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Purpose

To investigate the clinical factors affecting pathological complete response (pCR) after neoadjuvant chemoradiotherapy (nCRT) in locally advanced rectal cancer (LARC).





Methods

Clinical data of 124 LARC patients treated with nCRT and surgery in the fourth Hospital of Hebei Medical University from 2014 to 2019 were retrospectively analyzed. In this study, univariate analysis and logistic dichotomous multivariate regression analysis were used to study the clinical factors affecting pCR, and the receiver operator characteristic curve (ROC) analysis was used to further verify the accuracy of partial indexes in predicting pCR.





Results

Of the 124 enrolled patients, 19 patients (15.32%) achieved pCR. Univariate analysis showed that the number of cycles of consolidation chemotherapy, serum carcino-embryonic antigen (CEA) level before treatment, MRI longitudinal length of tumor, and extramural vascular invasion (EMVI) were statistically correlated with pCR. ROC analysis of the longitudinal length of tumor measured by MRI showed that the area under the curve (AUC) value, sensitivity and specificity were 0.735, 89.47% and 48.57% respectively, and the optimal cut-off value was 5.5cm. The ROC analysis showed that the AUC value, sensitivity and specificity of pCR prediction using CEA were 0.741, 63.16% and 90.48%, respectively, and the optimal cut-off value was 3.1ng/ml. Multivariate results showed that the number of cycles of consolidation chemotherapy, serum CEA level before treatment, and EMVI were independent predictors of pCR.





Conclusion

The number of cycles of consolidation chemotherapy, serum CEA level before treatment, and EMVI may be important determinants of LARC patients to reach pCR after nCRT.
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Introduction

Neoadjuvant chemoradiotherapy (nCRT) had the advantages of reducing local recurrence rate (LRR) and improving sphincter retention rate (1, 2). Therefore, the National Comprehensive Cancer Network (NCCN) guidelines recommended nCRT for patients with locally advanced rectal cancer (LARC) (3, 4). LARC patients have distinct individual differences in response to nCRT. About 54%-75% of patients could achieve tumor staging reduction after nCRT, and only 9%-25% could achieve pathological complete response (pCR) (5–7). Patients who achieved pCR had better prognosis, lower LRR, and lower distant metastasis rate, with a 5-year overall survival (OS) of 87.6% and a 5-year LRR of only 2.8% (8–10). At present, some studies suggested that when patients achieve clinical complete response (cCR), a “watch and wait”, nonoperative (chemotherapy and/or RT) management approach may be considered to replace the total mesorectal excision (TME) in centers with experienced multidisciplinary teams (11, 12). By this management, surgery-related complications including intestinal function, urinary tract and sexual dysfunction could be avoided, thereby improving the quality of life of patients (13). Therefore, patients with pCR may be more suitable for this treatment strategy. However, patients who achieve cCR do not necessarily achieve pCR after surgery. Studies have shown that about 25% of patients with cCR are confirmed as pCR (14). At present, pCR is mainly confirmed by histopathological diagnosis of postoperative specimens. There are no accurate, reliable and non-invasive clinical predictors for pCR. Therefore, finding clinically relevant factors that predict pCR in LARC patients after nCRT may avoid unnecessary radical surgery, which has a significant meaning for individualized treatment of patients. This study aims to explore the clinical factors affecting the pCR of LARC patients after nCRT, so as to guide patients to optimize the treatment plan and predict the prognosis of patients.





Materials and methods




Patients

LARC patients who completed nCRT combined with TME surgery in the Fourth Hospital of Hebei Medical University from January 2014 to December 2019, were included in this retrospective case control study according. Patients were grouped according to tumor regression grading after nCRT.

The inclusion criteria were as follows: (1) Histopathology was confirmed rectal adenocarcinoma before neoadjuvant therapy; (2) T3-4, N0/N+, and M0 were diagnosed by imaging examination (chest CT, abdominal and pelvic MRI, PET-CT) at initial diagnosis; (3) Neoadjuvant therapy and TME surgery were completed before entering this study; (4) The mode of neoadjuvant therapy was long- course concurrent chemoradiotherapy recommended by NCCN guidelines.

The exclusion criteria were as follows: (1) Patients have other malignancies besides rectal cancer; (2) Distant metastases were found before surgery; (3) The neoadjuvant therapy was chemotherapy alone, radiotherapy alone, short-course radiotherapy (SCRT) or induction chemotherapy before radiotherapy; (4) Patients have incomplete clinical data.

All patients were treated with long-course preoperative RT by intensity-modulated radiation therapy (IMRT) using 6 MV photons. The median dose of radiotherapy was 50.4Gy (45-70Gy), including 114 cases with ≤50.4Gy and 10 cases with >50.4Gy, and the single dose was 1.8-2.0Gy. The target volume delineation and field setup were completed with reference to the ICRU Report 83 and the academic writings of Lee et al. (15). The chemotherapy regimens concurrently with irradiation were as follows: Capecitabine (82 cases), 5-FU+ calcium Leucovorin (3 cases), FOLFOX (9 cases), and XELOX (30 cases).

The collection of clinical data was approved by the ethics committee of the fourth hospital of Hebei Medical University. The data are anonymous, and the requirement for informed consent was therefore waived.





Statistical analysis

Statistical analysis was performed using SPSS software 22.0 (SPSS, Inc., Chicago, IL, USA). Chi-square test or Fisher exact test was used for univariate analysis. Logistic binary regression analysis (forward stepwise) was used for multivariate analysis to investigate the clinical factors affecting pCR, and the Hosmer-Lemeshow test was used to evaluate the goodness of fit of logistic regression model. In addition, the receiver operator characteristic curve (ROC) was used to calculate the area under the curve (AUC) to test some statistically significant variable values. In this study, P < 0.05 was considered statistically significant.






Results




Characteristics of patients

From January 2014 to December 2019, 203 LARC patients were found at the Fourth Hospital of Hebei Medical, of which 124 patients met the inclusion criteria of this study. The median patient age at the time of LARC diagnosis was 58 years old (30-87), including 95 males and 29 females. There were 87 patients with Dixon surgery, 34 patients with Miles surgery, and 3 patients with Hartman surgery. The anus preservation rate was 72.58%. In terms of the efficacy evaluation of nCRT, according to the tumor regression grading (AJCC 8th) standard (16), pathology experts identified 19 of 124 cases with tumor regression grading (TRG) 0, 13 with TRG 1, 78 with TRG 2, and 14 with TRG 3. In our study, patients with TRG 0-1 status were defined as good regression (GR). The main clinical characteristics of the patients were listed in Table 1.


Table 1 | Characteristics of patients with or without pCR.







Univariate and multivariate analysis

Univariate analysis demonstrated that the number of cycles of consolidation chemotherapy (P=0.035), CEA level before treatment (P=0.030), longitudinal length of the tumor on MRI (P=0.027), and extramural vascular invasion (EMVI) or not (P=0.014) were significantly associated with pCR (Table 1).

The significance of the Hosmer-Lemeshow goodness of fit was 0.327, indicating that the model had a good degree of fit (P>0.05). After all factors listed in Table 1 were brought into the logistic regression model as independent variables, we found that the cycle number of consolidation chemotherapy ≥1 (P=0.042), serum CEA before treatment <5ng/mL (P=0.005) and EMVI negative (P=0.045) were independent predictors of pCR and were significantly associated with higher pCR rate in LARC patients after nCRT (Table 2), and the longitudinal length of the tumor was not found to have independent predictive value, although this factor was found to have significant correlation with pCR in univariate analysis.


Table 2 | Logistic multivariate analysis of pCR in LARC patients after nCRT.






ROC analysis

ROC analysis of the longitudinal length of tumor measured by MRI showed that the AUC value, sensitivity and specificity were 0.735, 89.47% and 48.57% respectively, and the optimal cut-off value was 5.5cm. The ROC analysis of the correlation between CEA level before treatment and pCR showed that the AUC value, sensitivity and specificity of pCR prediction using CEA were 0.741, 63.16% and 90.48%, respectively, and the optimal cut-off value was 3.1ng/mL (Figure 1).




Figure 1 | (A) showed the ROC analysis of correlation between longitudinal length of tumor measured by MRI and pCR; (B) showed the ROC analysis of correlation between CEA level and pCR.









Discussion

Colorectal cancer is the third most common malignancy and the second leading cause of cancer death worldwide (17). LARC patients with pCR have higher local control rate, lower distant metastasis rate, and better survival (10). Whereas, there was still no reliable clinical predictor of pCR. This study enrolled 124 LARC patients, which demonstrated that the number of cycles of consolidation chemotherapy, serum CEA level before treatment, and EMVI may be important determinants of LARC patients to reach pCR after nCRT.

CEA is a glycoprotein secreted by colorectal cancer tissues and a common tumor marker of colorectal cancer. It is of great value in clinical screening, disease progression monitoring and prognosis prediction of colorectal cancer patients. At present, some studies have found that pre-treatment CEA level is still of great significance in predicting pCR (18–22). Cheong et al. (18) retrospectively studied 145 LARC patients who received nCRT and found that 92.6% patients with pCR showed pre-treatment CRT CEA levels <5 ng/mL (P<0.001). Pre-treatment CRT CEA levels were important risk factors for pCR (OR=18.71; 95%CI:4.62–129.51, P<0.001), respectively. Li et al. (19) found that the pre-treatment CEA level of patients in the pCR group was significantly lower than that of patients in the non-pCR group (3.82 ± 4.08 vs. 25.33 ± 49.41). It was a significant predictor of pCR, with AUC of 0.785 and optimal cut-off value of 3.35 ng/mL. These results indicated that the level of pre-treatment CEA may be a reasonable biomarker for predicting the pathological response of rectal cancer. However, the optimal cut-off value of pre-treatment CEA level to predict pCR is still inconsistent (19–22). In addition, contrary to the above studies, some studies did not find a correlation between CEA level and pCR (23, 24). The reasons for these divergences may be the differences in the enrolled population and the relatively small sample size of the retrospective studies. Further multi-institutional, prospective studies with a large sample size or meta-analysis studies were needed to confirm these findings.

It is well known that LARC patients who achieve pCR have a good prognosis, but only a small proportion of patients could achieve pCR after nCRT. In order to improve the tumor downstaging rate and achieve higher pCR rate, some studies have proposed total neoadjuvant therapy (TNT), which means the addition of consolidation chemotherapy after nCRT. Earlier study by Garcia-Aguilar et al. (25) proposed that nCRT followed by consolidation chemotherapy could improve pCR rate in a multi-center phase II clinical trial. This study demonstrated that the pCR rate of patients with nCRT and consolidation chemotherapy was higher than that of patients with nCRT alone (P=0.0036). Compared with the nCRT alone group, nCRT followed by 6 cycles of consolidation chemotherapy could bring a significantly higher survival advantage (OR=3.49, 95%CI 1.39-8.75; P=0.011). Liang et al. (26) found that patients in the nCRT followed by consolidation chemotherapy group had significantly higher “pCR rate + near-pCR rate” (32.8% vs. 16.25%; P=0.015), the univariate analysis and multivariate analysis found that consolidation chemotherapy was the independent predictor to achieve high “pCR rate and close to pCR rate”. In addition, the research showed that the consolidation chemotherapy was safe and feasible. There were no difference between the two groups in grade 3 to 4 toxic effects (nausea, vomiting, lower white blood cell count and anemia, etc.). Zhai et al. (27) found that the pCR rate of patients in the nCRT alone group was only 12.8%, while it was 32.7% in the nCRT followed by 3 cycles of XELOX consolidation chemotherapy. Although consolidation chemotherapy improved the pCR rate of patients, the rate of grade 3-4 adverse reactions did not increase. The univariate analysis showed that consolidation chemotherapy was an independent predictor of pCR.

Although some studies showed that the TNT regimen could improve pCR rate, some studies still presented different opinions. A phase II clinical trial of KCSG CO 14-03 by Kim et al. (28) showed that the pCR rate of patients in the nCRT group alone was 5.8%, while the pCR rate of patients in the nCRT followed by 2 cycles of XELOX consolidation chemotherapy group was 13.6%. Although the pCR rate of patients in the consolidation chemotherapy group was slightly higher than that of patients in the non-consolidation chemotherapy group, the difference was not statistically significant. Moore et al. analyzed 49 LARC patients and showed that the pCR rate of patients in the nCRT followed by consolidation chemotherapy group was 16%, while that in the nCRT alone group was as high as 25% (29). Therefore, the researcher thought that consolidation chemotherapy was not helpful to improve the pCR rate of patients.

So, could consolidation chemotherapy improve the pCR rate in patients? There were two meta-analysis studies. The study of Riesco-Martinez et al. showed that the pCR rate of patients in the consolidation chemotherapy group was significantly higher than that in the non-consolidation chemotherapy group (22.9% vs 13.2%, P<0.001) (30). In addition, no significant increase in grade 3-4 toxicity was observed in consolidation chemotherapy regimens. The study of Petrelli et al. showed that the addition of TNT treatment with induction chemotherapy and/or consolidation chemotherapy could improve the pCR rate of patients, and the toxicity of TNT regimen was comparable to that of standard treatment regimen (31). These studies suggest that consolidation chemotherapy may be helpful and safe to improve the pCR rate of patients.

EMVI refers to the presence of tumor cells in the blood vessels outside the muscularis propria (32). The characteristics of EMVI on MRI are that tumor signals exist in the vascular structure, blood vessels dilate or tumor infiltrates beyond the vascular wall and destroys the vascular boundary (32, 33). EMVI was associated with a higher risk of distant metastasis and poor prognosis (34, 35). In addition, EMVI was an independent predictor of higher recurrence risk in LARC patients after nCRT (36). At present, there were few studies on EMVI in predicting responsiveness to nCRT in LARC patients with different conclusions. A study of 649 LARC patients undergoing nCRT by the European Colorectal Cancer Association showed that the pCR rate and partial response rate of EMVI positive patients were lower than those of EMVI negative patients (7.5% vs 86.6%, 6.9% vs 83.3%), but the difference was not statistically significant (37). Hammarstrom et al. (38) showed that among patients in the short-course radiotherapy group, the cCR rate of EMVI negative patients was significantly higher than that of EMVI positive patients (11% vs 0%, P=0.017). While in the nCRT group and short-course radiotherapy followed by consolidation chemotherapy group, the cCR rate in EMVI negative patients was comparable to that in EMVI positive patients (16% vs. 18%, 29% vs. 23%). So, researchers suggested that EMVI positive may only be a predictor of poor sensitivity to radiotherapy. Sun et al. (39) analyzed the value of EMVI on the response to nCRT in patients with stage T3. The study showed that the good response rate of EMVI negative patients was about twice that of EMVI positive patients. Multivariate analysis showed that EMVI negative was an independent predictor of good response to rectal cancer. This study showed that the pCR rate of EMVI negative patients was significantly higher than that of EMVI positive patients (21.4% vs 2.5%, P=0.014). Multivariate analysis showed that EMVI negative was an independent predictor of pCR. In conclusion, studies using EMVI to predict the nCRT sensitivity are rare and controversial in LARC patients, further studies are needed to confirm the accuracy of this finding.

Tumor diameter or longitudinal length, which reflect tumor size, may be another clinical factor affecting pCR achievement in LARC patients. Garland et al. (23) studied 297 LARC patients who received nCRT and found that patients with smaller tumors were more likely to achieve pCR (5.0 ± 2.0cm vs. 6.0 ± 2.0, P = 0.008). Multivariate analysis showed that tumor size under endoscopy was an independent predictor of pCR. However, when the analysis was stratified by tumor size of <3.5cm, 3.5-7cm and >7 cm, the results showed that there was no correlation between tumor size and pCR (P=0.094). Park et al. (40) studied 249 LARC patients, and the univariate analysis showed that the proportion of pCR rate in patients with tumor size ≤4cm was significantly higher (37.61% vs. 18.40%, P=0.001), but multivariate analysis showed that tumor size was not a predictor of pCR. In the study of Lee et al. (41), the cut-off value of tumor size was set as 5cm, which was consistent with Park et al. (40), and only the results of univariate analysis showed that tumor size was correlated with pCR. Univariate analysis by Russo et al. (42) showed that patients with smaller tumors were more likely to achieve pCR, but the study did not provide cut-off value for grouping and conduct multivariate analysis to further confirm the accuracy of this conclusion. In this study, univariate analysis showed that patients with longitudinal tumor length <5cm were more likely to achieve pCR than those with longitudinal tumor length ≥5cm (24.00% vs. 9.46%, P=0.027). ROC analysis showed that the AUC value, sensitivity and specificity were 0.735, 89.47% and 48.57% respectively, and the optimal cut-off value was 5.5cm. However, multivariate analysis did not show statistical significance. To sum up, the conclusions of various studies are different, and it is not certain whether tumor size is the factor affecting the pCR achievement of LARC patients. In addition, the cut-off value of tumor size classification may also be an important factor affecting the results, which should be fully paid attention to in future studies.

As we all know, radiotherapy plays a major role in the neoadjuvant treatment of LARC patients. Although the recommended irradiation dose for LARC patients is 45Gy/25F to PTV and 50.4Gy/28F to CTV-H according to NCCN guidelines, there is still controversy about whether further increase of radiotherapy dose can improve the tumor regression. Appelt et al. performed 60Gy external irradiation sequential 5Gy brachytherapy boost on 51 patients with T2-3/N0-1, and found that 40 cases (78.4%) obtained cCR and entered “Watch & Wait” (43). Another prospective study compared the tumor regression of LARC patients receiving 50.4Gy and 60Gy, and found that increased dose did not significantly improve the pCR of patients, but the downstaging and shrinking of primary tumors were more significant in high-dose group of T3 patients (p=0.049), although there was no significant difference in the pathological reaction of lymph nodes between the two groups (44). In our study, the dose of enrolled patients ranged from 45Gy to 70Gy, and the results showed that only 1 out of 10 patients with a dose greater than 50.4Gy obtained pCR, and the tumor regression status of the patients might not benefit from high dose irradiation.

In this retrospective study, considering the reality of low pCR in patients receiving SCRT, we only analyzed patients with long-course nCRT. In addition, since some patients did not undergo genetic testing, the status of RAS, BRAF and MMR was not included, and only the general characteristics and those significant factors mentioned in other studies were analyzed, which might lead to some potential confounders to interfere with our results. We will pay attention to the above limitations and avoid them as much as possible in the design of future prospective studies.

In conclusion, this study demonstrated that the number of cycles of consolidation chemotherapy, serum CEA level before treatment, and EMVI may be important determinants of LARC patients to reach pCR after nCRT. Whereas, this is a retrospective study with small sample. Further multi-institutional, prospective studies with a large sample size or meta-analysis studies are needed to confirm these findings.
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