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Background

Neoadjuvant chemoradiotherapy has emerged as the established treatment for locally advanced rectal cancer. Nevertheless, there remains a debate regarding the necessity of adjuvant chemotherapy for patients with locally advanced rectal cancer who exhibit a favorable tumor response (ypT0-2N0) after neoadjuvant chemoradiotherapy and surgery. Thus, the objective of this study is to investigate the impact of adjuvant chemotherapy on the oncological prognosis of rectal cancer patients who have a good response to neoadjuvant chemoradiotherapy.





Materials and methods

The study was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses protocol. Articles were searched in the Web of Science, PubMed, and Cochrane Library databases. The primary outcomes assessed were 5-year overall survival, disease-free survival, cancer-specific survival, recurrence-free survival, local recurrence, and distant metastasis. The data was summarized using a random effects model.





Results

A meta-analysis was conducted using 18 retrospective studies published between 2009 and 2023. The studies included 9 from China and 5 from Korea, involving a total of 6566 patients with ypT0-2N0 rectal cancer after neoadjuvant chemoradiotherapy. The pooled data revealed that adjuvant chemotherapy significantly improved 5-year overall survival (OR=1.75, 95% CI: 1.15-2.65, P=0.008), recurrence-free survival (OR=1.73, 95% CI: 1.20-2.48, P=0.003), and reduced distant metastasis (OR=0.68, 95% CI: 0.51-0.92, P=0.011). However, adjuvant chemotherapy did not have a significant effect on disease-free survival, cancer-specific survival, and local recurrence in ypT0-2N0 rectal cancer. Subgroup analysis indicated that adjuvant chemotherapy was beneficial in improving overall survival for ypT1-2N0 rectal cancer (OR=1.89, 95% CI: 1.13-3.19, P=0.003).





Conclusion

The findings of the meta-analysis suggest that adjuvant chemotherapy may provide benefits in terms of oncological outcomes for rectal cancer patients with ypT0-2N0 after neoadjuvant chemoradiotherapy and radical surgery. However, further prospective clinical studies are needed to confirm these findings.
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1 Introduction

Colorectal cancer (CRC) has emerged as the third most common cancer and the second leading cause of cancer-related deaths, according to the latest cancer statistics. The incidence and mortality rates of CRC continue to rise rapidly. Notably, rectal cancer constitutes a significant proportion of all CRC cases (1, 2). Locally advanced rectal cancer (LARC), comprising 50% to 70% of rectal cancer cases, is typically treated with neoadjuvant chemoradiotherapy (NCRT) followed by total mesorectal excision (TME). NCRT not only reduces the size of the tumor, eliminates potential micro metastases, and lowers the risk of local recurrence, but also improves the rate of negative circumferential resection margin of specimen and sphincter-preservation (3). Despite these advancements in treatment, approximately 30% of patients with LARC still experience distant metastasis, which remains the primary cause of cancer-related deaths.

Adjuvant chemotherapy (ACT) is commonly employed after radical operation to eliminate circulating tumor cells and micro metastases, thereby reducing the risk of distant metastasis (4, 5). According to the National Comprehensive Cancer Network (NCCN) guidelines, patients who undergo NCRT should receive oxaliplatin-based ACT after radical surgery, irrespective of tumor response (6). However, there is still ongoing debate regarding the necessity of ACT after surgery following NCRT. A meta-analysis of published studies revealed that ACT improved overall survival (OS) and disease-free survival (DFS) in patients with LARC (7). The EORTC 22921 trial indicated that ACT with 5-fluorouracil and leucovorin for four cycles after neoadjuvant radiotherapy or chemoradiotherapy significantly decreased the risk of local recurrence in rectal cancer patients (8). However, the long-term benefits of ACT in terms of OS and DFS were not observed during a 10-year follow-up (9). A meta-analysis of four randomized controlled trials (RCTs) suggested that 5-fluorouracil-based ACT did not improve OS, DFS, and distant recurrence in rectal cancer patients after NCRT (10). The European Rectal Cancer Consensus Conference (EURECA-CC2) also highlighted the lack of concrete evidence supporting the effectiveness of ACT for oncological outcomes in rectal cancer after NCRT (11).

The benefit of ACT in patients with rectal cancer may vary depending on the pathological T-stage or lymph node status of the tumor. Several studies have shown that ACT improves DFS and OS by 5%-25% in rectal cancer patients with local lymph node metastases (12–16). Additionally, studies have also indicated that rectal cancer patients who exhibit downstaging to ypT0-2N0 after NCRT have favorable oncological outcomes (17–20). However, there is controversy surrounding the use of ACT in rectal cancer patients who respond well (ypT0-2N0) to NCRT. A phase III randomized controlled trial revealed that postoperative chemotherapy significantly enhanced OS in rectal cancer patients with ypT0-2, but there was no evidence to suggest that ACT was beneficial for survival in ypT3-4 stage rectal cancer (21). It should be noted that not all patients with ypT0-2N0 rectal cancer may benefit from ACT (22, 23). Therefore, we conducted this meta-analysis to explore the impact of ACT on the oncological outcomes of rectal cancer patients who demonstrated a good response (ypT0-2N0) to NCRT.




2 Materials and methods

This study followed the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines to ensure the feasibility and integrity of the meta-analysis (24) (Supplementary Table 1).



2.1 Literature search

A comprehensive literature search was conducted by two investigators in PubMed, Web of Science, and Cochrane Library databases. The search period spanned from the establishment of the database to October 1, 2023. The search keywords were set to find the studies on the effect of adjuvant therapy on the oncological outcome of rectal cancer patients treated with NCRT or radiotherapy. The keywords were follows: ((“ neoadjuvant “or” preoperative “) and (“ chemoradiotherapy “or” treatment “or” radiotherapy “or” treatment “) and ((“ rectal cancer “or” postoperative “). And (“ rectal cancer “or” rectal cancer “or” rectal tumor “) and (“ adjuvant “or” postoperative “) and (“ chemotherapy “or” treatment “)). After retrieving the relevant literature, the reviewers screened the studies based on their titles and abstracts, and thoroughly reviewed the full text. Additionally, the researchers supplemented the search by considering the references of the included studies for potentially eligible literature.




2.2 Eligibility criteria

The inclusion criteria encompassed: (1) Subjective: patients with primary rectal cancer who underwent neoadjuvant radiotherapy or chemoradiotherapy and TME surgery (abdominoperineal resection, anterior resection, Hartmann procedure, and intersphincteric resection), with good response (ypT0-2N0). (2) Interventions: ACT or observation were performed following NCRT and TME. (3) Type of outcome: the study focused on various oncological outcomes, including OS, DFS, recurrence-free survival (RFS), cancer-specific survival (CSS), local recurrence, and distant metastasis. (4) Type of study: the eligible studies included RCTs and retrospective cohort studies.

The exclusion criteria involved studies that solely performed local excision or neoadjuvant chemotherapy, studies where data on oncological outcomes could not be extracted, studies reporting only on rectal cancer patients with pathological complete responses (pCR) and ypT0-2Nx, and abstracts, meta-analyses, reviews, comments, and letters.

LARC was defined as cT3/4, N0, M0 or cTx, N1-2, 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. CSS was defined as the time from the date of surgery to death caused by tumor progression. The assessment of prevention for distant metastasis and local recurrence is typically based on regular follow-up examinations, imaging techniques such as CT, MRI, PET/CT, and other diagnostic tests like histological examination and endoscopy, as specified in the study protocol. Local recurrence was defined as a recurrence within the pelvis and distant metastasis was defined as a recurrence outside the pelvis, such as in the lung, liver, brain, or bone.




2.3 Data extraction and quality assessment

Two researchers extracted information from the included literature using a pre-designed standardized form. The extracted information included the author, publication date, study type, data source, and basic clinical characteristics such as gender, age, number of patients, clinical stage, radiation dosage, preoperative chemotherapy regimen, surgical approach, ACT regimen, follow-up time, and primary outcomes including OS, DFS, CSS, RFS, local recurrence and distant metastasis. If original survival data were not available in the literature, Engauge Digitizer (version 11.3) was performed to extract the oncological outcome data from the Kaplan-Meier curve at the corresponding time point (25).

The quality of retrospective cohort studies was assessed using the Newcastle-Ottawa scale (NOS), which included patient selection (4 points), cohort comparability (2 points), and exposure or outcome assessment (3 points). Scores of 4-6 were considered to be of moderate quality, and scores of 7-9 were considered to be of high quality (26).

The literature search, data extraction, and quality assessment were performed independently by two authors and carefully cross-checked. In case of disagreement, a third author was consulted for active discussion and eventual consensus.




2.4 Statistical analysis

The primary outcome of interest in this study was the 5-year OS, DFS, CSS, RFS, distant metastasis, and local recurrence. The data extracted from the studies were summarized and analyzed using Stata version 15 (Stata Corporation, College Station, TX, United States). To assess the impact of ACT on oncological outcomes in patients with ypT0-2N0 rectal cancer, odds ratios (ORs) and 95% confidence intervals (CI) were calculated. Subgroup analysis was performed to evaluate the relationship between ACT and oncological outcomes in rectal cancer patients ypT1-2N0. The random effects model was used for the meta-analysis. The heterogeneity was assessed using Cochran’s Q test and I2. Heterogeneity was considered significant if the p-value was lower than 0.05 or I2 was greater than 50% (27). Otherwise, there was no significant heterogeneity. Sensitivity analysis (one-by-one exclusion method) was conducted to assess the stability and reliability of the study results in terms of pooled analysis heterogeneity. Funnel plots and Egger’s test were used to evaluate the presence of publication bias in the meta-analyses (28). If significant publication bias was detected, adjusted effect sizes were calculated using the subtractive complementation method. A p-value of less than 0.05 was considered statistically significant.





3 Results



3.1 Study selection

According to the search criteria, a total of 3634 articles were retrieved from three databases: PubMed (n=1716), Web of Science (n=1678), and Cochrane Library (n=240). After excluding duplicate articles (n=1789), another 1804 articles that did not meet the inclusion criteria were excluded through screening of titles and abstracts. Upon comprehensive evaluation of the full-text articles, four studies were excluded due to data from the same population (n=3), incomplete data (n=1) and ypT0-2 rectal cancer with unknown lymph node status (n=4). Finally, 18 retrospective studies (18–20, 22, 29–42) were included in this meta-analysis. The detailed flowchart is shown in Figure 1.




Figure 1 | The flow chart of PRISMA.






3.2 Basic characteristics of the included studies

Studies published between 2009 and 2023 were included in this meta-analysis, comprising nine (19, 22, 30, 34, 36, 38, 40–42) from China and five (29, 32, 33, 35, 39) from Korea. These studies covered a total of 6,566 rectal cancer patients with ypT0-2N0 after NCRT, of which 3,932 were ypT1-2N0. The majority of patients received long-course radiotherapy with a dose of 45-50.4 Gy and fluorouracil-based concurrent chemotherapy, whereas 3,614 rectal cancer patients with ypT0-2N0 also underwent various postoperative ACT regimens, including 5-FU, Capecitabine, CapeOX, and FOLOX. The specific characteristics of the included studies are detailed in Table 1.


Table 1 | The basic characteristics of the included studies.






3.3 Quality assessment of studies

The NOS scale was utilized to assess the risk factors and methodological quality of retrospective cohort studies. The median score of the included retrospective cohort studies was 7 (ranging from 6 to 9), indicating an acceptable quality of the cohort studies (Supplementary Table 2).




3.4 Comparison of oncological outcomes



3.4.1 Overall survival

A total of 14 (20, 22, 29–38, 40–42) studies involving 4,325 participants reported the effect of ACT on 5-year OS in patients with ypT0-2N0 rectal cancer. The Pooled data showed that ACT significantly improved 5-year OS in patients with ypT0-2N0 rectal cancer compared with the observation group (OR=1.75, 95% CI: 1.15-2.65, P=0.008) (Figure 2A). Heterogeneity analysis revealed a moderate level of heterogeneity in the meta-analysis (I2 = 49%, P=0.02). Furthermore, subgroup analysis was performed on 8 studies (20, 22, 31, 34, 35, 37, 38, 40) reporting the 5-year OS of ypT1-2N0 rectal cancer patients. The subgroup analysis indicated that ypT1-2N0 rectal cancer was able to benefit from ACT (OR=1.89, 95% CI: 1.13-3.19, P= 0.003). There was a moderate heterogeneity in the study (I2 = 55%, P=0.03) (Figure 2B).




Figure 2 | Pooled analysis of the effects of adjuvant chemotherapy on 5-year overall survival. (A) ypT0-2N0 rectal cancer patients; (B) ypT1-2N0 rectal cancer patients.






3.4.2 Disease-free survival

A total of 10 studies (19, 30–36, 40, 41) reported DFS data for rectal cancer patients with ypT0-2N0. The combined data suggested that the 5-year DFS rate of the ACT group was not higher than that of the non-ACT group (OR=1.14, 95% CI: 0.85-1.53, P=0.37) (Figure 3A), and there was no evidence of heterogeneity (I2 = 5%, P=0.40). Furthermore, when considering the T1-2N0 subgroups, there was also no statistically significant improvement in 5-year DFS with ACT compared to the observation group (OR=1.44, 95% CI: 0.74-2.82, P=0.29) (Figure 3B).




Figure 3 | Pooled analysis of the effects of adjuvant chemotherapy on 5-year disease-free survival. (A) ypT0-2N0 rectal cancer patients; (B) ypT1-2N0 rectal cancer patients.






3.4.3 Cancer-specific survival

Three (19, 20, 22) of the 18 studies reported 5-year CSS data. A total of 3483 patients with ypT0-2N0 rectal cancer were enrolled in the study. The meta-analysis showed that ACT had no tendency to improve CSS in ypT0-2N0 rectal cancer patients, and there was a moderate heterogeneity (OR=1.26, 95% CI: 0.77-2.06, P=0.364; I2 = 55%, P=0.11) (Figure 4A). In addition, the benefit of ACT in rectal cancer patients with ypT1-2N0 was also not observed. (OR=1.23, 95% CI: 0.53-2.82, P=0.628) (Figure 4B).




Figure 4 | Pooled analysis of the effects of adjuvant chemotherapy on 5-year cancer-specific survival. (A) ypT0-2N0 rectal cancer patients; (B) ypT1-2N0 rectal cancer patients.






3.4.4 Recurrence-free survival

The RFS data was reported in seven studies (18, 20, 29, 32, 38–40). The results indicated that ACT was associated with the 5-year RFS rate of ypT0-2N0 rectal cancer patients (OR=1.73, 95% CI: 1.20-2.48, P=0.003) (Figure 5A). No heterogeneity was observed (I2 = 0%, P=0.95). Five (18, 20, 38–40) of the six studies included the RFS data of ypT1-2N0 rectal cancer. However, the pooled data did not find ACT beneficial in improving RFS in rectal cancer with ypT1-2N0 (OR=1.50, 95% CI: 0.92-2.44, P=0.103) (Figure 5B).




Figure 5 | Pooled analysis of the effects of adjuvant chemotherapy on 5-year recurrence-free survival. (A) ypT0-2N0 rectal cancer patients; (B) ypT1-2N0 rectal cancer patients.






3.4.5 Distant metastasis

Ten studies (18–20, 30–32, 38–40, 42) reported 5-year distant metastasis for ypT0-2N0 rectal cancer. The pooled data indicated that the distant metastasis rate was lower in the ACT group than in the observation group (OR=0.68, 95% CI: 0.51-0.92, P=0.011) (Figure 6A), and the difference was statistically significant (P=0.011). Nevertheless, ACT did not reduce the risk of distant metastasis in ypT1-2N0 rectal cancer (OR=0.65, 95% CI: 0.35-1.20, P=0.169). There was no heterogeneity in the analysis (I2 = 0%, P=0.78) (Figure 6B).




Figure 6 | Pooled analysis of the effects of adjuvant chemotherapy on distant metastasis. (A) ypT0-2N0 rectal cancer patients; (B) ypT1-2N0 rectal cancer patients.






3.4.6 Local recurrence

Nine (18, 19, 30–32, 35, 38–40) of the 18 studies mentioned 5-year local recurrence data. Although postoperative ACT did not significantly decrease the local recurrence in ypT0-2N0 rectal cancer (OR=0.67, 95% CI: 0.40-1.13, P=0.135) (Figure 7A), there was a trend towards lower local recurrence rates in ypT0-2N0 rectal cancer patients receiving ACT. No heterogeneity was observed in the pooled studies (I2 = 0%, P=0.66). Moreover, in the subgroup analysis of ypT1-2N0 rectal cancer, postoperative ACT also failed to significantly reduce the local recurrence (OR=0.53, 95% CI: 0.25-1.13, P=0.109) (Figure 7B).




Figure 7 | Pooled analysis of the effects of adjuvant chemotherapy on local recurrence. (A) ypT0-2N0 rectal cancer patients; (B) ypT1-2N0 rectal cancer patients.






3.4.7 Sensitivity analysis and publication bias

The findings suggested that there was a moderate heterogeneity in the pooled data of 5-year OS. Therefore, we performed a sensitivity analysis by excluding studies one by one. The results of sensitivity analysis showed that the re-pooled OR values did not change significantly after excluding studies one by one, and there were no outliers that significantly affected the overall results, indicating that the results of this study are relatively stable (Supplementary Figure 1). Funnel plots and Egger’s tests were used to assess publication bias for the primary outcome of 5-year OS. The funnel plot of OS was symmetrical, and the P value of Egger’s test was 0.478, indicating that there was no publication bias among the studies (Supplementary Figure 2).






4 Discussion

In this meta-analysis, we evaluated the impact of ACT on oncological outcomes in rectal cancer patients who achieved ypT1-2N0 after undergoing NCRT and radical surgery. The pooled data revealed that ACT led to improvements in OS and RFS. Additionally, it was found to reduce the risk of distant metastasis in rectal cancer patients with ypT0-2N0. However, no significant effect on DFS or local recurrence was observed. Subgroup analyses further indicated that ACT also improved OS in rectal cancer patients with ypT1-2N0.

NCRT combined with surgery is now the preferred treatment for rectal cancer patients with transmural (T3/4), lymph node positive and positive circumferential resection margin (3). However, the optimal treatment strategy after NCRT and radical surgery for LARC is still uncertain. According to the NCCN guidelines, all patients with LARC should receive 4-month ACT with fluorouracil alone or combined with oxaliplatin after NCRT, regardless of the postoperative pathological stage (6). This recommendation is based on evidence that postoperative adjuvant chemotherapy or radiotherapy can improve the oncological outcomes of rectal cancer (15). On the other hand, the European Society of Medical Oncology (ESMO) guidelines suggest adjuvant therapy only for pathological stage III or stage II rectal cancer with high-risk factors after NCRT (43). This recommendation stems from several randomized control trials demonstrating the benefit of ACT for patients with pathological stage III or high-risk factors for II colon cancer. However, the evidence for the effectiveness of ACT in rectal cancer patients after NCRT is not as robust as that in colon cancer patients, and ACT is more likely to improve DFS limitedly rather than OS in rectal cancer after NCRT (44–46).

Several retrospective studies have indicated that ACT can extend the DFS and OS of rectal cancer patients following NCRT (7, 13, 47–49). ACT may work by removing microscopic residual cancer cells after surgery, activating immune responses, and inhibiting tumor growth, thereby reducing the risk of recurrence and metastasis and improving treatment outcomes. However, multiple RCTs have not shown any improvement in the oncological outcomes of patients undergoing neoadjuvant radiotherapy/chemoradiotherapy with the use of ACT (9, 23, 50–52). For instance, a randomized controlled trial conducted in Italy randomized 655 patients after neoadjuvant radiotherapy into two groups: one group received 6 cycles of ACT with the de Gramont regimen (fluorouracil and leucovorin), while the other group was observed without any additional treatment. The results revealed that ACT did not provide any advantage in terms of postoperative recurrence (HR=0.977, 95% CI 0.724-1.319) or OS (HR=1.045; 95% CI 0.775-1.410) (23). However, the lack of compliance with postoperative ACT and poor recruitment of subjects in these RCTs may have led to an inadequate evaluation of the efficacy of ACT. Additionally, some studies did not follow the current recommended chemotherapy regimens. A meta-analysis of RCTs also demonstrated that neither single-agent or multi-agent chemotherapy with fluorouracil, nor combination chemotherapy with oxaliplatin-containing regimens, improved OS and DFS in patients with rectal cancer who underwent radical surgery after NCRT (7).

Pathological regression response in rectal cancer after NCRT is also associated with oncological prognosis. Specifically, rectal cancer patients who achieve a pCR after NCRT have a favorable outcome (53). The necessity of ACT for rectal cancer patients with a pCR remains controversial due to potential toxicities associated with this treatment. Several studies using the National Cancer Database have examined the impact of ACT on OS in rectal cancer patients with a pCR (54–57). These studies have indicated that rectal cancer patients with a pCR can benefit from ACT in terms of OS. However, it is important to note that these studies may have overestimated the effectiveness of ACT in pCR rectal cancer. This is because the proportion of patients who did not receive ACT was reported to be higher in these studies compared to the SEER database (58). Additionally, the ACT group in these studies had better characteristics in terms of age and performance status compared to the observation group. On the other hand, several retrospective studies have shown that ACT does not improve overall and DFS, nor does it reduce the risk of local recurrence and distant metastasis in patients with pCR rectal cancer (59–61).

In the context of rectal cancer with good pathological response (ypT0-2N0), the need for ACT remains uncertain. Several studies have indicated that ACT does not have a significant impact on oncological outcomes for rectal cancer patients with good pathological response (18, 22, 23, 34). For instance, the I-CNR-RT trial found that patients who achieved downstaging (ypT0-2N0) had better OS and lower rates of local and distant metastasis, but did not derive any benefit from ACT (23). Similarly, Kuo et al. examined factors influencing oncological survival in patients with ypT0-2N0 rectal cancer and found that ACT only provided limited OS (HR= 1.03, 95% CI, 0.88-1.21) and DFS (HR= 1.05, 95% CI, 0.89-1.224) benefits compared to observation alone (34). However, other studies have shown that ACT can improve survival outcomes for rectal cancer patients with good pathologic response (20, 21, 31, 37). A subgroup analysis of the EORTC 22921 trial, which included rectal cancer patients with clinical negative for lymph nodes at the time of radical resection after NCRT, demonstrated that ACT enhanced OS and DFS in rectal cancer patients with ypT0-2 (HR=0.64, 95% CI, 0.45-0.91). However, this benefit was not observed in rectal cancer patients with a poor response (ypT3-4) after NCRT (21). Galata et al. also showed that ACT improved DFS (94% vs. 86%, P=0.037) and OS (98% vs. 87%, P=0.017) in patients with ypT0-2N0 rectal cancer, particularly among those with ypT2N0 disease (31).

A previous meta-analysis examined the impact of ACT on the oncological outcomes of rectal cancer patients with ypT0-2N0 (62). This analysis included a total of 16 non-randomized controlled studies, 7 of which focused solely on rectal cancer patients with ypT0N0. The findings of this meta-analysis indicated that ACT did not lead to improvements in OS, DFS, local recurrence, or distant metastasis in rectal cancer patients with ypT0-2N0. Furthermore, no benefits of ACT were observed in the subgroup of rectal cancer patients with a pCR and ypT1-2N0. However, our present meta-analysis yielded contrasting results. It revealed that ACT improved OS, RFS, and reduced the risk of distant metastasis in rectal cancer patients with ypT0-2N0. Additionally, there was a tendency for a reduction in local recurrence. Compared with the previous meta-analysis, our study included data from a larger number of studies, resulting in a larger sample size and more representative data. In our meta-analysis, studies that included only rectal cancer patients with pCR were also not included in the meta-analysis. Because pCR rectal cancers have a better oncological prognosis than non-pCR, inclusion of too many pCR rectal cancers in observation group may underestimate the role of adjuvant chemotherapy in ypT0-2N0 stage rectal cancer. However, when we conducted a subgroup analysis on oncological outcomes in rectal cancer patients with ypT1-2N0, our findings indicated that ACT improved OS in these patients, but did not show any association with DFS, RFS, local recurrence, or distant metastasis. The improvement in OS was mainly attributed to a reduction in disease recurrence and cancer-related deaths. However, our meta-analysis did not observe any benefits of ACT on DFS, local recurrence, and distant metastasis in ypT1-2N0 rectal cancer patients.

This might be due to factors such as the age, performance status, and comorbidities of the rectal cancer patients (63–66). Younger age and better performance status are favorable and independent prognostic factors for OS (66). Additionally, ACT is more likely to be performed in younger patients with fewer comorbidities and better performance status due to their higher compliance and tolerance. Among the studies included in our meta-analysis, we also found that patients in the ACT group had lower age and better performance status. To address the issue of low compliance and tolerance of ACT in patients with rectal cancer, a novel treatment approach called total neoadjuvant therapy (TNT) has been proposed. TNT involves intensifying neoadjuvant therapy by administering induction or consolidation chemotherapy concurrently with NCRT (67, 68). In comparison to NCRT alone, TNT has demonstrated several benefits in the cases of LARC. These include enhanced surgical resection rates and organ preservation rates. Additionally, TNT enhances compliance to systemic therapy, reduces chemotherapy toxicity, and increases the proportion of patients who successfully complete chemotherapy, thereby leading to improved rates of pCR (69–71). Furthermore, several RCTs have demonstrated that adding oxaliplatin to fluorouracil-based adjuvant chemotherapy can enhance DFS in patients with rectal cancer following neoadjuvant chemoradiotherapy (52, 72–74). However, the adjuvant chemotherapy regimens mainly consisted of single-agent chemotherapy with fluorouracil or capecitabine in the included studies. Fewer patients with rectal cancer received adjuvant treatment with more modern agents. The lack of individual patient data prevented us from exploring the factors that could affect OS and DFS in rectal cancer patients who had a favorable pathological response. Therefore, it is important to interpret the results of our meta-analysis with caution.

In this meta-analysis, it is important to acknowledge several limitations. Firstly, the majority of the studies were retrospective cohort studies with small sample sizes, which introduced information bias and potential confounding factors. Secondly, despite conducting subgroup and sensitivity analyses, there still existed heterogeneity among the included studies due to variations in sample size, basic characteristics, and treatment processes. The lack of individual patient data prevented exploration of factors influencing OS and DFS in rectal cancer patients with ypT0-2N0, such as age, performance status, NCRT regimen, postoperative complications, and ACT regimen. Consequently, determining the most appropriate ACT regimen and cycles for rectal cancer patients with a good pathological response remains uncertain. Finally, survival hazard ratios are particularly suitable for analyzing time-to-event data. Due to the limited number of reported hazard ratio studies, our meta-analysis focused solely on estimating the impact of ACT on 5-year survival and recurrence rates.




5 Conclusions

In conclusion, this meta-analysis suggests that adjuvant chemotherapy may offer benefits in terms of overall survival, recurrence-free survival, and prevention of distant metastasis for rectal cancer patients with ypT0-2N0 after neoadjuvant chemoradiotherapy and radical surgery. However, there is no evidence to demonstrate its effect on disease-free survival and local recurrence. Therefore, further randomized controlled studies are needed to investigate and address these issues, in order to develop the most appropriate therapeutic strategy for rectal cancer patients with a good pathological response.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

JY: Conceptualization, Data curation, Formal Analysis, Methodology, Writing – original draft, Writing – review & editing. QD: Data curation, Formal Analysis, Methodology, Writing – review & editing. ZC: Data curation, Methodology, Resources, Writing – review & editing. YC: Data curation, Investigation, Methodology, Writing – review & editing. ZF: Conceptualization, Supervision, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1338098/full#supplementary-material



Abbreviations

CRC, colorectal cancer; LARC, Locally advanced rectal cancer; NCRT, Neoadjuvant chemoradiotherapy; TME, Total mesorectal resection; ACT, Adjuvant chemotherapy; OS, Overall survival; DFS, Disease-free survival; RFS, Recurrence-free survival; RCTs, Randomized controlled trials; pCR, Pathological complete response; TNT, Total neoadjuvant therapy.




References

1. Siegel, RL, Miller, KD, Fuchs, HE, and Jemal, A. Cancer statistics, 2022. CA Cancer J Clin (2022) 72:7–33. doi: 10.3322/caac.21708

2. Siegel, RL, Wagle, NS, Cercek, A, Smith, RA, and Jemal, A. Colorectal cancer statistics, 2023. CA Cancer J Clin (2023) 73:233–54. doi: 10.3322/caac.21772

3. Sauer, R, Becker, H, Hohenberger, W, Rödel, C, Wittekind, C, Fietkau, R, et al. Preoperative versus postoperative chemoradiotherapy for rectal cancer. N Engl J Med (2004) 351:1731–40. doi: 10.1056/NEJMoa040694

4. Pantel, K, and Alix-Panabières, C. Circulating tumor cells in cancer patients: challenges and perspectives. Trends Mol Med (2010) 16:398–406. doi: 10.1016/j.molmed.2010.07.001

5. Liu, Z, Meng, X, Zhang, H, Li, Z, Liu, J, Sun, K, et al. Predicting distant metastasis and chemotherapy benefit in locally advanced rectal cancer. Nat Commun (2020) 11:4308. doi: 10.1038/s41467-020-18162-9

6. Benson, AB, Venook, AP, Al-Hawary, MM, Azad, N, Chen, YJ, Ciombor, KK, et al. Rectal cancer, version 2.2022, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2022) 20:1139–67. doi: 10.6004/jnccn.2022.0051

7. Li, JY, Huang, XZ, Gao, P, Chen, XW, Song, YX, Lv, XE, et al. Postoperative adjuvant treatment strategy for locally advanced rectal cancer after neoadjuvant treatment. BioMed Res Int (2021) 2021:8852699. doi: 10.1155/2021/8852699

8. Bosset, JF, Collette, L, Calais, G, Mineur, L, Maingon, P, Radosevic-Jelic, L, et al. Chemotherapy with preoperative radiotherapy in rectal cancer. N Engl J Med (2006) 355:1114–23. doi: 10.1056/NEJMoa060829

9. Bosset, JF, Calais, G, Mineur, L, Maingon, P, Stojanovic-Rundic, S, Bensadoun, RJ, et al. Fluorouracil-based adjuvant chemotherapy after preoperative chemoradiotherapy in rectal cancer: long-term results of the EORTC 22921 randomized study. Lancet Oncol (2014) 15:184–90. doi: 10.1016/S1470-2045(13)70599-0

10. Breugom, AJ, Swets, M, Bosset, JF, Collette, L, Sainato, A, Cionini, L, et al. Adjuvant chemotherapy after preoperative (chemo)radiotherapy and surgery for patients with rectal cancer: a systematic review and meta-analysis of individual patient data. Lancet Oncol (2015) 16:200–7. doi: 10.1016/S1470-2045(14)71199-4

11. Valentini, V, Aristei, C, Glimelius, B, Minsky, BD, Beets-Tan, R, Borras, JM, et al. Multidisciplinary rectal cancer management: 2nd european rectal cancer consensus conference (EURECA-CC2). Radiother Oncol (2009) 92:148–63. doi: 10.1016/j.radonc.2009.06.027

12. Valentini, V, van Stiphout, RG, Lammering, G, Gambacorta, MA, Barba, MC, Bebenek, M, et al. Nomograms for predicting local recurrence, distant metastases, and overall survival for patients with locally advanced rectal cancer on the basis of European randomized clinical trials. J Clin Oncol (2011) 29:3163–72. doi: 10.1200/JCO.2010.33.1595

13. Kulaylat, AS, Hollenbeak, CS, and Stewart, DB Sr. Adjuvant chemotherapy improves overall survival of rectal cancer patients treated with neoadjuvant chemoradiotherapy regardless of pathologic nodal status. Ann Surg Oncol (2017) 24:1281–8. doi: 10.1245/s10434-016-5681-6

14. Ng, KS, Chan, C, Rickard, MJFX, Keshava, A, Stewart, P, and Chapuis, PH. The use of adjuvant chemotherapy is not associated with recurrence or cancer-specific death following curative resection for stage III rectal cancer: a competing risks analysis. World J Surg Oncol (2023) 21:152. doi: 10.1186/s12957-023-03021-w

15. Petersen, SH, Harling, H, Kirkeby, LT, Wille-Jørgensen, P, and Mocellin, S. Postoperative adjuvant chemotherapy in rectal cancer operated for cure. Cochrane Database Syst Rev (2012) 2012:CD004078. doi: 10.1002/14651858.CD004078.pub2

16. Bregni, G, Akin Telli, T, Camera, S, Deleporte, A, Moretti, L, Bali, AM, et al. Adjuvant chemotherapy for rectal cancer: Current evidence and recommendations for clinical practice. Cancer Treat Rev (2020) 83:101948. doi: 10.1016/j.ctrv.2019.101948

17. Duchalais, E, Glyn Mullaney, T, Spears, GM, Kelley, SR, Mathis, K, Harmsen, WS, et al. Prognostic value of pathological node status after neoadjuvant radiotherapy for rectal cancer. Br J Surg (2018) 105:1501–9. doi: 10.1002/bjs.10867

18. Govindarajan, A, Reidy, D, Weiser, MR, Paty, PB, Temple, LK, Guillem, JG, et al. Recurrence rates and prognostic factors in ypN0 rectal cancer after neoadjuvant chemoradiation and total mesorectal excision. Ann Surg Oncol (2011) 18:3666–72. doi: 10.1245/s10434-011-1788-y

19. Pang, X, Gao, Y, Yi, H, Liu, H, Liu, S, and Zheng, J. Associations between clinical characteristics and tumor response to neoadjuvant chemoradiotherapy in rectal cancer. Cancer Med (2021) 10:4832–43. doi: 10.1002/cam4.4051

20. Voss, RK, Lin, JC, Roper, MT, Al-Temimi, MH, Ruan, JH, Tseng, WH, 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 excision. Dis Colon Rectum (2020) 63:427–40. doi: 10.1097/DCR.0000000000001558

21. Collette, L, Bosset, JF, den Dulk, M, Nguyen, F, Mineur, L, Maingon, P, et al. Patients with curative resection of cT3-4 rectal cancer after preoperative radiotherapy or radiochemotherapy: does anybody benefit from adjuvant fluorouracil-based chemotherapy? A trial of the European Organization for Research and Treatment of Cancer Radiation Oncology Group. J Clin Oncol (2007) 25:4379–86. doi: 10.1200/JCO.2007.11.9685

22. Liao, H, Li, T, Liang, Y, Liu, Y, Yuan, Y, Li, M, et al. The benefits of adjuvant chemotherapy are associated with the kind of neoadjuvant therapy in stage ypI rectal cancer: evidence based on population analysis. Int J Colorectal Dis (2023) 38:235. doi: 10.1007/s00384-023-04530-6

23. Sainato, A, Cernusco Luna Nunzia, V, Valentini, V, De Paoli, A, Maurizi, ER, Lupattelli, M, et al. No benefit of adjuvant Fluorouracil Leucovorin chemotherapy after neoadjuvant chemoradiotherapy in locally advanced cancer of the rectum (LARC): Long term results of a randomized trial (I-CNR-RT). Radiother Oncol (2014) 113:223–9. doi: 10.1016/j.radonc.2014.10.006

24. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ (2021) 372:n71. doi: 10.1136/bmj.n71

25. Tierney, JF, Stewart, LA, Ghersi, D, Burdett, S, and Sydes, MR. Practical methods for incorporating summary time-to-event data into meta-analysis. Trials (2007) 8:16. doi: 10.1186/1745-6215-8-16

26. Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol (2010) 25:603–5. doi: 10.1007/s10654-010-9491-z

27. Ryan, R. Heterogeneity and Subgroup Analyses in Cochrane Consumers and Communication Group Reviews: Planning the Analysis at Protocol Stage. Melbourne, Australia: Cochrane Consumers and Communication Review Group (2016).

28. Sterne, JA, Egger, M, and Smith, GD. Systematic reviews in health care: Investigating and dealing with publication and other biases in meta-analysis. BMJ (2001) 323:101–5. doi: 10.1136/bmj.323.7304.101

29. Bang, HJ, Shim, HJ, Hwang, JE, Bae, WK, Chung, IJ, and Cho, SH. Benefits of adjuvant chemotherapy for clinical T3-4N0 rectal cancer after preoperative chemoradiotherapy. Chonnam Med J (2023) 59:76–82. doi: 10.4068/cmj.2023.59.1.76

30. Chen, P, Yao, Y, and Gu, J. Rectal cancer patients after neoadjuvant radiotherapy (30Gy/10f) with negative lymph node may not benefit from postoperative adjuvant chemotherapy: a retrospective study. Int J Colorectal Dis (2015) 30:1695–704. doi: 10.1007/s00384-015-2358-8

31. Galata, C, Merx, K, Mai, S, Gaiser, T, Wenz, F, Post, S, et al. Impact of adjuvant chemotherapy on patients with ypT0-2 ypN0 rectal cancer after neoadjuvant chemoradiation: a cohort study from a tertiary referral hospital. World J Surg Oncol (2018) 16:156. doi: 10.1186/s12957-018-1455-x

32. Huh, JW, and Kim, HR. Postoperative chemotherapy after neoadjuvant chemoradiation and surgery for rectal cancer: is it essential for patients with ypT0-2N0? J Surg Oncol (2009) 100:387–91. doi: 10.1002/jso.21342

33. Jung, KU, Kim, HC, Park, JO, Park, YS, Park, HC, Choi, DH, et al. Adjuvant chemotherapy after neoadjuvant chemoradiation and curative resection for rectal cancer: is it necessary for all patients? J Surg Oncol (2015) 111:439–44. doi: 10.1002/jso.23835

34. Kuo, YH, Lin, YT, Ho, CH, Chou, CL, Cheng, LC, Tsai, CJ, 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. doi: 10.3389/fonc.2022.1087778

35. Lee, KH, Kim, JC, Kim, JY, and Kim, JS. Oncologic results and prognostic predictors of patients with locally advanced rectal cancer showing ypN0 after radical surgery following neoadjuvant chemoradiotherapy. Int J Colorectal Dis (2015) 30:1041–50. doi: 10.1007/s00384-015-2261-3

36. Liao, YT, Lin, YL, Huang, J, Hung, JS, and Lin, BR. Downstaged ypT0-2N0 rectal cancer after neoadjuvant chemoradiation therapy may not need adjuvant chemotherapy: a retrospective cohort study. Int J Colorectal Dis (2021) 36:509–16. doi: 10.1007/s00384-020-03787-5

37. Lichthardt, S, Zenorini, L, Wagner, J, Baur, J, Kerscher, A, Matthes, N, et al. Impact of adjuvant chemotherapy after neoadjuvant radio- or radiochemotherapy for patients with locally advanced rectal cancer. J Cancer Res Clin Oncol (2017) 143:2363–73. doi: 10.1007/s00432-017-2483-6

38. Lu, Z, Cheng, P, Zhang, MG, Wang, XS, and Zheng, ZX. Is adjuvant chemotherapy necessary for patients with ypT0-2N0 rectal cancer treated with neoadjuvant chemoradiotherapy and curative surgery? Gastroenterol Rep (Oxf) (2018) 6:277–83. doi: 10.1093/gastro/goy029

39. Park, IJ, Kim, DY, Kim, HC, Kim, NK, Kim, HR, Kang, SB, et al. Role of adjuvant chemotherapy in ypT0-2N0 patients treated with preoperative chemoradiation therapy and radical resection for rectal cancer. Int J Radiat Oncol Biol Phys (2015) 92:540–7. doi: 10.1016/j.ijrobp.2015.02.020

40. You, KY, Huang, R, Ding, PR, Qiu, B, Zhou, GQ, Chang, H, et al. Selective use of adjuvant chemotherapy for rectal cancer patients with ypN0. Int J Colorectal Dis (2014) 29:529–38. doi: 10.1007/s00384-014-1831-0

41. Zhang, H, Huang, Y, Sun, G, Zheng, K, Lou, Z, Gao, XH, et al. Rectal cancer patients with downstaging after neoadjuvant chemoradiotherapy and radical resection do not benefit from adjuvant chemotherapy. Ann Transl Med (2020) 8:743. doi: 10.21037/atm-20-1278

42. Zhao, R, Zhao, W, Zhu, Y, Wan, L, Chen, S, Zhao, Q, et al. Implication of MRI risk stratification system on the survival benefits of adjuvant chemotherapy after neoadjuvant chemoradiotherapy in patients with locally advanced rectal cancer. Acad Radiol (2023) 30:S164–75. doi: 10.1016/j.acra.2023.05.031

43. Glynne-Jones, R, Wyrwicz, L, Tiret, E, Brown, G, Rödel, C, Cervantes, A, et al. Rectal cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol (2018) 29:iv263. doi: 10.1093/annonc/mdy161

44. André, T, Boni, C, Navarro, M, Tabernero, J, Hickish, T, Topham, C, et al. Improved overall survival with oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment in stage II or III colon cancer in the MOSAIC trial. J Clin Oncol (2009) 27:3109–16. doi: 10.1200/JCO.2008.20.6771

45. Yothers, G, O'Connell, MJ, Allegra, CJ, Kuebler, JP, Colangelo, LH, Petrelli, NJ, et al. Oxaliplatin as adjuvant therapy for colon cancer: updated results of NSABP C-07 trial, including survival and subset analyses. J Clin Oncol (2011) 29:3768–74. doi: 10.1200/JCO.2011.36.4539

46. Twelves, C, Wong, A, Nowacki, MP, Abt, M, Burris, H 3rd, Carrato, A, et al. Capecitabine as adjuvant treatment for stage III colon cancer. N Engl J Med (2005) 352:2696–704. doi: 10.1056/NEJMoa043116

47. Chen, Y, Sun, J, Dong, X, Sun, D, and Qu, Y. Significance of ypTNM stage in determining the prognosis and therapy after surgery for locally advanced rectal cancer. World J Surg Oncol (2023) 21:174. doi: 10.1186/s12957-023-03059-w

48. Gahagan, JV, Whealon, MD, Phelan, MJ, Mills, S, Jafari, MD, Carmichael, JC, et al. Improved survival with adjuvant chemotherapy in locally advanced rectal cancer patients treated with preoperative chemoradiation regardless of pathologic response. Surg Oncol (2020) 32:35–40. doi: 10.1016/j.suronc.2019.10.021

49. Ahn, DH, Wu, C, Wei, L, Williams, TM, Wuthrick, E, Abdel-Misih, S, et al. The efficacy of adjuvant chemotherapy in patients with stage II/III resected rectal cancer treated with neoadjuvant chemoradiation therapy. Am J Clin Oncol (2017) 40:531–4. doi: 10.1097/COC.0000000000000185

50. Breugom, AJ, van Gijn, W, Muller, EW, Berglund, Å, van den Broek, CBM, Fokstuen, T, 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) 26:696–701. doi: 10.1093/annonc/mdu560

51. Glynne-Jones, R, Counsell, N, Quirke, P, Mortensen, N, Maraveyas, A, Meadows, HM, et al. Chronicle: results of a randomized phase III trial in locally advanced rectal cancer after neoadjuvant chemoradiation randomizing postoperative adjuvant capecitabine plus oxaliplatin (XELOX) versus control. Ann Oncol (2014) 25:1356–62. doi: 10.1093/annonc/mdu147

52. Hong, YS, Nam, BH, Kim, KP, Kim, JE, Park, SJ, Park, YS, et al. Oxaliplatin, fluorouracil, and leucovorin versus fluorouracil and leucovorin as adjuvant chemotherapy for locally advanced rectal cancer after preoperative chemoradiotherapy (ADORE): an open-label, multicenter, phase 2, randomized controlled trial. Lancet Oncol (2014) 15:1245. doi: 10.1016/S1470-2045(14)70377-8

53. Maas, M, Nelemans, PJ, Valentini, V, Das, P, Rödel, C, Kuo, LJ, et al. Long-term outcome in patients with a pathological complete response after chemoradiation for rectal cancer: a pooled analysis of individual patient data. Lancet Oncol (2010) 11:835–44. doi: 10.1016/S1470-2045(10)70172-8

54. Morris, MC, Winer, LK, Lee, TC, Shah, SA, Rafferty, JF, and Paquette, IM. Omission of adjuvant chemotherapy in rectal cancer patients with pathologic complete response: a national analysis. J Gastrointest Surg (2021) 25:1857–65. doi: 10.1007/s11605-020-04749-6

55. Lai, SH, Vogel, JD, Vemuru, S, Messersmith, W, Lieu, C, McCarter, MD, et al. Improved survival after adjuvant therapy in locally advanced rectal cancer patients with pathologic complete response. Dis Colon Rectum (2023) 66:983–93. doi: 10.1097/DCR.0000000000002641

56. Naffouje, SA, Liu, YJ, Kamarajah, SK, Salti, GI, and Dahdaleh, F. Adjuvant chemotherapy after neoadjuvant chemoradiation and proctectomy improves survival irrespective of pathologic response in rectal adenocarcinoma: a population-based cohort study. Int J Colorectal Dis (2022) 37:2137–48. doi: 10.1007/s00384-022-04245-0

57. Dossa, F, Acuna, SA, Rickles, AS, Berho, M, Wexner, SD, Quereshy, FA, 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) 4:930–7. doi: 10.1001/jamaoncol.2017.5597

58. Haynes, AB, You, YN, Hu, CY, Eng, C, Kopetz, ES, Rodriguez-Bigas, MA, et al. Postoperative chemotherapy use after neoadjuvant chemoradiotherapy for rectal cancer: Analysis of Surveillance, Epidemiology, and End Results-Medicare data, 1998-2007. Cancer (2014) 120:1162–70. doi: 10.1002/cncr.28545

59. He, F, Ju, HQ, Ding, Y, Jiang, Z, Li, Z, Huang, B, 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) 123:1244–52. doi: 10.1038/s41416-020-0989-1

60. Chen, M, Zhang, J, Hou, Y, Liu, H, Fan, X, Luo, S, et al. Clinical significance of adjuvant chemotherapy for pathological complete response rectal cancer patients with acellular mucin pools after neoadjuvant chemoradiotherapy. Therap Adv Gastroenterol (2023) 16:17562848221117875. doi: 10.1177/17562848221117875

61. Kuan, FC, Lai, CH, Ku, HY, Wu, CF, Hsieh, MC, Liu, TW, 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) 140:1662–9. doi: 10.1002/ijc.30562

62. Ha, GW, and Lee, MR. Oncologic effects of adjuvant chemotherapy in patients with ypT0-2N0 rectal cancer after neoadjuvant chemoradiotherapy and curative surgery: a meta-analysis. Ann Surg Treat Res (2020) 99:97–109. doi: 10.4174/astr.2020.99.2.97

63. Bliggenstorfer, JT, Bingmer, K, Ofshteyn, A, Stein, SL, Charles, R, and Steinhagen, E. Neoadjuvant radiation above NCCN guidelines for rectal cancer is associated with age under 50 and early clinical stage. Surg Endosc (2022) 36:2925–35. doi: 10.1007/s00464-021-08585-w

64. Jamnagerwalla, M, Tay, R, Steel, M, Keck, J, Jones, I, Faragher, I, et al. Impact of surgical complications following resection of locally advanced rectal adenocarcinoma on adjuvant chemotherapy delivery and survival outcomes. Dis Colon Rectum (2016) 59:916–24. doi: 10.1097/DCR.0000000000000659

65. Tsai, KY, You, JF, Huang, SH, Tsai, TY, Hsieh, PS, Lai, CC, et al. Comparison of clinical outcomes of stoma reversal during versus after chemotherapy for rectal cancer patients. Langenbecks Arch Surg (2023) 408:274. doi: 10.1007/s00423-023-03014-z

66. Sonal, S, Qwaider, YZ, Boudreau, C, Kunitake, H, Goldstone, RN, Bordeianou, LG, et al. Association of age with outcomes in locally advanced rectal cancer treated with neoadjuvant therapy followed by surgery. Am J Surg (2023) 225:1029–35. doi: 10.1016/j.amjsurg.2022.12.002

67. Cercek, A, Goodman, KA, Hajj, C, Weisberger, E, Segal, NH, Reidy-Lagunes, DL, et al. Neoadjuvant chemotherapy first, followed by chemoradiation and then surgery, in the management of locally advanced rectal cancer. J Natl Compr Canc Netw (2014) 12:513–9. doi: 10.6004/jnccn.2014.0056

68. Chau, I, Brown, G, Cunningham, D, Tait, D, Wotherspoon, A, Norman, AR, et al. Neoadjuvant capecitabine and oxaliplatin followed by synchronous chemoradiation and total mesorectal excision in magnetic resonance imaging-defined poor-risk rectal cancer. J Clin Oncol (2006) 24:668–74. doi: 10.1200/JCO.2005.04.4875

69. Zhang, X, Ma, S, Guo, Y, Luo, Y, and Li, L. Total neoadjuvant therapy versus standard therapy in locally advanced rectal cancer: A systematic review and meta-analysis of 15 trials. PloS One (2022) 17:e0276599. doi: 10.1371/journal.pone.0276599

70. Kasi, A, Abbasi, S, Handa, S, Al-Rajabi, R, Saeed, A, Baranda, J, et al. Total neoadjuvant therapy vs standard therapy in locally advanced rectal cancer: A systematic review and meta-analysis. JAMA Netw Open (2020) 3:e2030097. doi: 10.1001/jamanetworkopen.2020.30097

71. Liu, S, Jiang, T, Xiao, L, Yang, S, Liu, Q, Gao, Y, et al. Total neoadjuvant therapy (TNT) versus standard neoadjuvant chemoradiotherapy for locally advanced rectal cancer: A systematic review and meta-analysis. Oncologist (2021) 26:e1555–66. doi: 10.1002/onco.13824

72. Schmoll, HJ, Stein, A, Van Cutsem, E, Price, T, Hofheinz, RD, Nordlinger, B, et al. Pre- and postoperative capecitabine without or with oxaliplatin in locally advanced rectal cancer: PETACC 6 trial by EORTC GITCG and ROG, AIO, AGITG, BGDO, and FFCD. J Clin Oncol (2021) 39:17–29. doi: 10.1200/JCO.20.01740

73. Rödel, C, Graeven, U, Fietkau, R, Hohenberger, W, Hothorn, T, Arnold, D, et al. Oxaliplatin added to fluorouracil-based preoperative chemoradiotherapy and postoperative chemotherapy of locally advanced rectal cancer (the German CAO/ARO/AIO-04 study): final results of the multicenter, open-label, randomized, phase 3 trial. Lancet Oncol (2015) 16:979–89. doi: 10.1016/S1470-2045(15)00159-X

74. Zhao, L, Liu, R, Zhang, Z, Li, T, Li, F, Liu, H, et al. Oxaliplatin/fluorouracil-based adjuvant chemotherapy for locally advanced rectal cancer after neoadjuvant chemoradiotherapy and surgery: a systematic review and meta-analysis of randomized controlled trials. Colorectal Dis (2016) 18:763–72. doi: 10.1111/codi.13381




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Yang, Deng, Chen, Chen and Fu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-14-1338098-g007.jpg
A

Adjuvant Observation 0Odds Ratio
Study Events Total _ Events Total M-H, Random, 95% CI__Weight (%)
Galata et al 0 54 1 50 0.30 (0.01,7.61) 259
Govindarajan etal 4 174 3 30 0.21(0.04, 1.00) 11.20
Huh et al 1 17 1 24 1.44 (0.08, 24.71) 333
Leeetal 3 87 [ 8 3.19(0.16, 63.27) 3.02
Luetal 0 58 2 51 0.17 (0.01, 3.61) 288
Pang etal 16 705 6 235 0.89 (0.34,2.29) 29.84
Park et al 23 910 5 106 052 (0.19, 1.41) 27.55
Voss etal 6 295 2 127 1.30(0.26, 6.52) 10.34
Youetal 5 65 2 2 1.00 (0.18, 5.51) 925
Overall 58 2389 2 726 0.67 (0.40, 1.13) 100.00

Heterogeneity: Tau® = 0; chi* = 5.88, df = 8 (P = 0.66); I = 0%
Test for overall effect: Z = 1.50 (P = 0.135)

T T
008 126

Favours [observation] Favours [adjuvant chemotherapy]
B Adjuvant Observation Odds Ratio
Study Events Total Events Total M-H, Random, 95% CI Weight (%)

Govindarajanetal 4 109 3 2 4_} 0.23(0.05, 1.11) 2259
Huh et al 1 14 1 14 1.00 (0.08, 17.75) 6.80
Lee etal 155 0 2 1.46 (0.06, 37.03) 538
Park etal 17 486 4 a5 0.37 (012, 1.16) 4367
Voss etal 4 156 107 1.89 (0.21, 17.26) 1153
You etal 3 2% 1 13 1.57 (0.15, 16.72) 1003
Overall 30 846 10 192 0.53(0.25,1.13)  100.00

Heterogeneity: Tau? = 0; chi* = 4.11, df =5 (P = 0.53); I*= 0%
Test for overall effect: Z = 1.64 (P = 0.109)

o Favours [observation] A Favours [adjuvant chemotherapy] 57





OEBPS/Images/fonc-14-1338098-g002.jpg
Adjuvant Observation Odds Ratio
Study Events Total  Events Total M-H, Random, 95% CI Weight (%)

Bang et al 46 3.29 (0.42, 25.50)
Chen et al 23 24 37 39 1.24 (0.11, 14.50) 253
Galata et al 53 54 44 50 7.23 (0.84,62.32) 318
Huh et al 15 17 21 24 _— 1.07 (0.16,7.22) 390
Kuo et al 328 368 310 352 == 1.11(0.70, 1.76) 17.43
Leeetal 79 87 8 38 0.12 (0.01, 2.16) 1.90
Liao et al. 7 76 E I :—‘—':-— 0.19 (0.01,3.51) 1.85
Liao et al. (1) 377 455 1333 1666 1.21(0.92, 1.58) 20.26
Lichthardt et al 35 37 55 65 3.18 (0.66, 15.39) 528
Luetal 53 58 44 51 1,69 (0.50, 5.69) 7.64
Voss etal 272 2905 95 127 [ . 3.98(2.22,7.15) 15.41
You etal 61 65 2 2 H 277 (0.64, 12.05) 587
Zhang et al 83 90 28 31 1.27 (031, 5.25) 6.18
Zhao et al 66 68 57 64 4.05 (0.81, 20.29) 5.1
Overall 1562 1742 2132 2583 1.75(1.15,265)  100.00
Heterogeneity: Tau? = 0.20; chi* = 25.45, df = 13 (P = 0.02); I* = 49%

Test for overall effect: Z = 2.64 (P = 0.008)

00683 Favours [observation] 1 Favours [adjuvant chemotherapy] ™46
B Adjuvant Observation Odds Ratio
Study Events Total _ Events Total M-H, Random, 85% CI_ Weight (%)

Galata ot al a4 % 3 i 6.31(0.67, 59.59) 462
Kuo etal 21 253 166 197 . 129 (0.76,2.220) 24.36
Lee etal 51 55 % 2 . 0.22(0.01, 4.16) 283
Lisoetal (1) 377 455 1333 1666 BN, 121(0.92,1.58) 30.04
Lichthardtetal 26 28 2 5 — 248 (0.49, 12.57) 7.82
Luetal 33 36 18 22 _:-.— 244 (0.49, 12.15) 7.98
Voss etal 141 156 0 73 —s 432 (2.09,8.94) 20.00
You etal % 2 2 13 : 6.36 (0.24, 167.42) 235
Overall 916 1051 1673 2077 <> 189(1.13,319)  100.00
Heterogeneity: Tau? = 0.22; chit = 15.47, df = 7 (P = 0.03); I = 55%

Test for overalleffect:

- Favours [observation] 5 Favours [adjuvant chemotherapy] 167





OEBPS/Images/fonc-14-1338098-g005.jpg
A

Adjuvant Observation Odds Ratio
Study Events Total _ Events Total M-H, Random, 95% CI__ Weight (%)

Bang et al 46 48 13 16 5.31(0.80, 35.21) 3.64
Govindarajan et al 162 174 27 30 1.50 (0.40, 5.67) 737
Huh et al 15 17 19 24 1.97 (0.33, 11.63) 4.14
Luetal 41 58 38 51 1.46 (0.59, 3.63) 1573
Park etal 824 910 % 106 1.70 (0.96, 3.03) 39.19
Voss et al 274 295 13 127 1.62(0.79,3.29) 25.76
You etal 23 2 10 13 2.30 (0.39, 13.42) 418
overall 1391 1528 310 367 1.73 (1.20, 2.48) 100.00
Heterogeneity: Tau® = 0; chi’ = 1.68, df = 5 (P = 0.95); I = 0%

Test for overall effect: Z = 2.96 (P = 0.003)

T T
-0284 Favours [observation] 1 Favours [adjuvant chemotherapy] 35-2
B Adjuvant Observation Odds Ratio
Study Events Total  Events Total M-H, Random, 95% CI  Weight (%)

Govindarajan et al 97 109 17 21 1.90 (0.55, 6.59) 15.35
Luetal 27 3 6 22 1.13 (0.34,3.75) 16.37
Park et al 434 486 3 45 1.28 (0.52,3.18) 28.88
Voss et al 142 156 63 73 1.61(0.68, 3.82) 31.78
You etal 23 26 10 13 230 (0.39, 13.42) 762
Overall 723 813 4s 174 1.50 (0.92, 2.44) 100.00
Heterogeneity: Tau? = 0; chi? = 0.72, df = 4 (P = 0.95); I* = 0%

Test for overall effect: Z = 1.63 (P = 0.103)

T

0745

Favours [observation] Favours [adjuvant chemotherapy]

T
134





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The role of adjuvant chemotherapy in rectal cancer patients with ypT0-2N0 after neoadjuvant chemoradiotherapy

      

        		

          Background

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Literature search

          



          		

            2.2 Eligibility criteria

          



          		

            2.3 Data extraction and quality assessment

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Study selection

          



          		

            3.2 Basic characteristics of the included studies

          



          		

            3.3 Quality assessment of studies

          



          		

            3.4 Comparison of oncological outcomes

          

            		

              3.4.1 Overall survival

            



            		

              3.4.2 Disease-free survival

            



            		

              3.4.3 Cancer-specific survival

            



            		

              3.4.4 Recurrence-free survival

            



            		

              3.4.5 Distant metastasis

            



            		

              3.4.6 Local recurrence

            



            		

              3.4.7 Sensitivity analysis and publication bias

            



          



          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-14-1338098-g001.jpg
Records removed before
screening;:

Duplicate records removed
(n=1789)

Records identified from:
PubMed (n=1716)

Cochrane Library (n=240)
Web of Science (n=1678)

Records excluded (n=1804):
-Not relevant (n= 1788)
-No English (n=16)

Records screening (n=1845)

Reports not retrieved (n=15):
-Abstract, review, letter

meta-analysis (n=13)
-Local excision (n=2)

Reports sought for retrieval
(n=41)

Reports excluded (n=8):
-Data from the same studies
or population (n=3)

-No complete data (n=1)
-ypTO0-2 rectal cancer with
unknown lymph node status
(n=4)

Reports accessed for
eligibility (n=26)

Studies included in review
(n=18)






OEBPS/Images/fonc-14-1338098-g003.jpg
Study
Chenetal
Galata et al
Huh et al
Jung etal
Kuo etal
Lee etal
Liao et al
Pang et al
Youetal

Zhang etal

Overall

Adjuvant
Events Total
23 24
51 54
14 17
% 107
310 368
78 87
70 76
636 705
54 65
7% 9
1406 1593

Observation
Events Total

37 39
41 50
18 24
6 8
205 352
38 38
33 34
209 235
19 26
28 31
724 837

Heterogenelty: Tau? = 0.01; chi* = 9.45, df = 9 (P = 0.40); I = 5%
Test for overall effect: Z = 0.89 (P = 0.37)

B
Study
Galata et al
Jung et al
Kuo et al
Leeetal

Overall

Heterogeneity: Tau® =
Test for overall effect: Z

Adjuvant
Events Total
w0 42
107

207 253
51 55
392 457

Observation
Events Total
25 30
3 8
155 197
26 26
212 261

.006

Favours [observation]

Odds Ratio
H, Random, 95% Cl
1.24 (0.1, 14.50)
3.73(0.95, 14.68)
1.56 (0.33,7.34)
2.41(0.44, 13.22)
1.03 (0.69, 1.54)
0.11(0.01, 1.89)
0.35 (0.04, 3.06)
1.15(0.71,1.85)
1.81(0.61,5.34)
058 (0.16, 2.18)

1.14(0.85, 1.53)

Favours [adjuvant chemotherapy] 164

.12; chi® = 3.64, df = 3 (P = 0.30); 1= 18%
1.06 (P =0.29)

0Odds Ratio
M-H, Random, 95% CI

4.00 (0.72, 22.21)
2.41(0.44,13.22)
1.22(0.76, 1.95)
022 (0.01,4.16)

1.44(0.74, 2.82)

Weight (%)
141
4.47
350
292

471
1.04
183

3127
7.05
4.80

100.00

Weight (%)
13.35
13.51
68.23

4.91

100.00

0112

Favours [observation]

Favours [adjuvant chemotherapy]

T
8913





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-14-1338098-g006.jpg
A

Adjuvant Observation 0Odds Ratio
Study Events Total  Events Total M-H, Random, 95% CI  Weight (%)
Chen etal 124 2 39 0.59 (0.05, 6.90) 145
Galata etal 3 54 5 50 JR— 053 (0.12,2.34) 3.98
Govindarajan etal 10 174 3 30 - . 055 (0.14,2.12) 481
Huh et al 17 L S 0.31(0.03, 3.08) 1.68
Luetal 9 58 10 51 —_ 0.75 (0.28, 2.03) 8.95
Pang etal 62 705 23 235 0.89 (0.54, 1.47) 34.78
Park etal 63 910 1 108 — - 0.64 (0.33,1.26) 19.34
Voss et al 16 205 12 127 — L L 055 (0.25, 1.20) 14.49
You etal 2 65 3 2 0.24 (0.04, 1.55) 257
Zhao etal 7 68 9 64 —_— 0.70 (0.24, 2.01) 7.94
Overall 174 2370 82 752 0.68 (0.51,0.92) 100.00
Heterogeneity: Tau? = 0; chi? = 3.29, df = 9 (P = 0.95); I = 0%
Test for overall effect: Z = 2.54 (P = 0.011)
032 Favours [observation] Favours [adjuvant chemotherapy] 1>
B Adjuvant  Observation Odds Ratio
Study Events Total Events Total M-H, Random, 95% CI  Weight (%)
Govindarajanetal 8 109 1 2t 158 (0.19, 13.38) 823
Huh etal 1 14 2 14 0.46(0.04, 5.77) 587
Park et al 44 ase 5 45 0.80 (0.30, 2.12) 38.99
Voss etal 1 156 9 0.54 (0.21,1.37) 43.41
Youetal 0o 2 1 13 0.16 (0.01, 4.14) 350
Overall 64 791 18 166 0.65 (0.35, 1.20) 100.00

Heterogeneity: Tau® = 0; chi* = 1.78, df = 4 (P = 0.78); I = 0%

Test for overall effect: Z = 1.37 (P = 0.169)

T
006

Favours [observation]

T
Favours [adjuvant chemotherapy] 167





OEBPS/Images/fonc-14-1338098-g004.jpg
Adjuvant Observation
Study Events  Total Events Total
Voss et al 284 205 17 127
Liao etal (1) 395 455 1463 1666
Pang et al 673 705 220 235
Overall 1352 1445 1800 2028

Heterogeneity: Tau? = 0.10; chi? = 4.41, df =2 (P =0.11); 1= 55%
Test for overall effect: Z = 0.91 (P = 0.364)

B 187 Favours [observation]
Adjuvant Observation
Study Events Total Events Total
Liao et al (1) 395 455 1463 1666
Voss etal 149 156 6 73
overall 544 611 1529 1739

Heterogeneity: Tau® = 0.24; chi? = 2.46, df = 1 (P = 0.18); I = 59%
Test for overall effect: Z = 0.48 (P = 0.628)

- Favours [observation]

Favours [adjuvant chemotherapy] 5-34

>

Odds Ratio
M-H, Random, 95% CI _ Weight (%)
2.21(0.91, 5.34) 2060
0.91(0.67, 1.24) 49.00
1.43(0.76, 2.70) 30.39
1.26 (0.77, 2.06) 100.00

Odds Ratio
M-H, Random, 95% CI _ Weight (%)
0.91(0.67, 1.24) 67.27
2.26(0.76, 6.69) 3273
1.23 (0.3, 2.82) 100.00

Favours [adjuvant chemotherapy] g gg





OEBPS/Images/table1.jpg
Bang
etal. (29)

Chen
etal. (30)

Galata
etal. (31)

Govindarajan
etal. (18)

Huh
etal. (32)

Jung
etal. (33)

Kuo
etal. (34)

Lee et al. (35)

Liao
etal. (36)

Lino et al.
) (22).

Lichthardt
etal. (37)

Luet al. (38)

Pang
etal. (19)

Park
etal. (39)

Voss
etal. (20)

You
etal. (40)

Zhang
etal. (41)

Zhao
etal. (42)

Publication
time

2023

2015

2018

2011

2009

2014

2022

2015

2021

2023

2017

2018

2021

2014

2020

2014

2020

2023

Korea

China

Germany

UsA

Korea

Korea

China

Korea

China

China

Germany

China

China

Koera

UsA

China

China

China

RCS/
Single

RCS/
Single

RCS/
Single

RCS/
Single

RCS/
Single

RCS/
Single

RCS/
TCR/
NHIRD

RCS/
Single

RCS/
Single

RCS/
SEER

RCS/
Single

RCS/
KPSC

RCS/
Single

RCS/
Single

RCS/
Single

2015-
2019

2002-
2009

2012

1993
2003

1994
2008

2006-
2011

2007-
2017

1999
2009

2006-
2011

2004-
2017

1992-
2013

2005-
2014

2007-
2019

2005-
2016

“The data was present as median; *The data was present as mean. F, Fe

NA

25/
38

28/
76

79/
125

8/33

NA

22/
498

NA

31

79

757/
1364

NA

42/
67

261/
679

333/

673

NA

NA

33/
88

7

565"

629
612"

60°/
68"

62
55°

64
54

>60:
152/
122

NA

69.5%
62.14"

<65:

324/
955

65"

594"

504"

<56:
101/
332

65"
58"

599"

62
jis

61.2%
556"

Radiotherapy
(%
frequency)

Neoadjuvant
chemotherapy

15:50.4125.28 Capecitabine
30710 NA
XELIRI/CapOX/5-
042 FU/panitumumab
504°726" 5-FU based
4550472528 FL
a2 5-FU/FL/Capecitabine
5-FU/Capecitabine/
S04 Oxaliplatin/
Leucovorin/UFUR
04128 Capecitabine
4550.4/25-28 FL/Capecitabine
NA NA
NA NA
42502125 | Capecitabine/CapOX
so125 CapeOX/FOLFOX
5-FU/Capecitabine/
o rinotecan/Oxaliplatin/
oral
Fluoropyrimidine/Erbitu
5-FU/Capeitabine/
45058 FOLFOX/CapeOX
16023 FOLFOX6/CapOX

Capecitabine/

5:50.4/25:28 CapOX/FOLFOX

45-50125 Capecitabine

Adjuvant
chemotherapy

5-FU/
Capecitabine/
FOLFOX

FOLFOX/
FOLFIRI/
CapeOX

Capecitabine/
CapeOX/5-FU

FL/EOLFOX

FL/
UFT/
Doxifluridine

5-Fu based

5-FU/
Capecitabine/
Oxaliplatin/
UFUR

UFT/
Doifluridin/
Capecitabine

FL/Capecitabine

NA

5-FU/

Capecitabine/
FOLFOX/
FOLFIRI

Capecitabine/
CapeOX/
SOX/FOLFOX

NA

5-FU/
Oxaliplatin/
Irinotecan

Capecitabine/5-
FU/CapeOX/
FOLFOX/
Oxaliplatin

Capecitabine/
CapeOX/
FOLFOX6

Capecitabine/
CapeOX/
FOLFOX

CapeOX/
Capecitabine

: ACT, Adjuvant chemotherapy; AR, Anterior resection; APR, Abdominoper
cohort study; Single, Single-center; Multi-, Multicenter, FU, Fluorouracil; FOLFOX, Fluorouracilt Leucovorin+Oxaliplatin; XELIRI, Capecitabine Irinotecan; CapeOX, Capecitabine+ Oxaliplatin; FL, Fluorouracil+Leucovorin; UFT, tegafur/uracil

08, Overall survival; DFS, Disease free survival; LR, Local recurrence; DR, Distant recurrence; RFS, Reurrence-free survival; CSS, Cancer-specific survival.

ypTN
stage

T0-
2N0

T0-
2N0

To-

2No/
TI-

2N0

To-
2No/
TI-

2N0

2N0

TI-
2N0

T0-
2No/
TI-

2N0

To-

280/
TI-

2N0

T0-
2N0

TI-
2N0

T0-
2No0/
TI-

2N0

2No0/
TI-
2N0

T0-
2N0

T0-
2N0

T0-

2N0/
TI-

2N0

T0-

280/
TI-

2N0

2N0

T0-
2N0

Number

of patients
ACT  Obs
s 16
u 3
s 50
74 30
7
07 8
368 352
87 38
7% 34
455 1666
76
s8 sl
705 | 235
910 106
295 | 127
a e
90 3
6 6

NA

NA

83121

150/54

3506

104/11

501/111

108/17

98/12

NA

NA

40/69

NA

850/166

NA

NA

80/41

NA

Follow-

up

(weeks)

68 83
2 585"
112 68
48 696"
68 176"
68 78
NA 506"
68 605
68 60"
NA 105"
NA NA
7.7 50°
8 a0
a2 58
¢ 63°
o 46"
59" 1010
§ 79

Outcomes

(months)

OS/RES

OS/DES/
DM/LR

OS/DES/
DM/LR

DM/
LR/RFS

OS/DES/
DM/
LRRES

DES.

OS/DES

OS/DES/LR

OS/DFS

08/CSS

0s.

0S/DM/
LRIRFS

DES/CSS/
DM/LR

RES/
DM/LR

08/Css/
RES/
DM/LR

OS/DES/
RFS/
DM/LR

OS/DFS

0S/DM

al resection; RT-Op, Radiotherapy to operation; NA, Not available; RCS, Retrospective

OX, Oxaliplatin$-1;





OEBPS/Images/fonc.2024.1338098_cover.jpg
, frontiers ‘ Frontiers in Oncology

The role of adjuvant chemotherapy in rectal
cancer patients with ypT0-2NO after
neoadjuvant chemoradiotherapy





