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Objective

To evaluate the predictive value of tumor regression grade assessed by MRI (mr-TRG) after neoadjuvant chemoradiotherapy (neo-CRT) for postoperative pathological TRG (pTRG) and prognosis in patients with locally advanced rectal adenocarcinoma (LARC).





Materials and methods

This was a retrospective study from a single center experience. The patients who were diagnosed with LARC and received neo-CRT in our department between January 2016 and July 2021 were enrolled. The agreement between mrTRG and pTRG was assessed with the weighted κ test. Overall survival (OS), progress-free survival (PFS), local recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) were calculated by Kaplan-Meier analysis and log-rank test.





Results

From January 2016 to July 2021, 121 LARC patients received neo-CRT in our department. Among them, 54 patients had complete clinical data, including MRI of pre- and post-neo-CRT, postoperative tumor samples, and follow-up. The median follow-up time was 34.6 months (range: 4.4-70.6 months). The estimated 3-year OS, PFS, LRFS and DMFS were 78.5%, 70.7%, 89.0%, and 75.2%, respectively. The median time from the completion of neo-CRT to preoperative MRI and surgery was 7.1 weeks and 9.7 weeks, respectively. Out of 54 patients, 5 patients achieved mrTRG1 (9.3%), 37 achieved mrTRG2 (68.5%), 8 achieved mrTRG3 (14.8%), 4 achieved mrTRG4 (7.4%), and no patient achieved mrTRG5 after neo-CRT. Regarding pTRG, 12 patients achieved pTRG0 (22.2%), 10 achieved pTRG1 (18.5%), 26 achieved pTRG2 (48.1%), and 6 achieved pTRG3 (11.1%). The agreement between three-tier mrTRG (mrTRG1 vs. mrTRG2-3 vs. mrTRG4-5) and pTRG (pTRG0 vs. pTRG1-2 vs. pTRG3) was fair (weighted kappa=0.287). In a dichotomous classification, the agreement between mrTRG(mrTRG1 vs. mrTRG2-5)and pTRG(pTRG0 vs. pTRG1-3) also resulted in fair agreement (weighted kappa=0.391). The sensitivity, specificity, positive, and negative predictive values of favorable mrTRG (mrTRG 1-2) for pathological complete response (PCR) were 75.0%, 21.4%, 21.4%, and 75.0%, respectively. In univariate analysis, favorable mrTRG (mrTRG1-2) and downstaging N were significantly associated with better OS, while favorable mrTRG (mrTRG1-2), downstaging T, and downstaging N were significantly associated with superior PFS (p<0.05). In multivariate analysis, downstaging N was an independent prognostic factor for OS. Meanwhile, downstaging T and downstaging N remained independent prognostic factors for PFS.





Conclusions

Although the consistency between mrTRG and pTRG is only fair, favorable mrTRG after neo-CRT may be used as a potential prognostic factor for LARC patients.
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Introduction

Colorectal cancer is the third most common type of cancer and the second leading cause of cancer death according to GLOBOCAN 2020 estimates (1). Different treatment strategies were adopted for different tumor-node-metastasis (TNM) stage diseases combined with clinical features, such as the status of circumferential resection margin (CRM) and extramural venous invasion (EMVI) (2). According to the latest NCCN guidelines, neoadjuvant chemoradiotherapy (neo-CRT) followed by surgery and postoperative chemotherapy (ChT) is the standard care for patients with stage II-III rectal cancer (2).

In the whole process of diagnosis and treatment, pelvic MR and postoperative pathological results play a fatal role in making appropriate treatment decisions for locally advanced rectal adenocarcinoma (LARC) patients. Taking advantage of superior soft-tissue contrast and the ability to allow multiplanar imaging and functional evaluation, MRI is not only considered to be the gold standard of rectal cancer staging but also the best way to assess response to neo-CRT and predict prognosis (3–5). Mandard, Dworak, the American Joint Committee on Cancer (AJCC) and the College of American Pathologists (CAP) created different pathology tumor regression grade (pTRG) systems to evaluate different tumor responses to neo-CRT, which were indicated to be effective and prognostic factors in future studies (6–10). Then, the MERCURY study group established an MRI-assessed tumor regression grade (mr-TRG) system that was analogous to pTRG (5).

However, there was no consistent result of the agreement between mrTRG and pTRG (11, 12). Here, we enrolled 54 LARC patients who received neo-CRT and surgery. In addition to complete routine clinicopathological data, all of them had MRI examination pre- and post- neo-CRT, and operative specimens. The responses of each patient were assessed by MRI after neo-CRT (mrTRG) and by postsurgical histopathologic specimens (pTRG). This study aimed to investigate the consistency of mrTRG and pTRG in these pTRG-defined patients, and to evaluate the predictive value of mr-TRG for prognosis. Furthermore, we hope to provide more valuable information for LARC patients before surgery, and even give some patients who were assessed with favorable mrTRG the opportunity to choose “watch and wait”, which is an organ preservation treatment strategy (13).





Materials and methods




Patients

This was an observational study approved by our institutional medical ethics committee (No [2021].125). From January 2016 to July 2021, 121 LARC patients received neo-CRT at Department of Radiotherapy of the First Affiliated Hospital, Sun Yat-sen University. Before treatment, written informed consent was obtained from all patients. All patients were confirmed histologically as adenocarcinoma. Imaging diagnoses of them were stage II or III disease by pelvic MRI, chest/abdominal CT with contrast, and endorectal ultrasound.





Treatment details

The treatment strategies of all patients were managed by the gastrointestinal center multidisciplinary team (MDT). All patients received long-course radiotherapy (LCRT) with concurrent ChT and surgery. Radiotherapy (RT) was delivered with volume modulated arc therapy (VMAT). Gross tumor volume (GTV) was defined as the primary tumor (GTVp) and positive lymph nodes (GTVn). Clinical target volume (CTV) included the GTV plus areas at risk for microscopic spread from the primary tumor and at-risk nodal areas (14). The prescribed doses delivered to GTVp and GTVn were 50 Gy for 43 patients, 52.5 Gy for 10 patients, 60 Gy for one patient respectively, and the doses delivered to CTV were 45 Gy for 45 patients, 46 Gy for 9 patients respectively, all delivered in 25 daily fractions. The surgical procedures include Dixon, Miles, Parks, Hartmann and local excision.

The concurrent ChT regimens with RT included CapeOx (Oxaliplatin 130 mg/m2 on Day 1 + Capecitabine 1000 mg/m2 twice daily for 14 days, repeated for 3 weeks)for 28 patients, Capecitabine (825mg/m2 twice daily for 5 days a week) for 22 patients, and mFOLFOX (Oxaliplatin 85 mg/m2 on Day 1, leucovorin 400 mg/m2 on Day 1, 5-Fu 400 mg/m2 bolus on Day 1, followed by 1200 mg/m2/day for 2 days, over 46-48 hours continuous infusion, repeated for 2 weeks) for 4 patients. The adjuvant ChT regimens included CapeOx for 29 patients and mFOLFOX for 4 patients.





MRI examination and evaluation

Appropriate (20-80 mL) ultrasound gel was used to provide enhanced depiction of the tumor, except for patients with low or large rectal tumors. Before imaging, 20 mg of raceanisodamine hydrochloride was intramuscularly injected to decrease intestinal peristalsis artefacts. All rectal MR images were performed using a 3.0 T MR scanner (Magnetom Verio, Siemens Healthcare, Erlangen, Germany) with a 6-channel phased-array surface coil. All patients were imaged in the supine position and oriented feet-first. The imaging protocols comprised (a) axial turbo spin-echo T2-weithed imaging (T2WI); (b) high-spatial-resolution turbo spin-echo T2WI in sagittal, coronal and oblique axial planes with the oblique axial plane perpendicular to the tumor base; and (c) axial diffusion-weighted imaging (DWI) with b factors of 0 and 1000 s/mm2 using a single-shot echo-planner imaging sequence. Detailed protocols are listed in Table 1.


Table 1 | MRI protocols for Rectal Cancer.



Two radiologists experienced in rectal MRI (6 and 5 years) independently reviewed the paired MR images (pre- and post-neo-CRT) without knowledge of the postoperative histopathological results. For a consensus or majority decision, discrepancies were resolved by a third radiologist with more than 20 years of experience in rectal MRI.

A semiquantitative MRI-based tumor regression grade has been implemented (3) (Supplementary materials). We combined T2WI and DWI to assess the relative proportions of residual tumor and the degree of morphologic changes such as fibrosis and mucin production on post-neo-CRT MR images (15, 16). On T2WI, tumor fibrosis demonstrates a signal intensity similar to that of the normal muscularis propria, mucin production within a treated tumor manifests as an interval increase in signal intensity, and residual tumor demonstrates a more intermediate signal intensity similar to that on pretreatment MR images. A hyperintense signal on high-b-value (1000 s/mm2) DWI at the former tumor location, with low signal intensity on the apparent diffusion coefficient map, was considered to be tumor signal. When there was a discrepancy between two image sets, it was resolved through a complementary approach. For example, confusingly high signal intensity of a lesion on DWI that might have been caused by mucinous change or artifacts was interpreted on T2WI and an apparent diffusion coefficient map. In addition, it should give priority to DWI when ambiguously intermediate high signal intensity of a lesion on T2WI that was difficult to decide residual tumor or radiation fibrosis. Two patients who were assessed as mrTRG2 and mrTRG4 after neo-CRT are presented in Figure 1, 2, respectively.




Figure 1 | MRI tumor regression grade 2 in a 43-year-old man after neo-CRT. Post-neo-CRT T2WI shows a remarkable decrease in the tumor size with the remaining hypointense “fibrotic” thickening of the wall without visible tumor signal, whereas high b value post-CRT-DWI shows linear high signal intensity at the tumor bed, with low signal intensity on post-CRT-ADC map, indicating residual tumor. CRT, chemoradiotherapy; T2WI, T2-weighed imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient. The white arrows indicate tumor.






Figure 2 | MRI tumor regression grade 4 in a 59-year-old man after CRT. Post-CRT T2WI shows a slight reduction (< 50%) in the tumor size with a majority of intermediate signal intensity. On high b value post-CRT-DWI, a thick layer of diffusion restriction was apparent at the tumor bed. CRT, chemoradiotherapy; T2WI, T2-weighed imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient.







Pathological evaluation

Formalin fixation and paraffin-embedding (FFPE) tissue sections were cut into 5 μm thick slices and fixed in 4% paraformaldehyde PFA for assessment. Subsequently, the slices were used to perform haematoxylin-eosin (HE) staining. The slides were stained following the HE staining kit (Solarbio, G1120) protocol and observed by microscopy. The specimens were examined and analysed by a pathologist with 10 years of experience and were further reviewed by a dedicated gastrointestinal pathologist, both of whom were blinded to the MRI data. The pTRG-based tumor regression grade assessment system recommended by the AJCC Cancer Staging Manual, Eighth Edition and the CAP Guidelines (17, 18) was implemented in this study (Figure 3) (Supplementary material). Pathological complete response (PCR) was defined as the absence of viable tumor cells in the primary tumor and lymph nodes.




Figure 3 | The pathological tumour regression (pTRG) assessment results (photomicrograph H and E, 400x). There were 12 patients with pTRG grade 0, 10 patients with pTRG grade 1, 26 patients with pTRG grade 2, and 6 patients with pTRG grade 3, respectively.







Follow-up

The follow-up visits were performed every 3 months during the first 2 years after treatment, every 6 months in the subsequent 3 years, and then yearly thereafter. Patients were followed up by telephone until the last visit on March 10, 2022 or death.





Statistical analysis

The primary end point is the agreement between mrTRG and pTRG. The strength of agreement was assessed using the weighted kappa test. Kappa values were assessed as follows: 0.81-1.00, excellent agreement; 0.61-0.80, good agreement; 0.41-0.60, moderate agreement; 0.21-0.40, fair agreement; and 0.00-0.20, poor agreement. Dichotomous classification for mrTRG (mrTRG1-2 vs. mrTRG 3-5) and pTRG (pTRG 0 vs. pTRG 1-3) was performed to assess the ability of mrTRG to identify PCR by calculating sensitivity, specificity, and positive and negative predictive values.

The secondary end points were the overall survival (OS), local-regional recurrence-free survival (LRFS), progression-free survival (PFS), and distant metastasis-free survival (DMFS) of the enrolled patients. The Kaplan-Meier method and log-rank test were used to assess the differences between favorable (mrTRG1-2) and unfavorable (mrTRG 3-5) patients. P values of less than 0.05 with two sides were considered statistically significant. Survival was analyzed with the log-rank test by SPSS software (SPSS. Inc., Version 25, Chicago, IL).






Results




Clinicopathological characteristics

Except for the patients with missing MRI or post surgery specimens or those lost to follow-up, a total of 54 patients with complete clinical data, including MRI information (before and after neo-CRT), postoperative tumor samples, and follow-up, were enrolled in this retrospective study. There were 40 males and 14 females, and the median age at diagnosis was 55 years old (range: 27-74 years). There were 2 patient with stage II disease and 52 patients with stage III disease. There were 42 patients with positive CRM, and 12 patients with negative CRM. There were 38 patients with positive EMVI, 16 patients with negative EMVI. Thirteen patients were diagnosed as peritoneal reflection involved before treatment. The tumor locations included 3 in the upper rectum, 35 in the middle rectum, and 16 in the lower rectum. All clinicopathological characteristics were summarized in Table 2.


Table 2 | Baseline characteristics and predictive value for prognosis.



Among the 54 patients, 33 patients received neo-CRT and surgery with postoperative ChT, and 21 patients received neo-CRT and surgery. The median RT doses were 50 Gy (range: 50-60 Gy) for GTVp and GTVn, and 45 Gy (range: 45-46 Gy) for CTV, all delivered in 25 daily fractions. The median cycle was 3 for neo-ChT (range: 1-7), and 4 for adjuvant ChT (range: 1-7). The total mesorectal excision (TME) was performed in most (53/54, 98.1%) patients after neo-CRT. The surgical procedures include Dixon (n=41), Miles (n=10), Parks (n=1), Hartmann(n=1), and local excision (n=1).

Of these 54 patients with complete mrTRG and pTRG assessment, 5 patients achieved mrTRG1 (9.3%), 37 achieved mrTRG2 (68.5%), 8 achieved mrTRG3 (14.8%), 4 achieved mrTRG4 (7.4%), and no patient achieved mrTRG5 after neo-CRT. One patient received R1 excision, and the remaining 53 patients received R0 excision. Regarding pTRG, 12 patients achieved pTRG0 (22.2%), 10 patients achieved pTRG1 (18.5%), 26 patients achieved pTRG2 (48.1%), and 6 patients achieved pTRG3 (11.1%) (Table 3).


Table 3 | Comparison between mrTRG and pTRG.







The agreement between mrTRG and pTRG

The agreement between the three-tier mrTRG (mrTRG1 vs. mrTRG2-3 vs. mrTRG4-5) and pTRG (pTRG0 vs. pTRG1-2 vs. pTRG3) classes was fair (weighted kappa=0.287). In a dichotomous classification, assessment of the agreement between mrTRG(mrTRG1 vs. mrTRG2-5)and pTRG(pTRG0 vs. pTRG1-3) also resulted in fair agreement (weighted kappa =0.391).

When a dichotomous classification (mrTRG 1-2 vs. mrTRG 3-5) was used to assess the ability of mrTRG to predict PCR (pTRG0), 9 out of 12 patients (75.0%) were correctly identified. The sensitivity, specificity, and positive and negative predictive values of mrTRG were 75.0%, 21.4%, 21.4%, and 75.0%, respectively.





Prognosis and survival

The median follow-up time of all patients was 34.6 months (range: 4.4-70.1 months). The estimated 3-year OS, PFS, LRFS and DMFS were 78.5%, 70.7%, 89.0%, and 75.2%, respectively (Figure 4A).




Figure 4 | The survival curves for 54 patients. (A): The estimated 3-year overall survival (OS), progress-free survival (PFS), local-regional recurrence-free survival (LRFS) and distance metastasis-free survival (DMFS) were 78.5%, 70.7%, 89.0%, and 75.2%, respectively. (B): The 3-year OS of patients with downstage N was significantly better than the non-downstage N group (p=0.003). (C): The 3-year OS of patients with favorable mrTRG was significantly better than the unfavorable group (p=0.027). (D): The 3-year PFS of patients with favorable mrTRG was significantly better than the unfavorable group  (p=0.017). (E): The 3-year PFS of patients with downstage T was significantly better than the non-downstaging T group (p=0.019). (F): The 3-year PFS of patients with downstage N was significantly better than the non-downstage N group (p=0.019).



During follow-up, two patients developed local-recurrence, and the tumor site was located anterior to the sacrum. Twelve patients developed distant metastases, and the most common metastatic sites included the lung (n=5), liver (n=3), retroperitoneal lymph nodes (n=3), and bone (n=1).

In univariate analysis, downstage N and favorable mrTRG were significantly associated with better OS (p=0.003 for downstage N, Figure 4B; p=0.027 for mrTRG, Figure 4C), while favorable mrTRG, downstage T and downstage N were significantly associated with better PFS (p=0.017 for mrTRG, Figure 4D; p=0.019 for downstage T, Figure 4E; p=0.019 for downstage N, Figure 4F) (Table 2). The factors with a P value of less than 0.1 in univariable analysis were included in the multivariable analysis. In multivariate analysis, downstaging N (p=0.045) was an independent prognostic factor for OS. Meanwhile, downstaging T (p=0.011) and downstaging N (p=0.012) were independent prognostic factors for PFS (Table 4).


Table 4 | Multivariable Cox analysis of prognostic factors for OS and PFS.








Discussion

The main finding of this research was that favorable mrTRG (mrTRG1-2) after neo-CRT could be used as a potential prognostic factor for LARC patients. Another valuable finding was that although the consistency between mrTRG and pTRG was fair, the sensitivity (75.0%) and negative predictive values (75.0%) of mrTRG 1-2 for PCR were satisfactory.

For LARC patients, neo-CRT followed by surgery and postoperative ChT was the standard care (2), and accurate restaging after neo-CRT and assessment of treatment response were critical to treatment decision-making throughout the process. In routine clinical work, MRI, postoperative pathological results, and hematologic tumor markers (e.g. CEA, CA199) are the most common detection means (19–23). However, there were some limitations in pathological and hematological markers. For example, postoperative pathological results can only be obtained after surgery, and hematology markers have certain fluctuations. With the advantages of high detection accuracy and noninvasiveness, pelvic MRI has become the most commonly used examination, for staging, restaging after neo-CRT and predicting the prognosis (4, 24). In this study, favorable mrTRG (mrTRG1-2) was significantly associated with better OS and PFS in univariate analysis, which was consistent with previous studies. However, pTRG (PCR vs. non-PCR) had no significant effect on prognosis in either univariate or multivariate analysis, which was different from previous research (8, 23, 25, 26). The main reason was that, compared with the PCR group (median cycle was 2, range: 0-5), patients in non-PCR group received more intense adjuvant ChT (median cycle was 4, range: 2-7). The different postoperative treatment strategies and small sample size of this study may reduce the difference in survival between the two groups.

In this study, the consistency between mrTRG and pTRG was fair (weighted kappa=0.287 for three-tier; weighted kappa=0.391 for a dichotomous classification), which was consistent with previous studies (12). However, the sensitivity (75.0%) and negative predictive values (75.0%) of mrTRG 1-2 for PCR were satisfactory. These results suggested that although mrTRG was not a surrogate of pTRG, favorable mrTRG may be a predictor for PCR. Therefore, in clinical work, patients with favorable mrTRG after neo-CRT could be recommended to adopt a “watch-and-wait” strategy, an organ preservation strategy to avoid complications from overtreatment, such as surgery. Previous study results showed no significant difference in recurrence and OS between patients managed with “watch-and-wait” after a clinical complete response and patients with PCR after operation (27).

Restaging MRI is more inclined to over stage of disease after neo-CRT in LARC patients as a result of the difficulties in assessing response within areas of post radiation fibrosis (28). Radiomics refers to the extraction of a vast number of qualitative and quantitative features from routine images using artificial intelligence that are effectively invisible to the human eye. MRI-based radiomics can help clinicians predict whether patients will achieve a PCR after neo-CRT before surgery to avoid excessive treatment (29). MRI-based radiomics has predictive value for the curative effect of neo-CRT on LARC patients and shows good predictive value in terms of tumor staging, postoperative metastasis, and prognosis after treatment (30). In the future, new MRI parameters could be added to mrTRG to increase the accuracy of PCR prediction and provide more valuable information to make treatment decisions.

There are some limitations to this study. First, the use of ultrasound gel is controversial and not recommended by the ESGAR guidelines. However, we filled the rectum with the appropriate amount of gel tailored to the size and location of the tumor. In this circumstance, rectal overdistension was avoided. Therefore, rectal gel filling had a minimal impact on the tumor staging evaluation. Moreover, rectal gel filling will reduce susceptibility artefacts related to luminal gas on DWI and may facilitate detection of smaller and treated tumor (31–33). Thus, rectal gel filling is useful for the mrTRG evaluation based on T2WI and DWI. Second, it was a retrospective study, and the surgical methods and ChT regimen were not completely uniform. Finally, the number of patients who met the criteria was small. In future work, we will produce a prospective study with large sample sizes to verify this result.

In conclusion, although the consistency between mrTRG and pTRG is only fair, favorable mrTRG after neo-CRT may be used as a potential prognostic factor for LARC patients’survival.
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