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Combining tumor deposits with the number of lymph node metastases to improve the prognostic accuracy in stage III colon cancer: a post hoc analysis of the CALGB/SWOG 80702 phase III study (Alliance)

ABSTRACT

Background: In colon cancer, tumor deposits (TD) are considered in assigning prognosis and staging only in the absence of lymph node metastasis (i.e., stage III pN1c tumors). We aimed at evaluating the prognostic value of the presence and the number of TD in patients with stage III colon cancer.

Patients and methods: All participants from the CALGB/SWOG 80702 phase III trial were included in this post hoc analysis. Pathology reports were reviewed for the presence and the number of TD, lymphovascular and perineural invasion. Associations with disease-free survival (DFS) and overall survival (OS) were evaluated by multivariable Cox models adjusting for gender, treatment arm, T-stage, N-stage, lymphovascular invasion, perineural invasion and lymph node ratio.

Results: Overall, 2028 patients were included, with 524 (26%) TD-positive and 1504 (74%) TD-negative tumors. Of the TD-positive patients, 80 (15.4%) were node negative (i.e., pN1c), 239 (46.1%) were pN1a/b (<4 positive lymph nodes) and 200 (38.6%) were pN2 (≥4 positive lymph nodes). The presence of TD was associated with poorer DFS (adjusted hazard ratio (aHR)= 1.63, 95%CI 1.33-1.98) and OS (aHR = 1.59, 95%CI 1.24-2.04). The negative effect of TD was observed for both pN1a/b and pN2 groups. Among TD-positive patients, the number of TD had a linear negative effect on DFS and OS. Combining TD and the number of lymph node metastases, 104 of 1470 (7.1%) pN1 patients were re-staged as pN2, with worse outcomes than patients confirmed as pN1 (3-year DFS rate: 80.5% versus 65.4%, P=.0003; 5-year OS rate: 87.9% versus 69.1%, P=<0.0001). DFS was not different between patients re-staged as pN2 and those initially staged as pN2 (3-year DFS rate: 62.3% versus 65.4%, P=.4895).

Conclusions: Combining the number of TD and the number of lymph node metastases improved the prognostication accuracy of TNM staging.  Tumor deposits should be considered as a quantitative parameter since their number has a prognostic impact.

KEYWORDS

 Adding the number of tumor deposits to the count of lymph node metastases improves the prognostication accuracy.

INTRODUCTION

The TNM (Tumor Node Metastasis) staging system is the foundation of prognostication and individualized therapeutic strategies in colon cancer. However, variability in survival outcomes exists, especially among stage III colon cancer patients [START_REF] Gunderson | Revised TN Categorization for Colon Cancer Based on National Survival Outcomes Data[END_REF] . Although 3 months of adjuvant oxaliplatin-based treatment was not proven to be statistically non-inferior to 6 months, results from the IDEA collaboration allowed for a shortened duration of adjuvant therapy with 3 months of CAPOX, depending on the level of risk [START_REF] André | Effect of duration of adjuvant chemotherapy for patients with stage III colon cancer (IDEA collaboration): final results from a prospective, pooled analysis of six randomised, phase 3 trials[END_REF][START_REF] Grothey | Duration of Adjuvant Chemotherapy for Stage III Colon Cancer[END_REF] . Therefore, there is a need to improve the prognostic accuracy for stage III colon cancer patients with seemingly similar TNM substage.

In the 7 th version of the AJCC/TNM classification, tumor deposits are defined as discrete tumor nodules of any shape, contour or size that lack associated lymph node tissue, vascular structures or neural structures, found within the lymph drainage area of the primary tumor.

Noteworthy, tumor nodules with histological aspects of venous emboli, lymphatic emboli, or perineural invasion are no longer considered as tumor deposits, but as venous emboli, lymphatic emboli, or perineural invasion, respectively, in the 8 th version of the AJCC TNM classification.

Tumor deposits are observed in approximately 20% of colon cancers [START_REF] Nagtegaal | Tumor Deposits in Colorectal Cancer: Improving the Value of Modern Staging?A Systematic Review and Meta-Analysis[END_REF] . In the absence of lymph node metastasis, presence of tumor deposits is classified as stage III pN1c. In cases with lymph node metastases, neither the presence of tumor deposits nor their number are included in the TNM staging system, despite the finding that tumor deposits have been associated with worse prognosis, regardless of the lymph node stage [START_REF] Nagtegaal | Tumor Deposits in Colorectal Cancer: Improving the Value of Modern Staging?A Systematic Review and Meta-Analysis[END_REF][START_REF] Zheng | Prognostic Significance of Tumor Deposits in Combination with Lymph Node Metastasis in Stage III Colon Cancer: A Propensity Score Matching Study[END_REF][START_REF] Peacock | Improving the AJCC/TNM staging classification for colorectal cancer: The prognostic impact of tumor deposits[END_REF][START_REF] Wong-Chong | Impact of Tumor Deposits on Oncologic Outcomes in Stage III Colon Cancer[END_REF][START_REF] Bouquot | Prognostic value and characteristics of N1c colorectal cancer[END_REF][START_REF] Song | Can the tumor deposits be counted as metastatic lymph nodes in the UICC TNM staging system for colorectal cancer?[END_REF][START_REF] Pricolo | Tumor Deposits in Stage III Colon Cancer[END_REF] . A post hoc analysis of the IDEA France study showed a deleterious effect of tumor deposits in both N1a/b or N2 patients, with 3-year disease-free survival (DFS) rates of 66.2% and 79.5% for pN1a/b patients with and without tumor deposits, and 50.2% and 60.0% for pN2 patients with and without tumor deposits, respectively. When combining tumor deposits with the number of lymph node metastases, patients initially pN1 and restaged as pN2 (n=35, 2.4%) had similar DFS compared to those initially classified as pN2 [START_REF] Touat | Mechanisms and therapeutic implications of hypermutation in gliomas[END_REF] . Therefore, ignoring tumor deposits in the presence of lymph node metastases represents a significant loss of prognostication accuracy, currently with even greater importance since the count of lymph node metastases now guides therapeutic decision regarding the duration and the type of adjuvant chemotherapy 2 . The potentially practice-changing results of the IDEA France study require validation, particularly as most pathology reports in this study lacked standardization [START_REF] Delattre | Prognostic Value of Tumor Deposits for Disease-Free Survival in Patients With Stage III Colon Cancer: A Post Hoc Analysis of the IDEA France Phase III Trial (PRODIGE-GERCOR)[END_REF] .

In the Cancer and Leukemia Group B/Southwest Oncology Group (CALGB/SWOG) 80702 phase III study (NCT01150045), 2,526 stage III colon cancer patients were randomized to 3 versus 6 months of adjuvant FOLFOX plus 3 years of celecoxib or placebo. The primary objective was to compare DFS of patients treated with standard chemotherapy with or without celecoxib. CALGB is now part of the Alliance for Clinical Trials in Oncology. Here, we evaluated the prognostic value of tumor deposits for predicting DFS and overall survival (OS), and the impact of combining tumor deposits with the number of lymph node metastases in patients with stage III colon cancer treated on the CALGB/SWOG 80702 phase III trial.

MATERIAL AND METHODS

Patients

CALGB/SWOG 80702 was a phase III trial with a 2 x 2 factorial randomization between 6 or 12 cycles of FOLFOX and 3 years of celecoxib or placebo (double-blind) for patients with stage III colon cancer. The main eligibility criteria were histologically documented adenocarcinoma, complete resection (R0), at least one positive lymph node metastases or N1c disease as defined in AJCC version 7 [START_REF] Edge | The American Joint Committee on Cancer: the 7th edition of the AJCC cancer staging manual and the future of TNM[END_REF] , no evidence of metastatic disease, no neurosensory or neuromotor toxicity ≥ grade 2, and Eastern Cooperative Oncology Group (ECOG) performance status 0-2. Results for the primary end point (DFS) have been previously reported [START_REF] Meyerhardt | Effect of Celecoxib vs Placebo Added to Standard Adjuvant Therapy on Disease-Free Survival Among Patients With Stage III Colon Cancer: The CALGB/SWOG 80702 (Alliance) Randomized Clinical Trial[END_REF] . Each participant signed an IRB-approved, protocol-specific informed consent document in accordance with federal and institutional guidelines.

In this post hoc analysis, pathology reports from all patients were reviewed by one physician (RC or ZJ) for the presence and count of tumor deposits, as well as for the primary tumor sidedness, the presence of lymphovascular or perineural invasion. Data from pathology reports with no specific mention of either the presence or the absence of tumor deposits were considered as missing. For cases without a recorded number of tumor deposits, a value of 2 was assigned when multiplicity was indicated and a value of 1 was assigned in other cases. Tumors arising in the splenic flexure, descending colon, sigmoid or upper rectum were classified as leftsided; those originating in cecum, ascending colon, hepatic flexure or transverse colon were classified as right-sided.

Objectives

The outcomes included DFS, defined as the time from date of randomization to documentation of disease recurrence or death due to any cause and OS, defined as the time from randomization to death from any cause. A second primary colorectal cancer was not considered a DFS event. The pN stage was recalculated by combining the number of tumor deposits with the number of lymph node metastases.

Statistical analysis

The data for this analysis was frozen on April 20th 2020. Survival curves were estimated using the Kaplan-Meier method with adjustment for gender, treatment arm, T-stage, N-stage, lymphovascular invasion, perineural invasion and lymph node ratio, and compared with a likelihood ratio test [START_REF] Makuch | Adjusted survival curve estimation using covariates[END_REF][START_REF] Gail | Variance Calculations for Direct Adjusted Survival Curves, with Applications to Testing for No Treatment Effect[END_REF][START_REF] Zhang | A SAS macro for estimation of direct adjusted survival curves based on a stratified Cox regression model[END_REF] . Follow-up was calculated by reverse Kaplan-Meier estimation. Cox proportional hazard models were performed to estimate hazard ratio (HR) and 95% confidence interval (95%CI) for factors associated with DFS and OS [START_REF] Cox | Regression Models and Life-Tables[END_REF] 

RESULTS

Patient characteristics

Among 2526 patients included in the CALGB/SWOG 80702 trial, 498 (19.7%) were excluded from the present analysis: two stage 4 patients, 34 without available pathology reports, and 462 without specific information concerning the presence or absence of tumor deposits.

Overall, 2028 patients were included in the analysis, with 524 (26%) tumor deposit-positive and 1504 (74%) tumor deposit-negative stage III colon cancers (supplementary figure 1).

Baseline characteristics according to the presence or the absence of tumor deposits are summarized in table 1. Eighty patients (3.9%) had pN1c tumor (presence of tumor deposits but no lymph node metastasis). Seventeen point two percent and 37.0% of pN1a/b and pN2 tumors, respectively, had tumor deposits. Patients with tumor deposits were more likely to have T4 or N2 tumors with lymphovascular invasion and perineural invasion (P<.0001).

Prognostic value of the presence of tumor deposits

The median overall follow-up was 5.8 years (95%CI 5.8-5.9). The 3-year DFS and 5year OS estimates of pN1a/b, pN1c and pN2 groups were 79.4%, 79.6%, 62.3%, and 86.6%, 85.9%, 74.1%, respectively (supplementary figure 2). Patients with pN1c tumors did not have different outcomes to that of the pN1a/b population (unadjusted HR = 1.03, 95%CI 0.61-1.74).

The presence of tumor deposits was associated with poorer DFS (HR = 1.63, 95%CI 1.33-1.98, p=<.0001) and OS (HR = 1.59, 95%CI 1.24-2.04, p=0.0004) in the overall population (supplementary figure 3). The negative effect of tumor deposits on DFS and OS was observed for both pN1a/b and pN2 groups (figure 1A and1B). 3-year DFS rates for pN1a/b patients with or without tumor deposits were respectively 70.2% (95%CI 65.8-74.8) versus 81.4% (79.6-83.2); 5-year OS rates were 79.5% (75.6-83.7) versus 88.1% (86.6-89.6). For pN2 patients with or without tumor deposits, 3-year DFS estimates were 53.7% (48.5-59.4) versus 67.1% (63.3-71.0), and 5-year OS rates were 67.2% (62.3-72.5) versus 77.9% (74.6-81.4). The effect of tumor deposits on DFS was consistent in all clinical subgroups (figure 2). No interaction between tumor deposits and lymphovascular or perineural invasion was observed (P=.599 and P=.990, respectively). The interaction between tumor deposits and treatment arm did not reach statistical significance after Bonferroni multiplicity adjustment.

In a univariable Cox model, the presence of tumor deposits was associated with poor DFS (HR = 1.85; 95%CI 1.56-2.20) and OS (HR = 1.91, 95%CI 1.54-2.37). Other variables significantly associated with DFS (supplementary table 1) and OS (supplementary table 2) were: age (OS only), gender, performance status (OS only), primary tumor sidedness (OS only), T-stage, N-stage, TN stage, lymph node ratio, lymphovascular invasion and perineural invasion. In a multivariable Cox model including tumor deposits, gender, T-stage, N-stage, lymph node ratio, lymphovascular invasion, and perineural invasion, the presence of tumor deposits was associated with significantly poorer DFS (HR = 1.63, 95%CI 1.33-1.98) and OS (HR = 1.59, 95%CI 1.24-2.04).

Effect of adding number of tumor deposits to number of lymph node metastases

The median number of tumor deposits was two. Among these, the number of tumor deposits had a linear effect on DFS and OS, with increased number of tumor deposits associated with a significant increase in the HR for DFS or OS (figure 3A, supplementary figure 4 and supplementary figure 5A).

Given its additive prognostic value, the number of tumor deposits was combined with the number of lymph node metastases, and by doing this 104 of 1470 (7.1%) patients initially considered as pN1 were re-staged as pN2. Compared to patients that remained classified as pN1, re-staged pN2 patients experienced significantly worse DFS (3-year DFS rate: 80.5% versus 65.4%, P=.0003) and OS (5-year OS rate: 87.9% versus 69.1%, P=.0001) (figure 3B and supplementary figure 5B). DFS was not different between patients re-staged as pN2 and those initially staged as pN2 (3-year DFS rate: 65.4% versus 62.3%, respectively, P=.4895; figure 3B). OS survival curves of these two groups crossed, with better outcomes during the first 3 years of follow-up but poorer 5-year estimates for re-staged pN2 patients (5-year OS rate: 74.0% versus 69.0%, P=.1312) (supplementary figure 5B).

When considering the pTN stage (pT1-1-3 and N1, pT4 and/or N2), similar trends were observed, but without statistical significance. Seventy-five low-risk stage III patients (i.e, pT1-3 and pN1) were restaged as high-risk (i.e pT4 and/or N2) by combinig the number of tumor deposits with the number of lymph node metastases, with a 3-year DFS rate of 73.9% (95%CI 66.7-81.8), compared to 82.1% (95%CI 80.4-83.8) for confirmed low-risk patients and 63.3 (95%CI 60.7-66.1) for initially high-risk cases.

DISCUSSION AND CONCLUSION

Tumor deposits in colon cancer tumor specimens are observed in more than one fourth of stage III patients. Patients without lymph node metastases but with tumor deposits (namely the pN1c population) experienced similar outcomes to patients staged as pN1a/b. For patients with one positive lymph node or more, the presence of tumor deposits was associated with significantly poorer survival outcomes. The number of tumor deposits had a linear effect on prognosis and should therefore be considered as a quantitative variable rather than a qualitative information. Adding the number of tumor deposits to the lymph node metastases count improved the prognostic accuracy of the TNM staging. Patients with tumors initially classified as pN1 (< 4 lymph node metastases) but re-staged as pN2 (tumor deposits + lymph node metastases ≥ 4) had significantly poorer DFS and OS compared to those confirmed as pN1 (tumor deposits + lymph node metastases < 4) and outcomes similar to that of patients with 4 lymph node metastases or more.

A post-hoc analysis of the IDEA France study reported a negative impact of tumor deposits on DFS [START_REF] Delattre | Prognostic Value of Tumor Deposits for Disease-Free Survival in Patients With Stage III Colon Cancer: A Post Hoc Analysis of the IDEA France Phase III Trial (PRODIGE-GERCOR)[END_REF] . The observed frequency of tumor deposits was 9.5%, but may have been artificially low because only 36.7% of pathology reports were standardized to include this information. In our study, the observed frequency of tumor deposits in stage III colon cancer was higher (26%) and more in accordance with the incidence reported in other publications.

Eighteen point three percent of the CALGB/SWOG 80702 study population was excluded from this analysis due to lack of standardization of pathology reports, related to missing information about the presence or absence of tumor deposits in pathology reports. Our study, therefore, provides a more accurate estimation of tumor deposit frequency. In the current AJCC TNM staging, tumor deposits are taken into account for 3.9% of stage III colon cancers only (pN1c patients) while they could provide valuable prognostic information for 26% of the entire stage III population.

A recent analysis of the Surveillance, Epidemiology and End Results (SEER) database confirmed the independent prognostic value for reporting tumor deposits in CRC. The authors proposed a new AJCC/TNM classification system incorporating the presence or absence of tumor deposits within the N stage [START_REF] Peacock | Improving the AJCC/TNM staging classification for colorectal cancer: The prognostic impact of tumor deposits[END_REF] . A similar proposal emerged from a retrospective analysis of the National Cancer Database (NCDB) [START_REF] Pricolo | Tumor Deposits in Stage III Colon Cancer[END_REF] . Herein, we demonstrate that the number of tumor deposits has added prognostic significance, which justify considering tumor deposits as a quantitative variable instead of a qualitative value. Adding tumor deposit status to the lymph node metastases count might directly impact 6.6% of stage III colon cancer patients who would be classified as pN1 with the 7 th or 8 th version of the AJCC staging but, with more than 4 tumor deposits or lymph node metastases, should in fact be considered as pN2. Indeed, their prognosis is significantly poorer than pN1 patients and not different from the prognostic profile of the AJCC pN2 category. Importantly, our study found that even though most pathology reports were standardized for the presence or absence of tumor deposits, the specific count of tumor deposits was reported for only 345 of 524 tumors (65.8%) where tumor deposits were present.

We chose a worse-case scenario method by assigning a value of 2 for cases without a specific count but with the notion of tumor deposits plurality, and a value of 1 for cases without any detail about the number of tumor deposits.

Previous publications have suggested a potential pathophysiologic relationship between tumor deposits and lymphovascular or perineural invasion, which are high-risk features of stage II colon cancer [START_REF] Pricolo | Tumor Deposits in Stage III Colon Cancer[END_REF][START_REF] Delattre | Prognostic Value of Tumor Deposits for Disease-Free Survival in Patients With Stage III Colon Cancer: A Post Hoc Analysis of the IDEA France Phase III Trial (PRODIGE-GERCOR)[END_REF][START_REF] Mayo | Prognostic value of tumour deposit and perineural invasion status in colorectal cancer patients: a SEER-based population study[END_REF] . The IDEA France analysis observed a significant interaction between tumor deposits and these features, but the relatively high amount of missing data did not permit firm conclusions to be drawn [START_REF] Delattre | Prognostic Value of Tumor Deposits for Disease-Free Survival in Patients With Stage III Colon Cancer: A Post Hoc Analysis of the IDEA France Phase III Trial (PRODIGE-GERCOR)[END_REF] . Here, the presence or absence of lymphovascular and perineural invasion was reported for 94.9% of patients. The negative prognostic impact of tumor deposits remained significant whether the tumor exhibited lymphovascular or perineural invasion or not.

Although 3 months of adjuvant therapy is not inferior to a 6-month treatment when using CAPOX for low-risk stage III colon cancer patients, 6 months of FOLFOX is superior to 3 months of FOLFOX for high-risk stage III colon cancer patients [START_REF] Grothey | Duration of Adjuvant Chemotherapy for Stage III Colon Cancer[END_REF][START_REF] André | Three Versus 6 Months of Oxaliplatin-Based Adjuvant Chemotherapy for Patients With Stage III Colon Cancer: Disease-Free Survival Results From a Randomized, Open-Label, International Duration Evaluation of Adjuvant (IDEA) France, Phase III Trial[END_REF] . As all patients from CALGB/SWOG 80702 study received FOLFOX, we cannot therefore draw conclusions concerning the therapeutic effect in patients originally considered as low-risk who would have been classified as high-risk when adding tumor deposits to the lymph node metastases count.

The final missing piece of information for the implementation of tumor deposits in therapeutic decision-making related to the duration and type of adjuvant treatment is the analysis of tumor deposits in stage III colon cancer patients treated with CAPOX. Unfortunately, such a post hoc analysis may not be feasible since tumor deposits are not yet routinely reported in pathological analyses.

Our study has several limitations. First it relied on an unplanned review of pathology reports, and the original study did not require standardization of pathology reporting or specifically request tumor deposit counts. Our results are supported by the fact that the vast majority of the reports were standardized and therefore relatively trustworthy considering the information about tumor deposits. Nonetheless, we recognize the likely wide variability of reporting tumor deposits. Another potential source of error is that the reports were signed by pathologists from multiple institutions, and the study did not require specific expertise in identification of tumor deposits. This is of importance since the definition of tumor deposits changed with the 7 th version of the TNM staging classification which introduced the pN1c category [START_REF] Edge | The American Joint Committee on Cancer: the 7th edition of the AJCC cancer staging manual and the future of TNM[END_REF] . Given the prognostic impact of tumor deposits, we advocate for a clear, systematic and standardized description of the presence and number of tumor deposits in pathology reports.

In summary, tumor deposits are an independent negative prognostic factor, with a linear relationship between DFS, OS and the number of tumor deposits. Adding tumor deposits to the lymph node metastases count improves the prognostic accuracy of the TNM staging. A modification of the current N classification of the AJCC/TNM staging system is warranted. 
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