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Abstract
Purpose Current clinical guidelines recommended the routine use of adjuvant chemotherapy for locally advanced rectal cancer
(LARC) patients. However, the effects of adjuvant chemotherapy in patients with pathological complete response (pCR) after
neoadjuvant chemoradiotherapy and radical surgery showed discrepancies in different investigations.
Methods A systematic review and meta-analysis were conducted using PubMed, Embase and Web of Science databases. All
original comparative studies published in English that were related to adjuvant versus non-adjuvant chemotherapy for LARC
patients with pCR were included.
Results A total of 6 studies based on 18 centres or databases involving 2948 rectal cancer patients with pCR (adjuvant group =
1324, non-adjuvant group = 1624) were included in our overall analysis. Based on our meta-analysis, LARC patients with pCR
who received adjuvant chemotherapy showed a significantly improved overall survival (OS) when compared to patients with
observation (HR = 0.65, 95% CI = 0.46–0.90, P = 0.01). In addition, investigations focused on this issue based on the National
Cancer Database (NCDB) were systematically reviewed in our current study. Evidence from all three analyses demonstrated that
LARC patients with clinical nodal positive disease that achieved pCR might benefit the most from additional adjuvant
chemotherapy.
Conclusion Our meta-analysis indicated that adjuvant chemotherapy is associated with improvedOS in LARC patients with pCR
after neoadjuvant chemoradiotherapy and radical surgery.
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Introduction

The standard treatment for locally advanced rectal cancer
(LARC) has been established, including neoadjuvant

chemoradiotherapy, radical surgery and adjuvant chemothera-
py based on the latest National Comprehensive Cancer
Network (NCCN) guidelines [1]. Several phase III randomised
controlled trials (RCTs) were also conducted to explore the
effects of adjuvant chemotherapy for LARC patients after neo-
adjuvant chemoradiotherapy and radical surgery [2–5]. Based
on current evidence, a systematic review and meta-analysis
demonstrated that rectal cancer patients who received adjuvant
chemotherapy had improved survival outcomes in comparison
with those without postoperative chemotherapy [6]. However,
with the development of precision therapy, whether all the
LARC patients should receive adjuvant chemotherapy has
remained controversial since limited data has been provided
based on populations of different subgroups. Issues of whether
adjuvant chemotherapy should be routinely delivered have
been proposed, especially for potential subgroups with a good
prognosis [7–9].
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LARC patients who achieved a pathological complete re-
sponse (pCR) represented the subgroup to benefit the most
from neoadjuvant chemoradiotherapy. Evidence based on a
meta-analysis indicated that LARC patients with pCR follow-
ing neoadjuvant chemoradiotherapy are associated with excel-
lent long-term survival, with low rates of local recurrence and
distant failure [10]. However, whether LARC patients with
pCR might still further benefit from adjuvant chemotherapy
remains unknown. Thus, in subgroups with a good prognosis,
such as those patients achieving pCR, it is defensible to argue
against the routine inclusion of adjuvant chemotherapy, given
the association with toxicity, expense and impact on the qual-
ity of life. A pooled analysis of 3313 patients by Maas et al.
[11] indicated that patients with pCR after neoadjuvant che-
moradiotherapy might not benefit from adjuvant chemothera-
py, whereas patients with residual tumour had superior out-
comes when adjuvant chemotherapy was administered.
Notably, two recent published analyses based on the
National Cancer Database (NCDB) demonstrated that adju-
vant chemotherapy was associated with improved overall sur-
vival (OS) in patients with pCR after neoadjuvant chemora-
diotherapy for resected LARC [12, 13].

Based on the aforementioned findings, the issue of whether
adjuvant chemotherapy is necessary for LARC patients with
pCR remained controversial. In addition, to the best of our
knowledge, the evidence for this issue was mainly based on
different single centres. Therefore, we aimed to provide a
comprehensive evaluation and updated evidence for this issue
by using meta-analysis.

Methods

Search strategy

Our meta-analysis was conducted in accordance with
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines (http://www.prisma-
statement.org/). The checklist in accordance with PRISMA
was shown in Supplementary Table 1. A comprehensive
search of published studies was performed using PubMed,
Embase and the Cochrane Database (up to August 2018).
Language was restricted to English, and the following
MeSH/main keywords were employed: Brectal cancer^,
Bpathological complete response^, BPCR^, ByPCR^,
BypT0N0^, Bneoadjuvant^, Badjuvant chemotherapy^ and
Bpostoperative chemotherapy .̂ Based on our search strategy
(Supplementary Table 2), we identified relevant studies from
Pubmed and other databases and removed the duplicates for
the further screening (Identification). Based on the titles and
abstracts, we identified studies which in accordance with our
issue for full-text reviewing (Screening). Based on the inclu-
sion and exclusion criteria (Eligibility), we selected the studies

for our meta-analysis (Included). In addition, for multiple
studies that were published using the same patient population
based on the same outcomes, we only included the most in-
formative study. If multiple studies reported different out-
comes based on the same patient population, the results were
combined for a more comprehensive analysis. The lists of
references in the relevant studies were also screened for addi-
tional studies.

Inclusion and exclusion criteria

According to the PICOS criteria (population, intervention,
comparison, outcomes and study design), studies were select-
ed in our present meta-analysis according to the following
eligibility criteria: (1) population: patients with primary
LARC (T3–4 N0 or TanyN+; TNM stage of II and III), (2)
intervention: LARC patients with pCR (ypT0N0) after neoad-
juvant chemoradiotherapy and total mesorectal excision
(mainly anterior resection, abdminonal peritoneal resection,
Hartmann or intersphincteric resection), (3) comparison: pa-
tients received postoperative adjuvant chemotherapy (adju-
vant group: adjuvant chemotherapy was mainly based on in-
fusion of 5-fluorouracil/oral capecitabine with or without
oxaliplatin generally within 6–8 weeks after neoadjuvant ther-
apy) versus observation (non-adjuvant group), (4) outcomes:
OS compared between two groups and OS was defined as
time to death from any cause or time to the most current follow
up and (5) study design: comparative studies (observational
studies or pooled analysis based on comparative studies).

The exclusion criteria were as follows: (1) population: pa-
tients without pCR, (2) intervention: patients who received
preoperative radiotherapy but not chemoradiotherapy, (3)
comparison: studies compared different adjuvant chemother-
apy regimens but without observational group (non-adjuvant
group), (4) outcomes: studies with insufficiently detailed data
(reference abstracts) or that lacked the outcomes of interest
and (5) study design: single-arm study without a control group
or reviews.

Data extraction and quality assessment of included
studies

Two reviewers (Bin Ma and Yupeng Ren) reviewed and
assessed each of the included studies. Data extraction was
performed independently and the following information
was collected: first author, year of publication, duration,
study type, patient source, number of patients with pCR
enrolled, rectal cancer stage, follow-up, regimens of adju-
vant chemotherapy and survival data. In addition, the
Newcastle-Ottawa Scale (NOS) criterion was used to eval-
uate the quality of the studies included [14]. All disagree-
ments were resolved by discussion between the two re-
viewers (Bin Ma and Yupeng Ren).
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Statistical analysis

In our meta-analysis, the most appropriate statistic to use for
evaluating primary endpoints (time-to-event outcomes) was
the hazard ratio (HR). If studies did not provide the HR di-
rectly, we obtained an estimated HR by methods designed by
Tierney [15], mainly using Kaplan-Meier curves or P values
from log-rank tests and the number of observed events in each
group. All analyses were performed using Stata software, ver-
sion 12.0 (2011; Stata Corp., College Station, TX, USA). All
the analyses in this study used a random-effect model because
it provided more conservative estimates and was tailored to
multicentre studies in which heterogeneity was typically pres-
ent [16]. All statistical values are reported with 95% confi-
dence intervals (CI) and a two-tailed P value of less than
0.05 was defined as statistically significant. Finally, publica-
tion bias was assessed using Begg’s and Egger’s tests [17, 18].

Results

Selected studies

Based on our search strategy, a total of 1113 published studies
were identified. After the removal of duplicates, title and ab-
stract screening and further evaluation, 10 comparative studies
were reviewed by full-text reading [8, 11–13, 19–24].
Amongst these 10 studies, Shahab et al. [21], Polanco et al.
[12] and Dossa et al. [13] reported their outcomes from the
same patient population of the National Cancer Database
(NCDB) and Gamaleldin et al. [24] and Kiran et al. [8] also
presented their outcomes from the same patient population of
the Cleveland Clinic Foundation. Hence, we only included the
most informative and qualitative study in our overall analysis
[12, 24]. In addition, Zhou et al. [19] did not provide the
detailed primary outcome of OS between adjuvant and non-
adjuvant chemotherapy groups of pCR patients and was ex-
cluded from our overall analysis. Finally, six comparative
studies [11, 12, 20, 22–24] were included in our study and
the reasons for study exclusion are illustrated in Fig. 1.

Amongst our included studies, five [12, 20, 22–24]
were retrospective comparative studies, and the study by
Maas et al. [11] was a pooled analysis (collect individual
data (not published) from original authors and reanalyse
based on another relevant issue) from 17 papers, and fi-
nally, 13 studies had gave consents to share their individ-
ual data (3 studies with insufficient information and one
author confused). Hence, 6 studies based on 18 centres or
databases involving 2948 rectal cancer patients with pCR
(adjuvant group = 1324, non-adjuvant group = 1624) were
included in our meta-analysis. All the patients enrolled
were LARC (T3–4 N0 or TanyN+) after neoadjuvant che-
moradiotherapy and achieved pCR. The detailed

information is shown in Table 1 (five respective studies
and one pooled analysis). In addition, the detailed infor-
mation of 13 studies from pooled analysis of Maas et al.
[11] was summarised in Supplementary Table 3.

Adjuvant versus non-adjuvant for pCR patients

Of the original data from included studies, all the HR
was derived based on OS. Five studies [11, 20, 22–24]
indicated that adjuvant chemotherapy could not improve
the OS for rectal cancer patients with pCR in compari-
son with patients without adjuvant chemotherapy.
However, four studies presented the advantage of adju-
vant chemotherapy for pCR patients, though with no
statistical significance [11, 22–24]. Based on our overall
analysis of included studies, rectal cancer patients with
pCR receiving adjuvant chemotherapy showed signifi-
cantly improved OS when compared with the non-
adjuvant chemotherapy group (HR = 0.65, 95% CI =
0.46–0.90, P = 0.01) (Fig. 2). In addition, we did not
observe significant heterogeneity amongst the studies
(I2 = 2.90%, P = 0.40), and there was no publication bias
based on the results of Begg’s (P = 1.00) and Egger’s
(P = 0.69) tests.

Which pCR patients would benefit the most
from adjuvant chemotherapy?

The NCDB is a clinical oncology-specific database
established in 1989 as a joint programme of the American
College of Surgeons Commission on Cancer and the
American Cancer Society. The NCDB estimates that approx-
imately 70% of newly diagnosed malignant neoplasms in the
USA are captured by this database annually. Shahab et al.
[21], Polanco et al. [12] and Dossa et al. [13] reported their
results of this issue based on the NCDB. All three studies
demonstrated that patients with pCR who received adjuvant
chemotherapy had improved OS when compared to patients
without adjuvant chemotherapy. For the subgroup analysis of
these three studies, Shahab et al. [21] indicated that adjuvant
chemotherapy were more likely to be given for clinical ≥ T3
disease and clinical N+ rectal cancer patients with pCR. In
addition, Polanco et al. [12] showed that pCR patients with
clinical stage T3/T4 and node-positive disease benefited the
most from adjuvant chemotherapy (HR = 0.47, 95% CI =
0.25–0.91). Meanwhile, Dossa et al. [13] demonstrated that
only patients with node-positive disease exhibited improved
OS with the administration of adjuvant chemotherapy (HR =
0.24, 95% CI = 0.10–0.58), but not the patients without adju-
vant chemotherapy. We have summarised the subgroup anal-
ysis results from these three studies in Fig. 3.
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Discussion

Over the past decade, the rationale for the routine use of adjuvant
chemotherapy has been mainly based on an extrapolation of the
survival benefits amongst colon cancer patients [25–27]. In fact,
the efficacy of adjuvant chemotherapy in rectal cancer patients is
less clear and challenges remain [28]. Numerous randomised

trials have been conducted to investigate the benefit of adjuvant
chemotherapy in rectal cancer patients after neoadjuvant therapy
and resection. Regarding to overall analyses, a pooled analyses
based on individual data from five RCTs [4] had demonstrated
that significant benefits of adjuvant chemotherapy in local con-
trol (P < 0.01), distant control (P = 0.03) and OS (P = 0.02).
However, the results from several randomised trials (EORTC

Table 1 Baseline information of included studies

Author Year Duration Type Patient sourcea Group Number Stage Follow-up
(months)

NOS

Tay et al. [20] 2017 2003–2014 Retrospective ACCORD Adjuvant 97 Exclude to T1–2, N0 Median 46 6
Non-adjuvant 30

Kuan et al. [22] 2017 2007–2013 Retrospective Taiwan Cancer
Registry

Adjuvant 114 Stages II and III Median 37 6
Non-adjuvant 145

Gamaleldin et al. [24] 2017 2000–2012 Retrospective Cleveland Clinic Adjuvant 47 Stages II and III Mean 68 5
Non-adjuvant 83

Geva et al. [23] 2014 2001–2013 Retrospective Tel Aviv Sourasky
Medical Center

Adjuvant 35 T3–4 or N1 and/or
clinically bulky T2

Mean 52 5
Non-adjuvant 17

Polanco et al. [12] 2018 2006–2012 PSMA NCDB Adjuvant 741 T1–2 N0 or TanyN+ Median 39 7
Non-adjuvant 741

Maas et al. [11] 2015 Mixed Pooled
analysis

13 single centres Adjuvant 290 Locally advanced Median 51 NA
Non-adjuvant 608

ACCORD Australian Comprehensive Cancer Outcomes and Research Database, NCDB The National Cancer Data Base, NA not applicable, PSMA
propensity score matching analysis
a Dossa et al. [13], Polanco et al. [12], and Shahab et al. [21] reported their results based on the same patients source from NCDB; Kiran et al. [8] and
Gamaleldin et al. [24] reported their results based on the same patients source from Cleveland Clinic

Fig. 1 Flow chart of study selection
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22921 [3], I-CNR-RT [29] and the PROCTOR arm of the Dutch
PROCTOR-SCRIPT [30] trials) failed to demonstrate a benefit
to its use in overall analyses. In terms of subgroup analyses, an
exploratory subgroup analyses in terms of tumour response of
EORTC 22921 trial with a follow-up of 5 years indicated that
only ypT0–2 patients but not ypT3–4 patients benefit from ad-
juvant chemotherapy irrespective OS or disease-free survival

[7]. Meanwhile, a previous meta-analysis based on five compar-
ative studies indicated that patients with ypT0–2N0M0 showed
improved 5-year OS in adjuvant group significantly [6].
However, I-CNR-RT trial also conducted subgroup analyses
based on ypT0–2, ypT3–4 and ypN+ patients, but there was
no significant difference between two groups in the subgroup
population. Based on aforementioned, poor adherence to

Fig. 3 Systematic review of subgroup patients with pathological complete response based on clinical stage from the National Cancer Database analyses

Fig. 2 Overall survival between
adjuvant chemotherapy and non-
adjuvant chemotherapy for local-
ly advanced rectal cancer patients
with pathological complete
response
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adjuvant chemotherapy, a limited number of patients and a
mixed patient population might be some of the reasons
preventing a further exploration into the advantages of adjuvant
therapy. Hence, which subgroup of resected rectal cancer would
benefit from adjuvant therapy after neoadjuvant chemoradio-
therapy has become a specific issue. It is clear that patients
who achieve tumour downstaging (especially pCR) have better
oncologic outcomes [10] and, in practice, patients who achieve
pCR are less likely to undergo adjuvant chemotherapy than
thosewith residual disease after neoadjuvant chemoradiotherapy
[31]. Whether patients with pCR would further benefit from
adjuvant therapy remained controversial.

Investigations focused on which subgroups (pCR or non-
pCR) of patients could benefit from adjuvant chemotherapy
after neoadjuvant chemoradiotherapy showed discrepancies in
their results. A previous propensity score-adjusted analysis
evaluated adherence with adjuvant chemotherapy amongst
patients with pCR and subgroup analysis indicated that adju-
vant chemotherapy appears to be independently associated
with improved OS regardless of ypStage [32]. An early sub-
group analysis of the EORTC trial suggested a beneficial ef-
fect of adjuvant chemotherapy for patients with ypT0–2 tu-
mours but not in ypT3–4 tumours [7]. Notably, two recent
original investigations based on the NCDB further indicated
that adjuvant chemotherapywas associated with improved OS
in LARC patients with pCR after neoadjuvant chemoradio-
therapy and radical resection [12, 13]. However, Tay et al.
demonstrated that a significant OS benefit favouring adjuvant
chemotherapy was seen in the non-pCR subset of patients, but
not pCR patients [20]. Meanwhile, Maas et al. also indicated
that patients with pCR may not benefit from adjuvant chemo-
therapy, whereas patients with residual tumour had superior
outcomes when adjuvant chemotherapy was administered
[11]. Hence, it was time to specifically evaluate the effect of
adjuvant chemotherapy in the pCR population with the prima-
ry aim of providing comprehensive evidence on this issue. In
our overall analysis from 18 different centres or databases
involving 2948 rectal cancer patients with pCR (adjuvant
group = 1324, non-adjuvant group = 1624), we indicated that
locally advanced rectal cancer patients with pCR after neoad-
juvant chemoradiotherapy and radical resection showed an
improved OS in the adjuvant chemotherapy group.

In contrast with the results from previous small studies [20,
22–24], our overall analysis indicated a significant advantage
of adjuvant chemotherapy in rectal cancer patients with pCR
since we provided larger sample sizes (pCR patients = 2948)
from 18 centres or databases to detect a statistically significant
difference. One theory for our finding is that tumour
downstaging after neoadjuvant treatment may indicate
favourable tumour biology and can be correlated with further
responsivity for patients with a proven responsivity to addi-
tional chemotherapy [13]. Adjuvant chemotherapy for pa-
tients with a proven responsivity to treatment may be

beneficial by potentially eradicating residual micrometastatic
disease [6, 7]. Notably, based on the NCDB analysis from
three studies [12, 13, 21] on this issue, the evidence potentially
demonstrated that patients with clinical nodal positive disease
that achieved pCR after neoadjuvant chemoradiotherapy
might benefit the most from additional adjuvant chemothera-
py. This seems intuitive given that nodal disease is a major
marker for systemic recurrence in colorectal cancer [4, 12, 33,
34]. However, the subgroup results were only summarised
qualitatively and required further investigation for confirma-
tion. In addition, the NCDB did not contain the information of
disease-free survival or local recurrence survival; hence, in
our present analysis, we only provide the primary outcome
of OS. In fact, the potential advantage of adjuvant chemother-
apy in improving disease-free survival for pCR patients could
be observed in some small comparative studies [19, 24],
though with no statistical significance.

For LARC patients who received neoadjuvant treatment,
the pCR rate ranged from 9 to 22% from 13 different centres
[11]. In addition, Xu et al. indicated that LARC patients who
have achieved pCR after neoadjuvant chemoradiotherapy
showed a poor compliance with adjuvant chemotherapy based
on the NCDB. This analysis showed that only 28% of the
patients (484/1727) with pCR received adjuvant chemothera-
py [32]. Based on the aforementioned evidence, only approx-
imately 5% of the overall LARC patients may benefit from the
adjuvant chemotherapy. Xu et al. [32] further indicated that
adjuvant therapy appears to be independently associated with
improved OS regardless of stage of disease and the greatest
survival benefit was observed in patients who had achieved
pCR. Hence, how to improve the compliance with adjuvant
chemotherapy of patients with pCR remains an urgent issue
for current practice. Age and co-morbidities were found to be
significantly associated with nonreceipt of adjuvant therapy,
and improved rehabilitation and physical conditioning may
improve the odds of patients receiving adjuvant therapy [32].

The choice of adjuvant chemotherapy agents usedmay also
affect the outcomes for LARC. A review summarised by
Carvalho et al. [28] indicated that the addition of oxaliplatin
to 5-fluorouracil-based adjuvant chemotherapy showed a sig-
nificant improved 3-year disease-free survival in trials of
CAO/ARO/AIO-4 [35] and ADORE [36]. However, signifi-
cant advantages of adjuvant chemotherapy in RCTs compar-
ing 5-fluorouracil versus observation were not observed for
EORTC 22921 [3], I-CNR-RTand the PROCTOR [29] arm of
the Dutch PROCTOR-SCRIPT [30]. In our overall analysis of
the included studies, Tay et al. indicated that the regimen of
adjuvant chemotherapy included folinic acid, fluorouracil and
oxaliplatin [20].Meanwhile, the pooled analysis conducted by
Maas et al. [11] showed that10 centres used 5-fluorouracil-
based agents in adjuvant chemotherapy and 3 centres deliv-
ered oxaliplatin and 5-fluorouracil-based agents in adjuvant
chemotherapy. However, the other included studies did not
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present the detailed regimens of adjuvant therapy; hence,
whether the addition of oxaliplatin to 5-fluorouracil-based
chemotherapy can further improve the outcomes for LARC
patients with pCR is unknown based on current evidence.

To the best of our knowledge, we performed the first meta-
analysis to explore whether adjuvant chemotherapy is neces-
sary for LARC patients with pCR after neoadjuvant chemora-
diotherapy. Our study provided updated evidence based on 18
different centres or databases in support of the administration of
adjuvant chemotherapy for rectal cancer patients with pCR.
However, there are some limitations in our present study.
First, all the included studies are observational studies with a
retrospective nature. Although current guidelines recommend-
ed the routine use of adjuvant chemotherapy for patients with
pCR, the evidence is still not verified by prospective or
randomised trials. The individual data of patients with pCR
from previous RCTs are needed to update our findings. In ad-
dition, study by Polanco et al. [12] had provided the highest
influence to the overall analysis (48.4%) due to NCDB enrolled
the largest patient population; therefore, we expected that future
studies based on multicentres and larger-scale population to
further update or findings. Meanwhile, although OS is the pri-
mary aim we focused on, the issue of whether improved OS
would be balanced by the increased toxicities and impaired
quality of life needs to be studied further. Toxicities and quality
of life outcomes are absent and insufficient from the current
published evidence. Furthermore, our study only provided the
data of OS; in fact, four included studies also provided the data
on recurrence [11, 20, 23, 24]. However, our overall results
showed that adjuvant group did not show a significant im-
proved of recurrence-free survival in comparison with non-
adjuvant group (HR = 1.33, 95% CI = 0.80–2.20, P = 0.27).
There are several biases and limitations for this result: (1) not
all the included studies had provided the data of recurrence, the
analysis based on the dataset of the NCDB had no data on
recurrence, and (2) included studies based on recurrence had
no detailed information to distinguish local or distant recur-
rence. The basis of giving adjuvant chemotherapy is to rid of
any micrometastasis; therefore, we might need large-scale and
prospective studies to further explore the effect of adjuvant
chemotherapy on recurrence between two groups. Finally, the
detailed regimens of adjuvant chemotherapywere not presented
in some of our included studies [12, 22–24]. Therefore, we
could still not determine what the most appropriate regimens
and cycles of adjuvant chemotherapy are for rectal cancer pa-
tients with pCR.

Conclusion

Our meta-analysis indicated that adjuvant chemotherapy is
associated with improved OS in LARC patients with pCR
after neoadjuvant chemoradiotherapy and radical surgery.
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