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Radiotherapy and chemotherapy are effective treatments for patients with locally advanced rectal cancer (LARC) and can significantly improve the likelihood of R0 resection. Radiotherapy can be used as a local treatment to reduce the size of the tumor, improve the success rate of surgery and reduce the residual cancer cells after surgery. Early chemotherapy can also downgrade the tumor and eliminate micrometastases throughout the body, reducing the risk of recurrence and metastasis. The advent of neoadjuvant concurrent radiotherapy (nCRT) and total neoadjuvant treatment (TNT) has brought substantial clinical benefits to patients with LARC. Even so, given increasing demand for organ preservation and quality of life and the disease becoming increasingly younger in its incidence profile, there is a need to further explore new neoadjuvant treatment options to further improve tumor remission rates and provide other opportunities for patients to choose watch-and-wait (W&W) strategies that avoid surgery. Targeted drugs and immunologic agents (ICIs) have shown good efficacy in patients with advanced rectal cancer but have not been commonly used in neoadjuvant therapy for patients with LARC. In this paper, we review several aspects of neoadjuvant therapy, including radiation therapy and chemotherapy drugs, immune drugs and targeted drugs used in combination with neoadjuvant therapy, with the aim of providing direction and thoughtful perspectives for LARC clinical treatment and research trials.
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1 Introduction

Rectal cancer is a common malignant tumor of the gastrointestinal tract. The development of rectal cancer is influenced by many factors, especially heredity, dietary habits, obesity, smoking and other factors, and its incidence and mortality rate are increasing yearly. At the same time, the incidence of rectal cancer is trending up in younger people. This issue is attracting increased attention (1). Early rectal cancer can be radically resected by surgery to achieve a good prognosis; however, due to the limitations of the pelvic anatomy, locally advanced rectal cancer (LARC) requires neoadjuvant chemoradiotherapy (nCRT) or total neoadjuvant therapy (TNT) to downgrade the tumor followed by total rectal mesenteric excision (TME) to ensure good R0 resection and anal preservation rates. A small percentage of patients who achieve pathological complete response (pCR) or clinical complete response (cCR) have an opportunity to avoid surgery and adopt a watch-and-wait strategy (W&W) (2–5).

Although LARC patients have better tumor stage reduction with nCRT, the pCR rate has been maintained at a low level. With the continuous advancement of radiotherapy technology, the efficacy of radiotherapy has been improving, and in addition to long-course simultaneous radiotherapy, short-course radiotherapy (SCRT) has again become one of the standard treatment options in recent years (6). At the same time, immunologic and targeted agents have also achieved great success in various solid tumors, which brings new hope for those patients who are not sensitive to chemotherapy; therefore, an increasing number of studies have used different types of drugs in combination with radiotherapy for neoadjuvant treatment to further improve the tumor stage reduction rate and pCR rate. Although the theory is that more intense regimens may increase clinical benefit and toxicity, this has not been found to be the case in many clinical studies. In this paper, we summarize the clinical studies on neoadjuvant treatment of LARC with a combination of radiotherapy and different drugs to provide help and considerations for clinical treatment.




2 Radiotherapy

In 1997, a Swedish research group first found that neoadjuvant radiotherapy could substantially reduce the local recurrence rate (LRR) of patients (7). nCRT has now become the standard of care for patients with LARC (8). Neoadjuvant radiotherapy is usually chosen at a dose of 45-50.4 Gy/25-28 F or 25 Gy/5 F (6, 9), but increasing the dose of radiotherapy, expanding the range of irradiation, and changing dose splitting and other modalities to further improve the benefit are unclear.



2.1 Neoadjuvant radiotherapy

In the 1990s, 1168 LARC patients were enrolled in a Swedish study and randomly assigned to a preoperative radiotherapy group (n=583) and a surgery-only group (n=585). Short-course radiotherapy (SCRT) increased the incidence of surgical complications and gastrointestinal and urinary toxicity (10). After 5 years of follow-up, however, patients in the SCRT group were found to have better LRR (11% vs. 27%) and 5-year overall survival (58% vs. 48%) than those in the surgery-only group (7), and after up to 13 years of follow-up, patients in the SCRT group had significantly better tumor-specific survival (72% v 62%) and LRR (9% vs. 26%) than those in the surgery-only group (11). A study conducted in the Netherlands similarly found that although the preoperative use of SCRT for TME resulted in more adverse events, its LRR and tumor-specific survival rates were superior to those of patients undergoing surgery alone after 12 years of follow-up (12–14, 2005). This finding was also validated in a study by Sebag-Montefiore, Stephens (15), where improvements were seen in LRR (4.7 vs. 11.5%) and disease-free survival (DFS) (73.6 vs. 66.7%) after preoperative use of neoadjuvant SCRT compared to postoperative chemoradiotherapy.

The German CAO/ARO/AIO-94 study, which first proposed preoperative fluorouracil synchronized chemoradiotherapy, showed improved tumor stage reduction rates and LRR, increased anus preservation rates and lower long-term recurrence rates (16, 2012). Another CAO/ARO/AIO-04 study in Germany showed that the addition of oxaliplatin (OX) to 5-FU-RT significantly improved the DFS of patients at 3 years (17). These studies provide strong evidence for nCRT to become a standard of care.

Although preoperative SCRT improves the clinical benefit of patients compared to surgery alone, it may lead to poor tumor regression due to its shorter treatment period (18). Bujko, Nowacki (19, 2005, 2006) first compared the efficacy of SCRT and nCRT and showed that although long-course radiotherapy did not improve the patient anal preservation rate and had a higher incidence of short-term ≥ grade 3 adverse events, there was a clear advantage in tumor stage reduction and pCR and no difference in long-term toxicity between the two groups after 4 years of follow-up. The TROG trial subsequently built on the Bujko, Nowacki (20) and Ngan, Burmeister (21) trial with more stringent control and allocation of enrolled patients and found that patients with nCRT had better tumor stage reduction and pCR rates than those with SCRT, but there were no significant differences in recurrence rates, 5-year overall survival, or long-term toxicity.

Although nCRT has become the standard treatment modality for LARC, its longer treatment period, poorer patient tolerance and higher treatment costs remain to be addressed, and the regimen does not provide a high pCR rate and survival benefit, so exploring the best treatment option remains a key issue in the clinical management of LARC.




2.2 Dose increase

In recent years, there has been an increasing clinical demand for pCR rates and anal preservation rates, but since nCRT can only provide 15-20% pCR rates (22), some studies have explored whether increasing the dose of radiotherapy can improve pCR rates and anal preservation rates.

Jakobsen, Mortensen (23) added 5 Gy of brachytherapy to 60 Gy/30 F in 50 patients with T3 rectal adenocarcinoma and 27% each of patients achieving TRG 1 and 2. They then performed another trial comparing the efficacy in the standard group (50.4 Gy/28 F, n=117) and the dose-enhanced group (50.4 Gy/28 F + 10 Gy/2 F brachytherapy, n=114) and found that the addition of endorectal brachytherapy increased the primary remission rate by 1.5-fold despite not increasing the pCR rate (24). A subsequent retrospective analysis of these two studies by this team found a high correlation between the dose of radiotherapy and the degree of tumor regression at doses within 50.4-70 Gy (25). They then performed a prospective trial with a high cCR rate of 78% after using the same treatment regimen as before (60 Gy/30F + 5 Gy brachytherapy with synchronized fluorouracil) and a 0% 2-year recurrence rate in patients who underwent surgery (26).

The RECTAL-BOOST trial found more patients with complete or near complete tumor regression (69.4% vs. 45.3%) in the intensive neoadjuvant radiotherapy group (15Gy/3F + 50Gy/25F synchronized capecitabine) compared to the standard treatment group (50Gy/25F synchronized capecitabine) despite not increasing pCR rates and sustained cCR rates (27). Moreover, the FDRT-002 trial and Bertocchi, Barugola (28) also showed that patients receiving enhanced radiotherapy failed to experience improved pCR rates and anal preservation rates but instead had prolonged wound healing and increased toxicity (29–31). Guido, Cuicchi (32) found that treating patients (n=18) with nCRT with a push to 50 Gy on top of 45 Gy/25F resulted in a pCR of 38.8%. A META analysis also found a slight increase in pCR rates after the radiotherapy dose was augmented with techniques such as nCRT+SIB or IMRT/VMAT (33).

The OPERA trial was a European phase 3 randomized trial in which group A patients (n=69) were treated with CRT (45 Gy/25/5 weeks), during which oral capecitabine was administered followed by enhanced external body radiation radiotherapy (EBRT) at 45 Gy/5 F/5 W, and group B patients (n=72) were treated with CRT followed by contact X-ray brachytherapy (CXB) (90 Gy/3 F/4 W). At week 24, cCR was observed in 64% and 92% of patients in groups A and B, respectively, with a final anal preservation rate of 59% in group A and 81% in group B. A total of 66/141 (47%) patients suspected of having residual tumor or local recurrence after obtaining cCR underwent surgery, and after more than 3 years of follow-up, the overall TME-free survival rates were 57% in group A and 79% in group B. Those who require surgery due to treatment failure can be salvaged with guaranteed radical treatment, and this study suggests that nonsurgical treatment with increased intensity of radiotherapy through intracavitary contact radiotherapy (Papillon radiotherapy) is feasible (34).

Combining the above experimental results, we found that increasing the dose of external irradiation radiotherapy may improve the tumor downgradation rate, but not necessarily result in pCR rate or survival benefit, and there is a possibility of increasing the incidence of adverse events, but the OPERA trial suggests that high-dose, low-fraction external irradiation therapy and intracavitary brachytherapy may provide more benefits. Therefore, the choice of radiation therapy dose and modality needs to be carefully considered.




2.3 Range of the target area

In neoadjuvant radiotherapy for patients with LARC, many studies have explored whether expanding the target area for patients with LARC could improve the clinical benefit as radiotherapy itself may cause toxic reactions and lead to a higher rate of surgical complications.

A prospective trial found a 5-year local control rate of 96.1%, 3- and 5-year OS of 89.4% and 87%, respectively, and reduced gastrointestinal toxicity when reducing the target area volume (containing only the primary focus, rectal mesentery, perirectal and presacral lymph nodes) in intermediate- and low-risk locally advanced rectal cancer (35). Song, Geng (36) found that excluding the ischiorectal fossa from the target area in nCRT did not affect tumor prognosis and reduced the incidence of surgical incisional complications (18). At present, when neoadjuvant radiotherapy is performed for LARC, the internal and external iliac vascular bifurcations are chosen as the upper boundary of the radiotherapy target area. The STELLAR trial attempted to lower the upper boundary of the neoadjuvant radiotherapy target area to the sacral promontory for low and locally advanced rectal cancers and observed improvements in the CR rate and R0 resection rate (37). For some distal rectal cancers that are at an earlier stage with no high-risk factors, clinicians can consider lowering the upper boundary of the radiotherapy target area to halfway below the sacrum to ensure for therapeutic efficacy and also minimize the adverse effects caused by radiotherapy. However, no large-scale clinical study exploring this issue in depth has been conducted in recent years. It is expected that other clinical trials will be performed in the future to gain further insights into this question. A retrospective analysis found a 0% 2-year lateral pelvic lymph node (LPLN) recurrence rate when IMRT-SIB was pushed to 56-60 Gy in patients with positive LPLNs and did not increase the incidence of radiotherapy-related toxicity or surgical complications (38). Chen, Liu (39) found that in LARC patients with isolated inguinal lymph node metastases, enhanced irradiation of the metastatic lymph nodes (IMRT-SIB 58 Gy/25 F) resulted in better LRR. The 3-year OS and local recurrence-free survival were 100% (39).

A study that included 399 patients found similar 5-year failure rates for EIN but increased 5-year failure rates for IN in patients with anal canal invasion compared to patients without anal canal invasion when irradiation of external iliac lymph nodes (EIN) and inguinal lymph nodes (IN) was not performed, although there was an increased 5-year failure rate for IN; however, there were no significant differences between the two groups in 5-year OS, DFS, distant metastasis-free survival (DMFS), or local recurrence-free survival (LRFS) (40). Another retrospective study included a total of 214 LARC patients with anal sphincter invasion but no ILN and ELN metastases and found that even without ILN and ELN irradiation, the 3-year failure rates for ILN and ELN were only 3.7% and 3.3%, respectively; however, tumor inferior margin invasion or location below the dentate line, high histologic grade, and perineural invasion were strongly associated with ILN and ELN treatment failure correlation (41). Therefore, in patients with LARC with low-risk factors, non-irradiation of ILNs and ELNs may be considered, thus reducing the incidence of adverse effects of radiotherapy without increasing the risk, but in high-risk patients, irradiation of ILNs and ELNs may still be needed.

RT plays an important role as a neoadjuvant treatment for patients with LARC; however, the PROSPECT trial revealed that not all patients with LARC seem to require RT. This trial included patients with cT2N+/cT3 rectal cancer, who were reclassified after chemotherapy and treated with surgery if the primary tumor regressed >20% or with preoperative RT if ≤20% regression was observed. The results showed that patients treated with neoadjuvant chemotherapy using the mFOLFOX6 regimen had similar 5-year DFS and LRR rates as the nCRT group, along with a significant decrease in toxicity. This study confirmed that neoadjuvant chemotherapy is effective in helping many patients avoid RT. Thus, it has great clinical value as a more cost-effective treatment for patients who cannot undergo RT, especially for young patients who have not yet had children, to reduce radiation-induced damage to the reproductive system (42). Additionally, for patients with cT3 low rectal cancer, the NAIR trial showed that neoadjuvant chemotherapy using only the mFOLFOX6/CAPOX regimen resulted in improved 3-year recurrence-free survival (75.5%) and prevented the effects of RT on patients’ surgery, postoperative wound healing and anal function (43).





3 Neoadjuvant chemoradiotherapy

The CAO/ARO/AIO-94, EORTC 22921 and FFCD 9203 trials made fluorouracil concurrent radiotherapy the standard neoadjuvant treatment regimen used to date. Although this treatment modality significantly improved the tumor stage reduction and pCR rate of patients compared with surgery alone or postoperative adjuvant radiotherapy modality, it did not significantly improve the DFS and OS of patients (2–5), so many studies explored other neoadjuvant treatment modalities.

In 2012, Hofheinz, Wenz (5) in Germany used capecitabine instead of fluorouracil for simultaneous radiotherapy after similar local control rates, lower distant metastasis rates, and even slightly higher 5-year OS and 3-year DFS. Based on this, nCRT with capecitabine has now also become one of the standard treatment options for LARC.

The addition of chemotherapeutic agents to nCRT to improve pCR rates has been explored by some authors, and the ACCORD 12 trial, which followed 598 patients for 3 years, found that although the addition of OX to capecitabine with concurrent radiotherapy did not increase the incidence of adverse events, it did not result in important benefits in terms of LRR, DFS, or OS (44). Several clinical trials in recent years have also found not only no improved clinical benefit but also increased toxicity with the addition of OX (45–49). In the FOWARC trial conducted at 15 centers in China, patients were equally assigned to the single-agent fluorouracil concurrent radiotherapy group, the mFOLFOX6 concurrent radiotherapy group and the mFOLFOX6 neoadjuvant chemotherapy group. Similar to previous findings, the mFOLFOX6 concurrent radiotherapy group did not outperform the single-agent fluorouracil concurrent radiotherapy group in terms of 3-year DFS and OS, but the mFOLFOX-RT group had the highest pCR rate (14% vs. 27.5% vs. 6.6%) and a similarly increased incidence of adverse events (50). The team published long-term follow-up results in 2023 and found that mFOLFOX6 plus radiotherapy also failed to improve long-term survival compared with fluorouracil plus radiotherapy and additionally did not provide long-term DFS (62.8% vs. 63%) and OS (73.2% vs. 73%) benefits to patients when compared with neoadjuvant chemotherapy with mFOLFOX6 alone (51). Although the addition of OX slightly improved the clinical benefit for patients, its increased toxic effects should not be underestimated; the disadvantages of this regimen may outweigh the benefits, and OX is not recommended as a routine neoadjuvant.

Many clinical studies have found the addition of irinotecan (CPT-11) to nCRT to have better efficacy and safety (52–58). The results of the CinClare study confirm the feasibility of the nCRT model of capecitabine in combination with CPT-11. The study enrolled 360 patients with wild-type or heterozygous mutations at the UGT1A1*28 locus, and a portion of the experimental group (CPT-11 combined with capecitabine concurrent chemoradiotherapy +1 cycle XELIRI) was treated with reduced doses due to the cumulative toxicity of the drug and radiotherapy, but the pCR rate in the experimental group was also 2-fold that of the control group (Capecitabine concurrent chemoradiotherapy +1 cycle XELOX). The pCR rate was as high as 40% in patients with sufficient doses of CPT-11 and four or more cycles, and the toxicity was within the tolerable range, providing good therapeutic prospects for patients with difficult R0 resection and a strong desire to preserve the anus (59).




4 Total neoadjuvant treatment

TNT is a more intense neoadjuvant treatment modality of SCRT followed by chemotherapy or induction/consolidation chemotherapy on top of nCRT that has become one of the standard treatment modalities for LARC (Table 1). However, individualized treatment regimens are needed for patients with LACR, thus avoiding overtreatment of patients or delaying the timing of surgery for patients with poor response (65, 80, 82).


Table 1 | Clinical trials of total neoadjuvant therapy.





4.1 Induction chemotherapy-nCRT

Chau, Allen (83) found in 2003 that the use of mitomycin before nCRT improved nCRT efficacy, after which they first tried the effect of the induction chemotherapy TNT treatment modality in patients with LARC; they found a high tumor efficiency of 97% and a pCR rate of 24% after 4 cycles of CAPOX induction chemotherapy before nCRT, and 48% of patients were close to CR (60). Subsequent EXPERT studies also found high pCR rates (20%) and R0 resection rates (96%) after induction chemotherapy using 3-4 cycles of CAPOX regimens and better 3-year relapse-free survival (RFS), DFS and OS (74%, 68%, 83%) with tolerable toxicity (61). Several other studies have also confirmed that the TNT treatment modality of induction chemotherapy does improve clinical benefit (62, 63, 2015).

Maréchal, Vos (64) found no clinical benefit after induction chemotherapy with 2 cycles of mFOLFOX6, but Cercek, Goodman (84) found a CR rate of 36% (pCR 21.3%, cCR 14.7%) in a retrospective analysis of 61 patients who underwent nCRT after induction chemotherapy with the mFOLFOX6 regimen. The overall CR rate was even higher in patients who received 8 cycles of induction chemotherapy at 40% (pCR 29%, cCR 11%), and all patients had varying degrees of tumor regression, a difference that may be related to induction chemotherapy for more cycles. In addition, 65% of lymph node-positive patients reached ypN0 after TNT (84), and in another retrospective study, the incidence of ypN0 was similarly found to be significantly higher after induction chemotherapy than in the nCRT group (75% vs. 62%) (85). Kim, Marco (86) also found that even though patients treated with TNT had a more advanced tumor stage, they still outperformed the nCRT group in terms of CR rate.

The PRODIGE 23 trial in France used a high-intensity mFOLFIRINOX regimen for induction chemotherapy, and although the 3-year OS rates were similar in the 2 groups, the 3-year DFS (76% vs. 69%), distant metastasis (17% vs. 25%), and pCR rates (28% vs. 12%) were significantly better in the induction chemotherapy group (n=231) than in the control group, which used nCRT (n=230), and the incidence of grade ≥3 adverse events was lower (65). After 7 years of follow-up, 42 patients died in the trial group compared to 55 in the control group, and all survival endpoints, such as OS, DFS, and MFS, were better in the trial group than in the control group; the 7-year LRR was also better in the trial group than in the control group (66). Compared to nCRT, induction chemotherapy provides not only improved clinical benefit but also greater flexibility. Due to the heterogeneity of LARC, however, a comprehensive clinical assessment of treatment benefit is still needed for patients.




4.2 nCRT-consolidation chemotherapy

Because different patients have different sensitivities to nCRT and are at risk of tumor progression or metastasis in the interval between surgeries, many studies have explored whether the addition of systemic therapy in the interval between surgeries can reduce the risk of tumor progression, promote tumor regression, or increase the pCR rate (67, 68, 74, 87, 88).

Habr-Gama, Perez (87) found that continuation of fluorouracil chemotherapy after nCRT improved CR rates. A prospective phase II trial conducted at 17 centers in the United States and Canada found that consolidation chemotherapy with the mFOLFOX6 regimen improved pCR rates in patients and that patients with 4 and 6 cycles had higher pCR rates than those with only 2 cycles of consolidation chemotherapy. In addition, the incidence of grade ≥3 adverse events decreased instead with increasing cycles of consolidation therapy, and the use of consolidation chemotherapy was also found to improve DFS after 5 years of follow-up (67, 68).

After Zampino, Magni (69) found that continuation of capecitabine after nCRT improved clinical benefit, Zhu, Gu (70) also found that consolidation chemotherapy with capecitabine after nCRT with OX+capecitabine achieved better tumor step-down rates. A subsequent prospective trial by Gao, Zhang (71) found that nCRT with the XELOX regimen followed by one cycle of chemotherapy with the XELOX regimen significantly improved the pCR rate (36.1%) and that 44.4% of patients approached pCR with good tolerability (71). This finding was confirmed in several other clinical trials (74, 88). Gao, Lin (72) in 2014 found that “sandwich” neoadjuvant therapy (XELOX+nCRT+XELOX) resulted in pCR in 42.2% (19/45) of patients, not including 18 patients (40%) who approached pCR. In addition, 18 patients (40%) achieved pCR. Meanwhile, the toxic reaction is within the control range.

The CAO/ARO/AIO-12 study by Fokas, Allgäuer (73, 2022) found higher patient compliance and pCR rates with consolidation chemotherapy TNT than in patients treated with induction chemotherapy TNT (91% vs. 97% and 17% vs. 25%) and a lower incidence of grade 3/4 adverse events (37% vs. 27%), but both groups had the same 3-year PFS of 73% and had similar 3-year LRR (6% vs. 5%); however, the incidence of grade 3/4 chronic toxicity was slightly lower in the consolidation chemotherapy group than in the induction chemotherapy group (11.8% vs. 9.9%). Although this study concluded that consolidation chemotherapy regimens could be the preferred TNT sequence, tumor response is influenced by a variety of factors, and in clinical practice it is still necessary to develop an appropriate treatment regimen after a thorough patient assessment to provide maximum clinical benefit to patients.




4.3 Short course of radiotherapy - consolidation chemotherapy

Although earlier studies found better local control with nCRT than with surgery immediately after SCRT (19, 2006, 21), the Stockholm III Trial and several other studies found that delaying surgery after SCRT also resulted in better tumor downstaging (89, 90, 2015, 91). Widder, Herbst (92) found that chemotherapy administered in the interval between surgeries may improve outcomes.

Myerson, Tan (75) found that consolidation chemotherapy using a 4-cycle mFOLFOX6 regimen after SCRT (25 Gy/5 F) led to a 28% total CR and had lower toxicity and better 3-year DFS (85% vs 68%) (76). The published results of the 2016 Polish trial indicated that SCRT followed by 3 cycles of FOLFOX4 produced better R0 resection (77% vs. 71%) and pCR rates (16% vs. 12%) than nCRT and was even not inferior to nCRT in terms of 3-year DFS (53% vs. 52%) and OS (73% vs. 65%) (77); after long-term follow-up, however, there was no significant difference in survival benefit between the two groups (78). Myerson, Tan (75) then performed a matched pair analysis between their trial and the Polish trial and found that SCRT + consolidation chemotherapy had better pCR rates (28% vs. 16%), tumor step-down rates (75% vs. 41%), 3-year DFS (85% vs. 68%) and 3-year OS (96% vs. 88%) in terms of gains, and TNT treatment was found to be significantly associated with a lower risk of recurrence by subgroup analysis. These studies provided the rationale for SCRT + consolidation chemotherapy to later become the standard neoadjuvant treatment modality for LARC.

Chakrabarti, Rajan (79) compared the efficacy of SCRT + consolidation chemotherapy (5 x 5 Gy sequential 2 cycles of XELOX) or nCRT (50 Gy/25 F simultaneous capecitabine) followed by sequential 6 cycles of XELOX regimen, and patients were found to have better compliance with SCRT+ consolidation chemotherapy (63% vs. 41%) and shorter treatment duration, higher tumor step-down rates, lower incidence of grade 3/4 acute toxicity (2% vs. 4%), and similar to nCRT+ consolidation chemotherapy in terms of R0 resection rate (87% vs. 90%), pCR rate (12% vs. 10%), and overall tumor step-down (75% vs. 75%). The RAPIDO trial found a significantly lower 3-year disease-related treatment failure rate (23.7% vs. 30.4%) in patients in the experimental group (5 × 5 Gy followed by sequential 6 cycles of CAPOX/4 cycles of FOLFOX4 consolidation chemotherapy, n=462) compared to patients in the standard treatment group (50.4Gy/28F or 50Gy/25F with concurrent capecitabine, n=450) (80); the 5-year local area failure (12% vs. 8%) and local recurrence rates (10% vs. 6%) were higher than in the standard treatment group, and the experimental group was associated with an increased risk of local recurrence, but the rates of disease-related treatment failure and distant metastases remained better in the experimental group than in the standard treatment group (81). The STELLAR trial conducted at 16 centers in China compared the efficacy of preoperative SCRT + consolidation chemotherapy (5 × 5 Gy followed by sequential 4 cycles of CAPOX) with standard nCRT (50 Gy/25 F synchronized capecitabine) and found that the overall CR rate (21.8% vs. 12.3%) and R0 resection rate (91.5% vs. 87.8%) in patients treated with TNT were higher than those in the CRT group, and the 3-year DFS (64.5% vs. 62.3%) and MFS (77.1% vs. 75.3%) were significantly better than those in the CRT group (86.5% vs. 75.1%), while the 3-year LRR rate was lower in the TNT group (8.4% vs. 11%) (37). However, Romesser, Park (93) of Memorial Sloan Kettering Cancer Center presented the results of their trial at ASCO 2023; their trial involved assigning 332 patients treated with TNT to the LCRT group (n = 256) and the SCRT group (n = 76). Patients in both groups had a cCR of 46%, but overall, patients who had radiotherapy first had a higher cCR than patients who had chemotherapy first [53% vs. 44% (LCRT), 52% vs. 43% (SCRT)], and then after more than 2 years of follow-up, the LCRT group outperformed the SCRT group in terms of organ preservation (40% vs. 29%) but not in terms of 2-year OS (95% vs. 92%), DFS (78% vs. 70%), distant recurrence rate (20% vs. 21%) and watchful waiting rate (98% vs. 94%) were similar between the two groups, but it should be noted that among patients who opted for W&W treatment, the 2-year local regeneration rate was 20% in the LCRT group compared to 36% in the SCRT group (93). The ongoing ACO/ARO/AIO-18.1 trial may further validate whether the TNT treatment modality with LCRT results in a higher organ preservation rate. Although many studies have concluded that the short-term benefit of SCRT + consolidation treatment modality is not inferior or even superior to nCRT, more clinical studies are needed to validate it in terms of long-term survival benefit. Both nCRT and short-course radiotherapy have now become standard neoadjuvant treatment modalities. Despite the increased acute toxicity of SCRT, clinical benefit can be achieved with shorter treatment duration, lower economic cost, more flexible treatment modalities and better compliance than nCRT.





5 Combination with immunotherapy

Immunologic agents (ICIs) have shown good efficacy in advanced rectal cancer patients with dMMR/MSI-H (94, 95), and the application of ICIs in rectal cancer is very limited because the majority of rectal cancer patients are of the MSS type. Some studies have demonstrated that radiotherapy can enhance the antitumor immune response by upregulating PD-L1 expression, altering the tumor microenvironment, inducing immunogenic death of tumor cells (ICD), etc., to enhance the antitumor immune response of patients (96–99), so many studies in recent years have explored whether the addition of immune drugs to neoadjuvant therapy for LARC can provide better benefit (Table 2).


Table 2 | Clinical trials of neoadjuvant chemoradiotherapy combined with the immunotherapy.



In the NICHE study, among patients with locally advanced mismatch repair-deficient colon cancer, 95% achieved an MPR, and 60% had pCR after treatment with ipilimumab + nivolumab (113). In the PICC study, patients with locally advanced mismatch repair-deficient colon cancer achieved a high pCR rate after 6 cycles of toripalimab neoadjuvant therapy (114). Considering the remarkable efficacy of immunotherapy in colorectal cancer, at the 2022 ASCO Annual Meeting, Cercek et al. demonstrated that a 100% cCR rate could be achieved with dostarlimab alone for patients with dMMR/MSI-H (115). Additionally, Yang et al. used different types of PD-1 inhibitors, including pembrolizumab, sintilimab, and tislelizumab, to treat 20 LARC patients with dMMR/MSI-H. As a result, 90% of the patients experienced CR, of whom 11 achieved pCR postoperatively, and the remaining 7 had cCR or near-cCR, with 2-year DFS and OS rates of 100% (116). Further, Chen et al. found that 12 out of the 16 patients in their study achieved CR, further demonstrating the significant efficacy of immuno-monotherapy as a neoadjuvant treatment for LARC patients with dMMR/MSI-H (117). However, more than 90% of patients with colon and rectal cancers have MSS tumors, and these patients are usually not sensitive to immunotherapy. Radiotherapy has been demonstrated to increase the efficacy of immunotherapy. Thus, many studies have attempted to use immunotherapy in combination with radiotherapy to treat LARC patients with MSS tumors and have achieved good results.

The VOLTAGE-A trial was the first to attempt nCRT in combination with ICI as neoadjuvant therapy, and with the use of 5 cycles of nivolumab after nCRT, 30% of 37 LARC patients with MSS achieved pCR with a major pathologic response rate of 38%, and 6 of 8 patients with PD-L1 expression ≥1% achieved pCR. In tumors, the pCR rate was 78% in 9 patients with a CD8+ T-cell/effector regulatory T-cell (CD8/eTreg) ratio ≥2.5 in infiltrating lymphocytes (100), and in patients with MSS, 3-year RFS and OS reached 79.5% and 97.4%, respectively, while patients with MSI-H had 100% for both metrics (101). Despite the small sample size of this study, the combination of nCRT with ICI can be considered a very promising neoadjuvant treatment option for application. In addition, the NSABP FR-2 trial in the United States and the PANDORA trial in Italy found that sequential administration of durvalumab after nCRT also resulted in better pCR rates (22.2% and 32.7%), and an additional 25.5% of patients in the PANDORA trial approached pCR and had higher rates of tumor stage reduction and anal preservation (102, 103).

The 2021 AVANA trial found that 23% of patients achieved pCR and 61.5% achieved major pathologic response (MPR) after 6 cycles of avelumab (10 mg/kg/2 weeks) synchronized with Ncrt (104). The R-IMMUNE trial included 25 patients with 4 cycles of atezolizumab synchronized with nCRT, of whom 6 (24%) patients achieved pCR and only 13% had ≥ grade 3 or higher adverse reactions (105). Although these 2 trials did not result in stunning efficacy, this presents a new treatment option for patients who are not sensitive to chemotherapy.

The NRG-GI002 trial explored the impact of adding pembrolizumab after induction chemotherapy TNT treatment and found that the use of pembrolizumab did not increase pCR rates (29.4% vs. 31.9%) and cCR rates (13.6% vs. 13.9%) but increased the incidence of grade ≥3 or higher adverse reactions (48.2% vs. 37.3%) (106); after 3 years of follow-up, however, the addition of pembrolizumab was found to significantly increase the patients’ 3-year OS improvement (87% vs. 95%) (107). Thus, sequential use of ICIs after more intense TNT may have a long-term survival benefit but does not further increase short-term efficacy; instead, it leads to greater toxicity in patients due to overtreatment. A single-arm, prospective phase II trial conducted in China explored the efficacy and safety of sintillimab in ultralow MSS/pMMR in patients with locally advanced rectal cancer. The trial enrolled 23 patients who received nCRT synchronized with 2 cycles of sintillimab followed by 6 cycles of capecitabine or CAPOX regimen plus 2 cycles of sintillimab as consolidation therapy. Of the 10 patients who underwent the surgery, 2 patients achieved pCR, with an overall CR rate (cCR+pCR) of 52.2% and an anal preservation rate of 95.5% (108). And another phase II study in China found that adding Tislelizumab to TNT treatment surprisingly increased the pCR rate to 58% (110). In contrast, the PKUCH-04 study used a more intense sandwich neoadjuvant treatment combined with ICI model, with simultaneous camerelizumab during 3 cycles of CAPOX induction chemotherapy followed by nCRT and 2 cycles of CAPEOX consolidation chemotherapy; seven (33.3%) of the 25 patients with MSS achieved pCR and 4 (16%) patients achieved cCR, while grade 3 adverse events were mainly lymphopenia (24%) and no grade 4 adverse events occurred (109). Although the PKUCH04 study achieved better trial results than the NRG-GI002 trial, this outcome cannot be ruled out as being due to intensive chemotherapy. Furthermore, lymphocytes are very sensitive to radiation, whereas the NRG-GI002 trial using pembrolizumab after nCRT likely decreased the patient’s antitumor immune response. Therefore, in addition to focusing on the impact of treatment intensity on the patient, it is also important to consider whether the different treatment sequences will differ in efficacy.

Many studies in recent years have found that the use of SCRT + consolidation chemotherapy modality has noninferior efficacy to nCRT (37, 75, 80, 96–103). Lin, Cai (111) first combined SCRT with ICI (25 Gy/5F + 2 cycles of CAPOX synchronized with camrelizumab), and 26 of the 27 patients they included were pMMR. At the end of neoadjuvant therapy, 13 patients (48.1%) achieved pCR, and all patients achieved R0 resection, with an 88.9% anus preservation rate and no grade ≥4 adverse events (111). The efficacy of adding toripalimab to TNT treatment was explored in the TORCH trial, which was designed with an induction chemotherapy arm (2 cycles of CAPOX combined with toripalimab + SCRT) and 2 treatment regimens in the consolidation chemotherapy group (SCRT + 6 cycles of CAPOX combined with toripalimab). Of the 48 patients who completed treatment, 50.0% achieved cCR, with an overall CR rate of 60.4% (29/48), a pCR rate of 60.7% (17/28), an MPR rate of 78.6% (22/28), and an anal preservation rate of 88.9% (40/45) (118).The Averectal trial found that with 6 cycles of mFOLFOX6 combined with avelumab after SCRT (25 Gy/5 F), 3 of 12 patients with pMMR (25%) achieved pCR, 3 more patients (25%) approached pCR, 50% had a major pathologic response, and no grade 4 or higher adverse events occurred (112). Dai, Wang (119) designed an open-label, single-center, phase II study to explore the efficacy and safety of using envafolimab plus CAPEOX after SCRT in patients with MSS/pMMR locally advanced rectal cancer, and 8 of 12 patients (76.6%) who have completed neoadjuvant therapy thus far have achieved pCR; their final trial results are expected to be outstanding. Compared to the previously mentioned treatment modality of nCRT+ICI, SCRT+ICI showed important advantages, which may be because the high-dose, low-fractionation radiotherapy modality has less impact on lymphocytes and may be because high-dose radiotherapy can increase the patient’s antitumor immune response. In conclusion, SCRT+ICI may be a more favorable neoadjuvant immunotherapy regimen for patients.




6 Combination with targeted agents

Targeted agents notably improve the survival benefit of patients with metastatic rectal cancer, and targeted agents can exert antitumor effects by inducing apoptosis and inhibiting angiogenesis (6). By combining targeted agents with radiotherapy, the action properties of targeted agents may be better exploited (120, 121), so there are many studies exploring neoadjuvant therapy combined with targeted agents (Table 3).


Table 3 | Clinical trials of neoadjuvant chemoradiotherapy combined with targeted agents.



Bevacizumab is a VEGF inhibitor (140). nCRT was first combined with bevacizumab by Willett, Duda (122), and despite only 15.6% of patients achieving pCR, the 5-year OS was 95%, DFS and distant metastasis rate was 68.9%, local control rate was 91.7%, and no serious toxicity occurred (141). However, Crane, Eng (123) found that after using bevacizumab every 2 weeks during nCRT, 8 (32%) patients achieved pCR and 6 (24%) patients approached pCR, with 2-year local recurrence in 1 patient, 2-year distant metastases in 3 patients, and 2-year DFS and OS rates of 77.3% and 100%, respectively. While the addition of bevacizumab during nCRT was also found in several other studies to increase the rate of anal preservation, pCR rate and survival benefit to varying degrees (124, 142–144), Velenik, Ocvirk (125) found that combining bevacizumab during nCRT did not improve the pCR rate (13.3%), although it did not increase toxicity. Several other studies also found that nCRT combined with bevacizumab did not improve pCR, distal recurrence-free survival, DFS or 5-year OS (126, 145, 146). In addition, Dipetrillo, Pricolo (147) found that the combination of bevacizumab during TNT not only did not improve the pCR rate (20%) but also produced very high toxicity, with grade 3/4 toxicity, mainly gastrointestinal and hematological, in 19 of 25 patients (76%), which led to the early termination of the trial; the same was found in 2 other studies (127, 128). This may be due to the use of OX-containing chemotherapy regimens, but even with the less intense neoadjuvant regimen (45 Gy/25F + capecitabine 825 mg/m2 bid + bevacizumab 5 mg/kg, d1, d15 and d29), more than 50% of patients still experienced ≥ grade 3 adverse effects (148). The INOVA trial explored the impact of radiotherapy in neoadjuvant targeted therapy for LARC; the researchers enrolled 91 patients, assigned them in a 1:1 ratio and found that the use of bevacizumab in combination with 5-FU-RT significantly improved pCR rates (23.8% vs. 11.4%) and 5-year OS (90.5% vs. 72.7%) compared with bevacizumab in combination with FOLFOX4 and had similar rates of adverse events (129, 2019). The TRUST study included 48 patients with LARC who received 6 cycles of FOLFOXIRI-synchronized bevacizumab induction therapy followed by nCRT (50.4 Gy synchronized capecitabine) in combination with bevacizumab and found a 2-year DFS of 80.45% and a pCR in 36.4% of the 44 patients who underwent surgical resection (130). The NOMINATE trial is exploring the impact of adding bevacizumab to TNT therapy, but the results have not yet been reported, so we look forward to their results (149). The DREAM therapy trial found that starting another panvascular endothelial growth factor (pan-VEGF) receptor tyrosine kinase inhibitor, cediranib, 10 days before nCRT and continuing it until the end of nCRT significantly increased the excellent clinical or pathological response rate (41%) (131). Although the use of bevacizumab during neoadjuvant therapy may not improve the benefit, it certainly increases toxicity and therefore is not recommended for patients during nCRT, but cediranib seems to have the potential to provide a higher benefit for patients. Although the addition of bevacizumab to neoadjuvant therapy was not successful, Yara L identified a new treatment regimen in patients with clinical stage ≤T3ab N0-1 distal-mid rectal tumors without mesorectal fascia involvement using SCRT followed by sequential 3 cycles of atezolizumab + bevacizumab that achieved cCR or near cCR in 56% of patients; although this trial has not yet been completed, it offers good prospects for the use of bevacizumab in neoadjuvant therapy for LARC (150).

The combination of EGFR inhibitors with RT has a synergistic effect because RT increases EGFR expression in tumor cells, and blocking EGFR can make cells more sensitive to radiotherapy (149, 150). Ten years ago, a study confirmed the high safety profile of adding cetuximab to neoadjuvant therapy for LARC; however, regardless of the neoadjuvant regimen used, after adding cetuximab, pCR rates were disappointingly low (150–154). Although some studies have also demonstrated better pathological step-down rates and survival benefit in patients after the addition of cetuximab (155–157), they were not significantly better than nCRT or TNT, so the addition of cetuximab to nCRT is not recommended. In contrast, the addition of gefitinib, also an EGFR inhibitor, to nCRT increased the pCR rate to 30.3%, but unfortunately, this also significantly increased gastrointestinal toxicity in patients (158). The StarPan/STAR-02 trial tried another EGFR inhibitor, panitumumab, and found that the addition of fluorouracil + oxaliplatin with concurrent radiotherapy with panitumumab resulted in a pCR rate of 21.1%, again with improved gastrointestinal toxicity (159). Although this regimen did not significantly improve the pCR rate in patients, it seemed to suggest the potential for panitumumab to provide benefit to LARC patients, and on this basis, the RaP Study/STAR-03 study attempted to combine FOLFOX4 synchronous radiotherapy with panitumumab in KRAS wild-type LARC patients; disappointingly, this regimen did not increase the pCR rate in patients (10.9%) (160). The SAKK 41/07 trial attempted to add panitumumab during nCRT in KRAS wild-type LARC patients, and interestingly, although the addition of panitumumab did not increase the pCR rate in patients (10% vs. 18%), it did increase the proportion of patients approaching pCR (43% vs. 14%) (161). Overall, the addition of EGFR inhibitors does not appear to provide additional benefit to LARC patients but rather has the potential to cause additional gastrointestinal toxicity. Therefore, the addition of EGFR inhibitors during neoadjuvant therapy in LARC patients is not recommended.




7 Summary

In the past two decades, the neoadjuvant treatment methods and tools for locally advanced rectal cancer have continued to advance, not only achieving better and better results in terms of efficacy but also decreasing toxicity. TNT therapy has now surpassed nCRT as the most common neoadjuvant treatment option for clinical LARC, greatly reducing the difficulty of TME surgery and promoting a better prognosis for patients. Although targeted drugs have not demonstrated their efficacy in neoadjuvant therapy for LARC, the promising therapeutic prospects shown by immunologic drugs provide clinicians and patients with another new option. Due to the differences in genotype, tumor location and size, extent of tumor invasion, and patient’s physical condition, a multidisciplinary discussion (MDT) is still needed to carefully assess individual situations and develop the most appropriate treatment plan for each patient.
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