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Background: About half of the patients with rectal cancer will develop liver metastasis during the course of their illness. Unfortunately, a large proportion of these metastases are unresectable. Surgical resection of the primary tumor vs. palliative treatment in patients with unresectable synchronous liver metastases remains controversial.

Methods: Patients with rectal cancer with surgically unresectable liver metastases were identified from the Surveillance, Epidemiology, and End Results (SEER) database from January 1, 2010, to December 31, 2015. According to different treatment modalities, patients were divided into a primary tumor resection group and a non-resection group. Rates of primary tumor resection and survival were calculated for each year. Kaplan–Meier methods and Cox regression models were used to assess long-term survival. Multivariable logistic regression models were used to evaluate factors potentially associated with primary tumor resection.

Results: Among 1,957 patients, 494 (25.2%) had undergone primary tumor resection. Patients with primary tumor resection had significantly better 5-year survival rate (27.2 vs. 5.6%, P < 0.001) compared to the non-resection group. Chemoradiotherapy with primary site resection was associated with the longest mean and 5-year OS (44.7 months, 32.4%). The Cox regression analyses of the subgroup indicated that patients who underwent primary tumor resection had improved survival compared with those who did not undergo resection in all 25 subgroups. Factors associated with primary tumor resection were well or moderately differentiated tumor grade, undergoing radiation, and primary tumor size <5 cm.

Conclusions: The majority of patients with rectal cancer with unresectable liver metastases did not undergo primary tumor resection. Our results indicate that resection of the primary tumor appears to offer the greatest chance of survival. Prospective studies are needed to confirm these results.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer worldwide and is associated with a high mortality rate (1). Distant metastasis is the leading cause of cancer-related mortality with the liver constituting the most common site of distant metastases. In fact, ~20% of patients suffer from liver metastases at the time of diagnosis, whereas about 50% of patients develop liver metastases during the course of their illness (2, 3). Liver resection combined with chemotherapy is the only treatment offering the possibility of long-term survival in patients with metastatic colorectal cancer (mCRC) and can lead to a 5-year survival rate of 40–50% and 10-year survival rate of 20% (4, 5). Unfortunately, up to 80% of mCRC patients have an unresectable tumor and undergo palliative treatment as a standard of therapy (6).

In clinical practice, surgical resection of the primary tumor site in patients with unresectable liver metastases is recommended as a palliative approach. Initial resection of the primary tumor has been advocated to prevent malignancy-related complications such as bowel obstruction or perforation (7). Some studies have reported that resection of the rectal tumor at the primary site was independently associated with a better overall survival (7, 8). Conversely, other researchers reported that the benefits of primary tumor resection on survival are unclear since surgical resection of the primary tumor cannot eradicate the tumor completely (9, 10). Furthermore, surgery may delay the start of systemic chemotherapy, which may have a negative impact on survival (9, 10).

According to the National Comprehensive Cancer Network (NCCN) guidelines, the treatment of metastatic colon and rectal cancer is not uniform. This reflects the difference in anatomical, functional and metastatic patterns of the two entities (11). Although it has been established that the application of radiotherapy in metastatic rectal cancer can lead to better local control of disease prior to surgery, no role for radiation in metastatic colon cancer has been identified (12).

Despite the NCCN recommendation of the use of systemic chemotherapy or palliative care for mCRC patients with an asymptomatic primary tumor, previous study analysis of the SEER database showed that 67.4% of patients with stage IV CRC had undergone primary tumor resection (13). The study included mCRC patients diagnosed between 1988 and 2010, and their results showed that the resection rate was decreasing but survival rate improved. This serves to show that the role of surgery in the course of treatment for patients with advanced stage disease is an evolving field of study. A recent study by Concors et al. (14) evaluated the role of combined proctectomy and hepatectomy in patients with stage IV rectal adenocarcinoma. A stratified analysis was able to identify the role of combined therapy in offering improved survival in a specific cohort of patients with metastatic rectal adenocarcinoma. Although colon and rectal cancer have different treatment strategies, no multicenter, prospective clinical trial has evaluated the value of resection of the primary tumor for patients presenting with unresectable metastatic rectal cancer. The primary goal of this study was to explore the primary tumor resection rate in patients with unresectable metastatic rectal cancer and to assess the effect of resection on OS.



METHODS


Data Resources

We obtained the rectal cancer data from the National Cancer Institute (NCI) linked Surveillance, Epidemiology, and End Results (SEER) database. The SEER database contains demographic information and data regarding cancer incidence and survival from 18 population-based registries that represent ~30% of the US population. SEER is an open public database. Data related to patients are de-identified, therefore, there was no need for written informed consent for this study. The Institutional Review Board of the National Cancer Center, Chinese Academy of Medical Sciences approved this study.



Study Population

Patients with rectal cancer with unresectable liver metastases diagnosed between January 1, 2010, and December 31, 2015 were eligible to be included in the study. We included only patients with tumor sequence numbers labeled “one primary only,” patients Mets at diagnoses-Liver labeled “yes,” and patients with Collaborative Stage (CS) Mets at Diagnoses labeled “metastases limited to a single distant organ” or “staged as M1a.” Systemic chemotherapy is the standard treatment approach for patients with stage IV rectal cancer, therefore only patients who received chemotherapy were included in the study. We restricted the Surgery Primary Site to (1) no surgery of primary site; (2) partial proctectomy, such as low anterior resection, Hartmann's operation, total mesorectal excision; (3) total proctectomy (abdominoperineal resection). We excluded patients who underwent local excision of their tumor or local tumor destruction. Patients with unknown radiation therapy or radioactive implants were excluded. Patients who had surgery to the metastatic site were also excluded from our study. After excluding 49,221 patients who were not eligible, 1,957 cases were included in the final cohort. Patients were divided into the following two groups according to the treatment strategy of the primary site: (1) Patients with primary tumor resection; (2) Patients without primary tumor resection. Each group comprised two subgroups based on whether they received radiation (Figure 1). Other relevant clinical characteristics including age, race, gender, marital status, tumor size, tumor grade, year of diagnosis were also collected.
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FIGURE 1. Flowchart of the inclusion and exclusion criteria.




Statistical Analysis

Baseline characteristics of patients with unresectable metastatic rectal cancer who had or had not undergone primary tumor resection were compared using the Chi-squared test. The primary tumor resection rate was calculated for each year from 2010 to 2015. Our primary outcome was the OS. OS was defined as the time in months from diagnosis to either death or the last follow-up date. Survival analysis was performed by year of diagnosis and treatment modalities. The survival probability was estimated by the Kaplan-Meier methods, and the differences in survival of different groups of patients were compared by using Log-rank tests. Univariate and multivariate Cox's proportional hazard regression models were performed to estimate the independent prognostic factors. We also used a multivariate logistic regression model to identify factors associated with primary tumor resection. To better evaluate the impact of primary tumor resection on the survival of patients, we then divided the patients into 25 subgroups, the subgroup analyses of OS were separately performed using Cox's regression model. All statistical tests were two-sided and statistical significance was defined as P < 0.05. All statistical analyses were performed using the SPSS statistical software package (version 21.0; Chicago, IL) and R software (version 3.6.3; www.r-project.org).




RESULTS


Patient Characteristics

A total of 1,957 patients met our inclusion criteria (Figure 1), with a mean age of 58.87 ± 12.33 years. Overall, 25.2% of patients with unresectable metastatic rectal cancer had undergone primary tumor resection. At the time of presentation, patients were more likely to have been male, with an age of 50–75 years. Furthermore, patients who had undergone primary site resection were more likely to have been younger, white, and married compared with patients who had not undergone primary tumor resection. The current study also showed that patients with well-differentiated or moderately differentiated tumors, tumor size <5 cm and had undergone radiation were more likely to undergo primary tumor resection (Table 1).


Table 1. Baseline characteristics of unresectable metastatic rectal cancer patients between January 1, 2010 and December 31, 2015.
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Primary Tumor Resection Rate by Year

Figure 2 shows the primary tumor resection rates, 1-year OS, and 2-year OS by year. The highest resection rate was seen in 2010 (32.5%) and the lowest in 2014 (16.7%). The highest 1-year OS rate was seen in 2013 (71.4%) with a resection rate of 27.6%. 2010 had the highest 2-year OS rate (45.6%). Additionally, 2011 exhibited the lowest 1-year OS (65.5%) and 2-year OS (39.6%) with a primary tumor resection rate of 23.0%. As can be seen in the line chart, the 2-year OS change trend is basically consistent with that year of primary tumor resection rates.


[image: Figure 2]
FIGURE 2. Primary tumor resection rates and OS for rectal cancer patients with unresectable liver metastases.




Survival Analysis

The OS of the patients with unresectable metastatic rectal cancer were analyzed by using Kaplan-Meier survival curves, and the results are shown in Figure 3, Supplementary Table 1. Patients with primary tumor resection had significantly better 5-year OS compared to patients without primary tumor resection (p < 0.0001) (5-year OS: 27.2 and 5.6%, respectively) (Figure 3A). The mean survival in the two groups were 41.1 and 21.7 months, respectively. We further conducted a stratified analysis by whether patients underwent radiotherapy or not (Figure 3B). The results showed that patients who receive neither primary tumor resection nor radiotherapy had the worst 5-year OS rate (3.6%). Moreover, we analyzed the OS of different radiation sequences with surgery in the primary tumor resection group (Figure 3C), and the P-value of the log-rank test was 0.0196. However, when we further included this variable into multivariate Cox's regression analyses (Table 2), this difference was not significant (P = 0.055).


[image: Figure 3]
FIGURE 3. Kaplan-Meier survival curves depicting survival in unresectable metastatic rectal cancer patients. (A) Patients OS based on whether primary tumor was surgically resected or not. (B) Patients OS based on detailed treatment modality. (C) Patients OS based on radiation sequences.



Table 2. Univariate and Multivariate analyses for OS of all patients (n = 1,957).
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Univariate and multivariate Cox's regressions were used to analyze the factors that may influence the OS (Table 2). Variables with P < 0.10 in the univariate analysis, including age at diagnosis, race, marital status, tumor size, tumor grade, treatment modality, were taken forward to multivariate Cox's regression analysis. Consequently, age older than 75 years at diagnosis (Hazard Ratio [HR] = 1.658; 95% confidence interval [CI]:1.366–2.013; P < 0.001), single (HR = 1.281, 95% CI: 1.126–1.458; P < 0.001), separated, divorced, or widowed (HR = 1.155, 95% CI: 1.019–1.309; P < 0.001), poorly differentiated or undifferentiated tumor (HR = 1.835, 95% CI: 1.624–2.113; P < 0.001), no primary site resection (radiation only or no radiation) (HR = 2.397, 95% CI: 1.969–2.918, P < 0.001; HR = 2.619, 95% CI: 2.168–3.162, P < 0.001, respectively) were confirmed to be independent risk factors for poor prognosis.

To better elucidate the effect of different treatment modalities on the prognosis of patients with unresectable metastatic rectal cancer, we divided patients into 25 subgroups according to demographic data and clinicopathological characteristics, Cox's regression model was used in each subgroup to estimate hazard rate and 95% confidence interval. The results indicated that patients who received primary tumor resection had a better prognosis than those who did not in all subgroups (P < 0.05) (Figure 4).


[image: Figure 4]
FIGURE 4. Survival comparisons between primary tumor resection group and non-resection group in subgroup analysis.




Multivariable Analysis

A multivariable analysis was performed using logistic regression to determine factors associated with primary tumor resection at diagnosis. The results showed that having a well-differentiated or moderately differentiated tumor, receiving radiation, and tumor size ≤5 cm were significantly associated with primary tumor resection (all P < 0.001). On the other hand, patients who were diagnosed in 2012 and 2014 were less likely to have undergone surgical resection (Table 3).


Table 3. Multivariable analysis of factors associated with receiving primary tumor resection at diagnosis.
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DISCUSSION

In this nationwide population-based study, we found that in patients with rectal cancer diagnosed with unresectable liver metastases, primary tumor resection was one of the strongest predictors of a better OS. The mean OS of patients receiving primary tumor resection was 41.1 months, which was almost 20 months longer than those without resection. Nevertheless, only 25.4% of the patients in our study underwent primary tumor resection between 2010 and 2015. Well-differentiated or moderately differentiated tumor grade, tumor size ≤5 cm, and having radiation are associated with an increased likelihood of having undergone primary tumor resection. Our findings also indicate that resection of the primary tumor was beneficial for patients with certain clinical and pathological characteristics namely those <75 years of age with well or moderately differentiated tumors. Although this is subject to the confounding effect of better tumor differentiation as the reason of the improved survival; however, this does not exclude the likely benefit of primary tumor resection in this specific population.

Whether resection of the primary tumor in patients with unresectable liver metastases affords a survival advantage is still controversial, and research in this area has remained rather limited. One previous study reported that the use of primary tumor resection in patients with stage IV CRC had been decreasing over time, the resection rates were 74.5% in 1988 and 57.4% in 2010, however, with the improvement of systemic chemotherapy, patient survival rates improved (13). Furthermore, the newly updated NCCN guidelines recommend against routine resection of the primary tumor (12). In our study, only patients with metastatic rectal cancer were enrolled. According to the year of diagnosis, the largest proportion of primary tumor resection occurred in 2010, where only 32.5% of patients underwent resection. The differences in the resection rates are most likely due to the fact that rectal surgery has a greater postoperative complication rate and frequently requires a diverting stoma, furthermore, abdominoperineal resection (APR) must be performed for the patients with low rectal cancer, making neither surgeons nor patients willing to receive surgery in a metastatic context. Although the study mentioned above suggested that patients' survival rates improved with a decreasing resection rate (13). However, the important limitations of this study are that the conclusion did not draw from the rigorous statistical method (no multivariate Cox's regression was performed) and they had no information about whether chemotherapy was received by patients, which makes it difficult to assess the relative contribution of resection and chemotherapy on outcomes.

There are some studies with findings that are consistent with ours. Venderbosch et al. performed a retrospective analysis of two phase III studies (CAIRO and CAIRO2) investigating the prognostic value of resection of the primary tumor in in patients with unresectable stage IV CRC. Their results indicated that resection of the primary tumor is a prognostic factor for median survival and progression-free survival in mCRC patients (8). They also reviewed the literature regarding this topic and identified 22 non-randomized, single-center studies, 14 of 24 studies demonstrated an improved median OS in the resection compared with the non-resection group. Matthieu et al. performed a study on the outcomes of 810 patients with CRC with unresectable synchronous metastases of which 59% underwent resection of the primary tumor. A lower baseline carcinoembryonic antigen (CEA), alkaline phosphatase levels, and normal white-blood-cell count (P < 0.001 each) was noted in the resection group when compared to the non-resection group. Primary tumor resection was independently associated with better OS (HR = 0.63, 95%CI: [0.53–0.75]; P < 0.001) (7).

The most important argument against an initial resection of the primary tumor is that surgery can delay the start of chemotherapy and patients are also subject to possible postoperative complications, both may have a negative effect on survival (8, 15). Scheer et al. reported that the overall postoperative morbidity in the patients with primary tumor resection ranged from 18.8 to 47.0%, which potentially delays beneficial systemic chemotherapy (16). Our results proved this partly true. While we analyzed survival based on the year of diagnosis, we found that the trend of 2-year OS was basically consistent with the resection rate, as the highest value of resection rate and 2-year OS both in 2010 (32.5 and 45.6%, respectively). However, the 1-year OS may be affected by surgery-related complications, and the trend was not as good as the former one (Figure 2). We speculated that postoperative complications have an impact on the 1-year OS, however, survival changes over time, primary tumor resection played a leading role in the 2-year OS.

The noted treatment difference between stage IV colon and rectal cancer is that radiotherapy is applied in metastatic rectal cancer for better local control of disease (17). Afshari et al. conducted a Swedish nationwide study to explore the prognostic factors that affect survival and their results showed that preoperative radiotherapy (P = 0.001), metastasectomy (P < 0.001) and radical resection of the primary tumor (P = 0.014) were better prognostic factors (18). From our results, we can see from the multivariate Cox's regression analysis that radiotherapy (HR = 1.257, 95%CI: [0.995–1.588]; P = 0.055) had no significant survival benefit for patients with metastatic rectal cancer, but patients who received radiotherapy were more likely to undergo primary tumor resection (OR = 1.802, 95%CI: [1.438–2.257]; P < 0.001). Furthermore, primary tumor resection is beneficial for survival in all subgroups of patients (25 subgroups, all P < 0.05). Therefore, radiotherapy might affect the OS indirectly.

Our study had several limitations. First, although we used multivariable analysis to adjust for clinical confounders in view of the difference between the primary tumor resection group and the non-resection group, it remains probable that primary tumor resection had been preferably performed in patients with better functional status, a selection bias cannot be excluded due to its retrospective nature and the lack of data on patient-specific comorbidities in the database. Second, the tumor size in the non-primary tumor resection group may go from endoscopic examination or computerized tomography (CT), so the values may not be as accurate as of the resection group, also key information like number and size of liver metastases were not recorded in the database; and the SEER database is short of detailed information about chemoradiotherapy regimen and biological targeted therapy, which could also influence the prognosis. Additionally, we only included patients diagnosed between 2010 and 2015, long-term survival data in those patients are still lacking, we observed only 2-year OS based on year of diagnosis, the survival trend might be more convincing if the follow-up time was longer.



CONCLUSION

Our study demonstrates that primary tumor resection in patients with unresectable metastatic rectal cancer is associated with significant improvements in survival. However, only a quarter of the patients with metastatic rectal cancer received surgical resection of the primary site. Prospective, randomized trials are necessary to determine the role of primary tumor resection in patients with unresectable metastatic rectal cancer.
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