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ABSTRACT
The influence of hepatitis C virus (HCV) infection on the outcome of patients with diffuse large B cell lymphoma (DLBCL) treated with rituximab-based chemotherapy is controversial. We retrospectively analyzed the characteristics and clinical outcomes of 168 patients with DLBCL diagnosed between Jan 2005 and Dec 2011. Twenty-nine patients who were HCV-positive before lymphoma treatment were compared with 139 patients who did not have HCV infection. The median follow-up duration was 3.0 (0.07-8.02) years. HCV infection resulted in more hepatic toxicity in both univariate (p = 0.001) and multivariate (p = 0.003) analyses. In addition, HCV-positive DLBCL patients were more likely to have treatment delay (20.1% vs. 0.7%, p < 0.001). For patients who developed hepatic toxicity during immunochemotherapy, HCV-positive patients had significantly higher folds of aspartate aminotransferase elevation (p = 0.042) and total bilirubin elevation (p = 0.012) compared with those who were HCV negative. However, HCV did not influence the 5-year progression-free survival rate (p = 0.412) or 5-year overall survival rate (p = 0.410). In conclusion, HCV infection is associated with increased hepatic toxicity and delayed chemotherapy without compromised survival in DLBCL patients treated with rituximab-based chemotherapy.
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1. Introduction
	Epidemiologic studies have shown an association between hepatitis C virus (HCV) and B cell non-Hodgkin’s lymphoma (NHL) [1-4]. An analysis of 4,784 NHL cases and 6,269 controls from the International Lymphoma Epidemiology Consortium revealed significantly higher HCV infection in NHL cases compared to controls (odds ratio [OR] 1.78). The subtype analyses found most association with marginal zone lymphoma (OR 2.47), diffuse large B cell lymphoma (OR 2.24) and lymphoplasmacytic lymphoma (OR 2.57) [2]. More recently, a meta-analysis of 23 studies including 4,049 NHL cases and 1,813,480 controls demonstrated an association between HCV infection and NHL with OR 5.70 (4.09 – 7.96) [5]. Although the association is clear, and animal studies suggest a role of the NF-B signaling pathway and miR-26b down-regulation [6], the mechanism by which HCV is implicated in the pathogenesis of NHL is mostly unknown. 
Unlike hepatitis B virus (HBV), the impact of HCV infection on the clinical courses and treatment algorithms of NHL is debated [7-10]. Studies by Besson C. demonstrated that HCV-positive patients with NHL had poorer overall survival [8]. However, other studies did not find the same phenomenon [9,10]. In addition to questions on overall survival, the influence of HCV on the occurrence of hepatotoxicity and relevant risk factors are also inconclusive [9,10]. The inconsistency is partly due to the heterogeneity of patient populations, short follow-up periods, retrospective study designs, relatively small numbers of patients and diversity of treatment regimens.
In this study, we review the medical history of patients with DLBCL diagnosed in our hospital (China Medical University Hospital) between January 2005 and December 2011. The characteristics and clinical outcomes of HCV-positive and HCV-negative patients were compared.

2. Patients and methods
2.1. Patients
We performed a retrospective review of patients who were determined to have de novo DLBCL at China Medical University Hospital between January 2005 and December 2011. These patients were followed through April 2014. Patients who had positive hepatitis B surface antigen or antibody against human immunodeficiency virus, were diagnosed as primary central nervous system lymphoma, or did not receive rituximab-containing immunochemotherapy were excluded from this analysis. In addition, patients who had impaired liver function reserve, which was defined as Child-Pugh score 7 or higher, were not treated with chemotherapy and therefore were excluded. In total, 168 patients were registered. All patients were tested for the presence of serum antibodies against HCV using chemoiluminescent microparticle immunoassay (Abbott Laboratories, Abbott Park, IL). The characteristics and clinical outcomes of 29 HCV-positive and 139 HCV-negative patients with DLBCL were compared.

2.2. Biochemical liver tests
Pretreatment levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total bilirubin, as well as the highest levels of these parameters during immunochemotherapy, were collected for analysis. The definition and grading of hepatic toxicity were based on the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 published in 2009.

2.3. Treatment
Patients who were younger and without comorbidity received the chemotherapy regimen of anthracycline-containing regimens [R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone); R-CEOP (rituximab, cyclophosphamide, epirubicin, vincristine, and prednisone); R-CLOP (rituximab, cyclophosphamide, liposomal doxorubicin, vincristine, and prednisone); R-EPOCH (rituximab, etoposide, vincristine, doxorubicin, cyclophosphamide, prednisone)]. Patients who were older, with comorbidity, or poor performance status received non-anthracycline-containing chemotherapy regimens [R-COP (rituximab, cyclophosphamide, vincristine, and prednisone); R-OP (rituximab, vincristine, and prednisone); R-ESHAP (rituximab, etoposide, methylprednisolone, cytarabine); R-GEMOX (rituximab, gemcitabine, oxaliplatin)]. The choices of initial chemotherapy, dose adjustment, and delay or discontinuation of chemotherapy were decided by the physician. The adjustment of dosage followed the rules: maintain the previous dosage in the next course of chemotherapy if the patient encountered grade 2 toxicity (defined as CTCAE); prescribe 80% of dosage in the next course of chemotherapy if grade 3 toxicity; terminate further chemotherapy if grade 4 toxicity. The delay of chemotherapy was defined as treatment at least 7 days after the prescheduled date.

2.4. Staging and response evaluation
Disease stage was evaluated using the Ann Arbor staging system. Liver and spleen involvement was diagnosed via imaging, such as by the observance of nodular lesions or heterogeneous concentrations indicative of lymphoma invasion. All patients were evaluated for the treatment response using computed-tomography (CT) scan and/or positron emission tomography/CT (PET/CT) pre-, during and post-treatment. Complete remission (CR) was defined as the absence of the disease in the image study; partial response as  50% decrease in the sum of products of diameters; and progressive disease as  25% increase in size of one or more measurable lesions or appearance of new lesions. Relapse was defined as occurrence of the disease after complete remission.

2.5. Statistical analysis 
The clinical characteristics between groups (HCV-positive or HCV-negative) were compared using a Chi-square method for categorical variables, a Student’s t-test for continuous variables, and a non-parametric method (Wilcoxon Sum-Rank test) for ALT, AST and total bilirubin. Univariate analysis followed by multivariate analysis was used to identify the variables associated with hepatotoxicity. Progression-free survival was the time interval between treatment initiation date and the date of disease progression, relapse or the last follow-up. Overall survival was calculated from the treatment initiation date to death from any cause or the last follow-up date. Both the relapse-free survival curve and the overall survival curve were created by the Kaplan-Meier method. The statistical analysis was carried out using SPSS version 18 for windows (IBM Corporation, Armonk, New York) and SAS/JMP version 11 (SAS Institute Inc., Cary, NC). Data are expressed as means ± standard deviation. All statistical tests were two-sided, and the differences were considered statistically significant at a P value less than 0.05.
 
3. Results
3.1. Patient baseline characteristics
	The median follow-up duration was 3.0 (0.07-8.02) years. The characteristics of the patients are listed in Table 1. HCV-positive patients had higher pretreatment ALT (p = 0.007) and AST (p  0.001) levels compared with HCV-negative patients. The other baseline characteristics, including age, gender distribution, performance status, lymphoma stage, international prognostic index (IPI) score, bone marrow involvement, splenic involvement, liver involvement and pre-treatment total bilirubin, were not significantly different between HCV-positive and HCV-negative patients (Table 1). The chemotherapy regimens given to the two groups of patients were not different (p = 0.181). Of 29 HCV-positive patients, 21 (72.4%) received anthracycline-containing chemotherapy (18 R-CHOP, 1 R-CEOP, 1 R-CLOP, 1 R-EPOCH), while 116 of 139 (83.4%) HCV-negative patients had anthracycline-containing chemotherapy (108 R-CHOP, 3 R-CEOP, 5 R-CLOP),

3.2. Hepatic toxicity and delayed chemotherapy
	During rituximab-containing immunochemotherapy, more HCV-positive DLBCL patients developed liver toxicity than HCV-negative patients (55.2% vs. 23.0%, p = 0.001, Table 1). Of the 16 HCV-positive patients who had liver toxicity, the highest toxicity of grade 1, grade 2 and grade 3 occurred in 3 (18.7%), 6 (37.5%) and 7 (43.7%) patients, respectively. In contrast, 71.8% of HCV-negative patients who developed liver toxicity had grade 1 toxicity. Interestingly, the administration, or not, of anthracycline was not a significant factor in the development of liver toxicity during treatment. Ten of the 16 (62.5%) HCV-positive patients who developed liver toxicity received anthracycline-containing chemotherapy compared to 27 of 32 (84.4%) HCV-negative patients (p = 0.141). Multivariate analysis further showed that HCV infection was the only risk factor for developing hepatotoxicity in DLBCL (Table 2). The pretreatment ALT, AST and total bilirubin level did not associate with the occurrence of hepatotoxicity in whole DLBCL populations, DLBCL with HCV, or DLBCL without HCV infection (Table 2). 
In addition, HCV-positive DLBCL patients were more likely to have treatment delay (20.1% vs. 0.7%, p < 0.001) than HCV-negative patients (Table 1). Of the sixteen HCV-positive patients who developed hepatic toxicity, the scheduled treatment was delayed or discontinued in six (37.5%). The average delay in immunochemotherapy in these patients was 46 ± 58 days. In contrast, treatment was delayed in only one (3.2%) of the thirty-two HCV-negative patients who developed hepatic toxicity. The difference in incidence of delayed treatment was related to the higher degree of hepatic toxicity in HCV-positive patients. For patients who had hepatotoxicity during immunochemotherapy, the folds of liver enzyme change (highest level during treatment divided by level before treatment) were compared between HCV-positive and HCV-negative DLBCL (Fig. 1). HCV-positive patients had higher folds of AST elevation (3.39 fold vs. 2.06 fold, p = 0.042, Fig. 1B) and total bilirubin elevation (1.60 fold vs. 0.96 fold, p = 0.012, Fig. 1C) than HCV-negative patients.

3.3. Survival analyses
	Complete remission rates were 68.9% and 76.9% in HCV-positive and HCV-negative patients, respectively (p = 0.245). There was no difference in 5-year PFS of patients with or without HCV infection (51.6% vs. 59.5%, p = 0.412) (Fig. 2A). Likewise, patients with or without HCV had similar 5-year OS (55.4% vs. 69.2%, p = 0.410) (Fig. 2B). 
Nine HCV-positive DLBCL patients (31%) died in the follow-up period, with one dying of hepatic failure due to HCV flare, three due to lymphoma progression, three due to non-HCV-related infection, and two from non-lymphoma-related mortality. Forty-one HCV-negative patients (29%) died, with fourteen succumbing to disease progression, twenty-two from infection, and five from non-lymphoma-related mortality.
There was no difference in 5-year PFS between HCV-positive (46.9%) and HCV-negative patients (61.1%) who developed hepatic toxicity during treatment (p = 0.404, Fig. 3A). Also, the 5-year OS rate was not different (56.1% vs. 73.1%, p = 0.313, Fig. 3B). 

4. Discussion
	The complex hepatic and extrahepatic disease manifestations associated with HCV infection pose unique challenges in the treatment of cancer patients. Further information is needed to help physicians determine optimal treatment regimens for HCV-positive DLBCL patients. Our study showed that HCV infection did not influence the PFS or OS of patients treated with rituximab-containing immunochemotherapy. However, HCV did delay the scheduled chemotherapy and increase the incidence and severity of hepatic toxicity once therapy was initiated.
	The association of HCV on the clinical characteristic of DLBCL has not been thoroughly addressed. Our data showed a HCV prevalence of 17% in patients with DLBCL compared with 4-4.4% in general Taiwanese population [11,12]. In some reports, HCV-positive patients had higher incidences of spleen involvement which indicated more aggressive tumor behavior at baseline [8,9]. In our patient population, HCV infection was not associated with increased incidences of spleen involvement by DLBCL.
	Although rituximab has been associated with B-cell depletion followed by increased HCV viral load [13], the influence of rituximab on outcome of HCV-positive lymphoma is not clear. Recently, Zaky AH and colleagues retrospectively analyzed the impact of rituximab on the occurrence of hepatic toxicity and PFS for DLBCL patients treated with chemotherapy with or without rituximab [14]. They found that rituximab-containing chemotherapy resulted in more liver toxicity, shorter PFS and worse OS compared with non-rituximab-containing chemotherapy.
Compared with HBV, the impact of HCV on the clinical outcome of patients with NHL is even more controversial. Besson C reported that HCV-positive DLBCL patients had poorer overall survival but not event-free survival compared with HCV-negative patients [8]. However, these patients were treated before the rituximab era. Our results are similar to those reported in a Japanese study by Ennishi D and colleagues, who found that HCV infection in DLBCL patients treated with a rituximab-containing regimen was not a risk factor for 3-year PFS or 3-year OS. They also determined that HCV infection was a significant risk factor for severe hepatic toxicity which was predictable by pretreatment transaminase level [9]. 
On the contrary, a study by Nishikawa H. demonstrated that HCV infection did not change the PFS, OS, or the incidence of hepatic toxicity [10]. Zuckerman E and colleagues reported that HCV infection did not increase the incidence of hepatic dysfunction and the posttreatment levels of transaminases [15]. They also concluded that abnormal pretreatment transaminase levels did not predict liver dysfunction during treatment [15].
In our study, HCV infection was associated with a greater incidence and severity of hepatic toxicity, and it led to delay or discontinuation of rituximab-containing chemotherapy. Although pretreatment ALT and AST were higher in HCV-positive compared with HCV-negative DLBCL, they did not associate with hepatotoxicity in multivariate analysis. The only risk factor for developing hepatotoxicity is the presence of HCV infection.
The immunological response to HCV infection is complex [16-18]. Innate immunity presents the first line of defense against HCV infection. Once infected, cells produce interferon which renders the cells to resist infection, modulate viral replication and active natural killer cells, macrophages and Kupffer cells. Interactions involved in the innate immunity include toll-like receptors and retinoic acid-inducible gene-I (RIG-1) like receptors. HCV virus evolved to counteract the RIG-1 pathway can evade the attack of innate immunity [19]. In addition to innate immunity, adaptive immunity involving cytotoxic T lymphocytes and myeloid dendritic cells helps to control HCV infection. Viral molecules expressed on the surface of hepatocytes are recognized by cytotoxic T lymphocytes. However, HCV is reported to avoid recognition by cytotoxic T lymphocytes by down regulating the expression of major histocompatibility complex on the cell surface. Besides the immune-mediated cytolysis, other mechanisms including hepatic steatosis, oxidative stress and insulin resistance have been reported to mediate hepatocyte necrosis [18]. In our study, the enhanced liver toxicity in HCV-positive DLBCL could not be explained by rituximab which was used in all patients. Instead, we speculate that either hepatocytes infected with HCV are more prone to toxicity of chemotherapy or the interaction between HCV virus and immunochemotherapy exacerbates liver damage. 
There were several caveats in our study that deserve further attention. First, this was a retrospective and single institute study and the genotype of HCV was not tested. We did not monitor HCV viral load before and during immunochemotherapy, and, although patients with HBsAg were excluded in our study, some of our patients were HBc-IgG-positive which was recently proven to be a risk factor for hepatic dysfunction [20,21]. However, our study confirmed a comparable survival outcome of DLBCL patients with or without HCV infection receiving rituximab containing chemotherapy. The incidence of hepatotoxicity was higher in these patients and frequent monitoring might be required. Measurement of HCV viral load before and during immunochemotherapy may be considered to clarify the association between HCV and hepatotoxicity. 
    In summary, our study provides evidence that HCV infection exaggerates hepatic toxicity and delays scheduled treatment in DLBCL patients treated with rituximab-containing immunochemotherapy. Overall, HCV does not compromise the PFS or OS for DLBCL patients.
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