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Abstract
The hepatitis C virus (HCV) infected patients are prone to develop bone marrow or various tissue infiltrates with monoclonal B cells, monoclonal B lymphocytosis or different types of B cell non-Hodgkin's lymphoma (BCNHL), of which the most common are those with splenic marginal zone BCNHL, diffuse large BCNHL and follicular lymphoma. The association between chronic HCV infection and non Hodgkin's lymphoma has been observed especially in areas with high prevalence of this viral infection. Outside the limitations of some studies that have been conducted, there are also geographic, environmental, and genetic factors that contribute to the epidemiological differences. Various microenvironmental signals, such as cytokines, viral antigenic external stimulation of lymphocyte receptors by HCV antigens, and intercellular interactions contribute to B cell proliferation. HCV lymphotropism and chronic antigenic stimulation are involved in B-lymphocyte expansion, as mixted cryoglobulinemia or monoclonal gammopathy of undetermined significance, which can progress to BCNHL.HCV replication in B lymphocytes has oncogenic effect mediated by intracellular HCV proteins. It is also involved in an important induction of reactive oxygen species that can lead to permanent B lymphocyte damage, as DNA mutations, after binding to surface B-cell receptors. Post-transplant lymphoproliferative disorder could appear and it has a multiclonal potentiality that may develop into different types of lymphomas. The hematopoietic stem cell transplant made for lymphoma in HCV-infected patients can increase the risk of earlier progression to liver fibrosis and cirrhosis. HCV infected patients with indolent BCNHL who receive antiviral therapy can be potentially cured. Viral clearance was related to lymphoma response, fact that highlights the probable involvement of HCV in lymphomagenesis. Direct acting antiviral drugs could be a solution for the patients who did not tolerate or respond to interferon, as they seem to be safe and highly effective. The use of chemotherapy in combination with rituximab for the treatment of BCNHL in patients infected with HCV can produce liver dysfunction. The addition of immunotherapy with rituximab can increase the viral replication, and severe complications can occure especially in patients co-infected with HBV or immune immunodeficiency virus, in those with hepatocarcinoma, cirrhosis, or liver cytolysis. But the final result of standard immunochemotherapy applied to diffuse large BCNHL patients with HCV infection is not notably worse than in those without this viral infection. The treatment of patients chronically infected with HCV and having BCNHL is complex and requires a multidisciplinary approach and the risk / benefit ratio of rituximab treatment must be evaluated especially in those with liver cytolysis.

Key words: Chemotherapy; Cryoglobulinemia; Direct acting antiviral drugs; Hepatitis C virus; Hepatocytolysis; Interferon; Liver transplantation; Non-Hodgkin's lymphoma; Liver dysfunction; Rituximab

© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights
reserved.

Core tip: There are epidemiological observations on the association between hepatitis C virus (HCV) infection and non-Hodgkin's lymphoma. Various microenvironmental signals, such as cytokines, viral antigenic external stimulation of lymphocyte receptors by HCV antigens, and intercellular interactions contribute to B cell proliferation. HCV lymphotropism and chronic antigenic stimulation are involved in B-lymphocyte expansion, as mixted cryoglobulinemia or monoclonal gammopathy of undetermined significance, which can progress to B cell non-Hodgkin's lymphoma (BCNHL). HCV infected patients with indolent BCNHL who receive antiviral therapy can be potentially cured. Viral clearance was related to lymphoma response, fact that highlights the probable involvement of HCV in lymphomagenesis.
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INTRODUCTION 
The association between chronic hepatitis Cvirus (HCV) infection and some B cell non-Hodgkin’s lymphomas (BCNHL) has been discussed for a long time[1,2]. A higher incidence of these lymphomas has been found especially in countries where HCV prevalence is high (about 10%, according to a recent systematic review)[3]. Unfortunately, this connection is not well understood. But, as it happens in many situations as the scientific research progresses and offers useful information, a possible pathway explanation has been recently published: a mutated stereotypic IGHV4-59/IGHJ5-encodedB-cell receptors subset was found to be expressed in some BCNHL associated with HCV infection. These mutated receptors are high affinity monoreactive rheumatoid factors and emphasize the auto-antigen role of IgG in BCNHL pathway[4]. Given this news I decided to draw out a review on HCV-related BCNHL. For this purpose I have studied the articles published in PubMed since January 2013 until today.
The temporal relationship between HCV infection and non-Hodgkin’s lymphomas was analyzed in a large study conducted in Taiwan, after excluding patients infected with HCV who had cancers, and infections with HBV or HIV at baseline. The follow-up of Asian patients infected with HCV established that their risk of developing a lymphoid neoplasm (and especially non-Hodgkin’s lymphomas) was 2 times higher than that of a group of HCV-uninfected patients[5].

EPIDEMIOLOGICAL DATA AND RISK FACTORS
The hepatic and extrahepatic manifestations of HCV are extremely varied as geographical distribution, fact which can be explained by a possible involvement of other environmental and/or genetic cofactors[6].
The epidemiological studies made in the last 20 years found an association between HCV infection and BCHNL[7]. Thus, Chronic Hepatitis Cohort Study followed a large group of patients with chronic HCV infection (12126 subjects) during 5 years and found the following values: the incidence of non-Hodgkin’s lymphoma was significantly higher [standardized rate ratios was 1.6 (1.2-2.1)], and age-adjusted mortality was also significantly higher than the general population[8].
Indolent non-Hodgkin’s lymphomas were more frequently associated with HCV infection[9]. Indeed, HCV infection was more frequently found in patients with marginal zone lymphomas, and especially in those with splenic type, compared to the control population, an argument for a possible viral involvement in lymphoma genesis[10]. A large meta-analysis which included 2440 patients with small lymphocytic lymphoma and chronic lymphocytic leukemia confirmed the association of these hemopathies with HCV infection[11]. But in a cohort of 524 Bulgarian patients with non-Hodgkin’s lymphoma, only 1.84 % were HCV positive[9]. Patients with dual viral infection - HCV and HIV - are also more likely to develop marginal zone/lymphoplasmacytic BCNHL, compared to HIV only-infected patients[12].
The association between HCV infection and indolent BCNHL has been known for a long time, but this virus infection can also be associated with diffuse large BCNHL, especially in some some geographical regions[13], so it is considered that marginal zone lymphomas and diffuse large BCNHL are the histological type commonly associated with this viral infection[14]. Indeed, the most frequent type of BCNHL found in 89 HCV infected patients was that with large cells (62%) in a study realized at MD Anderson Cancer Center during 7 years. Their liver disease was mostly mild (only 18% of patients had a Metavir stage ≥ 3), the most frequent genotype was 1 (62%), and viremia was detected in 90% of patients[2]. HCV infection was more frequently found in patients with splenic diffuse large BCNHL and splenic marginal zone BCNHL compared to patients with all types of lymphoma in Italy, while the prevalence of this virus was higher only in those with diffuse large BCNHL compared to the patients with all types of lymphoma, in Japan. Forty-four percent of patients with diffuse large BCNHL and 10% of those with splenic marginal zone BCNHL were HCV positive in a study conducted in Taiwan[15]. In ANRS HC-13 Lympho-C study which included 116 HCV infected patients with BCNHL, the most frequent hystological types were marginal zone lymphoma and diffuse large BCNHL (both present in 39% of patients)[16]. 
Beside splenic marginal zone BCNHL, diffuse large BCNHL and follicular lymphoma, HCV chronically infected patients can develop a disseminated type of marginal zone lymphoma with different characters from splenic marginal zone lymphoma or a monoclonal B lymphocytosis and bone marrow or various tissue infiltrate with monoclonal B cells, without histology of lymphoma[17]. A higher risk for B-cell activating autoimmune conditions was found to be associated with all 3 subtypes of marginal zone BCNHL (nodal, extranodal and splenic), but HCV infection was a risk factor only for the extranodal subtype, vs the witnesses[18]. 
A large meta-analysis established that the metalworker occupation, the presence of hematologic neoplasias in the family history, and the patient-declared peptic ulcers are risk factors for the extranodal subtype of marginal zone BCNHL. On the contrary, a reduced risk for this subtype of lymphoma was present in teachers and those who drank any kind of alcohol[18].
The diffuse large BCNHL was associated with HCV infection, but also with B-cell activating autoimmune disorders, the presence of non-Hodgkin lymphoma in the family history, a body mass index at young adult age, any atopic disturbance, higher socioeconomic status, and higher sun exposure in free time, according to another large meta-analysis[19].
The patients with non-Hodgkin’s lymphoma have an 1.5 times higher risk for a second primary malignancy occurrence, most commonly for leukemia and myeloma. Liver cirrhosis and HCV infection were significant predictors for the appearance of such a new malignancy in a retrospective study made in Taiwan[20].

PATOPHYSIOLOGY NOTIONS
Some cases of non-Hodgkin’s lymphoma might be due to HCV infection, particularly in areas with high prevalence of this infection[1,2,21]. In the early-stage of diffuse large BCNHL HCV seroprevalence was high in a study conducted in Taiwan, fact which advocates for the involvement of HCV in lymphoma pathway[15].
The question remains unanswered: why did’s the studies find any association between HCV infection and lymphoma. It is considered that the small number of patients, the short follow-up period analyzed and database limitations have influenced the results of these studies[21]. In addition, epidemiological studies used mainly anti-HCV antibody test, which has lower sensitivity compared to HCV-RNA detection, the mostl widely used test in order to detect the association between HCV and non-Hodgkin’s lymphoma[7].
Among lymphoproliferative diseases, BCNHL appears to be mostly associated with HCV infection[21]. It is known that HCV has both hepato- and lymphotropism and is involved in a polyoligoclonal B-lymphocyte expansion, followed sometimes by the occurence of mixed cryoglobulinemia (an immune-mediated disorder)[6]. Both chronic inflammation and alterations in immune function, are invloved in B cell lymphoproliferative disorders[21], as mixted cryoglobulinemia or monoclonal gammopathy of undetermined significance[22]. These may progress to BCNHL[6,21] (Figure 1). Therefore, it can be considered that the evolution of the malignant clone is the result of both HCVlymphotropism and chronic antigenic stimulation[23]. The presence of cirrhosis in HCV infected patients is a supplementary risk factor for monoclonal gammopathy of undetermined significance or BCNHL occurence, in agreement with a multivariate logistic regression analysis[22].
Regarding the histological subtypes of BCNHL, the rheumatoid factor was more frequently noticed in patients with marginal zone lymphoma, than in those with diffuse large B-cell (68% compared to 35%). Mixed cryoglobulinemia was also significantly more often found in the first mentioned subtype (74% vs 44%)[16]. There are arguments in favor and against the association of chronic HCV infection and Waldenström macroglobulinemia. The HCV potential to promote lymphoproliferation is supported by some authors, as in the case of an HCV-infected patient with cryoglobulinemia and clinical manifestations of hyperviscosity, where bone marrow biopsy estabilished the diagnosis[24]. In HCV-infected patients with cryoglobulinemia only memory B cells, not naïve cells, were found to be significantly activated compared to healthy subjects. Markers of these cell activation in patients with these associated pathology were CD71, CD86, and HLA-DR, and in those with advanced hepatic disease - CD86[25].
The association of BCNHL with HCV infection is not completely defined although epidemiological studies argued for its support[14].
The mechanism of lymphomagenesis should be considered. It is known that infectious, environmental, and genetic factors are involved in this multifactorial process[21]. As mentioned above, some laboratory and clinicoepidemiological studies have suggested the oncogenic potential of HCV[6]. It is believed that lymphomagenesis depends on chronic rather than cleared HCV infection[7].
Usually, the malignant cells coexist with the microenvironmental factors. At least at the beginning, lymphoma development depends on various microenvironmental signals, such as: cytokines, viral antigens, and intercellular interactions[14]. Continuous viral antigenic external stimulation of lymphocyte receptors by HCV seems to be of major importance for B cell proliferation[14,26]. The regression of BCNHL after HCV infection eradication with antiviral treatment is another argument for the virus involvement in BCNHL pathway[26]. 
It is known that HCV-associated lymphomas use a restricted immunoglobulin variable region gene repertoire, so that the lymphoma B-cell receptors expressed as soluble immunoglobulin Gs and membrane IgMs do not bind to the HCV antigens. It follows that the majority of lymphomas do not occur from B cells that are involved in viral clearance[27].
Another theory states that HCV replication in B lymphocytes has oncogenic effect mediated by intracellular HCV proteins[26].
Another mechanism would be the one in which the HCV is involved in an important induction of a reactive oxygen species[28] and can lead to permanent B lymphocyte damage, as DNA mutations of tumor suppressor gene[26] TP53 and proto-oncogenes CTNNB1 and BCL6[29]and/or lower antigen response thresholds, after binding to surface B-cell receptors[21]. Still, a study made on 6 HCV-infected patients did not find any suspected mutation, so the authors concluded that HCV does not generally induce mutations in the genes involved in oncogenesis, as CTNNB1, TP53, and BCL6 in B lymphocytes[29]. Moreover, it was found that cytotoxic T-lymphocyte antigen 4 (CTLA-4) + 49 A/G polymorphism is associated with a higher risk of BCNHL occurence. HCV infection was more frequently present in subjects carriers of the mutant genotype + 49 A/G and - 318 C/T SNPs was more often found in patients with BCNHL and was a risk factor for BCNHL occurence[30].
Interleukin 28B gene polymorphisms also seems to be involved in lymphomagenesis. Thus, the IL-28B C/C genotype is distinguished biologically by a higher frequency of restriction of B cell response and its presence is correlated with a higher probability of cryoglobulinemic nephropathy and B cell malignant proliferations[31]. 
A deregulation of NF-κB, NOTCH, and BCR signaling pathway can be found to arise in the pathogenesis of splenic marginal zone lymphoma. But there is evidence that NOTCH pathway lesions are significantly more freqently found in HCV-infected patients with diffuse large BCNHL as compared to patients with the same type of lymphoma but uninfected with HCV. In addition, those who had a NOTCH pathway mutation had a significantly shorter 5-year overall survival vs the patients without lesionsin NOTCH pathway (27% compared to 62%)[32]. Indeed, both canonical and alternative NF-κB signalling pathways were activated and miR-26b expression was down-regulated in a transgenic mice model that express the full-length HCV genome specifically in B cells and which developed an HCV-associated BCNHL[33].
An area of particular interest on lymphomagenesis in HCV-infected patients is the study of microRNA levels in lymphoma tissues. Thus, an increased expression level of miR-30b in 14 biopsies from HCV- and HBV-infected patients with indolent BCNHL was observed. An association between miR-29a, miR-29b, and miR-223, and the presence of HCV infection was found in patients with nodal marginal zone lymphoma[34]. Regarding the HCV-infected patients with diffuse large BCNHL, a set consisting of 52 miRNAs could be a a signature for them. It should also be noted that miR-138-5p which had a decreased expression, and miR-511-5p, miR-147a, and miR-147b which had an increased expression serve as a negative prognostic factor in HCV-infected patients with diffuse large BCNHL[35]. Further research is needed in order to establish the role of microRNA over- or underexpression in BCNHL pathogenesis and their usefulness in a possible new classification of lymphomas.
The t(14;18) translocation has been found in B lymphocyte proliferation and it is considered to be associated with MALT lymphomas occurence in HCV-infected patients[36]. A more frequent telomeric 1p36.3 deletion and an increased expression of Ki-67 were found in BCNHL patients with HCV infection vs those without this infection. This is an argument for a possible virus involvement in cancers occurence at the 1p36.3 locus[37].
Oncogenic potential of HCV can lead to a concomitant induction of hepatocellular carcinoma and a BCNHL, as in a case of synchronous neoplasia found during the process of liver transplantation surgery[38].

INFLUENCE OF LIVER TRANSPLANTATION
Post-transplant lymphoproliferative disorder could appear and it has a multiclonal potentiality that may develop into different types of lymphomas[39]. 
In a large study which included 10010 Swedish patients with a solid organ transplant, 135 patients developed a lymphoma. The incidence rate of lymphomas was 159/100000 person-years. Forty-eight percent of them were negative for Epstein-Barr virus (EBV) infection and associated with HCV infection. HCV infection was found to be an independent negative prognostic factor for survival in these patients[40].
In such a patient who underwent liver transplantationfor hepatitis C liver cirrhosis, developed a relapse of his hepatitis C 2 months after the graft. An EBV-negative polymorphic B-cell and an EBV-negative monomorphic T-cell ALK-positive post-transplant lymphoproliferation occured after another 32 mo. They were treated with R-CHOP regimen followed by complete remission. However, the lymphoproliferation reccured and the patient died half a year after the first post-transplant lymphoproliferative diagnosis. Histopathological examination of the liver and other organs discovered a third type of lymphoproliferation: an EBV-negative monomorphic T-cell ALK-negative lymphoma[39]. Immunosuppression, but also relapsed HCV infection are involved in the pathogenesis of these post liver transplant lymphoproliferations. A primary hepatic diffuse large BCNHL was also histologically diagnosed in an HCV-infected patient who had undergone a partial hepatectomy. After he was treated by systemic chemotherapy, the patient developed a new liver tumor, which was also operated by partial hepatectomy and was a hepatocellular carcinoma[41].
The hematopoietic stem cell transplant made for lymphoma in HCV-infected patients can increase the risk of earlier progression to liver fibrosis and cirrhosis. At this point, it is unknown whether this risk is or is not dependent of prior treatment of lymphoma[42].

CLINICAL AND LABORATORY FINDINGS
The clinical manifestations of diffuse large BCNHL are not the same in HCV-positive or negative patients[13]. Indeed, it seems that liver involvement is greater and the number of affected nodal regions is higher in patients with diffuse large BCNHL with HCV/HBV infection as in those without such viral infections, according to the results of a study witch included 224 diffuse large BCNHL patients but of which only 9.3% were HCV/HBV-positive. Despite these differences, identically treated patients had similar responses and evolution in the study made by Rubio et al[43].
Sometimes, HCV-infected patients can develop BCNHL with various locations. In such a patient who had liver cirrhosis with doube etiology (alcoholic, too) a primary follicular lymphoma appeared in the spleen was found when he underwent a splenectomy performed in order to reduce symptomatic pancytopenia[44]. Another rare location is on the skin. A localized lipoatrophy was reported to be a clinical manifestation of a marginal zone BCNHL[45]. A primary large BCNHL was also found in the body cavity of an HCV-infected patient[46] and a marginal zone lymphoma located on the right lacrimal gland associated to an HCV-infection was also reported[47].
As lymphoma patients are immunosuppressed, RNA detection techniques of HCV infection are more frequently requested compared to the other patients[42], in order to detect early this possible infection and to avoid a possible viral flare induced by chemotherapy.
Based on a multiparametric analysis, four serum parameters were identified in order to constitute a signature able to differentiate the HCV-infected patients with or without overt BCNHL, with a a sensitivity of 100% and a specificity of 90%: sCD27, C4 levels, sIL-2Rα, and gammaglobulins[48].
Mixed cryoglobulinemia (MC) was found in about a quarter of a lage cohort of patients with chronic HCV infection and three quarters of those with MC had also cryoglobulinemic syndrome. These patients presented BCNHL significantly more often than those without MC (15% as against 7.1%). If cryoglobulinemic syndrome had no impact on the overal survival, it would modify the natural hystory of these patients, as shown in a 15-years prospective cohort study[49].
The patients with BCNHL would have a shorter overall survival if they were HCV-infected and had 1p36.3 deletion found by FISH, vs those without HCV infection (37). Three risk factors which correlated with a bed prognosis in HCV-infected patients with diffuse large BCNHL were found in a multivariate analysis: an ECOG performance status ≥ 2,  serum level of albumin <3.5 g/dL, and HCV-RNA viremia > 1000 KIU/mL. A score which includes these three factors could be used to discriminate the patients with different overall and progression-free survival, independent of their treatment (with or without rituximab)[50].

THERAPEUTIC PARTICULARITIES
Classical antiviral therapy
The treatment of both HCV infection and lymphoma is a challenge for physicians. The main findings in this field are presented in Table 1. It is a pity that not all cancer patients can benefit from antiviral therapy[42]. In addition, we do not know which is the best course of treatment in BCNHL patients chronically infected with HCV, currently[51]. Although 53 patients of the study realized at MD Anderson Cancer Center were detected with HCV infection before the diagnosis of non-Hodgkin’s lymphoma (which was made later), almost half of them were not treated with antiviral medication, especially as they had mild liver disease at diagnosis[2]. As HCV infection can be involved in cancer occurence, including hepatocellular carcinoma and non-Hodgkin’s lymphoma[42], early antiviral treatment should also be indicated for a possible prevention of lymphoma occurrence[2]. 
Low-grade malignant lymphomas can respond to antiviral therapy[26,51] if the disease is limited and do not require immediate cytoreductive drugs[52]. Those with high grade of malignancy need also immuno-chemotherapy associated treatment[7,51], despite the probable liver toxicity[7].
It was shown that antiviral treatment contributed to an improved outcome of HCV-infected patients with non-Hodgkin’s lymphoma[16] and, in some cases, could also be an alternative to chemo-immunotherapy[23]. Of the three types of marginal zone lymphoma (MALT, nodal and splenic), the last is most frequently associated with HCV infection and can evolve favorably after HCV eradication[53]. A rare association between BCNHL and mixed cryoglobulinemic endocapillary proliferative glomerulonephritis found sometimes in HCV-infected patients can have a favourable evolution under interferon: such a patient had a reduction of its clinical symptoms, proteinuria disappeared and HCV viremia decreased after one year of treatment[54].
HCV-infected patients with indolent BCNHL who receive antiviral therapy can be potentially cured[13]. Forty-four of HCV-infected patients with indolent BCNHL showed complete remission and 33% a partial response of lymphoma after antiviral therapy used as first-line treatment, in a large multicenter study[55]. As it is known that sustained virological responses to HCV antiviral treatment in cancer patients may be poorer as in those without cancer[42], it is very important to note that viral clearance was related to lymphoma response in this multicenter study[55]. One can speculate that the persistence of virus in malignant lymphocytes could constitute a reservoir that can contribute to hepatitis relapse. On the other hand, the clinical response of lymphoma is dependent on HCV-RNA eradication, fact that highlights the probable involvement of HCV in lymphomagenesis[14].
The combined treatment with peginterferon and ribavirin proved to be useful for the treatment of BCNHL[56]. The fact that antiviral treatment may be followed by complete remission of lymphoma is an argument for a possible involvement of chronic antigenic stimulation and HCV in BCNHL pathway[51].
If hyperviscosity is present, as in HCV-infected patients with IgM or IgG gammopathy, or Waldenström's macroglobulinemia, repeated plasmapheresis are needed in order to fight against this syndrome, followed by antiviral +/- cytostatic therapy[24].

Direct acting antiviral therapy
Direct acting antiviral (DAA) drugs could be a solution for the patients who did not tolerate or respond to interferon, as they are safe and highly effective, according to recent findings[51,57]. Indeed, five cases of BCNHL patients infected with HCV obtatined sustained virological response after direct anti-viral agents therapy, given alone, together with rituximab or followed by chemotherapy. Four of them achived complete remission of BCNHL 6 month after the treatment ended. These results suggest the administration of direct antiviral agents in onset of therapy of patients with marginal zone BCNHL who have no severe complications, and early in those with diffuse large BCNHL in order to prevent the potential liver damage induced by the use of chemotherapy in combination with rituximab and avoid BCNHL relapse[56]. A chronic HCV-infected patient with splenic marginal zone lymphoma obtained rapid viral clearance and his lymphoma was cured with an interferon-free regimen based on NS3-NS4A inhibitor, which consisted in a 16 weeks administration of deleobuvir, faldaprevir, and ribavirin. Such therapeutic results, achieved even with interferon free regimens highlight the pathogenetic role of the virus in the development of lymphoma and also suggest that the effectiveness of interferon therapy of lymphoma is especially due to its antiviral and less antiproliferative effect[57].
The case of a patient who obtained a haematological response after peginterferon plus ribavirin was also published. Still, a virological relapse was noted at week 24, for which she received telaprevir-based triple therapy, followed by successful result without chronic lymphocytic leukaemia progression[58].
We hope that the era of interferon-free regimen will also bring clarifications on the importance of the lymphoid reservoir in HCV removal[23].

Rituximab-based chemotherapy
There is a debate on the safety of rituximab-based chemotherapy used for the treatment of diffuse large BCNHL. Twenty-nine HCV-infected patients with this type of lymphoma were compared with 139 patients without HCV infection but with the same type of lymphoma. HCV-infected patients had a higher liver toxicity induced by immunochemotherapy (manifested in particular by an increase of AST and total bilirubin) and a higher delay of their chemotherapy application, without affecting survival, during a median follow-up of 3 years[59]. In another study, 200 diffuse large BCNHL patients infected with HCV were treated with chemotherapy combined with rituximab, vs 80 patients with the same two diseases who received only chemotherapy. There were no significant differences on median progression-free survival or median overall survival, but severe liver toxicity (grade 3-4) was significantly more frequently found in those treated also by immunotherapy compared with those treated only by chemotherapy (26.5 % vs 13,75%). A quarter of patients who received rituximab could not complete the therapy due to liver toxicity or their progressive disease. A risk factor predictive for severe liver toxicity was the presence of liver dysfunction before the treatment[60]. The results were worse in another study, which included 137 HCV-infected patients with diffuse large BCNHL treated with CHOP ± rituximab regimen. The liver toxicity of grade 3-4 was significantly more frequently found in those treated with chemo-immunotherapy (28% vs 18%), while the progression-free survival and overall survival were significantly shorter in this group of patients in comparison with those who received only chemotherapy[61]. In a larger study, made on 535 HCV-infected patients with diffuse large BCNHL who received an anthracycline-based chemotherapy (with rituximab in 255 of them), 14% of patients developed severe liver toxicity, but, in this study, rituximab did not contribute to an increased severe liver toxicity. Overall survival and progression-free survival at 3 years were 71% and, respectively, 55%[50].
Therefore, the use of chemotherapy in combination with rituximab (an anti-CD20 monoclonal antibody) for the treatment of BCNHL in patients infected with HCV can produce liver dysfunction (as adverse effect), like the chemotherapy applied for Hodgkin’s lymphoma cure. A rare case of cholestatic hepatitis C was also published; it occures in a patient with diffuse large BCNHL and HCV infection[62]. The addition of immunotherapy with rituximab can increase the viral replication, but severe complications can occure especially in patients co-infected with HBV or immune immunodeficiency virus, in those with hepatocarcinoma, cirrhosis, or liver cytolysis (an increase of transaminases of grade > 2). There is not necessarily a direct association between the level of HCV viremia and the liver lesions[13]. The final result of standard immunochemotherapy applied to diffuse large BCNHL patients with HCV infection is not less good compared to those without this viral infection[13]. A solution to avoid severe liver toxicity in patients with compensated HCV induced liver cirrhosis and indolent BCNHL is the combination of bendamustine with rituximab[63].

CONCLUSION
There are strong arguments on the association between chronic HIV infection and BCNHL.
HCV lymphotropism and chronic antigenic stimulation are involved in B-lymphocyte expansion, as mixted cryoglobulinemia or monoclonal gammopathy of undetermined significance, which can progress to BCNHL[6,21].
Classical or direct acting antiviral therapy can help cure HCV-infected patients with indolent BCNHL. This also highlights the probable involvement of HCV in lymphomagenesis[14].
The use of chemotherapy in combination with rituximab for the treatment of BCNHL in HCV-infected patients can produce liver dysfunction.
The treatment of patients chronically infected with HCV and having BCNHL is complex and requires a multidisciplinary approach: a hematologist and a hepatologist should also be invited to participate. A careful monitoring of hepatic function is necessary[13,51].
What is the best conduct in front of  BCNHL patients (and especially of those with large cells) with liver cytolysis, what is the risk / benefit ratio of rituximab treatment, and what are the conditions in which we need to start or stop the immuno-chemotherapy are topics to which we expect future answers from the scientific research[13].
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Table 1 Main therapeutical findings
	Study findings
	Ref.

	Antiviral treatment should be indicated in order to prevent lymphoma occurrence.
	[2]

	Low-grade malignant lymphomas can respond to antiviral therapy.
	[26,51]

	Non-Hodgkin’s lymphoma with high grade of malignancy need immuno-chemotherapy associated treatment.
	
[7,15]

	Antiviral treatment contributed to an improved outcome of HCV-infected patients with non-Hodgkin’s lymphoma.
	
[16]

	Antiviral treatment  could be an alternative to chemo-immunotherapy in some cases.
	[23]

	Splenic marginal zone lymphoma is most frequently associated with HCV infection and can evolve favorably after HCV eradication.
	
[53]

	HCV-infected patients with indolent BCNHL who receive antiviral therapy can be potentially cured.
	
[13]

	Forty-four of HCV-infected patients with indolent BCNHL obtained a complete remission and 33% a partial response of lymphoma after antiviral therapy used as first-line treatment.
	

[55]

	Viral clearance was related to lymphoma response.
	[55]

	The clinical response of lymphoma is dependent on HCV-RNA eradication.
	[14]

	The combined treatment with peginterferon and ribavirin proved to be useful for the treatment of BCNHL.
	
[56]

	Repeated plasmapheresis are needed, if hyperviscosity is present, followed by antiviral +/- cytostatic therapy.
	
[24]

	The administration of direct antiviral agents is useful in onset of therapy of patients with marginal zone BCNHL who have no severe complications, and early in those with diffuse large BCNHL in order to prevent the potential liver damage induced by the use of immunochemotherapy and avoid BCNHL relapse.
	


[56]

	A chronic HCV-infected patient with splenic marginal zone lymphoma obtained rapid viral clearance and his lymphoma was cured with an interferon-free regimen based on NS3-NS4A inhibitor.
	

[57]

	A HCV-infected female patient with chronic lymphocytic leukaemia received telaprevir-based triple therapy followed by successful result, without chronic lymphocytic leukaemia progression.
	

[58]

	HCV-infected diffuse large BCNHL patients had a higher liver toxicity induced by immunochemotherapy and a higher delay of their chemotherapy application.
	
[59]

	Severe liver toxicity (grade 3-4) was significantly more frequently found in diffuse large BCNHL patients infected with HCV treated also by immunotherapy compared with those treated only by chemotherapy.
	

[60]

	The liver toxicity of grade 3-4 was significantly more frequently found in HCV-infected patients with diffuse large BCNHL treated with chemo-immunotherapy and the progression-free survival and overall survival were significantly shorter in comparison with those who received only chemotherapy.
	


[61]

	Fourteen percent of HCV-infected patients with diffuse large BCNHL who received an anthracycline-based chemotherapy (with rituximab in 255 of them) developed severe liver toxicity.
	

[50]

	A patient with diffuse large BCNHL and HCV infection developed a cholestatic hepatitis C after chemoimmunotherapy.
	
[62]

	The addition of immunotherapy with rituximab can increase the viral replication.
	[13]

	The final result of standard immunochemotherapy applied to diffuse large BCNHL patients with HCV infection is not less good compared to those without this infection.
	
[13]

	A solution to avoid a severe liver toxicity in patients with compensated HCV induced liver cirrhosis and indolent BCNHL is the combination of bendamustine with rituximab.
	
[63]


HCV: Hepatitis C virus; BCNHL: B cell non-Hodgkin's lymphoma.
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