NACRT and is difficult to
avoid. No significant difference in the incidence of grade
3/4 adverse events between the NAC and NACRT groups
was found in this meta-analysis [OR (95% CI)=0.72
(0.23, 2.23), P=0.57]. Radiotherapy is not the cause of
all adverse effects and mainly causes localized adverse
effects at the site of irradiation, such as anastomotic leak-
age, radiation enteritis, and sexual dysfunction [48-50].
The occurrence of adverse events is influenced by a vari-
ety of factors, such as the radiation dose and the genetic
and pathologic characteristics of the patient [51-53].
Therefore, clinicians need to choose safer treatment
options based on the individual characteristics of differ-
ent patients.

The following limitations of this study must be rec-
ognized. First, seven retrospective studies and three
prospective studies were included in this study, and the
occurrence of recall bias and selection bias is inevitable
in retrospective studies. Second, NAC treatment regi-
mens are gradually improving [54], and the NAC treat-
ment regimens used in each study were not identical
and not always optimal. In addition, due to the different
follow-up periods in each study, the long-term efficacy of
NAC and NACRT needs to be further evaluated in future
clinical studies. Finally, in some prospective studies,
patients with high-risk features such as CRM invasion
were excluded [6, 16, 55], thus further studies are needed
to determine the efficacy of NAC and NACRT in these
patients.

Conclusions

NAC was able to achieve similar short- and long-term
outcomes as NACRT. It is worth noting that some pro-
spective studies excluded patients with high-risk fea-
tures. For those LARC patients with high-risk features,
the efficacy of NAC versus NACRT needs to be further
explored.
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