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Abstract 

Background Locally advanced rectal cancer is typically treated using a combination of neoadjuvant chemoradio-
therapy and total mesorectal resection. While achieving pathological complete response following neoadjuvant 
chemoradiotherapy has been recognized as a positive prognostic factor in oncology, the necessity of adjuvant 
chemotherapy for locally advanced rectal cancer patients with pathological complete response after surgery 
remains uncertain. The objective of this meta-analysis was to examine the impact of adjuvant chemotherapy 
on the oncological outcomes of rectal cancer patients who attain pathological complete response after neoadjuvant 
chemoradiotherapy.

Methods This meta-analysis followed the guidelines outlined in the preferred reporting items for systematic review 
and meta-analysis (PRISMA). The Web of Science, PubMed, and Cochrane Library databases were systematically 
searched to identify relevant literature.

Results A total of 34 retrospective studies, including 9 studies from the NCBD database, involving 31,558 patients 
with pathological complete response rectal cancer, were included in the meta-analysis. The included studies were 
published between 2008 and 2023. The pooled analysis demonstrated that adjuvant chemotherapy significantly 
improved overall survival (HR = 0.803, 95% CI 0.678–0.952, P = 0.011), and no heterogeneity was observed (I2 = 0%). 
Locally advanced rectal cancer patients with pathological complete response who underwent adjuvant chemo-
therapy exhibited a higher 5-year overall survival rate compared to those who did not receive adjuvant chemotherapy 
(OR = 1.605, 95% CI 1.183–2.177, P = 0.002). However, the analysis also revealed that postoperative ACT did not lead 
to improvements in disease-free survival and recurrence-free survival within the same patient population. Subgroup 
analysis indicated that pathological complete response patients with clinical stage T3/T4, lymph node positivity, 
and younger than 70 years of age may benefit from adjuvant chemotherapy in terms of overall survival.

Conclusions The findings of this meta-analysis suggest that adjuvant chemotherapy has a beneficial effect 
on improving overall survival among rectal cancer patients with pathological complete response. However, no such 
association was observed in terms of disease-free survival and recurrence-free survival.
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Introduction
The latest statistics on cancer in 2022 reveal that colo-
rectal cancer (CRC) has emerged as a prominent cancer, 
ranking third in terms of incidence and second in mortal-
ity rates. It is worth noting that the prevalence of CRC 
is rapidly increasing [1]. Among all CRC cases, approxi-
mately 30% are attributed to rectal cancer, with a major-
ity of cases being classified as locally advanced at the 
time of diagnosis [2]. The standard treatment approach 
for locally advanced rectal cancer (LARC) involves the 
utilization of neoadjuvant chemoradiotherapy (NCRT) 
combined with total mesorectal resection (TME). This 
treatment strategy offers multiple benefits, such as 
improved local tumor control, complete tumor removal, 
and sphincter preservation [3]. However, the response to 
NCRT in LARC patients varies considerably.

While a considerable proportion of LARC patients 
respond positively to NCRT, demonstrating tumor 
regression, only a relatively small percentage (ranging 
from 10 to 30% of cases) can achieve a pathological com-
plete response (pCR) [4]. The achievement of pCR stands 
as a crucial milestone, indicating successful tumor eradi-
cation and favorable tumor biology. Extensive research 
has shown that patients who achieve pCR have remark-
ably low recurrence rates (6–17%) and high 5-year over-
all survival (OS) rates (87–92.9%) [5, 6]. A meta-analysis 
study revealed that patients with rectal cancer who attain 
pCR exhibit longer disease-free survival (DFS) and OS 
than those who do not achieve pCR [7]. Therefore, pCR 
is increasingly being recognized as a relevant endpoint in 
the design of clinical trials, acting as a surrogate marker 
for long-term tumor prognosis.

Adjuvant chemotherapy (ACT) is a commonly 
employed treatment modality for rectal cancer patients. 
However, there remains a lack of robust evidence regard-
ing the use of ACT after NCRT and surgery. According 
to current National Comprehensive Cancer Network 
(NCCN) guidelines, all NCRT recipients should also 
undergo 6  months of ACT after surgery, regardless of 
their pathological regression response [8]. Neverthe-
less, the impact of ACT on OS and DFS among LARC 
patients who undergo NCRT is a subject of contro-
versy. Some studies suggest that ACT may promote OS 
and DFS in LARC, while others contend that it does 
not affect the oncological prognosis of LARC patients 
who receive NCRT [9–11].  It is noteworthy that in sev-
eral randomized controlled trials (RCTs) involving rec-
tal cancer patients, the choice of postoperative systemic 
therapy is “at the discretion of the physician,” which con-
tradicts the recommendations provided by the NCCN 
[12–14].  Despite the acknowledged prognostic advan-
tage of achieving pCR in oncology, the necessity of ACT 
for LARC patients who attain pCR after surgery remains 

uncertain. Based on studies, some scholars argue that 
ACT improves OS in patients with pCR, while oth-
ers assert that it may not be necessary for rectal cancer 
patients with pCR [15–19].

Therefore, the objective of this comprehensive meta-
analysis was to investigate the impact of ACT on the 
oncological efficacy of LARC patients who achieved pCR 
after NCRT.

Material and methods
In this study, we meticulously followed the guidelines set 
forth by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) [20]. By adhering to 
these rigorous standards, we aimed to ensure the credibility 
and integrity of the investigation’s findings (Table S2). This 
meta-analysis has been registered on the INPLASY plat-
form with the registration number  INPLASY2023120101 
(https:// inpla sy. com/ inpla sy- 2023- 12- 0101/).

Literature search strategy
Two researchers performed an electronic literature 
search utilizing esteemed databases including Web of 
Science, PubMed, and Cochrane Library. The search 
was conducted until May 30, 2023. The search terms or 
keywords were as follows: [“Rectal cancer” OR “Rec-
tal tumor” OR “Rectal neoplasm”] AND [“neoadjuvant 
radiotherapy” OR “neoadjuvant chemoradiation” “neo-
adjuvant chemoradiotherapy” OR “neoadjuvant treat-
ment” OR “neoadjuvant therapy” OR “preoperative 
radiotherapy” OR “preoperative chemoradiation” OR 
“preoperative chemoradiotherapy” OR “preoperative 
treatment” OR “preoperative therapy”] AND [“adju-
vant chemotherapy” OR “adjuvant therapy” OR “adju-
vant treatment” OR “postoperative chemotherapy” OR 
“postoperative therapy” OR “postoperative treatment”] 
AND [“pathological complete response” OR “complete 
pathological response” OR “pCR” OR “pathological 
complete regression”]. Additionally, reference tracing 
was performed to minimize inadvertent exclusion of 
valuable studies. The detailed literature search strategy 
is shown in Table S3.

Eligibility criteria
The search strategy was used to identify relevant stud-
ies from databases. Adhering to the PRISMA require-
ments, two researchers independently sifted through 
the trove of included studies. After removing duplicates, 
the researchers screened out studies based on titles and 
abstracts. Only those studies that satisfied the predeter-
mined inclusion and exclusion criteria progressed to the 
next stage, where a comprehensive review of the full text 
ensued. The inclusion criteria were as follows: (1) patients 
with primary rectal cancer who received neoadjuvant 

https://inplasy.com/inplasy-2023-12-0101/
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chemoradiotherapy or radiotherapy; (2) adjuvant chem-
otherapy or observation after pCR; (3) radical surgery 
(APR, AR, Hartmann, ISR); and (4) outcomes including 
multivariate estimates value (HR, 95% CI) of OS, DFS 
or recurrence-free survival (RFS) or 5-year OS, DFS, or 
RFS rates. The exclusion criteria were as follows: (1) local 
excision or watch-and-wait patients; (2) no desired out-
come reported; (3) neoadjuvant chemotherapy only; (4) 
ypT0 patients with unknown lymph node status; and (5) 
abstracts, meta-analyses, reviews, comments, and letters. 
LARC was defined as cT3/4, N0, M0 or cTx, N1-2, and 
M0 rectal cancer at initial diagnosis. pCR was defined 
as the absence of tumor cells in the primary tumor and 
lymph nodes after neoadjuvant therapy  (ypT0N0M0). DFS 
was defined as the time from the date of surgery to the 
detection of disease relapse or death. RFS was defined as 
the time from the date of surgery to disease relapse (local 
or distant metastases). OS was defined as the time from 
the date of surgery to the date of death from any cause.

Data extraction and quality assessment
The information was extracted from the full text accord-
ing to a standardized form. The extracted information 
included general information such as authors, date of 
publication, source of data, and time period of the study. 
Basic clinical characteristics such as age, sex, clinical 
stage, neoadjuvant radiotherapy regimen, concurrent 
chemotherapy regimen, interval between last radiation 
and surgery, surgical modality, adjuvant chemotherapy, 
and duration of follow-up were also recorded. Onco-
logical outcomes such as OS, DFS, and RFS were also 
recorded. To ensure the reliability and credibility of the 
retrospective cohort studies, the quality and methodol-
ogy were assessed using the Newcastle–Ottawa Scale 
(NOS) score, which encompasses patient selection (4 
points), cohort comparability (2 points), and evaluation 
of exposure or outcome (3 points) [21]. A score of 4 to 
6 indicates moderate quality, while a score of 7 to 9 indi-
cates high quality. All processes, including data extrac-
tion and NOS scoring, were carried out independently by 
two authors and meticulously cross-checked. In instances 
of disagreements, a third individual was consulted, allow-
ing for robust discussions and the eventual attainment of 
a consensus.

Statistical analysis
The primary focus was on hazard ratios (HRs) for OS, 
whereas secondary outcomes involved HRs for DFS and 
RFS. In addition, the researchers meticulously examined 
the 5-year rates of OS, DFS, and RFS. The HR and 95% 
confidence interval (CI) were considered the most appro-
priate statistic for evaluating the time-to-event outcomes 
of OS, DFS, and RFS. In cases where direct HR values for 

OS, DFS, and RFS were not available, they were estimated 
using Kaplan–Meier (KM) curves. Precision in estimating 
HR values was ensured through the employment of the 
eminent Parmar et al. and Tierney et al. specificity algo-
rithms [22, 23]. Odds ratios (ORs) emerged as the out-
come effect indicators, shedding light on the 5-year rates 
of OS, DFS, and RFS. Furthermore, the researchers uti-
lized subgroup analyzes to explore age, clinical T-stage, 
and lymph node status as potential drivers of heteroge-
neity. The data were pooled and analyzed using STATA 
software (ver. 15; Stata Corp., College Station, TX, USA), 
and the results were presented using forest plots. Statisti-
cal heterogeneity was assessed using the I2 and Cochrane 
Q tests. If the p value exceeded 0.1 and I2 was below the 
50%, it indicated that the heterogeneity was not signifi-
cant, and a fixed-effect model was employed in this anal-
ysis. Conversely, statistical heterogeneity was recognized 
when the p value was below 0.1 or I2 exceeded 50%; the 
random-effects model was selected [24]. Sensitivity anal-
yses were conducted to evaluate the reliability of the find-
ings, while subgroup analyses were carried out to identify 
potential sources of heterogeneity. Funnel plots and 
Egger’s test were utilized to assess publication bias in the 
analyses of OS, DFS, and RFS [25]. Additionally, adjusted 
effect sizes were calculated using subtractive comple-
mentation if significant publication bias was detected. A 
statistical significance level of p < 0.05 was adopted.

Results
Literature selection and characteristics
Based on the subject terms, a total of 1835 articles 
were retrieved from various sources, including Pub-
Med (n = 1131), Web of Science (n = 490), and Cochrane 
Library (n = 214). After removing 564 duplicate articles, 
we were left with 1271 potential articles. Upon review-
ing the titles and abstracts, we were able to exclude 1196 
articles that failed to meet the inclusion criteria. After 
careful examination of the full texts, 35 articles were 
further excluded for a multitude of reasons, such as fail-
ure to report primary outcomes (n = 8), being abstracts, 
meta-analyses, reviews, commentaries, or letters (n = 14), 
lacking English language (n = 3), lacking  ypT0N0 (n = 3), 
having only neoadjuvant chemotherapy (n = 3),undergo-
ing local excision (n = 2), or other reasons (n = 2). Even-
tually, a total of 34 [15–19, 26–54]. retrospective studies 
were included in the meta-analysis (Fig. 1).

The included studies were published between 2008 and 
2023, with 9 [18, 26, 29, 31, 35, 38, 39, 43, 47]. of them 
sourced from the NCBD database. Among these studies, 
15 were contributed by the USA, and 9 originated from 
China. In total, the meta-analysis included 31,558 rectal 
cancer patients who achieved pCR after nCRT. Out of 
these patients, 11,804 received postoperative ACT, while 
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19,754 underwent only observation and follow-up after 
radical surgery. The neoadjuvant therapy regimen com-
monly mentioned in studies consisted of long-course 
radiotherapy (45–54.5 Gy) along with concurrent chem-
otherapy using 5-Fu/capecitabine. The specific details 
about the included literature are presented in Table  1. 
The methodological quality of the retrospective studies 
was evaluated using the NOS scale, and all studies scored 
between 5 and 8 points. Among them, 9 studies scored 5 
points (Table S1). Hence, the included studies exhibited 
an acceptable risk of bias.

The oncological outcome in pCR patients with or without 
ACT 
Overall survival
A total of 29 [15–19, 26, 28–31, 33–52]. studies, includ-
ing 9 [18, 26, 29, 31, 35, 38, 39, 43, 47]. from the NCBD 
database, provided reporting on OS. For the pooled anal-
ysis, we only included the most recently published stud-
ies from this database. Given the 18 [16, 17, 19, 28, 30, 33, 
34, 36, 37, 40–42, 44–46, 50–52]. studies with reporting 
on the effect of ACT on the hazard ratio of OS in patients 
with rectal cancer in pCR, the pooled analysis showed 
that ACT improved overall survival (HR = 0.803, 95% CI 
0.678–0.952, P = 0.011) without any observed heteroge-
neity (I2 = 0%, χ2 = 14.66, P = 0.620) (Fig.  2A). Addition-
ally, 19 [15–17, 19, 28, 30, 33, 34, 36, 37, 40–42, 45, 46, 
49, 51, 52, 54]. studies reported on the 5-year OS rate, 

and the analysis revealed that patients with pCR who 
underwent ACT had a higher 5-year OS rate than those 
who did not receive ACT (OR = 1.605, 95% CI 1.183–
2.177, P = 0.002). There was moderate heterogeneity in 
the pooled analysis (I2 = 39.3%, χ2 = 29.68, P = 0.041), so 
a random-effects model was used (Fig.  2B). To address 
potential bias from duplicated patient data in the NCDB 
cohort, we conducted separate pooled analyses for each 
study in the NCBD database. These separate analyses also 
indicated that postoperative ACT improved the OS in 
patients with pCR (Table 2).

Disease‑free survival
Thirteen [15–17, 28, 33, 34, 37, 40, 44, 48, 50–52]. stud-
ies compared the effect of ACT and non-ACT on DFS in 
rectal cancer patients who achieved a pCR. The pooled 
analysis revealed that ACT did not have a significant 
impact on DFS in patients with pCR (HR = 0.97, 95% 
CI 0.81–1.16, P = 0.765), with only mild heterogeneity 
observed (I2 = 13.9%, χ2 = 13.94, P = 0.305) (Fig. 3A). Fur-
thermore, 11 [15–17, 28, 33, 34, 37, 40, 48, 51, 52]. stud-
ies examined the effect of ACT on the 5-year DFS rates 
in patients with pCR. The results indicated that ACT 
also failed to improve the 5-year DFS rate in rectal can-
cer patients with pCR (OR = 1.192, 95% CI 0.818–1.736, 
P = 0.360), and there was moderate heterogeneity in the 
pooled analysis (I2 = 39.3%, χ2 = 29.68, P = 0.041) (Fig. 3B).

Fig. 1 The flow diagram of PRISMA
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Fig. 2 The effects of adjuvant chemotherapy on overall survival. A Hazard ratio of overall survival; B 5-year overall survival rate
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Recurrence‑free survival
We collected data on RFS from 11 [16, 27, 30, 32, 33, 36, 
40, 46, 50, 52, 53]. studies, which indicated that the RFS 
of pCR patients who received ACT was similar to that 
of those who did not receive ACT (HR = 1.087, 95% CI 
0.838–1.410, P = 0.531), and there was no heterogeneity 
among the studies (I2 = 0%, χ2 = 6.06, P = 0.810) (Fig. 4A). 
From the nine [16, 30, 32, 33, 36, 40, 46, 52, 53]. stud-
ies that included reporting of a 5-year RFS rate in pCR 
patients, the pooled results showed that ACT also did 
not improve the 5-year RFS rate (OR = 1.084, 95% CI 
0.780–1.507, P = 0.630). No heterogeneity was observed 
(I2 = 0%, χ2 = 3.27, P = 0.916) (Fig. 4B).

Subgroup analysis
Subgroup analysis revealed that ACT could enhance OS 
in patients younger than 70 years old [43, 45]. with rectal 
cancer who achieved a pCR (HR = 0.443, 95% CI = 0.295–
0.666, P < 0.001). Furthermore, pCR patients with clini-
cal stage T3/T4  [16, 30, 38]. or lymph node positivity 
[16, 19, 30]. also experienced improved OS with ACT 
(cT3/4, HR = 0.544, 95% CI = 0.384–0.771, P = 0.001;  N+, 
HR = 0.603, 95% CI = 0.446–0.813, P = 0.001) (Fig. 5).

Publication bias
Publication bias was assessed by visualizing the funnel 
plots. The data analysis indicated that the funnel plots 
were symmetrical for the included studies (Fig. S1). Fur-
thermore, Egger’s test also supported the absence of pub-
lication bias in the pooled studies (OS, P = 0.242; DFS, 
P = 0.235; RFS, P = 0.628).

Discussion
The objective of this meta-analysis was to investigate the 
influence of postoperative ACT on oncological outcomes 
in patients with rectal cancer who achieved pCR follow-
ing NCRT. The pooled data indicated that ACT was inef-
fective in mitigating the hazard ratios relating to DFS and 
RFS in rectal cancer patients with pCR. However, rectal 
cancer patients with a pCR who received ACT exhibited 
enhanced OS within the same patient cohort.

The justification for routinely administering ACT for 
rectal cancer is primarily derived from extrapolating the 
survival benefits of ACT for colon cancer patients [55, 
56]. Nevertheless, there is no direct evidence to corrob-
orate that ACT after NCRT and TME surgery improves 
the prognosis of rectal cancer patients [9–11]. The NCCN 
guidelines advocate administering ACT for stage II/III 
rectal cancer with or without NCRT, irrespective of post-
operative pathological stage [8]. Evidence supporting the 
use of ACT after NCRT and surgery is primarily based 
on the ability of postoperative chemotherapy or radio-
therapy to ameliorate oncological outcomes in rectal can-
cer. For example, a meta-analysis of 20 randomized trials 
revealed that the utilization of fluorouracil-based ACT 
in the treatment of rectal cancer significantly promoted 
OS (HR 0.83, 95% CI 0.76–0.91) and DFS (HR 0.75, 95% 
CI 0.68–0.83) following surgical intervention [57]. Nev-
ertheless, only one of the included randomized trials 
involved administering NCRT prior to the operation [13].
According to the European Society for Medical Oncol-
ogy (ESMO) guidelines, ACT is solely recommended for 
stage III rectal cancer or stage II rectal cancer with high-
grade risk factors after NCRT [58]. The ESMO guide-
lines also indicated that the evidence for the effectiveness 

Table 2 The pooled analysis of OS from different NCBD database studies

*random effects model; HR hazard ratio, OR odds ratio, CI confidence interval, LCI low confidence interval, UCI upper confidence interval, OS overall survival

Hazard ratio of OS 5-years OS rate

Study HR 95% CI I2 (%) P Study OR 95% CI I2 P

LCI UCI LCI UCI

All [18, 26, 29, 31, 35, 38, 39, 43, 47] 0.65 0.57 0.74 46  < 0.001* All [18, 26, 29, 31, 35, 38, 39, 43] 1.890 1.623 2.198 49.8  < 0.001*

Lai et al. [19] 0.803 0.678 0.952 0 0.011 Lai et al [19] 1.605 1.182 2.179 39.3 0.002*

Bliggenstorfer et al. [26] 0.756 0.633 0.903 25.8 0.002 Bliggenstorfer et al. [26] 1.626 1.179 2.242 43 0.003*

Naffouje et al. [29] 0.812 0.716 0.921 0 0.001 Naffouje et al. [29] 1.543 1.159 2.053 34.9 0.003*

Morris et al. [18] 0.776 0.658 0.914 0 0.002 Morris et al. [18] 1.600 1.185 2.160 38.7 0.002*

Gahagan et al. [31] 0.790 0.694 0.9 0  < 0.001 Gahagan et al. [31] 1.546 1.175 2.033 34.9 0.002*

Dossa et al. [35] 0.774 0.648 0.925 13.9 0.005 Dossa et al. [35] 1.626 1.175 2.252 43 0.003*

Polanco et al. [38] 0.662 0.577 0.76 36  < 0.001 Polanco et al. [38] 1.616 1.176 2.222 41.1 0.003*

Turner et al. [39] 0.831 0.729 0.947 0 0.005 Turner et al. [39] 1.567 1.189 2.066 35.4 0.001*

Shahab et al. [43] 0.82 0.68 0.98 0 0.031 Shahab et al. [43] 1.650 1.168 2.331 52.1 0.004*

Xu et al. [47] 0.784 0.654 0.941 13.9 0.009
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Fig. 3 The effects of adjuvant chemotherapy on disease-free survival. A Hazard ratio of disease-free survival; B 5-year disease-free survival rate
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of ACT for rectal cancer patients with NCRT is much 
weaker in comparison to colon cancer. In rectal cancer, it 
is probable that ACT would have a limited effect on OS, 
but could enhance DFS after NCRT [55, 58]

In the EORTC 22921 trial, rectal cancer patients who 
underwent neoadjuvant chemoradiotherapy or radio-
therapy were randomly assigned to receive either ACT 
(5-FU/LV) or an observation. The findings revealed that 
the Kaplan–Meier curves of DFS and OS seemed to 
diverge after 2 and 4 years, respectively, with a preference 
for the group receiving ACT. No benefit was observed 
in terms of OS (HR 0.91, 95% CI 0.77–1.09) or DFS (HR 

0.91, 95% CI 0.77–1.08) in the ACT group after a median 
follow-up of 5.4 and 10.4 years, respectively [13, 59, 60]. 
The Dutch Proctor-SCRIPT trial and the I-CNR-RT trial 
also highlighted that ACT with 5-FU/LV or capecitabine 
did not improve DFS and OS in patients with rectal can-
cer when compared with observations alone [61, 62]. 
However, due to poor patient compliance with ACT, early 
termination of the trials caused by poor recruitment, and 
suboptimal chemotherapy regimens, the conclusions of 
these randomized trials remain questionable. A meta-
analysis was conducted to investigate the impact of ACT 
on the OS and DFS of LARC patients after NCRT. The 

Fig. 4 The effects of adjuvant chemotherapy on recurrence-free survival. A Hazard ratio of recurrence-free survival; B 5-year recurrence-free survival 
rate
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study showed that ACT considerably improved both 
OS and DFS in comparison to non-ACT. Additionally, 
the subgroup analysis revealed that ACT was especially 
beneficial for patients with node-negative or ypStage 
III LARC in terms of OS. In non-RCT, the pooled data 
indicated a marked rise in OS in the ACT group when 
contrasted with the observation group. However, upon 
isolating only randomized controlled studies, a signifi-
cant variation in OS between the ACT and non-ACT 
groups was not observed [63].

The current clinical practice of administering ACT for 
rectal cancer following NCRT and surgery lacks con-
sistency, particularly in patients who experience a pCR. 
Rectal cancer patients with pCR have demonstrated 
exceptional oncologic outcomes [5, 6]. This brings into 
question the necessity of ACT for rectal cancer patients 
with pCR and raises concerns regarding overtreatment. 
Several cohort studies from the NCBD database have ret-
rospectively analyzed the prognosis of pCR rectal cancer 
patients with ACT or observation [18, 26, 29, 31, 35, 38, 
39, 43, 47]. The results have consistently demonstrated 
that ACT is beneficial in improving OS in rectal cancer 
patients with pCR. However, two of the studies indi-
cated that approximately 70% of rectal cancer patients 
who underwent NCRT and surgery did not receive ACT, 
which is divergent from the proportion of rectal cancer 

patients receiving ACT reported in the SEER database 
[35, 38, 64]. Furthermore, the significant advantage of 
ACT for rectal cancer patients with pCR is perplexing. 
There is a possibility that the effect of ACT for rectal can-
cer with pCR may be overestimated, although the patient 
subgroup was identified from the NCBD database dur-
ing the same period to test the association of ACT with 
survival. Moreover, the number and proportion of rec-
tal cancer patients with pCR varied considerably among 
studies. Although some studies showed benefits, other 
retrospective studies found no improvement in the OS of 
rectal cancer patients with pCR who received ACT [16, 
17, 28, 42, 45, 50]. He et  al. enrolled 1041 rectal cancer 
patients with pCR, of whom 303 patients did not receive 
ACT, while 738 patients received fluorouracil-based 
ACT. After propensity score matching, the analysis indi-
cated that the adjuvant and non-ACT groups exhibited 
similar results in OS (HR = 1.558, 95% CI 0.92–2.64), 
DFS (HR = 1.05, 95% CI 0.68–1.62), local recurrence-
free survival (HR = 1.01, 95% CI 0.30–2.60), and distant 
metastasis-free survival (HR = 1.06, 95% CI 0.68–1.64). 
Furthermore, there was no improvement observed in 
OS and DFS for pCR rectal cancer patients adminis-
trated different cycle ACT cycles (0 vs.1–4 vs. ≥ 5) [16]. 
A recent study performed a subgroup analysis to examine 
the oncological outcomes of pCR rectal cancer patients 

Fig. 5 Subgroup analysis of oncological effects of adjuvant chemotherapy
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with acellular mucin pools. The findings revealed that 
pCR rectal cancer patients without acellular mucin pools 
had DFS compared to those with acellular mucin pools 
(P = 0.037). Furthermore, ACT was found to be associ-
ated with improved DFS (P = 0.003) and OS (P = 0.027) 
in pCR rectal cancer patients with acellular mucin pools. 
This could be attributed to the fact that the presence of 
acellular mucin pools may indicate tumor invasion, and 
for pCR patients with acellular mucin pools, ACT may 
be beneficial in eradicating any residual micrometastatic 
disease [17].Therefore, it is suggested that ACT and close 
follow-up are necessary for this particular subset of pCR 
rectal cancer patients with acellular mucin pools.

Prior meta-analyses examining the impact of ACT in 
rectal cancer patients with pCR have yielded conflicting 
results. Ma et al. conducted a meta-analysis and discov-
ered that ACT significantly improved OS (HR = 0.65, 95% 
CI = 0.46–0.90) compared to observation alone in rec-
tal cancer patients with pCR [65]. Lim et  al. conducted 
a separate pooled analysis involving studies from differ-
ent NCBD sources. They observed a tendency toward 
enhanced OS in pCR rectal cancer patients receiving 
ACT, irrespective of whether studies from a specific 
NCBD database were included in the statistical analy-
sis of various subgroups [66]. However, this analysis did 
not consistently demonstrate any significant differences. 
Another meta-analysis of 23 non-randomized controlled 
studies also suggested that ACT promoted OS in pCR 
rectal cancer patients (HR = 0.68, 95% CI 0.55–0.84). 
Nevertheless, there was no marked advantageous effect 
on DFS or RFS. Six of these studies were taken from the 
NCBD database, and the existence of overlapping data 
has the potential to exaggerate the perceived benefit of 
ACT in rectal cancer patients with pCR, which could 
introduce bias in the overall analysis [67]. In compari-
son to the prior meta-analysis, we more comprehensively 
selected studies in this meta-analysis to permit a more 
reliable evaluation of the correlation between ACT and 
prognosis in pCR rectal cancer. We included ten studies 
sourced from the NCBD database, specifically opting for 
the most recently published studies to prevent duplica-
tion of data and ensure the precision of our findings. In 
addition, we meticulously summarized the data for each 
study obtained from the NCBD database individually 
to avoid duplication of information that could result in 
erroneous conclusions. We further performed subgroup 
analyses on factors that could affect tumor outcome, 
including age, lymph node status, and clinical T-stage. 
The aim was to ascertain how these variables influence 
the link between ACT and prognosis in pCR rectal can-
cer. These additions offer valuable insights into the rela-
tionship between ACT and prognosis in pCR rectal 
cancer patients.

Many factors can affect the oncological outcome of 
rectal cancer after NCRT and surgery, such as age, per-
formance status, comorbidities, postoperative compli-
cations, colectomy, pathological TNM stage, and ACT 
[68–71]. ACT was more likely to be used in younger 
patients (age, < 60) and in individuals with better perfor-
mance status [43]. It is well known that younger age and 
better performance status are favorable and independ-
ent prognostic factors for OS. In addition, patients with 
a younger age and a better performance status tend to 
be more compliant and tolerant toward ACT than their 
older counterparts with a poorer performance status. 
Hence, when rectal cancer patients belonging to the ACT 
cohort exhibit a younger age and better performance sta-
tus, an overestimation of the effect of ACT on OS could 
result. Our meta-analysis indicated that ACT improved 
OS only among rectal cancer patients with pCR, but had 
no significant effect on DFS or RFS. A possible explana-
tion is that the OS benefit as a whole could be attributed 
to younger age and better performance status, instead of 
ACT treatment. If ACT does have a benefit, it is likely 
to be minimal. The improvement in OS was driven pre-
dominantly by reductions in disease recurrence and can-
cer-related deaths. In addition, in the subgroup analysis 
of this study, ACT was capable of decreasing the hazard 
ratio of OS in pCR rectal cancer patients younger than 
70  years. On the other hand, no benefit of ACT was 
observed in rectal cancer patients with pCR who were 
older than 70  years (Fig. S2). Owing to the absence of 
detailed data on individual patients, we were not able to 
explore the factors that influence OS and DFS in rectal 
cancer patients with pCR. Therefore, this result should be 
interpreted with caution.

In recent years, a novel treatment approach termed 
total neoadjuvant therapy (TNT) has been proposed to 
address the issue of poor compliance and tolerance to 
ACT in patients with rectal cancer [72, 73]. This involves 
strengthening the neoadjuvant therapy with induction or 
consolidation chemotherapy in conjunction with NCRT. 
Compared to conventional NCRT, TNT has shown 
improvements in the resectability rate and pCR rate for 
LARC. It also promotes compliance with systemic ther-
apy and increases the percentage of patients who com-
plete chemotherapy, thus boosting the probability of 
organ preservation [74–76]. The NCCN guidelines rec-
ommend TNT as a viable treatment alternative for rec-
tal cancer patients diagnosed with T3 tumors exhibiting 
positive circumferential resection margins, T4 stage, pos-
itive lymph nodes, locally unresectable tumors, or those 
with a performance status that renders them unsuitable 
for surgery [8]. For pCR rectal cancer patients who are 
unable to receive ACT due to complications, colostomy, 
poor performance status, or chemotherapy intolerance, 
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TNT can enhance their oncological outcomes. Neverthe-
less, the optimal radiotherapy regimen (long/short course 
radiotherapy), chemotherapy regimen, and the sequence 
between radiotherapy and chemotherapy (induction/
consolidation chemotherapy) are still subjects of contro-
versy that demand evaluation by an experienced multi-
disciplinary team before implementation [77, 78].

There were some limitations that need to be acknowl-
edged in relation to this meta-analysis. First, the absence 
of prospective randomized controlled trials investigating 
the necessity of ACT for rectal cancer with pCR was a 
notable limitation. The studies encompassed in this anal-
ysis were solely retrospective cohort studies, character-
ized by varying sample sizes, baseline characteristics, and 
treatment protocols. Thus, the presence of information 
bias and confounding factors was inevitable. Addition-
ally, certain studies only provided Kaplan–Meier curves, 
which needed the estimation of HRs and 95% CIs for OS, 
DFS, and RFS. It was crucial to acknowledge that such 
estimations extracted from Kaplan–Meier curves may 
stray from the original data, resulting in likely inaccura-
cies in the pooled data. Third, the considerable heteroge-
neity observed in the sample sizes of the included studies 
deserves attention. While 9 studies were derived from the 
NCDB, each of these studies exhibited a large sample size 
and yielded positive findings. This significant variability 
in sample sizes potentially led to an overestimation of 
the benefits associated with ACT. Furthermore, the lim-
ited number of studies reporting the impact of ACT on 
patients with pCR rectal cancer, stratified by age, clini-
cal T stage, and lymph node status, is worth noting. The 
findings of our study suggested that patients younger 
than 70 years old, those with cT3/4 tumors, or those with 
lymph node-positive pCR rectal cancer may derive ben-
efits from ACT. However, it is crucial to acknowledge 
that these conclusions were based on a small number of 
studies with inherent limitations. Moreover, it is impor-
tant to recognize that all the included studies originated 
from the NCDB, potentially introducing selection and 
information biases. Therefore, considering the limitations 
identified within this study, it is imperative that further 
high-quality randomized controlled trials are conducted 
to validate the effects of ACT on the oncological progno-
sis of patients with pCR rectal cancer.

Conclusion
In conclusion, the results of our meta-analysis sug-
gested a beneficial effect of adjuvant chemotherapy in 
improving overall survival in rectal cancer patients with 
pathological complete response. However, this associa-
tion was not observed in terms of disease-free survival 
and recurrence-free survival.

Abbreviations
LARC   Locally advanced rectal cancer
NCRT   Neoadjuvant chemoradiotherapy
TME  Total mesorectal resection
pCR  Pathological complete response
ACT   Adjuvant chemotherapy
OS  Overall survival
DFS  Disease-free survival
RFS  Recurrence-free survival
CRC   Colorectal cancer
NOS  Newcastle-Ottawa Scale
HR  Hazard ratio
OR  Odds ratio
CI  Confidence interval
TNT  Total neoadjuvant therapy
RCT   Randomized controlled trials

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12957- 024- 03300-0.

Additional file 1: Figure S1. The funnel plot for publication bias. A. Over-
all survival; B. Disease-free survival; C. Recurrence-free survival, Table S1. 
The NOS score of included studies, Table S2. PRISMA 2020 Checklist, 
Table S3. The strategy of literature search.

Acknowledgements
Not applicable.

Authors’ contributions
J.Y. research conception, data collection, data analysis, and manuscript writing. 
Q.D. Data collection and analysis. Y.C. Data collection and literature search. Z.F. 
Literature retrieval and data extraction. X.W. conception, supervision, review, 
editing. All authors reviewed the manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article. Further inquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of General Surgery, The Third Affiliated Hospital of Chongqing 
Medical University, Chongqing 401120, China. 2 Department of Gastrointes-
tinal Surgery, The First Affiliated Hospital of Chongqing Medical University, 
Chongqing 400016, China. 

Received: 25 August 2023   Accepted: 13 January 2024

References
 1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer 

J Clin. 2022;72(1):7–33.

https://doi.org/10.1186/s12957-024-03300-0
https://doi.org/10.1186/s12957-024-03300-0


Page 15 of 16Yang et al. World Journal of Surgical Oncology           (2024) 22:31  

 2. Siegel RL, Wagle NS, Cercek A, Smith RA, Jemal A. Colorectal cancer 
statistics, 2023. CA Cancer J Clin. 2023;73(3):233–54.

 3. Sauer R, Becker H, Hohenberger W, et al. Preoperative versus post-
operative chemoradiotherapy for rectal cancer. N Engl J Med. 
2004;351(17):1731–40.

 4. van der Valk MJM, Hilling DE, Bastiaannet E, et al. Long-term outcomes of 
clinical complete responders after neoadjuvant treatment for rectal can-
cer in the International Watch & Wait Database (IWWD): an international 
multicentre registry study. Lancet. 2018;391(10139):2537–45.

 5. Wasmuth HH, Rekstad LC, Tranø G. The outcome and the frequency 
of pathological complete response after neoadjuvant radiotherapy in 
curative resections for advanced rectal cancer: a population-based study. 
Colorectal Dis. 2016;18(1):67–72.

 6. Zorcolo L, Rosman AS, Restivo A, et al. Complete pathologic response 
after combined modality treatment for rectal cancer and long-term 
survival: a meta-analysis. Ann Surg Oncol. 2012;19(9):2822–32.

 7. Li JY, Huang XZ, Gao P, et al. Survival landscape of different tumor regres-
sion grades and pathologic complete response in rectal cancer after 
neoadjuvant therapy based on reconstructed individual patient data. 
BMC Cancer. 2021;21(1):1214.

 8. Benson AB, Venook AP, Al-Hawary MM, et al. Rectal Cancer, Version 2.202, 
NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 
2022;20(10):1139–67.

 9. Sun Z, Gilmore B, Adam MA, et al. Adjuvant chemotherapy after preoper-
ative chemoradiation improves survival in patients with locally advanced 
rectal cancer. Dis Colon Rectum. 2017;60(10):1050–6.

 10. Liao H, Zeng T, Xie X, et al. Adjuvant chemotherapy does not improve can-
cer-specific survival for pathologic stage II/III rectal adenocarcinoma after 
neoadjuvant chemoradiotherapy and surgery: evidence based on long-
term survival analysis from SEER data. Int J Colorectal Dis. 2023;38(1):134.

 11. Baird DLH, Denost Q, Simillis C, et al. The effect of adjuvant chemotherapy 
on survival and recurrence after curative rectal cancer surgery in patients 
who are histologically node negative after neoadjuvant chemoradio-
therapy. Colorectal Dis. 2017;19(11):980–6.

 12. Sauer R, Fietkau R, Wittekind C, et al. Adjuvant versus neoadjuvant 
radiochemotherapy for locally advanced rectal cancer A progress report 
of a phase-III randomized trial (protocol CAO/ARO/AIO-94). Strahlenther 
Onkol. 2001;177(4):173–81.

 13. Bosset JF, Collette L, Calais G, et al. Chemotherapy with preoperative 
radiotherapy in rectal cancer. N Engl J Med. 2006;355(11):1114–23.

 14. Gérard JP, Azria D, Gourgou-Bourgade S, et al. Comparison of two neoad-
juvant chemoradiotherapy regimens for locally advanced rectal cancer: 
results of the phase III trial ACCORD 12/0405-Prodige 2. J Clin Oncol. 
2010;28(10):1638–44.

 15. Capirci C, Valentini V, Cionini L, et al. Prognostic value of pathologic 
complete response after neoadjuvant therapy in locally advanced rectal 
cancer: long-term analysis of 566 ypCR patients. Int J Radiat Oncol Biol 
Phys. 2008;72(1):99–107.

 16. He F, Ju HQ, Ding Y, et al. Association between adjuvant chemotherapy 
and survival in patients with rectal cancer and pathological complete 
response after neoadjuvant chemoradiotherapy and resection. Br J 
Cancer. 2020;123(8):1244–52.

 17. Chen M, Zhang J, Hou Y, et al. Clinical significance of adjuvant chemo-
therapy for pathological complete response rectal cancer patients with 
acellular mucin pools after neoadjuvant chemoradiotherapy. Therap Adv 
Gastroenterol. 2023;16:17562848221117876.

 18. Morris MC, Winer LK, Lee TC, Shah SA, Rafferty JF, Paquette IM. Omis-
sion of adjuvant chemotherapy in rectal cancer patients with 
pathologic complete response: a national analysis. J Gastrointest Surg. 
2021;25(7):1857–65.

 19. Lai SH, Vogel JD, Vemuru S, et al. Improved survival after adjuvant therapy 
in locally advanced rectal cancer patients with pathologic complete 
response. Dis Colon Rectum. 2023;66(7):983–93.

 20. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021;372: n71.

 21. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J 
Epidemiol. 2010;25(9):603–5.

 22. Parmar MK, Torri V, Stewart L. Extracting summary statistics to perform 
meta-analyses of the published literature for survival endpoints. Stat Med. 
1998;17(24):2815–34.

 23. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods 
for incorporating summary time-to-event data into meta-analysis. Trials. 
2007;8:16.

 24. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta-analyses. BMJ. 2003;327(7414):557–60.

 25. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis 
detected by a simple, graphical test. BMJ. 1997;315(7109):629–34.

 26. Bliggenstorfer JT, Ginesi M, Steinhagen E, Stein SL. Lymph node yield after 
rectal resection is a predictor of survival among patients with node-
negative rectal adenocarcinoma. Surgery. 2022;172(5):1292–9.

 27. Fukui Y, Hida K, Hoshino N, et al. Oncologic benefit of adjuvant chemo-
therapy for locally advanced rectal cancer after neoadjuvant chemora-
diotherapy and curative surgery with selective lateral pelvic lymph node 
dissection: an international retrospective cohort study. Eur J Surg Oncol. 
2022;48(7):1631–7.

 28. Kuo YH, Lin YT, Ho CH, et al. Adjuvant chemotherapy and survival 
outcomes in rectal cancer patients with good response (ypT0-2N0) after 
neoadjuvant chemoradiotherapy and surgery: a retrospective nationwide 
analysis. Front Oncol. 2022;12:1087778.

 29. Naffouje SA, Liu YJ, Kamarajah SK, Salti GI, Dahdaleh F. Adjuvant chemo-
therapy after neoadjuvant chemoradiation and proctectomy improves 
survival irrespective of pathologic response in rectal adenocarcinoma: a 
population-based cohort study. Int J Colorectal Dis. 2022;37(10):2137–48.

 30. Jiang T, Liu S, Wu X, et al. Nomogram to predict distant metastasis prob-
ability for pathological complete response rectal cancer patients after 
neoadjuvant chemoradiotherapy. Cancer Manag Res. 2021;13:4751–61.

 31. Gahagan JV, Whealon MD, Phelan MJ, et al. Improved survival with adju-
vant chemotherapy in locally advanced rectal cancer patients treated 
with preoperative chemoradiation regardless of pathologic response. 
Surg Oncol. 2020;32:35–40.

 32. Voss RK, Lin JC, Roper MT, et al. Adjuvant chemotherapy does not 
improve recurrence-free survival in patients with stage 2 or stage 3 rectal 
cancer after neoadjuvant chemoradiotherapy and total mesorectal exci-
sion. Dis Colon Rectum. 2020;63(4):427–40.

 33. Hu X, Li YQ, Ma XJ, Zhang L, Cai SJ, Peng JJ. Adjuvant chemotherapy for 
rectal cancer with complete pathological response (pCR) may not be 
necessary: a pooled analysis of 5491 patients. Cancer Cell Int. 2019;19:127.

 34. Nguyen A, James DR, Dozois EJ, Kelley SR, Mathis KL. The role of adjuvant 
chemotherapy in ypT0N0 rectal adenocarcinoma. J Gastrointest Surg. 
2019;23(11):2263–8.

 35. Dossa F, Acuna SA, Rickles AS, et al. Association between adjuvant 
chemotherapy and overall survival in patients with rectal cancer and 
pathological complete response after neoadjuvant chemotherapy and 
resection. JAMA Oncol. 2018;4(7):930–7.

 36. Lu Z, Cheng P, Zhang MG, Wang XS, Zheng ZX. Is adjuvant chemotherapy 
necessary for patients with ypT0-2N0 rectal cancer treated with neoadju-
vant chemoradiotherapy and curative surgery? Gastroenterol Rep (Oxf ). 
2018;6(4):277–83.

 37. Peng JH, Lin JZ, Rong YM, et al. Oxaliplatin-containing adjuvant chemo-
therapy improves the survival of locally advanced rectal cancer patients 
with pathological complete response after pre-operative chemoradio-
therapy. Gastroenterol Rep (Oxf ). 2018;6(3):195–201.

 38. Polanco PM, Mokdad AA, Zhu H, Choti MA, Huerta S. Association of adju-
vant chemotherapy with overall survival in patients with rectal cancer 
and pathologic complete response following neoadjuvant chemother-
apy and resection. JAMA Oncol. 2018;4(7):938–43.

 39. Turner MC, Keenan JE, Rushing CN, et al. Adjuvant chemotherapy 
improves survival following resection of locally advanced rectal 
cancer with pathologic complete response. J Gastrointest Surg. 
2019;23(8):1614–22.

 40. Gamaleldin M, Church JM, Stocchi L, Kalady M, Liska D, Gorgun E. Is 
routine use of adjuvant chemotherapy for rectal cancer with complete 
pathological response justified? Am J Surg. 2017;213(3):478–83.

 41. Lichthardt S, Zenorini L, Wagner J, et al. Impact of adjuvant chemo-
therapy after neoadjuvant radio- or radiochemotherapy for patients 
with locally advanced rectal cancer. J Cancer Res Clin Oncol. 
2017;143(11):2363–73.

 42. Lorenzon L, Parini D, Rega D, et al. Long-term outcomes in ypT0 rectal 
cancers: an international multi-centric investigation on behalf of Italian 
Society of Surgical Oncology Young Board (YSICO). Eur J Surg Oncol. 
2017;43(8):1472–80.



Page 16 of 16Yang et al. World Journal of Surgical Oncology           (2024) 22:31 

 43. Shahab D, Gabriel E, Attwood K, et al. Adjuvant chemotherapy is associ-
ated with improved overall survival in locally advanced rectal cancer after 
achievement of a pathologic complete response to chemoradiation. Clin 
Colorectal Cancer. 2017;16(4):300–7.

 44. Kim CG, Ahn JB, Shin SJ, et al. Role of adjuvant chemotherapy in locally 
advanced rectal cancer with ypT0-3N0 after preoperative chemoradiation 
therapy and surgery. BMC Cancer. 2017;17(1):615.

 45. Kuan FC, Lai CH, Ku HY, et al. The survival impact of delayed surgery and 
adjuvant chemotherapy on stage II/III rectal cancer with pathological 
complete response after neoadjuvant chemoradiation. Int J Cancer. 
2017;140(7):1662–9.

 46. Tay RY, Jamnagerwalla M, Steel M, et al. Survival impact of adjuvant 
chemotherapy for resected locally advanced rectal adenocarcinoma. Clin 
Colorectal Cancer. 2017;16(2):e45–54.

 47. Xu Z, Mohile SG, Tejani MA, et al. Poor compliance with adjuvant chemo-
therapy use associated with poorer survival in patients with rectal cancer: 
an NCDB analysis. Cancer. 2017;123(1):52–61.

 48. Zhou J, Qiu H, Lin G, et al. Is adjuvant chemotherapy necessary for 
patients with pathological complete response after neoadjuvant chemo-
radiotherapy and radical surgery in locally advanced rectal cancer? 
Long-term analysis of 40 ypCR patients at a single center. Int J Colorectal 
Dis. 2016;31(6):1163–8.

 49. Lee KH, Kim JC, Kim JY, Kim JS. Oncologic results and prognostic predic-
tors of patients with locally advanced rectal cancer showing ypN0 after 
radical surgery following neoadjuvant chemoradiotherapy. Int J Colorec-
tal Dis. 2015;30(8):1041–50.

 50. Maas M, Nelemans PJ, Valentini V, et al. Adjuvant chemotherapy in rectal 
cancer: defining subgroups who may benefit after neoadjuvant chemo-
radiation and resection: a pooled analysis of 3,313 patients. Int J Cancer. 
2015;137(1):212–20. https:// doi. org/ 10. 1002/ ijc. 29355.

 51. Geva R, Itzkovich E, Shamai S, et al. Is there a role for adjuvant chemo-
therapy in pathological complete response rectal cancer tumors 
following neoadjuvant chemoradiotherapy? J Cancer Res Clin Oncol. 
2014;140(9):1489–94.

 52. Kiran RP, Kirat HT, Burgess AN, Nisar PJ, Kalady MF, Lavery IC. Is adjuvant 
chemotherapy really needed after curative surgery for rectal cancer 
patients who are node-negative after neoadjuvant chemoradiotherapy? 
Ann Surg Oncol. 2012;19(4):1206–12.

 53. Govindarajan A, Reidy D, Weiser MR, et al. Recurrence rates and prognos-
tic factors in ypN0 rectal cancer after neoadjuvant chemoradiation and 
total mesorectal excision. Ann Surg Oncol. 2011;18(13):3666–72.

 54. Yeo SG, Kim DY, Kim TH, et al. Pathologic complete response of primary 
tumor following preoperative chemoradiotherapy for locally advanced 
rectal cancer: long-term outcomes and prognostic significance of patho-
logic nodal status (KROG 09–01). Ann Surg. 2010;252(6):998–1004.

 55. André T, Boni C, Navarro M, et al. Improved overall survival with oxalipl-
atin, fluorouracil, and leucovorin as adjuvant treatment in stage II or III 
colon cancer in the MOSAIC trial. J Clin Oncol. 2009;27(19):3109–16.

 56. Twelves C, Wong A, Nowacki MP, et al. Capecitabine as adjuvant treat-
ment for stage III colon cancer. N Engl J Med. 2005;352(26):2696–704.

 57. Petersen SH, Harling H, Kirkeby LT, Wille-Jørgensen P, Mocellin S. Post-
operative adjuvant chemotherapy in rectal cancer operated for cure. 
Cochrane Database Syst Rev. 2012;2012(3):004078.

 58. Glynne-Jones R, Wyrwicz L, Tiret E, et al. Rectal cancer: ESMO Clinical 
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2018;29(Suppl 4):iv263.

 59. Bosset JF, Calais G, Mineur L, et al. Fluorouracil-based adjuvant 
chemotherapy after preoperative chemoradiotherapy in rectal cancer: 
long-term results of the EORTC 22921 randomised study. Lancet Oncol. 
2014;15(2):184–90.

 60. Collette L, Bosset JF, den Dulk M, et al. Patients with curative resection of 
cT3-4 rectal cancer after preoperative radiotherapy or radiochemother-
apy: does anybody benefit from adjuvant fluorouracil-based chemo-
therapy? A trial of the European Organisation for Research and Treatment 
of Cancer Radiation Oncology Group. J Clin Oncol. 2007;25(28):4379–86.

 61. Breugom AJ, van Gijn W, Muller EW, et al. Adjuvant chemotherapy for 
rectal cancer patients treated with preoperative (chemo)radiotherapy 
and total mesorectal excision: a Dutch Colorectal Cancer Group (DCCG) 
randomized phase III trial. Ann Oncol. 2015;26(4):696–701.

 62. Sainato A, Cernusco Luna Nunzia V, Valentini V, et al. No benefit of 
adjuvant Fluorouracil Leucovorin chemotherapy after neoadjuvant 

chemoradiotherapy in locally advanced cancer of the rectum (LARC). 
Radiother Oncol. 2014;113(2):223–9.

 63. Li JY, Huang XZ, Gao P, et al. Postoperative adjuvant treatment strategy for 
locally advanced rectal cancer after neoadjuvant treatment. Biomed Res 
Int. 2021;2021:8852699.

 64. Haynes AB, You YN, Hu CY, et al. Postoperative chemotherapy use after 
neoadjuvant chemoradiotherapy for rectal cancer: analysis of surveil-
lance, epidemiology, and end results-Medicare data, 1998–2007. Cancer. 
2014;120(8):1162–70.

 65. Ma B, Ren Y, Chen Y, et al. Is adjuvant chemotherapy necessary for locally 
advanced rectal cancer patients with pathological complete response 
after neoadjuvant chemoradiotherapy and radical surgery? A systematic 
review and meta-analysis. Int J Colorectal Dis. 2019;34(1):113–21.

 66. Lim YJ, Kim Y, Kong M. Adjuvant chemotherapy in rectal cancer patients 
who achieved a pathological complete response after preoperative 
chemoradiotherapy: a systematic review and meta-analysis. Sci Rep. 
2019;9(1):10008.

 67. Baloyiannis I, Perivoliotis K, Vederaki S, Koukoulis G, Symeonidis D, Tzo-
varas G. Current evidence regarding the role of adjuvant chemotherapy 
in rectal cancer patients with pathologic complete response after neoad-
juvant chemoradiotherapy: a systematic review and meta-analysis. Int J 
Colorectal Dis. 2021;36(7):1395–406.

 68. Bliggenstorfer JT, Bingmer K, Ofshteyn A, Stein SL, Charles R, Steinha-
gen E. Neoadjuvant radiation above NCCN guidelines for rectal cancer 
is associated with age under 50 and early clinical stage. Surg Endosc. 
2022;36(5):2925–35.

 69. Wu L, Pang S, Yao Q, et al. Population-based study of effectiveness of neo-
adjuvant radiotherapy on survival in US rectal cancer patients according 
to age. Sci Rep. 2017;7(1):3471.

 70. Jamnagerwalla M, Tay R, Steel M, et al. Impact of surgical complications 
following resection of locally advanced rectal adenocarcinoma on adju-
vant chemotherapy delivery and survival outcomes. Dis Colon Rectum. 
2016;59(10):916–24.

 71. Tsai KY, You JF, Huang SH, et al. Comparison of clinical outcomes of stoma 
reversal during versus after chemotherapy for rectal cancer patients. 
Langenbecks Arch Surg. 2023;408(1):274.

 72. Cercek A, Goodman KA, Hajj C, et al. Neoadjuvant chemotherapy 
first, followed by chemoradiation and then surgery, in the manage-
ment of locally advanced rectal cancer. J Natl Compr Canc Netw. 
2014;12(4):513–9.

 73. Chau I, Brown G, Cunningham D, et al. Neoadjuvant capecitabine and 
oxaliplatin followed by synchronous chemoradiation and total meso-
rectal excision in magnetic resonance imaging-defined poor-risk rectal 
cancer. J Clin Oncol. 2006;24(4):668–74.

 74. Zhang X, Ma S, Guo Y, Luo Y, Li L. Total neoadjuvant therapy versus stand-
ard therapy in locally advanced rectal cancer: a systematic review and 
meta-analysis of 15 trials. PLoS ONE. 2022;17(11): e0276599.

 75. Kasi A, Abbasi S, Handa S, et al. Total neoadjuvant therapy vs standard 
therapy in locally advanced rectal cancer: a systematic review and meta-
analysis. JAMA Netw Open. 2020;3(12): e2030097.

 76. Liu S, Jiang T, Xiao L, et al. Total neoadjuvant therapy (TNT) versus stand-
ard neoadjuvant chemoradiotherapy for locally advanced rectal cancer: a 
systematic review and meta-analysis. Oncologist. 2021;26(9):e1555–66.

 77. Fokas E, Schlenska-Lange A, Polat B, et al. Chemoradiotherapy plus 
induction or consolidation chemotherapy as total neoadjuvant therapy 
for patients with locally advanced rectal cancer: long-term results of 
the CAO/ARO/AIO-12 randomized clinical trial. JAMA Oncol. 2022;8(1): 
e215445.

 78. Garcia-Aguilar J, Patil S, Gollub MJ, et al. Organ preservation in patients 
with rectal adenocarcinoma treated with total neoadjuvant therapy. J 
Clin Oncol. 2022;40(23):2546–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/ijc.29355

	Effect of adjuvant chemotherapy on the oncological outcome of rectal cancer patients with pathological complete response
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Literature search strategy
	Eligibility criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature selection and characteristics
	The oncological outcome in pCR patients with or without ACT
	Overall survival
	Disease-free survival
	Recurrence-free survival
	Subgroup analysis

	Publication bias

	Discussion
	Conclusion
	Acknowledgements
	References


