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Background

Pathologic staging is crucial in colorectal cancer (CRC). Unlike the majority of solid tumors, the current staging model does not use tumor size as a criterion. We evaluated the predictive and prognostic impact of primary tumor size on all stages of CRC.



Methods

Using the National Cancer Database (NCDB), we conducted an analysis of CRC patients diagnosed between 2010 and 2015 who underwent resection of their primary cancer. Univariate and multivariate analyses were used to identify predictive and prognostic factors, Kaplan-Meier analysis and Cox proportional hazards models for association between tumor size and survival.



Results

About 61,000 patients met the inclusion criteria. Median age was 63 years and majority of the tumors were colon primary (82.7%). AJCC stage distribution was: I - 20.1%; II - 32.1%; III - 34.7% and IV - 13.1%. The prognostic impact of tumor size was strongly associated with survival in stage III disease. Compared to patients with tumors <2cm; those with 2-5cm (HR 1.33; 1.19-1.49; p<0.001), 5-10cm (HR 1.51 (1.34-1.70; p<0.001) and >10cm (HR 1.95 (1.65-2.31; p<0.001) had worse survival independent of other variables. Stage II treated without adjuvant chemotherapy had comparable survival outcomes (HR 1.09; 0.97-1.523; p=0.148) with stage III patients who did, while Stage II patients who received adjuvant chemotherapy did much better than both groups (HR 0.76; 0.67-0.86; p<0.001). Stage III patients who did not receive adjuvant chemotherapy had the worst outcomes among the non-metastatic disease subgroups (HR 2.66; 2.48-2.86; p<0.001). Larger tumors were associated with advanced stage, MSI high, non-rectal primary and positive resection margins.



Conclusions

Further studies are needed to clarify the role of tumor size in prognostic staging models, and how to incorporate it into therapy decisions.
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Introduction

Colorectal cancer (CRC) affects about 1.8 million people globally, leading to over 600,000 deaths in 2018 alone and is the second leading cause of cancer-related deaths in the United States (1). Although the median age at diagnosis is 67 years, there is an alarming increase in the number of new cases in young people (2). The 5-year relative survival for patients diagnosed with colorectal cancer is 66% (3). This however varied from 90.6% for localized disease to 14.7% for patients with distant spread.

The American Joint Committee on Cancer (AJCC) tumor (T), nodes (N), and metastases (M) system is a widely recognized cancer risk stratification system used in the management of cancer patients, including colorectal cancer (4, 5). Radiographic and endoscopic assessments are used to assign a clinical stage (cTNM), while resected specimens are evaluated for pathologic stage (pTNM). Patients with rectal cancer, or those with colon primaries treated preoperatively with systemic or radiotherapy are further classified with a post-neoadjuvant pathologic stage (ypTNM). The prognostic significance of the tumor size/horizontal growth of most solid tumors in the TNM staging is reflected by its major role in determining the prognosis, recurrence, survival, and clinical management (6). However, its value in risk stratifying colorectal cancer remains controversial (7, 8). Colorectal cancer spreads horizontally but also invade through the depth of the various layers of the colon wall. The current AJCC colorectal cancer T stage uses depth of tumor invasion rather than tumor size/horizontal spread.

Survival rates unfortunately do not directly correlate with increasing AJCC stage in colorectal cancer. An analysis of the SEER Program public use data file for patients diagnosed in years 1998 to 2000 showed interesting findings. The 2- and 5- year survival rates for patients with AJCC stage I colon cancer were almost identical for those with IIIA. However, stage IIC disease was associated with significantly worse survival rates highlighting the importance of T stage in determining outcome (9). The contribution of tumor size/horizontal growth to the impact of T stage on outcome has not been adequately evaluated. An analysis of 2080 Chinese patients with colorectal carcinoma who underwent surgical resection from 1985 to 2011 compared weighting of the T stage and AJCC for stage homogeneity and discrimination (10). Hazard ratios for both overall and disease specific survival were more accurately predicted by their proposed T-plus staging system which placed extra emphasis on T-stage weighting.

Other retrospective studies have also showed direct correlation between tumor size or maximum horizontal tumor diameter and higher survival in colon cancer patients (11, 12). An analysis of tumor diameter, C-reactive protein concentrations and survival in patients undergoing surgery for colorectal cancer showed no correlation between tumor and increased mortality (13). A more recent study evaluating the association between small node-positive colon cancers with survival in a Military Health System also failed to show differences in overall survival based on tumor size in the study population (14). Although most of these studies were conducted with limited sample sizes (15), the potential for tumor size as a valuable tool in colon cancer survival necessitates additional analyses. This study evaluated the impact of tumor size and horizontal extent on colorectal cancer survival using the largest cohort to date.



Materials and Methods

The National Cancer Database (NCDB) encompasses about 1500 Commission-on-Cancer-accredited cancer programs and captures more than 70% of all incident cancers in the United States. The aim of this study is to evaluate the impact of tumor size on survival among all CRC patients who underwent surgical resection for their primary tumor between 2010 and 2015. Selection criteria for the study included CRC with pathologic T stage with morphology codes: 8140-47, 8210-11, 8220-21, 8260-63, 8480-81, and 8490. Exclusion criteria were patients with age less than 18 years, missing AJCC pathologic stage, chemotherapy status or preoperative use in non-metastatic disease, tumor size or follow up data, or those treated for additional primary malignancies. The primary outcome was overall survival which was defined as interval between time of diagnosis and death. Patient-specific covariates included age at diagnosis, gender, race, insurance status, year of diagnosis, primary site (colon vs. rectal), AJCC TNM stage, MSI status, treatment received. Ethical approval was based on Emory University IRB waiver policy, since patient information in the database is completely de-identified and the database is legally accessible to the public.


Statistical Analysis

Tumor size was categorized into three discrete groups: less than 2cm, 2-5 cm, 5-10 cm and greater than 10cm. The demographic, clinical and pathologic characteristics of patients in the study population were summarized using appropriate descriptive statistics for variable type and distribution. Univariate and multivariate analyses were conducted to identify factors associated with patient outcomes. All clinically meaningful variables were included and subsequently eliminated based on the level of significance. To assess the association between patient characteristics and survival, Cox proportional hazards models were fitted with a backward elimination method (removal criteria p=0.05). Likelihood ratio test (LRT) was used to compare the model with the covariate being assessed; both added with the model and with the assessed covariate dropped. An alpha level of 0.05 was used, and any covariate with LRT p-value ˃0.05 was removed from the final multivariate model. Backward elimination was used to automate the LRTs and determine the final model with the covariates presented. Kaplan-Meier curves were generated for overall survival. All statistical analysis was conducted with a significant level of 0.05 using SAS version 9.4 (SAS Institute, Cary NC) and SAS macros developed by the Biostatistics and Bioinformatics Shared Resource at Winship Cancer Institute in Atlanta, Georgia (16).




Results


Patient Demographics

A total of 60,999 patients met the eligibility criteria. The mean age at diagnosis was 62.7years (SD+/-14). Gender distribution revealed male were 50.9% (Table 1). Majority of the patients were non-Hispanic Whites (82%) and most of the patients had colon primary sites (82.7%). Younger patients (<60 years old) accounted for most of the progressive annual increases in number of CRC cases over the 6 years of study. About 33% of the patients were treated at academic or research cancer centers.


Table 1 | Demographics of study population.





Impact of Tumor Size on Clinical Presentation and Tumor Characteristics

The distribution across stages I-III and resected primary for stage IV was 20.1%, 32.1%, 34.7% and 13.2%; respectively. Most of the primary tumors were less than 2-5cm in size (50.8%), followed by 5-10cm (32.6%), <2cm (13.1%) and >10cm (3.4%). Most of the tumors were moderately differentiated (68.7%) and 82% had microsatellite stable (MSS) disease. When compared to smaller primary tumors (less than 2cm in size), those larger than 10cm were more likely to present with advanced disease (stage IV: 19% vs. 5%; p<0.001), have high level microsatellite instability (MSI-H: 32.9% vs. 12.7%; p<0.001), and were less likely to be of rectal origin (9.6% vs. 25.7%; p<0.001) (Table 2). They were also more likely to result in positive margins at resection (14% vs. 2.7%; p<0.001) and higher frequency of poorly differentiated histology (33.1% vs. 10.7% p<0.001). There were no obvious disparities in the co-morbidity index (Charlson-Deyo Score) based on tumor size.


Table 2 | Univariate correlation with tumor size.



Stratification by AJCC stage showed the majority tumor size with stage I disease were 2-5cm (50.2%) followed by <2cm (37.8%), and less than 1% larger than 10cm (p<0.001). In contrast, only 5.2% of stage IV cancers presented with tumor size <2cm, with 47% larger than 5cm (compared to about 13% in stage I; p<0.001). More than half of stage IV disease presentation (55%) were in patients younger than 60 years of age, compared with 22.6% in patients who were 70 years or older (p<0.001). However, almost equal number of patients <60 years (36.2%) and >70 years (37.9%) presented with stage I disease (p<0.001). African Americans presented with more stage IV disease compared to non-Hispanic whites (16% vs. 12.9%; p<0.001). Rectal primaries were also more likely to present with early disease stage; 26.2% at stage I compared to 11.8% at stage IV (p<0.001). Most patients who underwent surgical removal of stage I disease had negative resection margins (99.2%) compared to stage IV disease (77%; p<0.001). Stage I disease was also less likely to have poorly differentiated histology (8.1%) compared to stages II, II or IV; 15.1%, 23.9 and 29% respectively (p<0.001). Although limited in number, the proportion of rectal cancer patients with positive surgical margins was double those of colon cancer for stage I disease (0.5% vs. 1%; p<0.001).

There were 19,565 patients with stage II disease (pT3 or 4, N0). Tumor size was similarly distributed between 2-5cm (49%) and 5-10cm (40.7%). Fewer patients had tumors <2cm in size (5.5%) or >10cm (4.8%). The patients also had majority primary colon location (86.9%) and about 33.6% received chemotherapy. Stage III disease (Any T, N+) was diagnosed in 21,162 patients. Tumor size distribution was <2cm (8.9%), 2-5cm (54%), 5-10cm (34.1%) and >10cm (3%). Compared to stage II patients, there was a lower frequency of MSI-H disease (16.4% vs. 21.3%). There was also a higher incidence of poorly differentiated histology (23.9% vs. 15.2%).

We identified 8,007 patients with stage IV CRC who underwent surgical resection and pathologic AJCC T-staging of their primary tumor. About 34% were treated at Academic or Research Programs. Most patients were younger than 70 years of age (77.4%). Primary tumor size distribution was <2cm (5.2%), 2-5cm (47.8%), 5-10cm (42%) and >10cm (5.1%). Majority of the patients had Charlson-Deyo Score of 0 or 1 (94.6%) and there were negative regional LNs (Any T, N0, M1) in 20.1% of the patients. Among patients with tumors >10cm, 7.6% had rectal primary location compared to 13.7% for those with tumors <5cm (p<0.001). Patients with tumors >10cm were also more likely to have positive resection margins (28.7%) compared to those with tumors <5cm (18.6%; p<0.001).



Impact of Tumor Size on Survival

Figure 1A shows the survival curves for both colon and rectal cancer patients across all stages while differential survival based on tumor size alone is displayed in Figure 1B. Univariate analysis showed statistically significant correlation between survival and smaller tumor size, age younger than 60 years, male gender, private insurance, higher socioeconomic status, lower AJCC pathologic stage, rectal primary location, negative surgical margin, well differentiated histology, lower Charlson-Deyo score and lack of chemotherapy (Table 3). On multivariate analysis, AJCC stage correlated closely with OS (HR 1.44, 2.21, 8.10 for stages II to IV compared to stage I) (Table 4). When compared to patients with tumor size <2cm, the prognostic impact of tumor size alone for the whole study population was significant for 2-5cm (HR 1.20; 1.13-1.28; p<0.001), 5-10 cm (HR 1.38; 1.30-1.48; p<0.001) and >10cm (HR 1.55; 1.41-1.71; p<0.001).




Figure 1 | (A) Survival curves by stage. (B) Survival curves by tumor size.




Table 3 | Univariate association with overall survival. REF- Reference.




Table 4 | Multivariable survival analysis stratified by tumor size.



Age younger than 60 years was associated with improved survival compared to those 70 years or older (HR 1.91; 1.85-2.07; p<0.001). And patients in the lowest median income quartiles (<$38,000) also had inferior survival outcomes compared to those with $63,000 or more (HR 1.26; 1.20-1.33; p<0.001). Other co-variates associated with improved outcomes included chemotherapy received (HR 0.50; 0.47-0.52; p<0.001), female gender (HR 0.87; 0.84-0.90; p<0.001) and MSI-H status (HR 0.92; 0.88-0.95; p<0.001). Worse outcomes were associated with positive resection margins (HR 1.98; 1.89-2.07; p<0.001), regional lymph node involvement (HR 1.59; 1.49-1.69; p<0.001), poorly differentiated histology (HR 1.47; 1.37-1.57; p<0.001) and Charlson-Deyo Score of 3 or greater (HR 2.13; 1.97-2.31; p<0.001).

Among patients with stage II disease, there were no statistically significant differences between survival outcomes for tumor size <2cm compared to those 2-5cm (HR 0.99; 0.86-1.15; p=0.942), 5-10cm (HR 1.04; 0.90-1.21; p=0.583) or >10cm (HR 1.17; 0.96-1.44; p=0.123). Co-variates associated with improved outcomes in these patients included chemotherapy received (HR 0.73; 0.66-0.80; p<0.001), female gender (HR 0.83; 0.78-0.89; p<0.001) and MSI-H status (HR 0.80; 0.73-0.87; p<0.001). The following were associated with worse outcomes - positive resection margins (HR 2.54; 2.23-2.89; p<0.001), age 70 years or older (HR 2.73; 2.42-3.08; p<0.001), poorly differentiated histology (HR 1.27; 1.11-1.45; p<0.001) and Charlson-Deyo Score of 3 or greater (HR 2.36; 2.06-2.71; p<0.001).

Stage III patients had differential survival rates. Compared to those with tumor size less than 2cm, those with tumors 2-5cm (HR 1.33; 1.19-1.49; p<0.001), 5-10cm (HR 1.51; 1.34-1.70; p<0.001) and >10cm (HR 1.95; 1.65-2.31; p<0.001) had worse survival. Co-variates associated with improved outcomes included chemotherapy received (HR 0.33; 0.31-0.36; p<0.001) and female gender (HR 0.83;0.78-0.87; p<0.001). Co-variates associated with worse outcomes were positive resection margins (HR 2.39; 2.21-2.57; p<0.001), age 70 years or older (HR 1.67;1.52-1.83; p<0.001), poorly differentiated histology (HR 1.61;1.43-1.81; p<0.001) and Charlson-Deyo Score of 3 or greater (HR 1.97; 1.70-2.27; p<0.001). MSI-H status was not statistically associated with survival (HR 0.95; 0.88-1.02; p=0.148).

The median overall survival among Stage IV colon cancer patients was stratified by tumor size: 34.3 months for tumor size <2cm; 30.3 months for 2-5cm; 23.7 months for 5-10cm and 21.4 months for tumors larger than 10cm (Figure 2). Corresponding mOS values for rectal cancer were higher at 47.6, 40.7, 33.4 and 34.1 months respectively. The survival advantage for rectal primary tumors was statistically significant (HR 0.82; 0.74-0.90; p<0.001). Other co-variates associated with improved outcomes on multivariate analysis included treatment at Academic or Research Programs (HR.85; 0.78-0.92; p<0.001) and use of chemotherapy (HR 0.43; 0.40-0.47; p<0.001). Co-variates associated with worse outcomes were positive resection margins (HR 1.59; 1.50-1.70; p<0.001), age 70 years or older (HR 1.54;1.40-1.70; p<0.001), poorly differentiated histology (HR 1.60;1.41-1.82; p<0.001), lower median income (<38,000 – HR 1.19; 1.10-1.30; p<0.001), and Charlson-Deyo Score of 3 or greater (HR 1.46; 1.17-1.83; p<0.001).




Figure 2 | Overall survival for Stage IV CRC stratified by tumor size.





Correlation Between Tumor Size and Use of Chemotherapy

Stage II was stratified into patients who did (n=6564) or did not (n=13,001) receive adjuvant chemotherapy and compared them with patients with stage III CRC who did (n=19,155) or did not receive adjuvant chemotherapy (n=2.007). Tumor size was not taken into account for determination of adjuvant therapy, and use was equally distributed among the 4 categories; <2cm, 2-5cm, 5-10cm and >10cm. Patients 70 years and older with stage II disease were less likely to receive adjuvant chemotherapy (18.3% vs. 51.4%; p<0.001). Patients with Charlson-Deyo Score of 2 or greater were also less likely to receive adjuvant therapy (5% vs. 11.3%; p<0.001). Stage II treated without adjuvant chemotherapy had comparable survival outcomes (HR 1.09; 0.97-1.523; p=0.148) with stage III patients who did, while Stage II patients who received adjuvant chemotherapy did much better than both groups (HR 0.76; 0.67-0.86; p<0.001). Stage III patients who did not receive adjuvant chemotherapy had the worst outcomes among the non-metastatic disease subgroups (HR 2.66; 2.48-2.86; p<0.001). Figure 3 shows the various survival curves for stage I colon and rectal cancer patients, and stages II and III CRC treated with or without adjuvant chemotherapy. Patients with stage III disease who did not receive chemotherapy had the worst overall survival outcomes, a 12-month overall survival rate of 68.7%, compared to 95.8% for those who did.




Figure 3 | Survival curves for stage I colon/rectal cancers, stage II CRC +/- adjuvant therapy and stage III after adjuvant chemotherapy.






Discussion

CRC remains a significant cause of cancer morbidity and mortality in the US. The current study is the largest to evaluate the impact of tumor size on survival in CRC. Our study population had comparable demographics to previous studies (10, 13). African Americans and patients younger than 60 years of age presented with more advanced disease, reinforcing racial/age disparities that have been previously well documented (2, 17–19). A relatively high proportion (33%) of the patients were treated at academic or research cancer centers. Overall, most primary tumors were less than 5cm in size, and only 3.4% were larger than 10cm. They were however associated with traditionally poor prognostic factors such as advanced or stage IV disease, positive margins at resection and poorly differentiated histology. With the increasing adoption of screening, fewer patients are presenting with metastatic disease (20). The more frequent diagnosis at earlier stages and lower occurrence at rectal location could be due to earlier development of symptoms (21, 22). This analysis confirmed the favorable impact of earlier stage at diagnosis, higher socioeconomic index and microsatellite instability (MSI-H). The availability of remarkably effective immunotherapy for MSI-H tumor subtypes has revolutionized the landscape of cancer therapy, including in patients with metastatic colorectal cancer (23–25).

Different studies have evaluated the pattern of colorectal cancer recurrence based on tumor size (26, 27). Using 1538 patients with stage I CRC to risk stratify metastatic potential and recurrence, maximal tumor size > 5 cm was associated with increased incidence of recurrence among other variables (28). Although the prognostic impact of tumor size was relatively mild in our overall study population, significant findings were observed for different AJCC stages. Compared to smaller tumors, size >10cm in patients with stages I-IV was associated with worst survival rates independent of other variables. Stage IV patients in our study population who underwent resection of their primary tumors were more likely to have less morbidity index (Charlson-Deyo Score of 0 or 1: 94.6%). Those with tumors >10cm were more likely to have colon primary location and positive resection margins. Their inferior median overall survival (mOS) at 22.6 months is remarkable, compared to 32.9 months for tumors <5cm which is the benchmark in most recent literature (29, 30). Further studies exploring measures to reduce survival differences based on tumor sizes are urgently needed.

This study confirmed the use of adjuvant or perioperative chemotherapy as a good prognostic factor. Although tumor size is generally not taken into account for determination of adjuvant therapy, there was equal distribution of its use among the 4 categories of tumor sizes: <2cm, 2-5cm, 5-10cm and >10cm. Remarkably, correcting for tumor size showed no survival difference between stages II and III patients who received adjuvant chemotherapy. Stage II CRC patients without traditional high-risk features (pT4, bowel obstruction or perforation, positive resection margins/lymphovascular/perineural invasion, poorly differentiated histology or less than 12 lymph nodes resected) are generally observed on surveillance, although there is evidence that adjuvant chemotherapy may be beneficial (31, 32). This study showed that tumors greater than 10cm are associated with worse outcomes.

The use of adjuvant chemotherapy in patients with tumors greater than 10cm may explain comparable survival rates irrespective of lymph node status. We found that correcting for tumor sizes showed no statistically significant survival differences between stage I colon and rectal cancer patients (monitored post resection with observation only) and stage III patients who received adjuvant chemotherapy. Findings from a similar study of the SEER database were validated using the databases of the Fudan University Shanghai Cancer Center (6). The authors demonstrated a significant predictive ability of tumor size in T1 colon cancer, outperforming all other factors used in clinical practice. It would be interesting to evaluate the SEER cohort of colon cancer patients with incongruent survival outcomes per AJCC stages, for the impact of tumor sizes on survival after adjuvant chemotherapy.

The retrospective design of this study is an important limitation due to inherent biases. Despite careful curation of the NCDB of most cancer patients in the US, various variables such as specific chemotherapy or systemic agent utilized, disease free survival, recurrence rates, objective assessment of response to treatment and prior history of malignancies (33). Further, missing molecular characteristics such as BRAF mutation have been established as major determinants of therapy response and survival in colorectal cancer (34). Neoadjuvant or preoperative therapy is typically used in rectal cancers with clinical stage T3N0 and greater. The consequent downstaging can be difficult to account for and may explain the smaller rectal primary tumor size. Finally, there is always a possibility that selection bias and tumor sidedness (left vs. right) could have contributed to the survival disparities observed in our study. Right sided are generally larger and associated with delayed presentation of symptoms. They are also more likely to harbor BRAF mutations. Notwithstanding these limitations, our findings have important implications. A prospective interventional study with tumor size as a determinant of neoadjuvant or adjuvant therapy is crucial to verify the findings of our study and improve survival in CRC patients. This may allow patients with Stage II CRC without traditional high-risk features to receive systemic therapy in a controlled manner with a view to improving the currently suboptimal intermediate and long-term survival outcomes.

In conclusion, tumors larger than 10cm have inferior outcomes among patients in the same AJCC stages. We reported that stage II patients who did not receive adjuvant chemotherapy did worse than stage III who did. Therefore, it is imperative to determine the role of adjuvant chemotherapy based on tumor size in patients with node negative disease, who may be at substantial risk for recurrence or metastatic spread despite the absence of traditional high-risk features. Finally, prospective studies are urgently needed to clarify the role of tumor size in staging models for choice of optimal management.
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v 7064 4503  2561(36%) 27(26.1,28) 77.6% (76.6%, 78.6%) Rectum 0-2cm 2057 302 (15%) 1755(85%) NA(NA,NA)  97.3% (96.5%, 97.9%)
(6a%) 25cm 5636 1180 4456 (79%) NA (85.4,NA)  96.6% (96.1%, 97.0%)
Rectum | 3204 326(10%) 2878(90%) NA(NA,NA) 97.6% (97.0%, 98.1%) (21%)
I 2547 474 (19%) 2073 (81%) NA(87.1,NA) 97.1% (96.3%, 97.6%) 5-10cm 2595 692 (27%) 1903 (73%) 86.2(72.9,NA) 95.2% (94.3%, 95.9%)
m 3792 970 (26%) 2822(74%) 85.4(74.8,NA) 96.0% (95.4%, 96.6%) >10cm 198 72(36%) 126(64%) 56.4(44.7, NA) 93.8% (89.3%, 96.4%)
v 943 476(50%) 467 (50%)  39.1(36.8, 91.3% (89.3%, 93.0%)

41.6)
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