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Abstract
Background Colorectal cancer (CRC) frequently metastasizes to the liver and lungs, leading to poor prognosis. 
Advances in chemotherapy, minimally invasive surgery, and perioperative care have expanded adjuvant 
chemotherapy (AC) regimens and eligibility for AC. However, the impact of AC after curative resection of distant 
metastases on recurrence and prognosis remains uncertain. This study evaluated the role of AC in CRC liver and lung 
metastases, focusing on cases with curative resection based on the latest studies published in the past five years.

Methods This systematic review followed PRISMA guidelines. Literature searches of Medline and Cochrane Library 
(2019–2023) identified studies on AC or observation after curative resection of CRC metastases, reporting outcomes 
such as overall survival (OS) and disease-free survival (DFS). Data analysis was performed using Review Manager and R 
software, with results expressed as hazard ratios (HR) and 95% confidence intervals (CI).

Results Seven studies met the eligibility criteria, including one randomized controlled trial and six retrospective 
studies, encompassing 1580 patients who underwent curative resection (R0) for CRC metastases. This meta-analysis 
showed a positive trend in OS for the AC group compared to that for the surgery-alone group (HR 0.86, 95% CI: 0.73–
1.01; p = 0.06), but the difference was insignificant. AC significantly improved DFS (HR 0.81, 95% CI: 0.66–0.99; p = 0.04). 
Subgroup analysis indicated that AC significantly improved DFS and tended to improve OS for liver metastasis. In 
contrast, AC did not improve OS in cases of lung metastasis.

Conclusions This meta-analysis suggests that AC demonstrated significant positive effects on DFS. Moreover, 
AC could contribute to improvements in OS. These findings, supported by the latest research, reinforce the 
recommendation of AC as a valuable strategy for improving both recurrence and survival outcomes in patients with 
curatively resected distant CRC metastases.
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Background
Colorectal cancer (CRC) is one of the most prevalent 
cancers worldwide, along with breast, pulmonary, and 
prostate cancers [1]. CRC frequently spreads to other 
organs, with the liver being the most common site of 
metastasis, followed by the lungs [2, 3]. The prognosis 
of liver and lung metastases of CRC was initially poor. 
Recently, significant advancements in effective chemo-
therapy, expansion of surgical criteria, development of 
innovative surgical techniques, and improvement in radi-
ation therapy have led to substantial improvements in 
survival rates [4, 5].

Adjuvant chemotherapy (AC) improves postopera-
tive survival by eliminating micrometastatic deposits in 
patients with cancer at risk of recurrence [6]. Previous 
randomized controlled trials (RCTs) have shown that flu-
orouracil-based AC improves disease-free survival (DFS, 
5-year DFS AC group 33.5% vs. Surgery-alone group 
26.7%) and recurrence-free survival (RFS, 3-year RFS AC 
group 38.6% vs. Surgery-alone group 32.3%) after cura-
tive resection of CRC liver metastases but has no impact 
on overall survival (OS) [7, 8]. Additionally, a meta-anal-
ysis reported no efficacy of AC for CRC lung metastases, 
but it included cases of incomplete resection (microscop-
ically, R1, or macroscopically residual, R2), warranting 
further investigation [9–11].

Fluorouracil-based AC was initially used for treatment; 
in recent years, more potent regimens, such as oxalipla-
tin, have been introduced [12]. Moreover, the widespread 
adoption of minimally invasive surgery, including less 
invasive approaches to traditionally high-risk procedures 
such as liver and lung resections, and advancements in 
perioperative management enabled faster recovery times 
and improved overall treatment tolerability, thereby 
broadening the scope of patients who can safely undergo 
AC [13–16]. With these recent advancements, we 
hypothesized that the administration of AC after cura-
tive resection for liver and lung metastases in CRC may 
improve recurrence and survival outcomes. Therefore, in 
this meta-analysis, we aimed to evaluate the impact of AC 
on liver and lung metastases in CRC, expressly limited 
to cases with curative resection (R0), based on the latest 
research published in the past five years (2019–2023).

Methods
Literature search methodology
This systematic review adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) standards [17]. A thorough literature search 
of articles indexed in the Medline, Cochrane Library 
databases, and Web of Science was conducted using the 
following terms: (‘chemotheraphy’ OR ‘adjuvant’ OR 
‘postoperat’) AND (‘liver neoplasms’ OR ‘lung neoplasms’ 
OR ‘metasta’) AND (‘colorectal neoplasms’ OR ‘colon’ OR 

‘rectum’ OR ‘cancer’ OR ‘carcinoma’) AND (‘prognosis’ 
OR ‘mortality’ OR ‘survival analysis’ OR ‘outcome’) AND 
(2019–2023). The detailed literature search strategy is 
presented in Supplemental Table 1. This study was reg-
istered in PROSPERO (CRD42024570490;  h t t p  s : /  / w w w  . c  
r d .  y o r  k . a c  . u  k / P  R O S  P E R O  / d  i s p  l a y  _ r e c  o r  d . p h p ? R e c o r d I D 
= 5 7 0 4 9 0). The analysis was limited to studies published 
between 2019 and 2023, as this timeframe was selected to 
reflect the most recent advancements in chemotherapy, 
surgical techniques, and perioperative management. A 
final literature search was performed on December 18, 
2024. The PRISMA 2020 checklist is available in Supple-
mental Table 2.

Eligibility criteria
The search strategy was used to identify relevant studies 
from the selected databases. Two independent research-
ers systematically reviewed the studies according to the 
PRISMA guidelines. After eliminating duplicates, the 
researchers screened the studies based on titles and 
abstracts. Only studies that met the predefined inclu-
sion and exclusion criteria were advanced to the next 
stage, where a thorough review of the full text was con-
ducted. The inclusion criteria were as follows: (1) radical 
surgery for distant metastasis of CRC; (2) AC or obser-
vation after pathological CR; and (3) outcomes including 
estimate values (hazard ratio [HR] with 95% confidence 
interval [CI]) for survival, and/or recurrence. The exclu-
sion criteria were as follows: (1) pathological non-cura-
tive resection (R1, R2); (2) no desired outcome reported; 
(3) neoadjuvant chemotherapy only, without AC; and (4) 
abstracts, meta-analyses, reviews, comments, and letters 
(Fig. 1).

Data extraction
Two reviewers independently screened potential 
abstracts and full texts based on the inclusion criteria. 
The two reviewers extracted all data from the eligible 
studies to maintain data consistency and integrity. Any 
discrepancies were resolved through discussions with a 
third independent reviewer.

The extracted information included general informa-
tion such as author names, publication date, source of 
data, and study period. Essential clinical characteristics 
such as age, sex, metastatic site, timing of metastasis, AC 
regimen, location of the primary colorectal cancer, pres-
ence or absence of preoperative chemotherapy, and fol-
low-up duration were also recorded.

Quality and bias assessment
The two reviewers assessed the risk of bias and quality. 
The risk of bias in non-randomized studies of interven-
tions (ROBINS-I) tool [18] and revised Cochrane risk-
of-bias tool for randomized trials (ROB2) [19] were 

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=570490
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=570490
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=570490
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used to assess the risk of bias in the retrospective stud-
ies and RCT included in this study, respectively. Funnel 
plots were used to evaluate publication bias. The Grades 
of Recommendation, Assessment, Development and 
Evaluation Working Group (GRADE) framework was 
employed to assess the level of evidence [20].

Outcome measures
The primary outcome was OS, and the secondary out-
come was DFS. This study integrated RFS into DFS for 
analysis, treating them as equivalent to evaluating the 
time to disease recurrence. To assess the impact of AC 
on long-term outcomes in detail, a subgroup analysis was 
carried out on the effects of the presence or absence of 
neoadjuvant chemotherapy and metastatic site (liver or 
lung). Furthermore, we assessed the significance of the 
study design (RCT or retrospective study).

Statistical analysis
Analyses were performed using Review Manager version 
5.4 (The Cochrane Collaboration, Oxford, UK) and R 
software (version 4.4.1, R Foundation for Statistical Com-
puting). Pooled analysis was performed using the Man-
tel–Haenszel model, and the values are reported as HR 
with 95% CI. The Z test was used to determine the signif-
icance of pooled HR. Begg’s test quantitatively assessed 
publication bias. p < 0.050 was considered statistically 
significant.

Statistical heterogeneity for each pooled estimate was 
evaluated using Cochran’s χ2 test and quantified using 
the I2 statistic. In this study, we used a random-effects 
model to assess the results, as the meta-analysis was 
small in scale, and the patient characteristics were not 
adequately matched.

Fig. 1 Flow chart of study selection
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Results
Characteristics of included studies
In total, 403 studies were identified using the search strat-
egy. A total of 389 studies were identified after manually 
removing duplicates, and seven full-text studies met the 
eligibility criteria for inclusion after the final assessment 
[21–27]. The PRISMA flow diagram shows the selection 
strategy and procedure (Fig. 1).

Of the seven studies, two were RCT, and the remain-
ing six were retrospective (Table 1). In addition, the bias 
of the included studies was graded as low to serious 
(Figs. 2 and 3, and Supplemental Table 3), and the funnel 
plots and Begg’s test showed no publication bias (Fig. 4, 
p = 0.77). According to the GRADE framework, the spe-
cific details of evidence-level evaluation are shown in 
Supplemental Table 4, with very low to moderate levels.

Patient characteristics
A total of 1580 patients who underwent curative resec-
tion for distant metastases of CRC were included. Among 
these, 782 and 798 patients were included in the AC and 
surgery-alone groups, respectively. Distant metastases 
occurred as metachronous metastasis in 66.9% of cases. 
A total of 78.7% of patients received oxaliplatin- or iri-
notecan-based chemotherapy regimens (Table  1). The 
median observation period was 79.4 months. Two stud-
ies included patients who received neoadjuvant chemo-
therapy [22, 27].

Primary outcome
OS tended to improve in the AC group compared to the 
surgery-alone group, but there was no significant differ-
ence (HR 0.86, 95% CI: 0.73–1.01; p = 0.06; Fig. 5a).

Secondary outcome
DFS significantly improved in the AC group compared 
to the surgery-alone group (HR 0.81, 95% CI: 0.66–0.99; 
p = 0.04; Fig. 5b).

Subgroup analysis
We performed the same analysis, excluding the two stud-
ies that included patients who received neoadjuvant che-
motherapy [22, 27]. DFS remained significantly improved 
in the AC group compared with the surgery-alone group 
(HR 0.77, 95% CI: 0.60–0.99; p = 0.03), with no difference 
in OS between the groups (Fig. 6).

The efficacy of AC was further evaluated according to 
the metastatic organ in CRC. In cases of liver metasta-
sis, DFS significantly improved in the AC group com-
pared with that in the surgery-alone group (HR 0.75, 95% 
CI: 0.65–0.87), and OS showed a notable trend toward 
improvement; however, there was no statistically sig-
nificant difference between the groups (Fig.  7a, b). In 

contrast, for lung metastases, no improvement in OS was 
observed in the AC group (Fig. 7c).

Finally, we evaluated the significance of the study 
design. The RCT analysis revealed no significant effect 
of AC for OS (Fig. 8a), while the retrospective study sug-
gested a potential benefit of AC (HR 0.79, 95% CI: 0.61–
1.02; p = 0.07; Fig. 8b).

Discussion
In this systematic review and meta-analysis, we assessed 
the efficacy of AC following curative resection for distant 
metastases of CRC based on studies published from 2019 
onward. Our findings confirmed the advantage of AC in 
reducing recurrence while also showing a positive trend 
toward improved OS. The previous meta-analysis of AC 
after distant metastasis of CRC was based primarily on 
studies from the 2000s to early 2010s [28], necessitating 
a re-examination using more recent data. Our results, 
based on the latest research, further emphasize the ben-
efit of AC for both preventing recurrence and potentially 
improving survival after curative resection for distant 
CRC metastases.

Recent understanding of AC has suggested its benefi-
cial role in patients with CRC. For stage III and selected 
patients with stage II CRC, a fluorouracil-based regimen 
improved absolute survival by 5–10%, and the oxalipl-
atin-based regimen reduced the relative risk of recur-
rence of stage III disease to approximately 30% [29, 30]. 
Administering AC after resection of distant metastases, 
including perioperative chemotherapy combined with 
neoadjuvant chemotherapy, is recommended in various 
guidelines; however, it is not yet universally accepted as 
standard treatment [31, 32]. One contributing factor to 
this recommendation is that AC after resectioning dis-
tant metastases is recognized for reducing recurrence but 
not improving survival [31]. Although our study did not 
observe a significant difference, we identified a trend sug-
gesting that AC contributed to extending OS, affirming 
its potential benefit. This result may be attributed to the 
expansion of AC regimens and enhanced eligibility for 
AC through advancements in minimally invasive surgery 
and perioperative management. Restricting the review 
to studies published in the past five years (2019–2023) 
allowed for incorporating the most recent advancements 
in the field.

The current recommendations for AC for curative 
resection of liver metastasis are based on the results of 
the EORTC Intergroup Trial 40,983 comparing periop-
erative FOLFOX4 chemotherapy and surgery versus sur-
gery alone for resectable liver metastases from CRC [33, 
34]. Owing to the potential impact of preoperative treat-
ment on outcomes, these results regarding its efficacy 
should be considered with caution. We conducted a sub-
group analysis excluding studies that used perioperative 
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Fig. 3 Evaluation of the risk of bias using the ROB2 for randomized studies ROB2, risk of bias assessment tool 2.0

 

Fig. 2 Evaluation of the risk of bias utilizing the ROBINS-I tool for cohort studies (a) Risk of bias summary for each included study, (b) Risk of bias graph 
for the included studies ROBINS-I, risk of bias in non-randomized studies of interventions
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chemotherapy. This analysis showed a significant exten-
sion of DFS and the potential to improve OS, confirming 
its potential benefit of AC alone. Conversely, a National 
Database study reported differences in the effectiveness 
of neoadjuvant chemotherapy compared to AC at the 
time of curative resection for liver or lung metastases 
[35]. This study found that neoadjuvant chemotherapy 
demonstrated superior outcomes in non-academic cen-
ters, whereas this superiority was not observed in aca-
demic centers [35]. A high-quality prospective RCT is 
essential to determine whether preoperative chemother-
apy or AC is superior as the optimal treatment strategy 
for the resection of distant metastases in CRC.

The subgroup analysis by organ metastasis confirmed 
the efficacy of AC for liver metastasis, similar to the 
overall analysis. AC showed extreme efficacy in improv-
ing DFS, consistent with the most recent meta-analysis 
[36]. In contrast, the analysis did not confirm the efficacy 
of AC for lung metastasis, which aligns with a previous 
meta-analysis [9]. In general, liver metastases have a 
poorer prognosis than lung metastases [37, 38], suggest-
ing they may have benefited more from AC. Additionally, 

the different therapeutic effects may be due to molecular 
differences, e.g., KRAS mutation, BRAF, and microsatel-
lite instability, depending on the metastatic site [38–40]. 
We believe selecting AC based on molecular biomark-
ers is crucial for identifying the most effective treatment 
strategy. In contrast, a recent meta-analysis revealed that 
perioperative chemotherapy for lung metastasis reduces 
recurrence and improves prognosis [39]. Periopera-
tive chemotherapy, not AC alone, may contribute to the 
improvement of prognosis and recurrence in lung metas-
tasis. Further research is needed to understand the treat-
ment interventions for lung metastases fully.

The lack of a significant difference in OS may be attrib-
uted to the treatment strategies employed after recur-
rence. In CRC with liver metastases, approximately 
60–70% of patients experience a recurrence in the 
remaining liver [41]. Systemic chemotherapy and repeat 
hepatectomy are common treatment options for such 
recurrences, and aggressive repeat hepatectomy can 
improve prognosis [42]. Large-scale retrospective studies 
have also demonstrated that repeated aggressive hepatec-
tomies positively impact both OS and DFS, regardless of 
the use of AC [43]. Similarly, repeated pulmonary resec-
tions contribute to favorable outcomes in cases of lung 
metastases [44]. Therefore, these potential improvements 
from repeated surgical interventions might obscure the 
specific impact of AC on OS.

This study has several limitations. Most included stud-
ies were retrospective, providing very low to moderate-
quality evidence. Different results for OS were observed 
between the RCTs and retrospective studies, with the lat-
ter showing positive trends in AC. Therefore, the poten-
tial bias inherent in observational study designs warrants 
careful evaluation. Furthermore, the heterogeneity in 
chemotherapy regimens and the lack of uniformity in 
clinical and oncological characteristics—such as the 
number, size, and timing of metastases—pose challenges 
to standardization. Addressing these issues is crucial 
for enabling more accurate evaluations and advancing 
research into the efficacy of AC following curative resec-
tion of distant CRC metastases.

Fig. 4 Funnel plot of the included studies
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Fig. 5 Hazard ratio analysis for adjuvant chemotherapy vs. surgery alone. (a) overall survival, (b) disease-free survival
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Fig. 6 Subgroup analysis for adjuvant chemotherapy vs. surgery alone excluding those who received neoadjuvant chemotherapy (a) overall survival, (b) 
disease-free survival
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Fig. 7 Subgroup analysis for adjuvant chemotherapy vs. surgery alone by metastatic site (a, b) liver metastasis; (a) overall survival, (b) disease-free survival, 
(c) lung metastasis; overall survival
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Conclusions
This meta-analysis highlights the beneficial role of AC in 
reducing recurrence and suggests a potential improve-
ment in OS following curative resection of distant metas-
tases in CRC. Particularly, AC appears to be effective for 
liver metastases. These results should be interpreted cau-
tiously due to the high heterogeneity of the patient popu-
lations and outcomes in the available studies.
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