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Background

The prognostic value of ABO blood types is not well clarified for esophageal carcinoma (EC). This study attempted to elucidate the associations between different ABO blood types and disease-free survival (DFS) and overall survival (OS) of EC.



Methods

This study was a retrospective review of the records of 2179 patients with EC who received surgery from December 2000 to December 2008. The prognostic impact of ABO blood group on DFS and OS were estimated using the Kaplan-Meier method and cox proportional hazard models.



Results

Univariate analyses found significant differences in DFS and OS among the four blood types. Multivariate analyses showed ABO blood type independently predicted DFS (P=0.001) and OS (P=0.002). Furthermore, patients with non-B blood types had a significantly shorter DFS (HR=1.22, 95%CI:1.07–1.38, P=0.002) and OS (HR=1.22, 95%CI:1.07–1.38, P=0.003) than patients with blood type B, and patients with non-O blood types had a significantly better DFS (HR=0.86, 95%CI:0.77–0.96, P=0.006) and OS (HR=0.86, 95%CI:0.77–0.96, P=0.007) than patients with blood type O. Subgroup analyses found that blood type B had a better DFS and OS than non-B in patients who were male, younger, early pathological stages and had squamous-cell carcinomas (ESCC). Blood type O had a worse DFS and OS than non-O in patients who were male, younger, and had ESCC (P<0.05).



Conclusions

The results demonstrate that ABO blood group is an independent prognostic factor of survival, and that type B predicts a favorable prognosis, whereas type O predicts an unfavorable prognosis for survival in patients with EC, especially those with ESCC.
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Introduction

Esophageal cancer (EC), which is predominantly squamous cell carcinoma, is the fourth leading cause of cancer-related deaths in China (1, 2). Despite decades of improvements in surgical techniques and the incorporation of multiple therapeutic approaches, 5-year overall survival (OS) of EC is still less than 40% (3, 4). Therefore, it is of great important to find new prognostic factors to identify high risk patients.

ABO blood group has recently been established to be an independent prognostic factor of survival in several malignancies (5–9). Moreover, ABO blood group was identified to be associated with the risk of esophageal cancer (9–12). Nevertheless, ABO blood group has not yet been demonstrated to independently predict survival of esophageal cancer in previous studies (13–17). Some studies have found no significant association between ABO blood group and survival (13, 14), whereas others indicate ABO blood group had significantly different survival, but not independently associated with prognosis for all patients (16). What’s worse, there is no general consensus on the prognostic value of each ABO blood type in esophageal cancer (16, 17). A Chinese study by Qin et al. showed that blood type AB was not associated with OS for all patients, but was independently associated with worse OS compared to non-AB in patients with lymph node-negative (16). The other study, only including 181 Japanese patients, reported that patients with blood type B had a significantly better OS than those with non-B. However, blood type B was not an independent prognostic factor after adjusting by covariates (17). Hence, the role of each ABO blood type in predicting prognosis remains uncertain. In addition, ABO genes have been found to be distributed differently among socioeconomic groups (18) and geographic areas (12).

Therefore, we studied a large cohort of southern Chinese patients to clarify the prognostic value of ABO blood group and each ABO blood type for esophageal cancer.



Materials and Methods


Patient Selection

We identified consecutive patients with esophageal cancer who underwent surgical resection at Sun Yat-sen University Cancer Center from December 2000 to December 2008. This database was analyzed in our previous studies (19, 20). We included patients based on the following criteria: histologically confirmed esophageal cancer; cancer of thoracic esophagus or esophagogastric junction; Karnofsky performance score of ≥ 90; received esophagectomy. Patients were excluded from the study based on the following criteria: history of other cancer; prior neoadjuvant therapy; died in the perioperative period; and lack of information on ABO blood type. Esophagectomy was performed with standard or extended dissection of the thoracic and abdominal lymph nodes (21). Pathologic stage was retrospectively determined according to the 7th edition of the American Joint Committee on Cancer staging system. All the patients provided written informed consent for their information to be stored and used in the hospital database. The study was approved by independent ethics committees at Sun Yat-sen University Cancer Center.



Clinicopathological Factors

Clinicopathological factors associated with survival were collected from the patients’ medical records. The factors included ABO blood group, age, gender, smoking, alcohol consumption, histopathology, surgical procedure, radicality of surgery, postoperative adjuvant therapy, preoperative comorbidity (e.g., cardiovascular diseases and diabetes), differentiation, tumor location, pathological (p) T stage, pathological (p) N stage, level of pretreatment serum carcinoembryonic antigen (CEA), and squamous cell carcinoma antigen (SCCA).

As the definitions in our previous study, patients who had smoked more than 100 cigarettes in their lifetime are defined as smokers, those who had the habit and stopped the habit more than 1 year before the time of admission in hospital are defined as former smokers (22). We calculated alcohol drinks in the way described previously (23). Patients were routinely requested to report their lifetime history of drinking, including status, frequency, average consumption amount, and type of alcohol, at the time of admission. The same as described in previous study (24), former drinkers were defined as those who had the habit and stopped the habit more than 1 year before the time of admission in hospital; current drinkers were defined as those who had the habit at the time of admission in hospital or stopped the habit within 1 year before the time of admission in hospital.

Postoperative adjuvant therapy is usually recommended for patients with LNs metastasis. Treatment options were selected based on the tumor stage, doctor’s opinion, patient’s performance status, and patient’s desire. Generally, adjuvant therapy was started at 4–8 week after operation. In this study, 37 patients received postoperative chemoradiotherapy, 92 patients received postoperative radiotherapy and 243 patients received adjuvant chemotherapy.

Pretreatment serum CEA and SCCA were measured as a standard procedure in all patients on the day of admission.



Follow-Up

All patients received standardized follow-up at 3-month intervals for the first 2 years after surgery, at 6-month intervals during the 3rd year, and annually thereafter. Follow-up time was calculated from the date of surgery to the event or the date of last contact, with follow-up continuing until June 2013. The median follow-up time was 32.1 months. The primary endpoint was OS, which was calculated from the time of surgery to the time of death from any cause. The second endpoint was disease free survival (DFS). DFS was calculated from the time of surgery to the first recurrence of index cancer or to all-cause death.



Statistical Analysis

The association between ABO blood group and clinicopathologic parameters was analyzed with the chi-square test or Fisher’s exact test. Survival curves were calculated by the Kaplan–Meier method and compared by log-rank tests. Multivariate analysis was performed using Cox’s proportional hazards regression model with a forward stepwise procedure (the entry and removal probabilities were 0.05 and 0.10, respectively). We tested the proportional hazards assumption by the Shoenfeld residuals test to determine if the test was not statistically significant for each of the covariates, as well as the global test. Therefore, we could assume proportional hazards. A difference was considered significant if P < 0.05 (two-tailed). All statistical analyses were performed with SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA).




Results


Patient Characteristics

A total of 2179 consecutive patients with EC were included in the study. We excluded 231 patients, among them 88 patients with history of other cancers, 106 patients received neoadjuvant therapy, 4 patients died in the perioperative period and 33 patients with unknown ABO blood type. The clinicopathologic characteristics of the patients are shown in Table 1. The number of patients with blood types A, B, O and AB were 28.3%, 25.3%, 39.4%, and 8.0%, respectively. No significant difference was observed among the four ABO blood types with regard to histopathology, age, gender, smoking, alcohol consumption, surgical procedure, radicality of surgery, postoperative adjuvant therapy, differentiation, tumor location, pT category, or pN category (Table 1). Interestingly, there were significant differences among the four blood types in the proportions of pretreatment serum CEA elevation (P < 0.001) and serum SCCA elevation (P < 0.001). Patients with blood type O had higher proportions of serum CEA and SCCA elevation, whereas patients with blood type B had lower proportions of serum CEA and SCCA elevation than those with other blood groups (Table 1).


Table 1 | Clinicopathologic characteristics of 2179 patients with esophageal cancer.





Univariate and Multivariate Analyses

The median time of follow-up was 32.1 months. Up to the last day of follow-up, 298 of the 551 patients with blood type B (54.1%) and 1018 of the 1628 patients with the other blood types (A, O, and AB) (62.5%) died. Univariate survival analysis showed a significant difference in DFS and OS among the four groups of patients with different blood types (P=0.005, Table 2, Figure 1). Additionally, patients with blood type B had significantly better DFS (P=0.001, Figure 2A) and OS (P=0.001, Figure 2B) than those with non-B blood types. Moreover, patients with blood type O had a significantly shorter DFS (P=0.027, Figure 2C) and OS (P=0.017, Figure 2D) compared to patients with non-O blood types. However, there was no significant difference in DFS or OS between patients with blood types A and non-A (P<0.05), or patients with blood types AB and non-AB (P<0.05). As shown in Table 2, male patients and patients with a smoking history, alcohol history, poor histologic differentiation, and advanced pathological stage were found to have a significantly shorter OS and DFS (P<0.05). However, no significant association was observed between histopathology, age, or tumor location and DFS or OS.


Table 2 | Univariate survival analysis for overall survival and disease free survival in patients with esophageal cancer.






Figure 1 | Kaplan-Meier curves showing a significant difference in (A) disease free survival (DFS) and (B) overall survival (OS) among the four ABO blood groups.






Figure 2 | Kaplan-Meier curves showing that patients with blood type B had a longer DFS (A) and OS (B) compared with non-B patients, and that patients with blood type O had a shorter DFS (C) and OS (D) compared with non-O patients.



Adjusting for covariates including age, gender, smoking, alcohol, differentiation and pathological stage, the final multivariate survival analysis found that ABO blood group was an independent prognostic factor in operable esophageal cancer for DFS (P=0.001) and OS (P=0.002, Table 3), and patients with non-B blood types had significantly shorter DFS (HR=1.22, 95% CI=1.07–1.38, P=0.002) and OS (HR=1.22, 95% CI=1.07–1.38, P=0.003) compared to patients with B blood types. Furthermore, patients with non-O blood types had a better DFS (HR=0.86, 95% CI=0.77–0.96, P=0.006) and OS (HR=0.86, 95% CI=0.77–0.96, P=0.007) than those with blood type O.


Table 3 | Multivariate survival analysis for overall survival and disease free survival in patients with esophageal cancer.





Subgroup Analysis

Univariate survival analyses were stratified by histopathology, age, gender and TMN stage. The analyses revealed that the association of blood type B with longer DFS and OS was observed in male patients, younger patients, patients with esophageal squamous-cell carcinomas (ESCC), and patients in the early pathological stage (P<0.05, Table 4, Figure 3A). However, there was no significant association between blood type B and DFS or OS in patients who were female, old, had adenocarcinoma, or were in advanced pathological stages (III-IV) (Table 4, P>0.05). Moreover, the association between blood type O and shorter DFS and OS was observed in male patients, younger patients, and patients with ESCC (P<0.05, Table 4, Figure 3B). There was no significant association between blood type O and DFS or OS in patients who were female, old, had adenocarcinoma, or were in early or advanced pathological stages (Table 4, P>0.05).


Table 4 | Subgroup analysis by blood type B for overall survival and disease free survival in patients with esophageal cancer.






Figure 3 | Subgroup analysis by blood type B and blood type O for DFS (A) and OS (B) in patients with esophageal cancer.






Discussion

The ABO blood group has been associated with the risk of esophageal cancer, but the prognostic value of ABO blood group and each ABO blood type has not been established because the studies have yielded conflicting results (13–17). The reasons for this may be the absence of large cohort clinical studies, the results varying by different geographic areas and ethnic groups, patients receiving neoadjuvant therapy enrolled in some of the studies, and potential confounding variables not controlled in some studies. Therefore, we studied 2179 patients from southern China who had esophageal cancer, without prior neoadjuvant therapy or a history of other cancers. In addition, potential confounding variables were balanced across ABO blood groups. To the best of our knowledge, our study is the first large cohort study to demonstrated that ABO blood group was an independent prognostic factor for DFS and OS in patients with esophageal cancer, which is in line with previous studies for other cancers (5, 6, 8).

The prognostic value of each ABO blood type has not been well clarified to date. Previous studies indicated that the ABO blood type was not an independently associated with prognosis of esophageal cancer (16, 17). One study showed that blood type AB was not associated with OS for all patients, but was independently associated with worse OS compared to non-AB in subgroup of patients with lymph node-negative (16). The other study including 181 patients showed that blood type B was not an independent prognostic factor in multivariate analysis (17). Thus, we examined the impact of each ABO blood type on survival and found that patients with non-B blood types had a 22% higher risk of disease progression and a 22% higher risk of death, compared to patients with blood type B. Moreover, patients with non-O blood types had a 14% lower risk of disease progression and a 14% lower risk of death than patients with blood type O. These findings suggested that blood type B is a favorable prognostic factor and blood type O is an adverse prognostic factor for survival in patients with esophageal cancer. However, blood type AB or A was not significantly associated with prognosis in our study. Therefore, our study is also first time to systematically demonstrate the role of each ABO blood type in predicting the prognosis of patients with esophageal cancer.

In addition, we found that in subgroup of patients with male, younger, esophageal squamous cell carcinomas, and early pathological stage (I-II), blood type B was associated with better DFS and OS compared to non-B. However, no significant association between blood type B and prognosis was observed in subgroup of patients who were female, old, had adenocarcinoma, or were in advanced pathological stages (III-IV). Moreover, the association between blood type O and worse DFS and OS was observed in subgroup of patients who were male, younger, and esophageal squamous cell carcinomas, but not in subgroup of patients who were female, old, had adenocarcinoma, or were in early or advanced pathological stages.

The mechanisms underlying the association between ABO blood group and the survival of patients with esophageal cancer are still unknown. It has been shown that the modified expression of blood group antigens on tumor cells may alter cell motility, resistance to apoptosis, and immune escape (25). In addition, the relationship between ABO group genotype and circulating levels of ICAM-1, E-selectin, p-selectin, and tumor necrosis factor-alpha were revealed (26–29), suggesting the blood antigens may play a role in the immune systemic response. However, no significant association between ABO blood group and the oncological characteristics, such as pathological T stage or N stage was observed in our study. Interestingly, we found that ABO blood group was correlated with elevated serum CEA and SCCA. The proportion of tumors associated with elevated pretreatment serum CEA and SCCA was significantly higher in patients with blood type O than in patients with other blood types, while the proportion associated with elevated serum CEA and SCCA was significantly lower in patients with blood type B than in patients with other blood types. This finding indicates that ABO blood group might have biological significance as markers of the progression of human tumors. However, the association between ABO blood group and elevated serum CEA and SCCA was not observed in previous study with a small sample of patients in Japan (17). Thus, further basic researches are needed to elucidate the association between ABO blood group and the genetic and biological features of esophageal cancer.

Our study implicated that ABO blood group might serve as a useful biomarker to independently predict prognosis of patients with esophageal cancer, adjuvant therapy and close follow-up after surgery are more necessary as patients with blood type O were identified to have higher risk of recurrence and poorer prognosis than others. Moreover, our findings also suggest ABO blood type should be taken into account in the future clinical trial design in terms of prognosis in ESCC.

We acknowledge several limitations of this study. First, although our sample was large, our study was a single-institution retrospective study, which may have led to selection bias. Second, information on post-treatment recurrence was insufficient, which might affect the survival of patients. Third, there was the possibility of selection bias because patients with metastatic disease and those with unresectable EC were excluded. Fourth, the data of Rh blood group were not collected in this study due to the proportion of Rh negative in Chinese adults is quite low.

In conclusion, the ABO blood group is an independent prognostic factor for patients with esophageal cancer after esophagectomy. Blood type B is a favorable prognostic factor, whereas blood type O is an adverse prognostic factor for the survival in patients with esophageal cancer, especially those with ESCC. Further prospective studies of large cohorts of patients are necessary to confirm these results.
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