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Background. Neoadjuvant (chemo) radiotherapy is used as a standard treatment for locally advanced rectal cancer (LARC), but
there is no general consensus on either the efficacy of postoperative adjuvant chemotherapy in patients with LARC after
neoadjuvant treatment and surgery, or whether the addition of oxaliplatin to adjuvant chemotherapy provides survival benefits.
Methods. We performed a meta-analysis of data from the PubMed and Embase databases. We included patients with LARC
who received neoadjuvant (chemo) radiotherapy and curative surgery. Overall survival (OS), disease-free survival (DFS),
toxicity, and compliance were analyzed in the oxaliplatin/fluorouracil- (OX/FU-) based group compared with the FU-based
group, and in the chemotherapy group compared with the observation group. Results. Twenty studies were included in the
analysis. Our results indicated that adjuvant chemotherapy prolonged OS (hazard ratio [HR]=0.78, 95%CI =0.67 - 0.91) in
patients with LARC treated with neoadjuvant (chemo) radiotherapy and surgery compared with those in the observation group.
Subgroup analysis showed the same results in both the ypStage II and ypStage III groups. Compared with those in the
observation group, patients in the chemotherapy group also showed an increase in DFS (HR =0.75, 95%CI = 0.60 - 0.93). No
significant increase was observed in OS (HR=1.04, 95%CI=0.87 - 1.24) or DFS (HR=0.98, 95%CI=0.76 - 1.27) when
oxaliplatin was added to FU-based adjuvant chemotherapy, as compared with the FU-based treatment, and subgroup analysis
also indicated no survival benefits in the clinical stage II, clinical stage III, ypStage II, and ypStage III groups. Conclusions. For
patients with LARC who have already received neoadjuvant (chemo) radiotherapy and curative surgery, adjuvant chemotherapy
improves OS over that in the observation group. Adding oxaliplatin to FU-based adjuvant chemotherapy does not confer
survival benefits beyond those from FU-based adjuvant chemotherapy.

1. Introduction

Colorectal cancer is the second most frequent cancer in
women and the third most frequent cancer in men [1]. To
date, surgical resection is the main radical treatment. Accord-
ing to the NCCN guidelines, the standard treatment is post-
operative adjuvant chemotherapy with or without
oxaliplatin for patients with locally advanced rectal cancer
(LARC) after neoadjuvant treatment [2]. However, according
to the ESMO guidelines, the available evidence is insufficient
for the use of postoperative chemotherapy after neoadjuvant
chemoradiation [3]. Moreover, a consensus has not been

reached on whether adjuvant chemotherapy should be used,
and which specific chemotherapy regimens can be used after
neoadjuvant treatment. Although some studies have demon-
strated that adjuvant chemotherapy should be used for
patients with LARC after neoadjuvant chemoradiation and
surgery [4-8], the effects of adjuvant chemotherapy are
unclear in patients with LARC receiving neoadjuvant
chemoradiation.

An oxaliplatin-based adjuvant chemotherapy regimen
for LARC patients who have received neoadjuvant treatment
has been mainly extrapolated from results achieved with
oxaliplatin-containing adjuvant chemotherapy in lymph
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node-positive colon cancer patients [9, 10], a strategy that is
also considered as an optional adjuvant chemotherapy for
rectal cancer in the NCCN guidelines. However, whether
oxaliplatin meaningfully affects the survival outcomes in
patients with rectal cancer after neoadjuvant treatment
remains unclear. In the German CAO/ARO/AIO-04 trial,
the addition of oxaliplatin to adjuvant chemotherapy has
been found to be beneficial in terms of disease-free survival
(DEFS) in patients with LARC after neoadjuvant chemoradia-
tion with oxaliplatin as an additional radiosensitizer [11]. In
the ADORE trial, oxaliplatin-based adjuvant chemotherapy
was found to significantly increase DFS but not overall sur-
vival (OS) in patients with ypStage III rectal cancer [12].
However, the final results of the PETACC-6 trial, which
added oxaliplatin to both neoadjuvant chemoradiation (as
an radiosensitizer) and adjuvant chemotherapy, have indi-
cated no survival benefits in patients with LARC receiving
oxaliplatin/fluorouracil-based (OX/FU-based) adjuvant che-
motherapy compared with FU-based adjuvant chemotherapy
[13]. In addition, oxaliplatin inevitably results in toxicity,
thus, leading to poor compliance in postoperative chemo-
therapy. In a random trial, more than 40% of the safety pop-
ulation who received neoadjuvant chemoradiation and
subsequently at least one cycle of oxaliplatin-based adjuvant
chemotherapy had grade 3/4 toxicity, and only 48.1% of
patients completed all the planned cycles [14]. Therefore,
the use of oxaliplatin should be comprehensively considered
in terms of all aspects including efficacy, toxicity, and compli-
ance. Regarding whether adjuvant chemotherapy should be
used, although one study has reported that adjuvant chemo-
therapy improves OS among patients treated with neoadju-
vant chemoradiation [15], some studies have found that
adjuvant chemotherapy does not improve OS or DEFS in
patients with LARC [16]. Some trials have also indicated that
adjuvant chemotherapy may be beneficial in ypStage III
patients only but not in ypStage II LARC patients [12, 17].
Furthermore, for patients with rectal cancer downstaged to
ypStage 0 or I after neoadjuvant chemoradiation, the survival
benefits of adjuvant chemotherapy also remain unclear,
although adjuvant chemotherapy is typically considered.
Some studies have shown that adjuvant chemotherapy con-
fers survival benefits to patients with ypStage 0 and
ypT2NOMO (ypStage I) [15, 18]; however, other studies have
reported that adjuvant chemotherapy is not necessary for
patients with rectal cancer achieving either ypStage 0 or
ypStage I [19, 20]. Therefore, it is of great significance in clin-
ical practice to explore whether the survival benefits of adju-
vant chemotherapy are related to pathologic tumor stage
after neoadjuvant treatment in rectal cancer.

In this meta-analysis, we sought to summarize and fur-
ther assess the survival benefits of postoperative chemother-
apy following neoadjuvant treatment and curative surgery
for patients with LARC and examine the role of oxaliplatin
in adjuvant chemotherapy.

2. Materials and Methods

This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) Guidelines (Supplementary File
1) [21], and the Newcastle-Ottawa Scale (NOS) criteria were
used to assess the methodological quality of the included
studies [22].

2.1. Search Strategy. We performed an integrated search in
PubMed and Embase until December 2019 using MeSH/-
main keywords of “neoadjuvant chemotherapy,” “neoadju-
vant radiotherapy,” “neoadjuvant chemoradiotherapy,”
“neoadjuvant treatment,” “neoadjuvant treatments,” “neoad-
juvant therapy,” “neoadjuvant therapies,” “preoperative che-
motherapy,” “preoperative radiotherapy,” “preoperative
chemoradiotherapy,” “preoperative treatment,” “preopera-
tive treatments,” “preoperative therapy,” “preoperative thera-
pies,”  “pre-operative  chemotherapy,”  “pre-operative
radiotherapy,” “pre-operative chemoradiotherapy,” “pre-
operative treatment,” “pre-operative treatments,” “pre-
operative therapy,” “pre-operative therapies”, “rectal cancer,”
“colorectal cancer,” and “oxaliplatin.” When multiple articles
using the same patient population with the same endpoints
were found, the most informative one was chosen for inclu-
sion in the study. We also reviewed the references for the
obtained studies to avoid missing relevant studies. The
detailed search strategies and search results are shown in
Supplementary File 2.

2.2. Eligibility Criteria. The eligible studies met the following
inclusion criteria: (i) patients were diagnosed with rectal
cancer; (ii) all patients received preoperative (chemo)
radiotherapy; (iii) all patients underwent surgical resection
of rectal cancer; (iv) studies compared chemotherapy with
observation or compared postoperative OX/FU-based che-
motherapy with FU-based chemotherapy (OX/FU-based
chemotherapy included 5-FU and leucovorin plus oxalipla-
tin [FOLFOX] or capecitabine plus oxaliplatin [CAPEOX]
and FU-based chemotherapy included 5-FU alone or cap-
ecitabine alone, because capecitabine and 5-FU are homol-
ogous chemotherapeutic drugs and are recommended
adjuvant chemotherapeutic drugs for LARC patients after
neoadjuvant treatment); and (v) the outcomes of studies
included OS, DFS, toxicity, or compliance. Studies were
excluded according to the following criteria: (i) studies of
patients diagnosed with diseases other than rectal cancer;
(ii) studies of patients who did not receive preoperative
(chemo) radiotherapy; (iii) studies that compared preoper-
ative OX/FU-based therapy with preoperative FU-based
therapy; (iv) reviews, meta-analyses, and case reports;
and (v) studies without outcomes relevant to this analysis.
Two reviewers assessed all studies independently, and the
final selected studies were determined on the basis of
agreement between the two reviewers.

2.3. Data Extraction. Two researchers completed the extrac-
tion of suitable data after reviewing the full text of included
studies, and all disagreements were settled by discussion.
The detailed information extracted from studies included
author, year of publication, country, study design, number
of patients, age, follow-up duration, TNM stage, tumor loca-
tion from anal verge, neoadjuvant treatment regimen,
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FIGURE 1: Literature search and study selection.

adjuvant treatment regimen, type of surgery, median interval
from surgery to adjuvant chemotherapy, and study outcomes
including OS, DFS, compliance (completion of planned
number of cycles), and toxicity (e.g., vomiting, nausea, neu-
ropathy, allergic reaction, diarrhea, and hand-foot
syndrome).

2.4. Statistical Analysis. The primary endpoints were DFS
and OS. The secondary endpoints were compliance and tox-
icity. We evaluated the primary endpoint with the hazard
ratio (HR) and 95% confidence interval (CI). Then, we calcu-
lated the pooled risk ratio (RR) with 95% CI to assess toxicity.
If a study did not provide the HR or 95% CI directly, we used
published data to obtain the statistics by using the methods
reported by Tierney et al. [23].

We analyzed the overall OS and DFS for the OX/FU-
based group versus the FU-based group, and the chemother-
apy group versus the observation group. Additionally, we
conducted subgroup analysis according to study design,
pathologic tumor stage after neoadjuvant treatment
(ypTNM), preoperative clinical tumor stage (cCTNM), and
neoadjuvant treatment regimen. Statistical analysis of com-
pliance and toxicity was performed on the basis of data from
the studies. According to the heterogeneity, we used a
random-effects model when I? > 50% or p < 0.1; otherwise,
we used a fixed-effects model [24]. Publication bias was
assessed with funnel plots with Begg’s and Egger’s tests [25,
26]. Findings were considered significant with a two-sided p
value < 0.05.

All analyses were performed in Stata software, version
12.0 (2011; Stata Corp., College Station, TX, USA).

3. Results

3.1. Study Research. A total of 4741 studies were retrieved by
the electronic search in total (977 studies were from PubMed,
and 3764 studies were from Embase). A total of 4067 studies
remained after the elimination of duplicates. Subsequently,
3914 articles were removed on the basis of the eligibility cri-
teria according to the titles and abstracts, after which 153
articles were retained. After further reading and evaluation
of the full text, 20 studies were ultimately included in this
meta-analysis, including seven randomized controlled trials
(RCTs) and 13 non-RCTs (nRCTs) [4-6, 8, 11-16, 27-36].
The detailed research steps are shown in Figure 1.

3.2. Characteristics of Included Studies. Twenty studies on
30662 patients were enrolled in the meta-analysis. Among
the included studies, eight were from Europe, four from the
USA, three from China, three from Korea, one from Canada,
and one from Israel. Regarding the interventions, four studies
had two arms containing an OX/FU-based group and FU-
based group, 13 studies contained a chemotherapy group
and observation group, and the other three studies contained
an OX/FU-based group, FU-based group, and observation
group. In terms of the neoadjuvant treatment regimen, pre-
operative long-course radiation with chemotherapy was con-
ducted in 18 studies, long-course radiation alone or with
chemotherapy was conducted in one study, and short-
course radiation alone or with chemotherapy was used in
one study. The follow-up duration of most studies was more
than 3 years, four studies had longer durations of more than
5 years, and only two studies had durations of less than 1
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FIGURE 2: Forest plot based on survival outcomes. (a) Disease-free survival (DFS) in oxaliplatin/fluorouracil- (OX/FU-) based group versus
fluorouracil- (FU-) based group; (b) DFS in chemotherapy group versus observation group; (c) overall survival (OS) in chemotherapy group
versus observation group; (d) OS in OX/FU-based group versus FU-based group.

year. The detailed baseline characteristics and study quality
of the included studies are listed in Table 1.

3.3. Disease-Free Survival. According to our analyses, DFS
did not significantly differ in the OX/FU-based group and
the FU-based group (HR=0.98, 95%CI=0.76 -1.27, p=
0.906, Figure 2(a)). To clarify the effect of the neoadjuvant
treatment regimen on survival outcomes, we conducted a
subgroup analysis based on the neoadjuvant treatment regi-

men to explore the differences in survival between the
OX/FU-based group and FU-based group. After elimination
of the patients treated with only preoperative radiation with-
out preoperative chemotherapy, the DFS was not increased
when oxaliplatin was added to FU-based adjuvant chemo-
therapy after long-course neoadjuvant chemoradiation
(HR=0.98, 95%CI =0.76 - 1.27, p = 0.906, Figure 3(a)). In
addition, we found no significant increase in DFS in the
OX/FU-based group versus the FU-based group when
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FIGURE 3: Forest plot based on disease-free survival after neoadjuvant chemoradiation. (a) OX/FU-based group versus FU-based group; (b)
OX/FU-based group versus FU-based group after preoperative FU-based chemoradiation; (c) chemotherapy group versus observation group;
(d) chemotherapy group versus observation group after preoperative OX/FU-based chemoradiation.

preoperative FU-based chemotherapy was used as a radio-
sensitizer in the long-course chemoradiation (HR =1.10, 95
%CI =0.57 - 2.10, p = 0.782, Figure 3(b)). However, we were
unable to evaluate the survival benefits in the OX/FU-based
group versus the FU-based group in the patients treated with
preoperative short-course radiotherapy alone or long-course
chemoradiation with preoperative OX/FU-based chemother-
apy as a radiosensitizer, owing to insufficient data. Moreover,
the subgroup analysis based on ypN indicated no difference
in DFS between the OX/FU-based group and FU-based
group in both ypN~ and ypN" patients (ypNO: HR = 0.83,
95%CI =0.64 - 1.08, p=0.160; ypN1: HR =1.05, 95%CI =

0.52-2.10, p=0.897; ypN2: HR=0.75, 95%CI=0.33 -
1.70, p = 0.492). To investigate the specific patient group that
would benefit from adding oxaliplatin to adjuvant chemo-
therapy, we further conducted a subgroup analysis based on
ypStage. The OX/FU-based group did not show an increase
in DFS over that in the FU-based group in either the ypStage
IT or ypStage III groups (ypStage II: HR =0.82, 95%CI =
0.59 - 1.13, p=0.225, Figure 4(a); ypStage III: HR =0.74,
95%CI=0.50 - 1.11, p=0.142, Figure 4(b)). However, we
could not evaluate the survival benefits of OX/FU-based ver-
sus FU-based adjuvant chemotherapy in ypStage I or ypStage
0, owing to insufficient data. In addition to pathologic tumor
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F1GURE 4: Forest plot based on disease-free survival and tumor stage. (a) DFS in OX/FU-based group versus FU-based group in patients with
ypStage II; (b) DES in OX/FU-based group versus FU-based group in patients with ypStage IIL; (c) DFS in OX/FU-based group versus FU-
based group in patients with clinical stage II; (d) DFS in OX/FU-based group versus FU-based group in patients with clinical stage III.

stage, the clinical tumor stage is an important factor used to
define the guidelines for recommendation of administration
of adjuvant chemotherapy; thus, we also conducted further
subgroup analysis based on the clinical tumor stage, and
the results also showed that DFS was not significantly differ-
ent between the OX/FU-based group and FU-based group in
both clinical stage II and III subpopulation (clinical stage II:
HR =0.95, 95%CI = 0.59 - 1.52, p = 0.831, Figure 4(c); clini-
cal stage III: HR=1.09, 95%CI=0.84-1.41, p=0.533,
Figure 4(d)).

Patients treated with adjuvant chemotherapy showed
improved DFS over that in the observation group
(HR=0.75, 95%CI=0.60-0.93, p=0.008, Figure 2(b)),
and subgroup analysis based on the neoadjuvant treatment
regimen showed similar results in the subgroup of patients
receiving  preoperative  long-course  chemoradiation
(HR=0.69, 95%CI=0.51-0.94, p=0.018, Figure 3(c)).
Furthermore, a longer DFS was observed in patients receiv-
ing chemotherapy than in patients in the observation group
when patients were treated with preoperative radiotherapy
and preoperative OX/FU-based chemotherapy as a radiosen-
sitizer ~ (HR=0.41, 95%CI=0.21-0.78, p=0.007,
Figure 3(d)). Although preoperative neoadjuvant radiother-
apy may affect the survival benefits of adjuvant treatment in
patients with rectal cancer, there were insufficient data to
conduct a corresponding subgroup analysis. In an RCT of
473 rectal cancer patients, 86% of the patients who received
preoperative short-course radiotherapy and 14% of patients
who received preoperative long-course chemoradiation were
randomly assigned to a chemotherapy group and observation
group, and the results showed a similar 5-year DFS in the
chemotherapy group versus the observation group (62.7%
versus 55.4%) [35]. However, there were no sufficient data
to support other subgroup analyses. The detailed results are
shown in Table 2.

3.4. Overall Survival. Our results indicated a significantly
increased OS in patients receiving chemotherapy
(HR=0.78, 95%CI=0.67-0.91, p=0.002, Figure 2(c))
compared with individuals in the observation group. How-

ever, a clear difference in OS was not found between the
OX/FU-based group and FU-based group (HR =1.04, 95%
CI=0.87 - 1.24, p=0.656, Figure 2(d)). Subgroup analyses
based on long-course neoadjuvant chemoradiation strategy
showed similar results to the overall analysis. Increased OS
was observed in the chemotherapy group versus the observa-
tion group (HR=0.73, 95%CI=0.61-0.89, p=0.001,
Figure 5(a)), and adding oxaliplatin to FU-based adjuvant
chemotherapy was not beneficial for OS, as compared with
that in the FU-based group (HR=1.04, 95%CI=0.87 -
1.24, p=0.656, Figure 5(b)). Moreover, a tendency toward
increased OS was found in the comparison between the che-
motherapy group and observation group for patients receiv-
ing preoperative radiotherapy and preoperative OX/FU-
based chemotherapy as a radiosensitizer (HR = 0.49, 95%CI
=0.20 - 1.24, p=0.133, Figure 5(c)). However, the effects
of different neoadjuvant chemotherapy strategies on survival
benefits could not be evaluated in the comparison between
the OX/FU-based group and FU-based group, owing to
insufficient data. For preoperative short-course radiotherapy,
in the RCT in which most rectal cancer patients (86%
patients) treated with preoperative short-course radiotherapy
alone, the survival rates in the adjuvant chemotherapy group
and observation group were similar (80.4% vs. 79.2%), and
no significant increase in OS was observed with adjuvant che-
motherapy compared with observation (HR =0.93, 95%CI
=0.62 - 1.39, p=0.73) [35].

Moreover, in a comparison between adjuvant chemo-
therapy and observation, subgroup analysis based on ypN
showed that ypN™ patients who received adjuvant chemo-
therapy had better OS than those in the observation group
(ypN: HR=0.66, 95%CI=0.59-0.75, p<0.001; ypN':
not applicable, owing to insufficient data). Further analysis
based on ypStage showed that adjuvant chemotherapy con-
tributed to better OS in both the ypStage II group and
ypStage III (ypStage II: HR = 0.73, 95%CI = 0.60 - 0.88, p =
0.001, Figure 6(a); ypStage III: HR =0.78, 95%CI = 0.65 -
0.95, p=0.011, Figure 6(b)), but the data were insufficient
for subgroup analysis in patients with ypStage 0 and ypStage
L. In contrast, in the comparison between the OX/FU-based
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TaBLE 2: Subgroup analysis of overall survival and disease-free survival.

OS DES
Subgroup No. of HR 95% P for Heterogeneity No. of HR 95% P for Heterogeneity
study CI HR (P, I?) study CI HR (P, I?)
Study design
0.85-
RCT 3 1.02 122 0.863  0.199, 38.0% / / / / /
nRCT 1 167 037752 0.210 / / I / /
Neoadjuvant
treatment
regimen
. 0.87- 0.76-
Chemoradiation 4 1.04 104 0.656  0.201, 35.2% 6 0.99 127 0.906 0.016, 64.0%
RT +FU / / / / / 3 1.10 025170_ 0.782  0.007, 79.6%
ypStage
Oxaliplatin-based group ypStage 11 2 124 %% 0491 0263,201% 3 082 %% 0225 0.262,25.4%
versus fluorouracil-based 2.27 1.13
rou - .
group ypStage III 1072 00 0248 / 2 074 %20 0142 0155, 505%
Clinical stage
- 0.65- . 0.59-
Clinical stage II 2 1.07 175 0.793  0.299, 7.3% 1 0.95 152 0.831 /
Clinical stage Il 2 1.25 01'9702' 0.183  0.561,0.0% 2 1.09 01'2141' 0.533  0.275, 16.0%
yPN
0.68- . 0.64- ,
ypNO 2 1.26 236 0.466  0.275,16.1% 3 0.83 108 0.16 0.316,13.2%
0.54- 0 0.52- X
ypN1 2 1.05 205 0.888  0.474, 0.0% 2 1.05 210 0.897  0.411, 0.0%
0.18- 0.33- .
ypN2 1 0.42 0.97 0.042 / 2 0.75 1.70 0.492 0.070, 69.5%
Study design
0.82-
RCT 4 0.95 1.09 0.437 0.836, 0.0% / / / / /
0.67-
nRCT 11 0.73 0.79 <0.001 0.038, 47.9% / / / / /
Neoadjuvant
treatment
regimen
. 0.61- 0.51-
Chemoradiation 13 0.73 0.001  0.013, 52.8% 10 0.69 0.018 0.002, 65.8%
Chemotherapy group versus 0.89 0.94
observation group RT + OX 2 049 0122(31 0133  0396,00% 2 041 %2718 0.007 0437, 0.0%
ypStage
ypStage 1I 3 0.73 %6808_ 0.001 0.481, 0.0% 2 0.57 02'1161- 0.401 0.113, 60.2%
0.65-
ypStage III 2 0.78 0.95 0.011  0.126, 57.2% / / / / /
ypN
0.59-
ypNO 7 0.66 0.75 <0.001  0.839, 0.0% / / / / /

RCT: randomized controlled trial; nRCT: nonrandomized controlled trial; RT: radiotherapy; OX: oxaliplatin-based chemotherapy; FU: fluorouracil-based
chemotherapy; OS: overall survival; DFS: disease-free survival; HR: hazard ratio; CI: confidence interval; I*: degree of heterogeneity; ypStage: pathologic
stage after receiving neoadjuvant chemotherapy; “/”: there is no relevant data.
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F1GURE 5: Forest plot based on overall survival after neoadjuvant chemoradiation. (a) Chemotherapy group versus observation group; (b)
OX/FU-based group versus FU-based group; (c) chemotherapy group versus observation group after preoperative OX/FU-based
chemoradiation.
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FIGURE 6: Forest plot based on overall survival and tumor stage. (a) OS in chemotherapy group versus observation group in patients with
ypStage II; (b) OS in chemotherapy group versus observation group in patients with ypStage III; (c) OS in OX/FU-based group versus FU-
based group in patients with ypStage II; (d) OS in OX/FU-based group versus FU-based group in patients with ypStage III; (e) OS in
OX/FU-based group versus FU-based group in patients with clinical stage II; (f) OS in OX/FU-based group versus FU-based group in

patients with clinical stage III.

group and FU-based group, no OS benefit was observed in
patients with either the ypNO group or ypN+ group (ypNO:
HR =1.26, 95%CI = 0.68 - 2.36, p = 0.466; ypN1: HR = 1.05,
95%CI = 0.54 - 2.05; ypN2: HR = 0.42, 95%CI =0.18 - 0.97,
p=0.042), and similar results were also found in further
analysis based on ypStage (ypStage II: HR =1.24, 95%CI =
0.67 -2.27, p=0.491, Figure 6(c); ypStage III: HR =0.72,
95%CI=0.41 - 1.26, Figure 6(d)). Similarly, no OS differ-

ences were observed in both clinical stage IT and III subpop-
ulations (clinical stage II. HR =1.07, 95%CI=0.65-1.75,
p =0.793, Figure 6(e); clinical stage III: HR = 1.25, 95%CI =
0.90 - 1.72, p = 0.183, Figure 6(F)).

In the chemotherapy group versus the observation group,
nRCTs indicated a significant difference in OS, whereas
RCTs showed a limited clinical benefit in terms of OS after
adjuvant chemotherapy, and the results were not statistically



16

Study

BioMed Research International

RR (95% CI)  Weight %

Javier Sastre
Chung, M. J.

Overall (I-squared = 0.0%, p = 0.434)

I

I

1

1

1
——

9

e 11.10(2.74,44.99)  3.31

6.31 (4.93, 8.07) 96.69

6.47 (5.07, 8.24) 100.00

T
.0222

1 45
(a)
Study RR (95% CI) Weight %
1
1
Chung, M. J. b 3.38 (1.91, 5.99) 93.65
|
1
Hong, Y. S. : 1.02 (0.06, 16.16) 6.35
1

Overall (I-squared = 0.0%, p = 0.405)

3.23 (1.85,5.64) 100.00

T
.0619

Study

T
16.2

RR (95% CI) Weight %

Javier Sastre

Chung, M. J.

1.85(0.75, 4.54) 13.87

2.70 (1.92, 3.80) 84.14

1.02 (0.06, 16.16) 1.99

Hong, Y. S.

Overall (I-squared = 0.0%, p = 0.599)

2.55 (1.86, 3.50) 100.00

T
.0619

T
16.2

1
(©
Study RR (95% CI) ~ Weight %
I
Chung, M. J. — 1.59 (1.34, 1.88) 98.83
i
I
Hong, Y. S. : 0.51 (0.05, 5.57) 1.17
I

Overall (I-squared = 0.0%, p = 0.352)

1.58 (1.33,1.87)  100.00

T
.0468

(d)

214

F1GURE 7: Forest plots for the incidence of (a) neuropathy, (b) allergic reaction, (c) vomiting, and (d) nausea in the oxaliplatin/fluorouracil-
based group compared with fluorouracil-based group.
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F1GURE 8: Forest plot for compliance in (a) the completion rate of the planned cycles, (b) the rate of dose reduction of patients, and (c) the rate
of cycles with reduced doses in oxaliplatin/fluorouracil-based group versus fluorouracil-based group.

significant (HR =0.73, 95%CI=0.67 -0.79, p < 0.001; HR
=0.95, 95%CI=0.82-1.09, p=0.437). In OX/FU-based
chemotherapy versus FU-based chemotherapy, there was
no benefit in either RCTs or nRCTs when oxaliplatin was
added (HR=1.02, 95%CI=0.85-1.22, p=0.863; HR=
1.67, 95%CI =0.75 - 3.72, p = 0.210). The details are shown
in Table 2.

3.5. Toxicity. Our overall analyses demonstrated that the
OX/FU-based group showed a significantly greater incidence
of neuropathy (RR=6.47, 95%CI=5.07 - 8.24; p <0.001,
Figure 7(a)), allergic reaction (RR=3.23, 95%CI=1.85-
5.64; p < 0.001, Figure 7(b)), vomiting (RR = 2.55, 95%CI =
1.86 -3.50; p <0.001, Figure 7(c)), and nausea (RR =1.58,
95%CI=1.33-1.87; p<0.001, Figure 7(d)) than the FU-
based group. In the OX/FU-based group versus the FU-
based group, the incidence rates of neuropathy, allergic
reaction,  vomiting, and nausea  were  23.5%

(95%CI = 21.6% — 25.4%) vs. 3.6% (95%CI = 2.8% — 4.5%),
4.6% (95%CI=3.4%-5.9%) vs. 1.4% (95%CI=0.7%-2.1%),
11.1% (95%CI=9.3%—12.9%) vs. 4.3% (95%CI=3.1%—5.5%),
and 25.1% (95%C=22.5%—-27.7%) vs. 16.0%
(95%CI=13.8%—-18.2%), respectively. In the chemotherapy
group versus the observation group, toxicity occurred only
in patients receiving adjuvant chemotherapy, and we calcu-
lated the incidence rate of grade 3-4 toxicity. The rates of
diarrhea, neuropathy, nausea, hand-foot syndrome, and
vomiting were 17.0% (95%CI=11.2% —22.7%), 5.5%
(95%CI = 2.0% — 8.9%), 5.5% (95%CI = 2.0% — 8.9%), 3.6%
(95%CI=0.8% —6.5%), and 3.6% (95%CI=0.8% - 6.5%),
respectively. The detailed results of subgroup analyses of tox-
icity are shown in Figure 7.

3.6. Compliance. For the OX/FU-based group and FU-based
group, only two studies reported compliance. According to
our meta-analysis results, the compliance with OX/FU-based
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chemotherapy was comparable to that with FU-based che-
motherapy, with low heterogeneity (RR =0.99, 95%CI =

0.94 - 1.03, p = 0.590, Figure 8(a)). Only one study reported
that dose reduction was more common in the OX/FU-based
group than in the FU-based group (135 of 445, 30% vs. 55 of
470, 12%; RR = 2.59, 95%CI = 1.95 - 3.45, Figure 8(b)) [11].
Moreover, only one study indicated that cycles with reduced
doses were more common in the OX/FU-based group than in
the FU-based group (430 of 1153, 37.3% vs. 102 of 580,
17.6%; RR = 2.12, 95%CI = 1.75 - 2.57, Figure 8(c)) [12].

4. Discussion

In this analysis, we included 20 studies on 30662 patients. In
the chemotherapy group versus the observation group, adju-
vant treatment was found to be beneficial in terms of OS and
DES. Subgroup analysis based on neoadjuvant treatment
strategy revealed similar results, in which the adjuvant che-
motherapy group showed higher OS and DFS than those in
the observation group in patients treated with preoperative
long-course chemoradiation. In addition, the results showed
an increase in OS in either ypStage II or ypStage III in the
chemotherapy group versus the observation group. In the
OX/FU-based group, compared with the FU-based group,
the addition of oxaliplatin did not contribute to OS or DFS.
The results were also demonstrated in the subgroup analysis
of patients treated with neoadjuvant long-course chemoradi-
ation, and there were no significant survival benefits in the
clinical stage II, clinical stage III, ypStage II, and ypStage III
groups. However, oxaliplatin clearly increased the incidence
of neuropathy, allergic reaction, vomiting, and nausea.
Regarding compliance in completing all adjuvant chemo-
therapy cycles, there was no significant difference in the
OX/FU-based group versus the FU-based group. However,
the OX/FU-based group had a much higher rate of dose
reduction than the FU-based group.

It has been reported that patients with ypStage III can
benefit from adjuvant chemotherapy [5, 6], which is in agree-
ment with the present results. Regarding patients with
ypStage II who received neoadjuvant treatment, one study
has shown no increase in OS or DFS [29], whereas other
studies have indicated that patients with ypStage II benefit
from adjuvant chemotherapy [5, 6]. Present pooled analysis
showed that adjuvant chemotherapy improved OS in ypStage
II patients undergoing neoadjuvant treatment and surgery.
Several potential explanations may account for the survival
benefits from adjuvant chemotherapy in ypStage II patients.
First, neoadjuvant chemoradiation may lead to downstaging,
and a portion of ypStage II patients might be pN™ before
receiving neoadjuvant treatment. In addition, patients with
ypStage II mainly had T3-T4 stage cancer, which might infil-
trate deeper before neoadjuvant treatment was received.
Therefore, the adjuvant chemotherapy regimens guided by
ypTNM stage after neoadjuvant chemoradiation may be dif-
ferent from those administered according to pTNM stage
without neoadjuvant chemoradiation. Therefore, these rea-
sons may plausibly explain the improved survival in ypStage
II patients, which was different from that in pStage II
patients. Studies that explore the efficacy of adjuvant chemo-
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therapy following neoadjuvant treatment according to
ypStage are needed for further validation.

Oxaliplatin-based adjuvant chemotherapy was provided
for patients with LARC after neoadjuvant treatment and sur-
gery. However, in our analysis, adding oxaliplatin to adjuvant
chemotherapy did not confer a benefit in either OS or DFS.
This result might have been due to the toxicity of oxaliplatin
causing a dose reduction-a factor that would negatively affect
survival. In some studies [4, 11, 15, 29], oxaliplatin was added
to neoadjuvant treatment in the OX/FU-based group. The
toxicity of oxaliplatin had cumulative effects, and using
oxaliplatin-based adjuvant chemotherapy after oxaliplatin-
based neoadjuvant treatment increased the toxicity, thereby
affecting the efficacy of adjuvant chemotherapy [11]. Our
results showed that oxaliplatin could lead to toxicity, which
was clearly reflected by neuropathy, acute reaction, vomiting,
and nausea. These side effects may decrease patient compli-
ance. In the ADORE trial, cycles with reduced doses were
more frequent in the OX/FU-based group than in the FU-
based group [12]. Our meta-analysis indicated no significant
difference in compliance in the completion rate of the
planned cycles between the two groups, but dose reduction
decreased the efficacy of adjuvant chemotherapy. Therefore,
the decision to add oxaliplatin in adjuvant chemotherapy
should account for the balance between efficacy and toxicity.
Finally, a study has found that adding oxaliplatin is not asso-
ciated with OS or DFS in patients >73 years of age [37].
Therefore, in this study, some patients were above 73 years
old, thus, possibly affecting the final results. However, we
did not discuss this possibility further because of a lack of
data.

In clinical practice, evaluating the effects of neoadjuvant
treatment strategy on the survival benefits of adjuvant treat-
ment in patients with LARC is meaningful. Given that most
of the included studies used neoadjuvant long-course chemo-
radiation, we further evaluated the survival benefits of adju-
vant chemotherapy in the setting of neoadjuvant long-
course chemoradiation. The results showed similar results
to those of the overall analysis, indicating that adjuvant che-
motherapy, compared with observation, contributes to sur-
vival benefit, and that adding oxaliplatin to FU-based
adjuvant chemotherapy does not contribute to survival ben-
efits beyond those conferred by FU-based adjuvant chemo-
therapy. In terms of neoadjuvant chemotherapy strategy,
further subgroup analyses were conducted to evaluate the
effects of neoadjuvant long-course chemoradiation with pre-
operative FU-based chemotherapy or neoadjuvant long-
course chemoradiation with preoperative OX/FU-based che-
motherapy on survival outcomes. Similar results were
observed, thus, demonstrating the reliability and accuracy
of our results. However, subgroup analysis based on preoper-
ative radiotherapy strategy (short-course versus long-course
radiotherapy) could not be conducted, owing to an insuffi-
cient number of studies. Thus, future large-scale, prospective
clinical studies are needed to explore the influence of neoad-
juvant treatment strategy, including preoperative short-
course radiotherapy, preoperative long-course radiotherapy,
and long-course chemoradiation, on the relationship
between adjuvant chemotherapy and survival benefits. Such
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an understanding may lead to more effective and suitable
clinical treatment strategies for patients with LARC.

There are several limitations to the current research.
First, this was a retrospective analysis, and the potential for
confounding on the basis of patient selection could not be
eliminated. Second, we were unable to obtain the personal
details of patients, although this information might have
enabled better control of the confounding factors. Third,
the heterogeneity in the study that could not be eliminated
by subgroup analysis might have affected external authentic-
ity to some extent. Moreover, some patients may have better
pathological responses to neoadjuvant treatment, thus,
achieving ypStagel or even ypStage 0 after neoadjuvant treat-
ment; however, the survival benefit of adjuvant chemother-
apy still remains unclear for these patients in clinical
practice. Unfortunately, we could not perform further analy-
sis because the data for patients with ypStage 0 or I after neo-
adjuvant treatment were insufficient. In addition, we were
unable to perform more subgroup analyses because of the
insufficient number of studies. Finally, the recent guidelines
for adjuvant chemotherapy regimens are mainly based on
pStage. Differences exist between ypStage and pStage, and,
thus, chemotherapy guided by ypStage might require further
exploration. Future studies are needed to further investigate
and resolve these problems.

5. Conclusions

Compared with observation, adjuvant chemotherapy was
found to prolong OS in patients with LARC after neoadju-
vant (chemo) radiotherapy and curative surgery. However,
no survival benefit was observed with the addition of oxali-
platin to FU-based adjuvant chemotherapy compared with
FU-based adjuvant chemotherapy.
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