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                                                                                                                        Abstract

                                                            A specific prognostication score for hepatitis C virus-positive diffuse large B-cell lymphomas is not available. For this purpose, the Fondazione Italiana Linfomi (FIL, Italian Lymphoma Foundation) carried out a multicenter retrospective study on a large consecutive series of patients with hepatitis C virus-associated diffuse large B-cell lymphoma to evaluate the prognostic impact of clinical and virological features and to develop a specific prognostic score for this subset of patients. All prognostic evaluations were performed on 535 patients treated with an anthracycline-based induction regimen (with rituximab in 255 cases). Severe hepatotoxicity was observed in 14% of patients. The use of rituximab was not associated with increased rate of severe hepatotoxicity. Three-year overall survival and progression-free survival were 71% and 55%, respectively. At multivariate analysis, ECOG performance status of 2 or over, serum albumin below 3.5 g/dL and HCV-RNA viral load over 1000 KIU/mL retained prognostic significance. We combined these 3 factors in a new “HCV Prognostic Score” able to discriminate 3 risk categories with different overall and progression-free survival (low=0; intermediate=1; high-risk ≥2 factors; P<0.001). This score retained prognostic value in the subgroups of patients treated with and without rituximab (P<0.001). The new score performed better than the International Prognostic Index at multivariate analysis and Harrel C-statistic. With the use of three readily available factors (performance status, albumin level and HCV-RNA viral load), the new “HCV Prognostic Score” is able to identify 3 risk categories with different survival, and may be a useful tool to predict the outcome of hepatitis C virus-associated diffuse large B-cell lymphomas.
                                                            
                                                            Introduction
In recent years, many epidemiological studies have increasingly strengthened the evidence that hepatitis C virus (HCV) is associated not only with indolent B-cell non-Hodgkin lymphomas (NHL), but also with diffuse large B-cell lymphomas (DLBCL).1 An Italian case-control study reported an even higher association of HCV infection with DLBCL (Odds Ratio (OR) 3.5) with respect to indolent NHL (OR 2.3), suggesting that approximately one out of 20 cases of DLBCL, at least in Italy, may be attributable to HCV.2 Unlike indolent B-NHL, there seems to be no role for antiviral treatment in HCV-positive DLBCL, because lymphoma cells, suffering from additional oncogenic lesions, may not be critically dependent on antigen stimulation. For this reason, unlike their indolent counterpart, HCV-associated DLBCL patients should be treated with conventional immunochemotherapy schemes such as R-CHOP, although concerns remain with regard to the potential risk of hepatotoxicity.3
The prediction of the prognosis in HCV-positive DLBCL is still a subject for debate. In fact, as previously reported,4,5 HCV-positive DLBCL patients display specific presentation features with respect to their HCV-negative counterparts, potentially affecting many clinical features included in common prognostic scores (i.e. age, number of extranodal sites, stage). Moreover, many laboratory parameters of common prognostic significance (i.e. LDH, blood cell counts) are potentially biased as they are influenced not only by lymphoma but also by chronic HCV infection. Notably, common prognostic indexes for DLBCL (the IPI6 or its variant the R-IPI7) were created and validated in series made up of only HCV-negative patients or with unknown HCV-status, while their predictive significance has never been formally validated in HCV-positive DLBCL.
For these reasons, the Fondazione Italiana Linfomi (FIL, Italian Lymphoma Foundation) carried out a large multi-center retrospective study on a large series of patients affected by DLBCL associated with HCV infection, with the aim of constructing a new prognostic system for HCV-associated DLBCL.
Methods
Patients
We collected data of patients with DLBCL positive for HCV serology who were consecutively diagnosed and treated between 1995 and 2010 at 16 Italian major hematologic institutions belonging to the FIL (known before 2012 as the Intergruppo Italiano Linfomi, IIL). HIV-positive cases were excluded. HCV infection is a big health problem in Italy and the majority of patients with NHL are evaluated for HCV infection. HCV-positive cases made up 17% of all registered cases of DLBCL with available HCV serology from participating centers. HCV serology was not available for 20% of all diagnosed cases in the period examined. We identified 625 DLBCL patients with positive HCV serology. Of these, 535 received a curative-intent anthracycline-containing treatment (with or without rituximab), while 77 were managed with other palliative-intent strategies. To minimize bias due to the heterogeneity of treatments, we restricted our prognostic analyses to the 535 patients treated with curative-intent modality, reporting separately data about the remaining patients. Approval for this retrospective study, based on archive data, was obtained from the Institutional Ethics Committee. Data management and analysis were performed in accordance with the Helsinki Declaration of 1975, revised in 1983 and 2000.
Statistical analysis
Numeric variables were summarized by their median and range. Categorical variables were described by counts and relative frequencies. Association between categorical variables was tested via Fisher exact test for 2 × 2 tables or using the χ approximation for larger tables, while the differences in mean values between two groups were evaluated using a t-test for independent data. The Kaplan-Meier product-limit method was used to estimate survival curves, and the log rank test was adopted to evaluate the differences between different groups of patients. Backward stepwise multivariate Cox regression analysis was then applied by checking the applicability assumption to determine the influence of the variables on the overall survival (OS), progression-free survival (PFS) and disease-specific survival (DSS). The limit of significance for all analyses was defined as P<0.05. All variables associated with significant P values in multivariate analysis were then included in the computation of the prognostic model. Because hazard ratios (HRs) of risk factors identified at multivariate analysis were of comparable magnitude, all factors were given the same weight; the presence of a risk factor contributed to the score with an increment of 1. Because of the small number of patients, those with 2 or 3 risk factors were grouped in the highest risk group. Furthermore, the prognostic analysis was performed after randomly splitting the study population into two parts: two-thirds (testing sample) and one-third (validation sample). Finally, the prognostic model was internally validated in the subgroups of patients treated with either R-CHOP or CHOP. To evaluate the discriminative ability of the model, the Harrell C-statistic with 95% confidence interval was determined.
Details about HCV-infection status, hepatic evaluation, definition of hepatotoxicity, treatments, response criteria and prognostic variables are available in the Online Supplementary Appendix.
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Table 1.Clinical characteristics of 535 patients with HCV-positive DLBCL treated with curative-intent therapy.
Results
Patients’ characteristics
Clinical characteristics and virological features of the 535 patients treated with curative-intent modality are summarized in Tables 1 and 2. Median age was 67 years (range 18–88 years). HCV-RNA status was available in 332 cases: 303 (91%) were HCV-RNA positive. Only a few patients had detectable serum cryoglobulins (34 of 409, 8%), with a median cryocrit value of 3%, and only a fraction of them were symptomatic (9 of 34, 26%). Based on laboratory and imaging findings, 42% and 13% of patients were known to have chronic hepatitis and liver cirrhosis, respectively. Baseline hepatic biopsy was available in 26 cases; 7 (27%) samples not involved by DLBCL showed advanced inflammatory activity (HAI >9) and/or advanced fibrosis (stage >2). Hepatocellular carcinoma (HCC) was detected in 3 patients before treatment while another 4 patients developed it during the course of therapy. Among a subgroup of patients with available data (n=132), HCV infection was known before the diagnosis of DLBCL in 80% of cases (n=105), while it was detected as part of initial investigations for lymphoma in 20% (n=27). Within this subset of patients, liver cirrhosis was slightly more prevalent in patients with previously known HCV infection (28% vs. 12%; P=0.1). Comparison between base-line characteristics of patients treated with curative- and palliative-intent modality is shown in the Online Supplementary Table S1.
Treatments
First-line treatments are summarized in Table 3. Overall, 535 patients received a curative-intent anthracycline-containing regimen (88%), with rituximab addition in 255 (42%). In detail, 214 patients (40%) received CHOP-like therapy, 252 (47%) R-CHOP-like, while the remaining 69 (13%) patients were treated with 3rd generation treatments (in 3 cases with rituximab). Seventy-seven patients were managed with other options with non-curative intent (palliative chemotherapy, surgery, radiotherapy, rituximab monotherapy, steroids or observation) and were excluded from the analyses together with 13 patients for whom treatment data were not available. During treatment, cytotoxic drug doses were reduced in 39% of patients (median dose reduction 33%, range 10–75%). Steroids were reduced or stopped in 65 patients (18%) (in 33 for hepatotoxicity). Eighty-three patients (20%) did not complete the planned treatment (30 for progression, 13 for liver toxicity, 40 for other causes). Overall, 69% of patients achieved CR and 16% PR (ORR 85%) while 15% did not respond or progressed.
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Table 2.Virological features of 535 patients with HCV-positive DLBCL treated with curative-intent therapy.
Hepatotoxicity
Pre-treatment transaminase levels were normal in 241 (54%) and elevated in 204 (46%) patients (Table 2). Of the 432 evaluable patients, 61 (14%) experienced severe hepatotoxicity (55 patients grade 3 and 6 patients grade 4). Base-line elevated ALT resulted significantly associated with severe hepatotoxicity (P<0.001). The use of rituximab was not associated with increased rate of severe hepatotoxicity (14% with CHOP vs. 16% with R-CHOP; P=0.6). Among patients experiencing severe hepatotoxicity, chemotherapy was stopped in 16 cases (28%), including 3 patients who died because of disease progression and one patient in complete response who died because of liver failure. Sixteen out of 61 patients who developed severe hepatotoxicity had positive HBV serology (1 HBsAg-positive and 15 HBsAg-negative/HBcAb-positive); among them, HBV reactivation was documented in 2 cases.
Survival
The median follow-up time for all patients was two years (range 1–14) (2.8 years for living patients). Overall, 163 patients died. Causes of death were NHL progression in 113 patients, hepatic failure in 12, infection in 6, cardiovascular events in 15, other cancers in 9, and other causes in 8. Three-year OS and PFS of the whole cohort were 71% and 55%, respectively (Figure 1A and B), while 3-year OS and PFS in the subgroup of patients treated with R-CHOP were 71% and 58%, respectively (Figure 1C and D). In a crude comparison between patients treated with R-CHOP and CHOP, R-CHOP retained a borderline benefit for OS (P=0.070) and a significant advantage for PFS (P=0.007) (Online Supplementary Figure S1A and B). Patients who developed severe hepatotoxicity did not exhibit reduced OS and PFS (P=0.8 and 0.7, respectively). Notably, the small subset of responding patients who received antiviral treatment with interferon with or without ribavirin after induction treatment (n=23) displayed a significantly better OS (P=0.008) than those who did not receive it.
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Table 3.Treatment regimen in 612 patients with HCV-positive DLBCL.*
Prognostic factors
The parameters associated with a shorter OS and PFS at univariate analysis are listed in Table 4. Notably, all IPI parameters were predictive for OS and PFS. Consequently, the IPI and the R-IPI were predictive for OS and PFS (P<0.001), although the differences in survival between the low-intermediate- and low-risk IPI groups and between the good and very good R-IPI risk groups did not reach statistical significance (Table 4 and Online Supplementary Figure S2). Liver involvement by lymphoma was associated with a poorer outcome, while splenic or bone marrow involvement was not. Base-line HCV-RNA load over 1000 KIU/mL was the only virological parameter affecting OS (P=0.036), as no specific HCV-genotype had any impact on the outcome. Among parameters related with liver function and histopathology, serum albumin below 3.5 g/dL (P<0.001), serum total bilirubin of 2 mg/dL or over (P=0.020), INR over 1.7 (P=0.020), Child score (P=0.026) and elevated HAI (>9) or stage (>2) at liver biopsy (P=0.013) were predictive for OS, while pre-treatment elevated ALT levels were not. According to a forward stepwise multivariate Cox regression analysis on OS, the following parameters retained statistical significance (Table 5): ECOG performance status of 2 or over (HR=4.05, 95%CI: 2.20–7.48; P<0.001), HCV-RNA over 1000 KIU/mL (HR=2.25, 95%CI: 1.22–4.15; P=0.010), serum albumin below 3.5 g/dL (HR=2.42, 95%CI: 1.31–4.48; P=0.005). The same parameters retained predictive value also at multivariate Cox regression analysis on PFS and DSS.
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Table 4.Prognostic factors at univariate analyses (Cox) in 535 patients with HCV-positive DLBCL treated with curative-intent therapy.
Prognostic model
We combined the 3 factors significantly associated to a worse OS and PFS (ECOG ≥2, albumin <3.5 g/dL, HCV-RNA load >1000 KIU/mL), in an “HCV Prognostic Score” (HPS) able to discriminate 3 categories of risk (low=0; intermediate=1; high-risk ≥2 factors; P<0.001) (Figure 2A). All 3 parameters were concurrently available in 171 patients. The 3 categories of risk resulted well balanced, as 30% of patients (n=51) were classified as low-risk, 46% (n=79) as intermediate-risk, and 24% (n=41) as high-risk. A comparison of HPS and IPI distribution is shown in the Online Supplementary Table S2. During a median follow-up time of two years, 8% (n=4), 31% (n=24) and 56% (n=23) of patients belonging respectively to low-, intermediate-and high-risk groups died, corresponding to an estimated 3-year OS of 92% (95%CI: 76–97%) for the low-risk group, 77% (95%CI: 64–85%) for the intermediate-risk group, and 39% (95%CI: 21–56%) for the high-risk group. HPS score was predictive also for PFS (P<0.001), with 3-year PFS 81%, 61% and 19% in low-, intermediate- and high-risk groups, respectively (Figure 2B) and for DSS (Online Supplementary Figure S3). There was no statistical difference between OS and PFS of the patients for whom all 3 parameters were available and OS and PFS of patients without all 3 parameters (OS: P=0.67; PFS: P=0.72). HPS score retained prognostic value in the subgroup of patients treated with R-CHOP (n=110; OS and PFS P<0.001) (Figure 3A and B) and in those treated with CHOP (n=50; OS and PFS P<0.001) (Figure 3C and D). After adjusting according to prognostic factors (ECOG, albumin and HCV-RNA) or according to the whole HPS score in a multivariate fashion, R-CHOP retained a prognostic benefit both for OS and PFS (P<0.001) (Online Supplementary Figure S4).
After adjusting by the IPI in multivariate Cox regression analysis, the HPS retained prognostic effect for OS (P<0.001), while the IPI itself did not, both on the whole population (Likelihood ratio test P=0.29) and in the subgroup of patients treated with R-CHOP (Likelihood ratio test P=0.07). The C-statistic was a little higher in the model with HPS with respect to the C-statistic of the model with the IPI (for OS: 0.73 (range 0.70–0.78) vs. 0.67 (range 0.63–0.72); for PFS: 0.70 (range 0.650–0.76) vs. 0.66 (range 0.62–0.70)). In addition, the predictive power of HPS was significantly higher than that of R-IPI for OS (0.73 (range 0.70–0.78) vs. 0.66 (range 0.62–0.69)) and higher with borderline significance for PFS (0.70 (range 0.65–0.76) vs. 0.64 (range 0.60–0.67)).
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Table 5.Prognostic factors at Cox regression multivariate analysis in HCV-positive DLBCL (171 patients).
Split sample analysis
To internally validate the model, we performed the prognostic analysis after splitting the study population into two parts (testing and validation samples). After stepwise procedure in two-thirds of patients (n=353) randomly chosen (testing sample), the only parameters that retained prognostic significance on OS at multivariate analysis were still HCV-RNA load (HR 3.42, 95%CI: 1.62–7.19; P=0.001), albumin below 3.5 g/dL (HR 2.94, 95%CI: 1.38–6.27; P=0.005) and ECOG (HR 2.94, 95%CI: 1.36–6.34; P=0.006). All the same parameters retained prognostic significance also on PFS.
In the 112 patients of the testing sample for whom all 3 parameters were available, the prognostic model, obtained by selecting these 3 parameters, still identified three prognostic groups (0 factors, 1 factor, 2 or more factors) with statistically different OS and PFS (P<0.001) (Online Supplementary Figure S5A and B). When applied to the remaining one-third of patients (validation sample; total n=182 patients; 59 patients with all 3 parameters available) the model maintained prognostic significance for OS (P<0.001) (Online Supplementary Figure S6) and PFS (P<0.001).
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Figure 1.OS and PFS of 535 patients with HCV-positive DLBCL treated with curative-intent therapy (panels A and B); OS and PFS in 252 patients with HCV-positive DLBCL treated with R-CHOP (panels C and D).
Discussion
In this study, we present clinical and virological features, toxicity data and prognostic evaluation of the largest series of HCV-associated DLBCL reported so far.
We confirm in a larger cohort previous findings about the efficacy and the safety of rituximab in terms of hepa-totoxicity in HCV-positive DLBCL.8 In fact, we did not record any difference in terms of severe hepatotoxicity between the patients treated with R-CHOP and those treated with CHOP, while, after adjusting by prognostic factors, patients treated with R-CHOP displayed a better OS and PFS. Interestingly, in the subgroup of patients monitored with viremia, the viral load invariably increased after treatment with R-CHOP (or CHOP), in agreement with the findings of Ennishi et al.3 However, we did not find any clear direct relation between the increase in HCV-RNA and severe hepatotoxicity. The interplay between HCV-RNA and transaminases in HCV-positive NHL during (immuno-)chemotherapy has been analyzed only in a limited number of patients in a few previous studies,3,8–15 with conflicting conclusions. While small case series suggested that HCV-RNA peak may precede or coincide with the development of an ALT flare,11,13 as for HBV,16 in the majority of the reports, HCV-RNA seems to behave irrespective of ALT levels and, therefore, does not seem to be useful to predict hepatotoxicity.8,10,12,15,17 In our study, the only risk factor for severe hepatotoxicity was an increase in base-line value of ALT, similar to findings in the Japanese study.3
So far, only a few studies have evaluated the prognosis of HCV-positive DLBCL.3–5 In the pre-rituximab era, Besson et al. reported a worse OS in HCV-positive DLBCL patients treated with intense chemotherapeutic protocols.4 On the contrary, the retrospective study of Ennishi et al.3 of 131 HCV-positive patients treated with R-CHOP showed that there was no significant difference in prognosis according to HCV infection, with only a border-line worse outcome in HCV-positive patients (3-year OS 75% vs. 84%; P=0.07). Interestingly, the outcome of the patients treated with R-CHOP in our study (3-year OS 71%) is similar to that of the Japanese study (3-year OS 75%). In addition, it does not substantially differ from that of the comparable population of HCV-negative patients treated with 6 or 8 R-CHOP14 in the RICOVER-60 study (3-year OS 78% and 72%, respectively). Consistent with the Japanese study,3 the occurrence of severe hepatotoxicity in our patients (14%) did not have any impact on survival.
An intriguing finding is that the delivery of antiviral therapy in responding patients after induction treatment may influence survival, improving OS. This is in accordance with preliminary findings18 and suggests that successful antiviral therapy in DLBCL patients in CR after R-CHOP, together with the reduction in the risk of progression to cirrhosis, may also ideally reduce the risk of relapse by eradicating a possible trigger of lymphoma recurrence. Therefore, our data support the importance of validating this attractive integrated treatment strategy prospectively.
The primary aim of our study was to develop a specific prognostic model for HCV-positive DLBCL patients. HPS score consists of one clinical parameter (ECOG) and 2 laboratory parameters (albumin levels and HCV-RNA). With the use of this score, 3 prognostic categories with significantly different OS, PFS and DSS were identified. Interestingly, 2 factors (ECOG and albumin) may reflect in part both lymphoma activity and liver condition, while high HCV-RNA load is a merely virological parameter. Performance status has been consistently demonstrated to be a prognostic factor in aggressive lymphomas,6,7,19 especially in the elderly population,20 as it comprises overall disease burden and behavior, and the patient’s comorbidities and consequent ability to tolerate therapies with curative intent. In HCV-positive DLBCL, performance status may be affected also by hepatic condition, as a considerable proportion of patients (near to 15% both in the present and in the Japanese3 studies) display features of cirrhosis. Low albumin concentration was predictive of inferior survival in DLBCL also in the seminal study of the IPI, but it was not included in that score because of an insufficient number of cases.6 Moreover, it is included in prognostic models for other lymphoma subtypes, such as splenic marginal-zone lymphoma21 and Hodgkin lymphoma.22 In addition, low albumin is one of the defining parameters of the Child-Pugh score for assessing prognosis in HCV-related cirrhosis.23 HCV-RNA load has been consistently related to the severity of hepatitis infection.24 Despite different proposed cut-off levels, the majority of studies confirmed that higher base-line viral loads are associated with lower sustained virological response rates after antiviral therapy.25–27 A high base-line viral load may reflect a more advanced hepatic infection, with possible lower tolerance to chemotherapy.24 In accordance with this hypothesis, a large population-based study demonstrated that high viral loads significantly predict a more rapid progression toward end-stage liver disease.28 In addition, this finding may indirectly suggest that, at least in some cases, the model of the intimate biological relationship between HCV chronic infection and lymphoproliferation may still be valid even at DLBCL stage.29,30 Moreover, high viraI load has been recently demonstrated to predict worst long-term outcome also in HCC,31 another HCV-related cancer.
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Figure 2.OS according to HCV prognostic score (HPS) categories (A); PFS according to HCV prognostic score (HPS) categories (B) (171 patients).
Although the number of patients with all 3 independent parameters of the HPS available is relatively small, we performed the analysis with a 2-step procedure (one for creating the model and one for its validation)21,32 to confirm the robustness of the model. Multivariate analysis of prognostic parameters of two-thirds of the population still identified the same 3 variables that were able to stratify 3 subgroups with statistically different OS and PFS. The model was also effective in the remaining one-third of patients. The prediction of the prognosis is a key issue in a potentially curable but highly heterogeneous disease like DLBCL. Moreover, the identification of patients at “low” or at “high” risk could have even increased therapeutic implications in a “difficult to treat” population like HCV-positive DLBCL patients, in whom toxicity development is not negligible. Notably, the IPI has never been validated in a specific HCV-positive DLBCL population, as in previous HCV-positive DLBCL series the IPI was not found to be able to stratify patients into different risk classes, only in part due to small sample size.3–5 In our series, the IPI and the R-IPI was predictive of the prognosis in univariate analysis, although differentiation between risk classes was not accurate, especially in intermediate-risk categories. Unlike the IPI, the HPS allows patients to be stratified into risk categories with a clear-cut different prognosis. In fact, even if all IPI single factors, and consequently the whole score, reached prognostic significance in univariate analysis, only ECOG maintained it in multivariate analysis and was included in the final model, while other parameters did not. One of the possible explanations for this may be that hepatitis-induced liver damage may alter the prognostic significance of LDH, as suggested by previous series.3–5 Another reason may be that age as categorical variable (with the standard cut off of 60 years) did not retain prognostic significance in multivariate analysis, probably as a result of the high proportion (73%) of elderly patients in this setting of DLBCL owing to the particular epidemiology of HCV infection in Italy. In our series, the HPS performed better than the IPI in the overall prediction of the prognosis in HCV-positive DLBCL, both in the whole cohort and in the subgroup of patients treated with R-CHOP, as it maintained prognostic significance after adjusting by the IPI in multivariate analysis, while the IPI did not. Moreover, the HPS was shown to have a higher predictive value with respect to the R-IPI also according to the Harrel C-statistic, reaching the threshold (C >0.70) necessary to be useful on the level of the individual patient.33 In patients treated with R-CHOP, however, although the HPS clearly identifies the group of patients with a high-risk disease, the prognosis of the intermediate- and the low-risk groups seems to be less clearly different. This could be due to the interaction of the independent prognostic benefit of rituximab addition to CHOP, as demonstrated in multivariate analysis. Some limitations of our study have to be discussed. First, we did not have a matched-pair control group to make a direct comparison of prognosis and outcome with HCV-negative DLBCL patients. Moreover, the new HPS model was developed on only a small proportion of the patients treated with curative-intent therapy, as base-line HCV-RNA load was not available in many cases. However, there was no difference in OS and PFS between the patients with all 3 parameters and the patients without all parameters.
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Figure 3.OS according to HCV prognostic score (HPS) categories in the subgroup of patients treated with R-CHOP (A); PFS according to HCV prognostic score (HPS) categories in the subgroup of patients treated with R-CHOP (B); OS according to HCV prognostic score (HPS) categories in the subgroup of patients treated with CHOP (C); PFS according to HCV prognostic score (HPS) categories in the subgroup of patients treated with CHOP (D).
In conclusion, a specific prognostic model for HCV-positive DLBCL is able to identify 3 risk-categories with different survival in patients treated with R-CHOP or CHOP and may be a clinically useful prognostic tool for stratifying HCV-positive DLBCL patients.
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