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Individual variations in concentrations of rituximab in different B cell non-Hodgkin’s lymphoma subtypes and their relevance to efficacy were still unclear. From 2016 to 2021, a prospective clinical trial was conducted, and 510 samples with 6 uncommon subtypes of B-cell lymphoma were enrolled to examine the pharmacokinetic behaviour of rituximab and its impact on clinical outcomes, including complete response (CR), progression-free survival (PFS) and overall survival (OS). Considerable variability was observed in the rituximab trough concentration in the first cycle (C1-trough, 1.16–55.52 μg/ml) in patients with different lymphoma subtypes. Patients with “double-hit” lymphoma (4.01 ± 0.77 μg/ml) or mantle cell lymphoma (MCL; 15.65 ± 16.45 μg/ml) had much lower C1-trough and worse outcomes. Great individual variation in the C1-trough existed among patients with mucosa-associated lymphoma (MALT), and the high C1-trough observed in patients treated with the RB regimen was associated with a better response than was obtained with R-CHOP (38.41 ± 14.13 μg/ml vs 15.49 ± 8.80 μg/ml, p = 0.0029). Despite the high aggressiveness of the cancer, Burkitt lymphoma patients receiving intensive chemotherapy had the highest C1-trough (28.85 ± 9.35 μg/ml) and maintained long-term PFS. The C1-trough in patients with mixed, unclassifiable B-cell lymphoma was close to 20 μg/ml, and these patients had acceptable outcomes. Overall, a low rituximab C1-trough was associated with adverse consequences, including persistent progression, early recurrence and a short OS, however, some high-risk factors appeared to be balanced by the presence of a high C1-trough. Basal levels of circulating CD19+ lymphocytes differed between and within patients with diverse lymphoma subtypes and were negatively correlated with C1-trough. Therefore, the traditional doses of rituximab are inadequate for patients with “double-hit” lymphoma and MCL. Increasing the initial rituximab dose according to the disease, high-risk factors and even the baseline CD19+ lymphocyte count will be new methods to optimize therapeutic regimens for patients with different lymphoma subtypes.
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Clinical Trial Registration: [http://www.chictr.org.cn/index.aspx], identifier [ChiCTR1800017001].
INTRODUCTION
Since its initial approval in 1997, rituximab has improved the prognosis of all B-cell derived lymphoproliferative diseases, especially B-cell malignancies (Pierpont et al., 2018), including diffuse large B-cell lymphoma (DLBCL), follicular lymphoma (FL), Burkitt lymphoma, high-grade B-cell lymphoma, mantle cell lymphoma (MCL), mucosa-associated lymphoma (MALT), and chronic lymphocytic leukaemia (CLL), etc (Salles et al., 2017). Treatment with rituximab at a dose of 375 mg/m2 is currently recommended for nearly all forms of B-cell malignancies. However, there is no definitive consensus on the optimal dosage or the desired drug concentration for patients with different lymphoma subtypes because the original dose was derived from small phase I/II (Maloney et al., 1994; Maloney et al., 1997) studies that excluded these specific subtypes of patients.
A few pilot studies revealed that the pharmacokinetics data for patients with MCL may different from patients with DLBCL and FL. In Mangel’s study (Mangel et al., 2003), rituximab levels were measured in 20 patients with FL and 6 patients with MCL in an autologous stem cell transplant (ASCT) setting and a trend towards lower rituximab levels in patients with MCL was found. Tran et al. (2010) reported 1 MCL patient had the lowest rituximab concentration compared with patients with DLBCL, FL and CLL. One MCL patient also showed approximately 4-fold higher clearance than patients with DLBCL and FL in Yonezawa’s study (Yonezawa et al., 2019). All these studies are invaluable and inspired us to focus on the variations in pharmacokinetics of rituximab in different B cell lymphoma histological type.
The optimal use of rituximab should be based on biological rationale and on a “concentration-response” relationship. For individuals with chronic lymphocytic leukaemia, the recommended rituximab dose is 500 mg/m2, because in that disorder, cells express lower levels of CD20, and the disease is associated with higher levels of free circulating CD20 antigen than other B-cell non-Hodgkin’s lymphoma (O'Brien et al., 2001). Moreover, high variability in patient outcomes after rituximab-based treatment could be partially explained by the individual variation in rituximab concentration that was observed in individuals with FL and DLBCL (Berinstein et al., 1998; Golay et al., 2013; Tout et al., 2017); higher rituximab concentrations were associated with better clinical response, and some patients did not achieve an effective concentration at a dosage of 375 mg/m2 (Liu et al., 2020). Furthermore, in Pfreundschuh’s study (Pfreundschuh et al., 2017), elderly males who received an initial dosage of 500 mg/m2 rituximab displayed improved progression-free survival (PFS) and overall survival (OS), and other trials (Murawski et al., 2014; Strussmann et al., 2017) in DLBCL confirmed that initial dense-dose rituximab provided a promising response for patients with a poor prognosis. Currently, novel strategies are urgently needed to improve outcomes in patients with specific lymphoma subtypes, especially for patient populations that are at high risk. Therefore, exploration of the pharmacokinetic behaviour of rituximab in these patients is necessary to allow the optimal dosing.
Thus, a prospective pharmacokinetics study was conducted in patients with 6 uncommon lymphoma subtypes to more closely examine the concentration-outcome relationship and the related influencing factors to obtain evidence that can be used to individualize rituximab regimens.
MATERIALS AND METHODS
Patients and Treatment Schedules
From 1 October 2016, to 28 February 2021, 51 patients were enrolled in a study conducted at Sun Yat-sen University Cancer Center, the largest cancer centre in South China. The inclusion criteria were age 18 years or older, previously untreated and histologically confirmed CD20+ Burkitt lymphoma, mixed B-cell lymphoma, high-grade B-cell lymphoma, MCL, MALT or unclassifiable B-cell lymphoma, and receiving first-line treatment with rituximab in combination with chemotherapy according to National Comprehensive Cancer Network (NCCN) guidelines. All patients received triweekly rituximab at the standard dose of 375 mg/m2 administered as an intravenous infusion. Clinical response was evaluated according to the Revised Response Criteria for Malignant Lymphoma (Cheson et al., 2007). The study was approved by the ethics committee of the Sun Yat-sen University Cancer Center, and all patients provided informed consent. This study was registered in the Chinese Clinical Trial Registry as ChiCTR1800017001 (http://www.chictr.org.cn/index.aspx).
Blood Sampling
On the day of treatment with rituximab, samples were obtained immediately before and 0–3 h after each infusion. Plasma levels of rituximab and human antibodies against rituximab were determined through a solid phase enzyme-linked immunosorbent assay (ELISA), as previously described (Liu et al., 2020).
The blood samples used for CD19+ B-cell counts were collected before the first infusion treatment and analysed using a flow cytometry procedure as a surrogate marker for CD20+ B-cells, since their expression mirrors CD20 expression.
Statistical Methods
All data were analysed using the SPSS Statistics 24.0 software package (SPSS Inc., Chicago, IL, United States). The nonparametric ANOVA Kruskal-Wallis test or Games-Howell test was used to compare concentrations among the patient groups. Comparisons between groups were analysed using T tests. Probability values of 0.05 or less were considered significant.
RESULTS
Rituximab Concentrations in Different Lymphoma Subtypes
A total of 51 newly diagnosed patients were enrolled: 5 patients were diagnosed with MCL, 14 patients with non-gastric MALT, 6 patients with high-grade B-cell lymphomas, 4 patients with unclassifiable B-cell lymphoma (intermediate between DLBCL and classical Hodgkin’s), 11 patients with Burkitt lymphoma and 11 patients with mixed B-cell lymphoma (9 with DLBCL mixed with FL, and 2 with DLBCL mixed with MALT). The characteristics of the patients at baseline were shown in Table 1. All patients had normal liver and renal function.
TABLE 1 | Summary of patients’ characteristics at baseline.
[image: Table 1]Rituximab concentrations were measured before and after each infusion in patients with different lymphoma subtypes. The peak concentrations of rituximab ranged from 155 to 346 μg/ml, and there was no significant difference in the peak concentrations among patients with different lymphoma subtypes or among patients with different treatment responses.
The rituximab trough concentrations in all patients in each cycle were shown in Table 2. Wide variations were observed in the first cycle trough concentration (C1-trough) among these patients; those concentrations ranged from 1.16 to 55.52 μg/ml (Table 2). Patients with “double-hit” lymphomas had the lowest rituximab C1-trough (median, 4.36 μg/ml), followed by patients with MCL (10.28 μg/ml), patients with unclassifiable B-cell lymphoma (17.99 μg/ml) and patients with MALT (19.17 μg/ml). The median rituximab C1-trough in the other groups was greater than 20 μg/ml, and patients with Burkitt lymphoma had the highest C1-trough (26.32 μg/ml).
TABLE 2 | Rituximab trough concentration (µg/ml) for patients with different lymphoma subtypes in each cycle.
[image: Table 2]A steady increase in the trough concentration of rituximab was observed in subsequent cycles for all patients, and the concentrations eventually reached similar levels, except in the case of patients with “double-hit” lymphoma, those patients maintained very low rituximab concentrations throughout the observation period (Table 2).
For all patients, concentrations of human-antibodies against rituximab in any cycle remained below the quantification limit.
Mucosa-Associated Lymphoma
Fourteen patients with MALT (non-gastric) were treated with 2–6 infusions of chemoimmunotherapy, and then surgical excision, radiotherapy, or maintenance therapy were performed, depending on the situation. Triweekly infusions of standard-dose rituximab were administered, and 4 patients received bendamustine in combination (represented by the grey dots in Figure 1), the other 10 patients received CHOP (Figure 1; Table 3). All patients treated with RB achieved a complete response (CR) and experienced no relapse as of the last follow-up. Of the 10 patients who received R-CHOP, 6 patients achieved a CR, one of these patients, who had a C1-trough of 8.89 μg/ml subsequently relapsed involving the orbital adnexa within 2 years (PFS = 20 months). Four patients achieved partial remission (PR) or stable disease (SD) (represented by the hollow triangles in Figure 1), but in these patients no disease progression was observed after adjusting for treatment regimens. The C1-trough was significantly higher in patients treated with RB (median, 38.59 μg/ml, range, 20.93–55.52 μg/ml) than in patients who received R-CHOP (median, 16.10 μg/ml, range, 2.96–25.33 μg/ml, p = 0.0029), despite the fact that the former group included a higher percentage of patients with stage IV disease (75 vs 20%). The C1-trough in patients with CR (median, 23.27 μg/ml, range, 8.89–55.52 μg/ml) was superior to that in patients who did not achieve a CR (median, 7.92 μg/ml, range, 2.96–15.83 μg/ml, p = 0.0237).
[image: Figure 1]FIGURE 1 | Rituximab concentrations and clinical outcomes of mucosa-associated lymphoma patients. Grey dots, patients who received rituximab combined with bendamustine; all other patients were treated with rituximab combined with CHOP. Hollow triangles, patients who did not achieve a complete response.
TABLE 3 | Rituximab concentrations, baseline characteristics and clinical outcomes of marginal zone lymphoma patients, mantle cell lymphoma patients, unclassifiable B-cell lymphoma (intermediate between DLBCL and classical Hodgkin’s) patients, high-grade B-cell lymphoma patients, Burkitt lymphoma patients and mixed B-cell lymphoma patients.
[image: Table 3]Mantle Cell Lymphoma
Five patients with MCL received triweekly R-CHOP/R-DHAP as a first-line treatment regimen, and a positive correlation between the rituximab C1-trough and outcomes was observed (Table 3). Two patients who achieved a CR had high C1-trough (41.20 and 22.16 μg/ml). The remaining three patients achieved PR, SD and had progressive disease, respectively, with a decreasing C1-trough of 10.28, 3.44, and 1.16 μg/ml. The patient with an extremely low C1-trough of 1.16 μg/ml continued to progress after subsequent salvage treatment and died 14 months later. In the other two patients, the disease was controlled after the addition of BTK inhibitors to the treatment regimen.
Unclassifiable B-Cell Lymphoma
Four patients with unclassifiable B-cell lymphoma received R-CHOP as initial therapy, and the C1-trough of rituximab of these patients were similar, ranging from 17.44 to 21.34 μg/ml (Table 3). One patient failed first-line treatment with the rituximab C1-trough of 18.50 μg/ml, but CR was achieved following the addition of brentuximab, and similar to the other patients, this patient has not relapsed so far.
High-Grade B-Cell Lymphomas
Six patients with high-grade B-cell lymphomas were included in this study (Table 3). Three patients with “double-hit” lymphomas had a significantly lower rituximab C1-trough than the three not otherwise specified (NOS) patients (p = 0.0276, Table 3). All “double-hit” patients progressed rapidly and had a very short OS, even one patient achieved Deauville 3 briefly during treatment. The three NOS patients all achieved a CR and had no relapse as of the last follow-up.
Burkitt Lymphoma
The rituximab C1-trough for patients with Burkitt lymphoma ranged from 17.65 to 48.49 μg/ml (Table 3). Of the 11 patients, four patients had lactate dehydrogenase (LDH) levels higher than 250 U/L before treatment. However, among these patients, only one failed first-line treatment, and then the disease rapidly became uncontrolled (OS was 12 months) with a C1-trough of 19.91 μg/ml. The rituximab C1-trough values of the other 3 patients were 32.87, 36.67, and 48.49 μg/ml, respectively, and all of them achieved a CR with first-line treatment and have not relapsed so far.
Mixed B-Cell Lymphoma
The rituximab C1-trough for 9 patients diagnosed with DLBCL mixed with FL ranged from 20.27 to 34.47 μg/ml, and two patients diagnosed with DLBCL mixed with MALT had a rituximab C1-trough of 20.38–36.34 μg/ml, respectively (Table 3). The median C1-trough for these patients was 25.46 μg/ml. One patient (DLBCL mixed with FL) progressed rapidly with a C1-trough of 22.41 μg/ml, and OS was short as 9 months. Another patient (DLBCL mixed with FL) recurred 36 months after the first-line treatment with a C1-trough of 21.78 μg/ml.
Concentration-Outcome Relationship and Influencing Factors
Among the patients who were treated, patients who achieving a CR with first-line treatment had significantly higher mean C1-trough than patients who did not achieve a CR (38.41 ± 14.13 μg/ml vs 15.49 ± 8.80 μg/ml, p = 0.0029, Figure 2). Two patients relapsed after achieving a CR with first-line treatment with a rituximab C1-trough of 8.89 μg/ml (MALT) and 21.78 μg/ml (mixed B-cell lymphoma), respectively. One patient with “double-hit” lymphoma and a rituximab C1-trough value of 3.12 μg/ml achieved Deauville 3 briefly, but progressed rapidly thereafter and had a very short OS. Five patients continued to progress from the start of treatment, and all of these patients had short OS, their rituximab C1-trough values were 4.36 μg/ml (“double-hit” lymphoma), 4.54 μg/ml (“double-hit” lymphoma), 1.16 μg/ml (MCL), 19.91 μg/ml (Burkitt lymphoma) and 22.41 μg/ml (mixed B-cell lymphoma). Obviously, extremely low rituximab C1-trough or lower value in its own subgroup was associated with adverse consequences.
[image: Figure 2]FIGURE 2 | Rituximab concentrations and clinical outcomes of patients with different lymphoma subtypes. Hollow dots, patients who failed first-line treatment; hollow triangles, patients who relapsed after achieving a complete response. DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; Unclassifiable, unclassifiable B-cell lymphoma (intermediate between DLBCL and classical Hodgkin’s); MALT, marginal zone lymphoma; MCL, mantle cell lymphoma; “Double-hit”, High-grade B-cell lymphomas with translocations of MYC and BCL2 and/or BCL6; NOS, high-grade B-cell lymphomas appear blastoid or cases intermediate between DLBCL and Burkitt lymphoma, but which lack an MYC and BCL2 and/or BCL6 rearrangement.
The low rituximab concentration could be partially explained by the presence of a high tumour burden (advanced stage). To gain more insight into the factors that may influence the rituximab C1-trough, sex, age, body surface area (BSA), body mass index (BMI), initial bone marrow infiltration, bone metastases, bulky masses (>7 cm), basal circulating CD19+ B-lymphocyte counts, Ki-67, LDH, beta 2-microglobulin (β2-MG), and erythrocyte sedimentation rate (ESR) were analysed by linear regression. The circulating CD19+ B lymphocyte count was significantly negatively associated with the rituximab C1-trough (C1-trough = 28.78–0.44*CD19+), and the adjusted R square was 16.15%.
The median basal circulating CD19+ B lymphocyte counts were 25.31 (range, 6.23–67.48), 18.2 (range, 16.70–18.50), 15.02 (range, 6.64–19.86), 14.80 (range, 4.60–20.70),10.23 (range, 1.22–27.70), 10.00 (range, 5.00–33.30) and 4.51 (range, 2.10–13.10) for MCL, “double-hit” lymphoma, NOS high-grade B-cell lymphoma, Burkitt lymphoma, MALT, mixed B-cell lymphoma and unclassifiable B-cell lymphoma, respectively.
Indolent Lymphomas Versus Aggressive Lymphomas
The studied groups of lymphomas were further separated into a “clinically indolent lymphomas” group (MALT and MCL classical type with ki-67 ≤ 30%) and a “clinically aggressive lymphomas” group (high-grade B-cell lymphomas, Burkitt lymphoma, unclassifiable B-cell lymphoma, mixed B-cell lymphoma and mantle cell lymphoma with ki-67 > 30%). The rituximab trough concentrations in these two groups in each cycle were shown in Table 4, the concentrations were similar in the two groups.
TABLE 4 | Rituximab trough concentration (µg/ml) for patients with indolent lymphomas and aggressive lymphomas in each cycle.
[image: Table 4]In the indolent lymphomas group, the C1-trough in patients with a CR (median, 25.33 μg/ml, range, 8.89–55.52 μg/ml) was greater than that in patients who did not achieve a CR (median, 7.93 μg/ml, range, 2.96–15.83 μg/ml, p = 0.0001). A similar phenomenon was observed in the aggressive lymphomas group (CR, median, 25.45 μg/ml, range, 12.95–48.49 μg/ml versus non-CR, median, 4.54 μg/ml, range, 1.16–22.41 μg/ml, p < 0.0001). The rituximab concentrations and clinical outcomes of patients in the indolent and aggressive lymphomas groups were shown in Figure 3.
[image: Figure 3]FIGURE 3 | Rituximab concentrations and clinical outcomes of patients in the indolent lymphoma group and the aggressive lymphoma group. Indolent lymphomas (triangle) included marginal zone lymphoma and mantle cell lymphoma classical type with ki-67 ≤ 30%. Aggressive lymphomas (dot) included high-grade B-cell lymphomas, Burkitt lymphoma, unclassifiable B-cell lymphoma (intermediate between DLBCL and classical Hodgkin’s), mixed B-cell lymphoma and mantle cell lymphoma with ki-67 > 30%. Hollow dots or triangles, patients who failed first-line treatment; gray dot or triangle, patients who relapsed after achieving a complete response.
DISCUSSION
This study reported the pharmacokinetic properties of rituximab in patients with 6 different subtypes of lymphoma, all of which represent small groups of tumours, and to our knowledge, the rituximab pharmacokinetics in some subtypes have never been reported. Considerable variability in the initial rituximab trough concentration was observed in patients with different lymphoma subtypes, and a low C1-trough was associated with adverse consequences, however, some high-risk factors appear to be balanced by the presence of a high C1-trough. Therefore, the dose of rituximab used to treat patients with different lymphoma subtypes should be tailored to the disease.
Based on our results, better clinical outcomes could be predicted in the presence of a higher rituximab C1-trough, and no adverse consequence happened for patients with a C1-trough higher than 23 μg/ml (Figure 2). However, patients who failed the first-line treatment (15.49 ± 8.80 μg/ml) and relapsed after achieving a CR with first-line treatment (median, 8.89 μg/ml) and continued to progress and died (median, 4.54 μg/ml) all had a significantly low C1-trough. Moreover, the “double-hit” lymphoma and MCL are both characterized by unsatisfactory therapeutic effect, and patients with those two diseases all had lower C1-trough (4.01 ± 0.77 μg/ml and 15.65 ± 16.45 μg/ml) was first observed in this study, suggesting that the inadequate dose of rituximab is probably an important cause of poor treatment outcomes.
In this study, no human-antibodies against rituximab were detected in patients with the studied lymphoma subtypes, and the low incidence of the development of antibodies against rituximab in lymphoma has also been reported in other studies (Berinstein et al., 1998).
The translocations of MYC and BCL2 and/or BCL6 in patients with high-grade B-cell lymphomas remained a significant independent predictor of a poorer PFS and OS (Oki et al., 2014; Petrich et al., 2014), but the standard of care for these patients has not been established. The limited available clinical trials (Petrich et al., 2014; Sun et al., 2015) suggested that treatment with intensive regimens such as DA-EPOCH-R, R-HyperCVAD or R-CODOX-M/IVAC resulted in superior CR and PFS compared to R-CHOP; however, OS was not significantly different among these approaches, and intensive regimens inevitably aggravated the adverse reactions. Novel strategies are urgently needed to improve outcomes in this high-risk patient population. In this study, extremely low rituximab C1-trough were observed in three patients with “double-hit” lymphoma (3.12, 4.36, and 4.53 μg/ml). Since Strussmann et al. (2017) and Murawski et al. (2014) both reported that DLBCL patients with a poor prognosis receiving initial dense-dose rituximab had a more promising response than those receiving the standard regimen, increasing the first dose of rituximab is likely to represent a new therapeutic approach that may greatly benefit high-grade B-cell lymphoma patients with specific translocations.
MCL comprises approximately 3% of all newly diagnosed cases of non-Hodgkin’s lymphomas (NHLs) (Teras et al., 2016). It has been suggested that the Ki-67 proliferation index remains an important prognostic marker independent of clinical prognostic factors, and a low Ki-67 (<30%) was associated with a more favourable prognosis (Determann et al., 2008; Schaffel et al., 2010). Of the 5 MCL patients in this study, 3 patients had Ki-67 below 30% with rituximab C1-trough of these patients were 41.20, 10.28, and 3.44 μg/ml. Only the patient with a C1-trough of 41.20 μg/ml achieved a CR and did not experience relapse. The other two patients both progressed on first-line therapy, and the disease remained uncontrolled until BTK inhibitors were included in the treatment. Of two patients with high Ki-67 levels of 90 and 60%, the patient with a higher C1-trough (22.16 μg/ml, Ki-67, 90%) achieved a CR after 2 courses of treatment and had not relapsed as of the last follow-up (40 months); however, the other patient with a lower C1-trough (1.16 μg/ml, Ki-67, 60%) progressed after 4 courses of treatment, and the OS was 14 months. Despite the small number of cases in this study, the results suggest that the monitoring of rituximab C1-trough could potentially aid in the individualized management of MCL patients.
Marginal zone lymphoma is an indolent lymphoma that comprises 5–10% of all NHLs (Teras et al., 2016). The NCCN B-Cell Lymphomas Panel recommended BR and R-CHOP as the preferred regimens for first-line therapy. In this study, for the five patients with the lowest concentration (all below 20 μg/ml), four patients failed to achieve a CR after first-line therapy, and the remain one relapsed within 2 despite achieving a CR. Moreover, patients with RB had significantly higher C1-trough than patients with R-CHOP, although the RB group included a higher proportion of patients with stage IV disease. These findings are consistent with the results of some clinical trials that reported that BR was superior to R-CHOP in terms of overall response rates (ORRs), CR or PFS (Rummel et al., 2013; Flinn et al., 2014). Therefore, an increase in the initial dose of rituximab or in combination with bendamustine was recommended for patients with high-risk factors.
Of the 11 patients with mixed B-cell lymphoma, three patients had stage IV disease, and two of them had progression or relapse, those two patients had lower rituximab C1-trough of 21.78–22.41 μg/ml. Another stage IV patient had a PFS 39 of months, no relapse, and with a C1-trough of 31.53 μg/ml. Higher initial concentrations of rituximab appeared to be a protective factor for these patients.
Burkitt lymphoma is a rare and highly aggressive B-cell lymphoma, but is curable in a significant subset of patients when treated with dose-intensive, multiagent chemotherapy regimens (Wasterlid et al., 2013; Oosten et al., 2018). Burkitt lymphoma patient had the highest rituximab C1-trough (median, 26.32 μg/ml) in this study. In these highly aggressive lymphomas, as in DLBCLs, the serum LDH level has prognostic significance (Perry et al., 2013). Four patients in this study had significantly elevated LDH (>250 U/L) and advanced-stage, only one patient failed to achieve a CR and had a poor survival outcome with a lower rituximab C1-trough of 19.91 μg/ml, the other three patients all had a rituximab C1-trough higher than 30 μg/ml and achieved durable remission. It appeared that a higher rituximab C1-trough balanced out some risk factors and thereby improve clinical responses.
The pharmacokinetics of rituximab in patients with uncommon subtypes of lymphoma, especially MCL, have been reported by several groups. Mangel et al. (2003) conducted a pharmacokinetic study of 26 lymphoma patients (20 FL, 6 MCL) in an autologous stem cell transplant setting and found that there was a trend towards lower rituximab levels in patients with MCL compared with patients with FL at almost all time points. Tran et al. (2010) reported rituximab concentrations in 8 patients (2 DLBCL, 4 FL, 1 chronic lymphoid leukaemia and 1 MCL), the patient with MCL received a 4-weekly schedule of R-PECC, and had the lowest serum levels of rituximab, even 83 days after the last rituximab infusion, a much lower rituximab serum level of 20.2 μg/ml was measured. Inter-individual variations in plasma concentrations of rituximab in B cell non-Hodgkin’s lymphoma patients were also found in Yonezawa’s study (Yonezawa et al., 2019), that study included 20 patients (9 FL, 7 DLBCL, 2 FL/DLBCL, 1 MCL and 1 intravascular large B cell lymphoma), the MCL patient showed rapid rituximab clearance, approximately 4-fold higher than the clearance exhibited by the other patients.
A similar phenomenon was observed in the current study in that the MCL patient group had much lower rituximab concentrations (median, 10.28 μg/ml) than the patients in the other lymphoma subtype groups, and this level was also lower than that of FL patients (median, 18.49 μg/ml) in our previous study (Liu et al., 2020), who were subjected to the same dosing interval. Mangel et al. (2003) postulated that perhaps more active non-specific clearance accounts for the lower levels of rituximab observed in patients with MCL. Another group, patients with “double-hit” lymphoma, had the lowest rituximab concentration (median, 4.36 μg/ml) observed in this study, and the reason for this was also unclear. Taken together, the results of these studies suggested that patients with different lymphoma subtypes may actually require different rituximab doses or different dosing schedules to achieve optimal results.
In Mangel’s study (Mangel et al., 2003), no correlation was observed between serum rituximab levels and clinical benefit in 6 MCL patients in an autologous stem cell transplant setting. However, in the induction treatment setting, a statistically significant correlation was found between the serum rituximab concentration and clinical response in a number of studies for patients with DLBCL (Tout et al., 2017; Liu et al., 2021) and FL (Liu et al., 2020), which were consistent with the results in this study. The different treatment setting could be the main reason for this contradicts.
Almost all clinical studies in which rituximab serum levels have been evaluated have demonstrated that the observed large interindividual variability in rituximab serum levels could be related to the “target burden” (Cartron et al., 2007; Golay et al., 2013; Wang et al., 2020). It is not surprising that the baseline CD19+ lymphocyte count was found to be inversely correlated with the rituximab level, a higher concentration of rituximab would be needed to neutralize the high amount of circulating B cells in the peripheral blood. The observation indicated that differences in the levels of target expression, tumor physiology, and disease characteristics may all influence rituximab exposure and dosage selection.
A prospective study was conducted in patients with 6 uncommon subtypes of lymphoma to explore the concentration-outcome relationship of rituximab. Low rituximab C1-trough was associated with adverse consequences, however, some high-risk factors appear to be balanced by the presence of high C1-trough. Extremely low C1-trough in patients with “double-hit” lymphoma and MCL was observed in this study, suggesting the traditional doses of rituximab are inadequate for the treatment of these two diseases. Increasing the initial rituximab dose according to the specific disease, the presence of high-risk factors and even the baseline CD19+ lymphocyte count will be new methods to optimize therapeutic regimens for different lymphoma subtypes.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Ethical approval for this study was obtained from the ethics committee of the Sun Yat-Sen University Cancer Center (No. GZR 2018–077). The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
HH, TL, MH, and SL designed the study, analysed the data and wrote the manuscript; HH, TL, ZW, and XF contributed study materials/patients and collected, analysed, and interpreted data; SL, RC, ZC, and SG performed the experiments; SL and RC performed the statistical analyses; and RC, TL, and XW reviewed the manuscript. All authors read and approved the final article.
FUNDING
This study was supported by the National Natural Science Foundation of China (Grant Nos 81730103, 81973398, 81473283, 81800866, and 81573507); The National Key Research and Development Program (Grant Nos 2017YFC0909300 and 2016YFC0905000); Health Department of Guangdong Province | Medical Science and Technology Foundation of Guangdong Province (No. A2021159); Science and Technology Program of Guangzhou (Grant No. 201607020031); Guangdong Province Hospital Association Special Fund for Pharmaceutical Research (Grant No. 2021YXZD03). Guangdong Science and Technology Department (Grant No. 2020B1212060034); Guangdong Pharmaceutical Association Hospital Pharmacy Research Foundation (Grant No. 2022A08).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Berinstein, N. L., Grillo-López, A. J., White, C. A., Bence-Bruckler, I., Maloney, D., Czuczman, M., et al. (1998). Association of Serum Rituximab (IDEC-C2b8) Concentration and Anti-tumor Response in the Treatment of Recurrent Low-Grade or Follicular Non-hodgkin's Lymphoma. Ann. Oncol. 9 (9), 995–1001. doi:10.1023/A:1008416911099
 Cartron, G., Blasco, H., Paintaud, G., Watier, H., and Le Guellec, C. (2007). Pharmacokinetics of Rituximab and its Clinical Use: Thought for the Best Use?Crit. Rev. Oncol. Hematol. 62 (1), 43–52. doi:10.1016/j.critrevonc.2006.09.004
 Cheson, B. D., Pfistner, B., Juweid, M. E., Gascoyne, R. D., Specht, L., Horning, S. J., et al. (2007). Revised Response Criteria for Malignant Lymphoma. J. Clin. Oncol. 25 (5), 579–586. doi:10.1200/JCO.2006.09.2403
 Determann, O., Hoster, E., Ott, G., Wolfram Bernd, H., Loddenkemper, C., Leo Hansmann, M., et al. (2008). Ki-67 Predicts Outcome in Advanced-Stage Mantle Cell Lymphoma Patients Treated with Anti-CD20 Immunochemotherapy: Results from Randomized Trials of the European MCL Network and the German Low Grade Lymphoma Study Group. Blood 111 (4), 2385–2387. doi:10.1182/blood-2007-10-117010
 Flinn, I. W., van der Jagt, R., Kahl, B. S., Wood, P., Hawkins, T. E., Macdonald, D., et al. (2014). Randomized Trial of Bendamustine-Rituximab or R-CHOP/R-CVP in First-Line Treatment of Indolent NHL or MCL: the BRIGHT Study. Blood 123 (19), 2944–2952. doi:10.1182/blood-2013-11-531327
 Golay, J., Semenzato, G., Rambaldi, A., Foà, R., Gaidano, G., Gamba, E., et al. (2013). Lessons for the Clinic from Rituximab Pharmacokinetics and Pharmacodynamics. MAbs 5 (6), 826–837. doi:10.4161/mabs.26008
 Liu, S., Huang, H., Chen, R. X., Wang, Z., Guan, Y. P., Peng, C., et al. (2020). Low Initial Trough Concentration of Rituximab Is Associated with Unsatisfactory Response of First-Line R-CHOP Treatment in Patients with Follicular Lymphoma with Grade 1/2. Acta Pharmacol. Sin 42 (4), 641–647. doi:10.1038/s41401-020-0479-2
 Liu, S., Wang, Z., Chen, R., Huang, H., Wang, X., Peng, C., et al. (2021). Rituximab Exposure‐response in Triweekly R‐CHOP Treatment in DLBCL: A Loading Dose Is Recommended to Improve Clinical Outcomes. Clin. Transl Sci. 2, 1. doi:10.1111/cts.13186
 Maloney, D. G., Grillo-López, A. J., Bodkin, D. J., White, C. A., Liles, T. M., Royston, I., et al. (1997). IDEC-C2B8: Results of a Phase I Multiple-Dose Trial in Patients with Relapsed Non-hodgkin's Lymphoma. J. Clin. Oncol. 15 (10), 3266–3274. doi:10.1200/JCO.1997.15.10.3266
 Maloney, D. G., Liles, T. M., Czerwinski, D. K., Waldichuk, C., Rosenberg, J., Grillo-Lopez, A., et al. (1994). Phase I Clinical Trial Using Escalating Single-Dose Infusion of Chimeric Anti-CD20 Monoclonal Antibody (IDEC-C2b8) in Patients with Recurrent B-Cell Lymphoma. Blood 84 (8), 2457–2466. doi:10.1182/blood.v84.8.2457.bloodjournal8482457
 Mangel, J., Buckstein, R., Imrie, K., Spaner, D., Franssen, E., Pavlin, P., et al. (2003). Pharmacokinetic Study of Patients with Follicular or Mantle Cell Lymphoma Treated with Rituximab as 'In Vivo Purge' and Consolidative Immunotherapy Following Autologous Stem Cell Transplantation. Ann. Oncol. 14 (5), 758–765. doi:10.1093/annonc/mdg201
 Murawski, N., Pfreundschuh, M., Zeynalova, S., Poeschel, V., Hänel, M., Held, G., et al. (2014). Optimization of Rituximab for the Treatment of DLBCL (I): Dose-Dense Rituximab in the DENSE-R-CHOP-14 Trial of the DSHNHL. Ann. Oncol. 25 (9), 1800–1806. doi:10.1093/annonc/mdu208
 O'Brien, S. M., Kantarjian, H., Thomas, D. A., Giles, F. J., Freireich, E. J., Cortes, J., et al. (2001). Rituximab Dose-Escalation Trial in Chronic Lymphocytic Leukemia. J. Clin. Oncol. 19 (8), 2165–2170. doi:10.1200/JCO.2001.19.8.2165
 Oki, Y., Noorani, M., Lin, P., Davis, R. E., Neelapu, S. S., Ma, L., et al. (2014). Double Hit Lymphoma: the MD Anderson Cancer Center Clinical Experience. Br. J. Haematol. 166 (6), 891–901. doi:10.1111/bjh.12982
 Oosten, L. E. M., Chamuleau, M. E. D., Thielen, F. W., de Wreede, L. C., Siemes, C., Doorduijn, J. K., et al. (2018). Treatment of Sporadic Burkitt Lymphoma in Adults, a Retrospective Comparison of Four Treatment Regimens. Ann. Hematol. 97 (2), 255–266. doi:10.1007/s00277-017-3167-7
 Perry, A. M., Crockett, D., Dave, B. J., Althof, P., Winkler, L., Smith, L. M., et al. (2013). B-cell Lymphoma, Unclassifiable, with Features Intermediate between Diffuse Large B-Cell Lymphoma and Burkitt Lymphoma: Study of 39 Cases. Br. J. Haematol. 162 (1), 40–49. doi:10.1111/bjh.12343
 Petrich, A. M., Gandhi, M., Jovanovic, B., Castillo, J. J., Rajguru, S., Yang, D. T., et al. (2014). Impact of Induction Regimen and Stem Cell Transplantation on Outcomes in Double-Hit Lymphoma: a Multicenter Retrospective Analysis. Blood 124 (15), 2354–2361. doi:10.1182/blood-2014-05-578963
 Pfreundschuh, M., Murawski, N., Zeynalova, S., Ziepert, M., Loeffler, M., Hänel, M., et al. (2017). Optimization of Rituximab for the Treatment of DLBCL: Increasing the Dose for Elderly Male Patients. Br. J. Haematol. 179 (3), 410–420. doi:10.1111/bjh.14860
 Pierpont, T. M., Limper, C. B., and Richards, K. L. (2018). Past, Present, and Future of Rituximab-The World's First Oncology Monoclonal Antibody Therapy. Front. Oncol. 8, 163. doi:10.3389/fonc.2018.00163
 Rummel, M. J., Niederle, N., Maschmeyer, G., Banat, G. A., von Grünhagen, U., Losem, C., et al. (2013). Bendamustine Plus Rituximab versus CHOP Plus Rituximab as First-Line Treatment for Patients with Indolent and Mantle-Cell Lymphomas: an Open-Label, Multicentre, Randomised, Phase 3 Non-inferiority Trial. Lancet 381 (9873), 1203–1210. doi:10.1016/S0140-6736(12)61763-2
 Salles, G., Barrett, M., Foà, R., Maurer, J., O'Brien, S., Valente, N., et al. (2017). Rituximab in B-Cell Hematologic Malignancies: A Review of 20 Years of Clinical Experience. Adv. Ther. 34 (10), 2232–2273. doi:10.1007/s12325-017-0612-x
 Schaffel, R., Hedvat, C. V., Teruya-Feldstein, J., Persky, D., Maragulia, J., Lin, D., et al. (2010). Prognostic Impact of Proliferative index Determined by Quantitative Image Analysis and the International Prognostic Index in Patients with Mantle Cell Lymphoma. Ann. Oncol. 21 (1), 133–139. doi:10.1093/annonc/mdp495
 Strüßmann, T., Fritsch, K., Baumgarten, A., Fietz, T., Engelhardt, M., Mertelsmann, R., et al. (2017). Favourable Outcomes of Poor Prognosis Diffuse Large B-Cell Lymphoma Patients Treated with Dose-Dense Rituximab, High-Dose Methotrexate and Six Cycles of CHOP-14 Compared to First-Line Autologous Transplantation. Br. J. Haematol. 178 (6), 927–935. doi:10.1111/bjh.14802
 Sun, H., Savage, K. J., Karsan, A., Slack, G. W., Gascoyne, R. D., Toze, C. L., et al. (2015). Outcome of Patients with Non-hodgkin Lymphomas with Concurrent MYC and BCL2 Rearrangements Treated with CODOX-M/IVAC with Rituximab Followed by Hematopoietic Stem Cell Transplantation. Clin. Lymphoma Myeloma Leuk. 15 (6), 341–348. doi:10.1016/j.clml.2014.12.015
 Teras, L. R., DeSantis, C. E., Cerhan, J. R., Morton, L. M., Jemal, A., and Flowers, C. R. (2016). 2016 US Lymphoid Malignancy Statistics by World Health Organization Subtypes. CA Cancer J. Clin. 66 (6), 443–459. doi:10.3322/caac.21357
 Tout, M., Casasnovas, O., Meignan, M., Lamy, T., Morschhauser, F., Salles, G., et al. (2017). Rituximab Exposure Is Influenced by Baseline Metabolic Tumor Volume and Predicts Outcome of DLBCL Patients: a Lymphoma Study Association Report. Blood 129 (19), 2616–2623. doi:10.1182/blood-2016-10-744292
 Tran, L., Baars, J. W., Aarden, L., Beijnen, J. H., and Huitema, A. D. (2010). Pharmacokinetics of Rituximab in Patients with CD20 Positive B-Cell Malignancies. Hum. Antibodies 19 (1), 7–13. doi:10.3233/HAB-2010-0215
 Wang, X., Du, W., Zhang, X., and Li, P. (2020). The Influence of Different Disease States on Rituximab Pharmacokinetics. Curr. Drug Metab. 21 (12), 938–946. doi:10.2174/1389200221666200719004035
 Wästerlid, T., Brown, P. N., Hagberg, O., Hagberg, H., Pedersen, L. M., D'Amore, F., et al. (2013). Impact of Chemotherapy Regimen and Rituximab in Adult Burkitt Lymphoma: a Retrospective Population-Based Study from the Nordic Lymphoma Group. Ann. Oncol. 24 (7), 1879–1886. doi:10.1093/annonc/mdt058
 Yonezawa, A., Otani, Y., Kitano, T., Mori, M., Masui, S., Isomoto, Y., et al. (2019). Concentration and Glycoform of Rituximab in Plasma of Patients with B Cell Non-hodgkin's Lymphoma. Pharm. Res. 36 (6), 82. doi:10.1007/s11095-019-2624-5
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Liu, Wang, Chen, Wang, Fang, Chen, Guan, Liu, Lin, Huang and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-788824-t002.jpg
Cycle DLBCL/FL
or MALT (mixed)

25.46 (20.27-36.34)
3659 (24.36-57.62)
47.83 (28.06-66.06)
58.40 (36.74-76.43)
62.23 (40.60-86.15)

REE AR R Pk

Burkitt

26.32 (17.65-48.49)
35.54 (19.12-57.75)
48.89 (36.87-70.12)
54.77 (35.50-78.89)
61.06 (41.09-80.12)

Unclassifiable

17.99 (17.44-21.34)
36.99 (28.47-40.96)
45.97 (35.22-52.14)
50.73 (50.68-65.60)
61.44 (41.58-70.26)

MALT

19.17 (2.96-55.52)
37.16 (3.12-58.88)
48.88 (20.17-60.21)
50.66 (35.35-61.37)
60.02 (39.16-78.89)

DLBCL, diffuse large B-celllymphoma; FL, folicular lymphoma; Unclassifiable, unclassifiable
B-cell lymphoma (intermediate between DLBCL and classical Hodgkin's); MALT, marginal
zone lymphoma; MCL, mantle cell ymphoma; “Double-hit", High-grade B-cell lymphomas
with translocations of MYC and BCL2 and/or BCL6; NOS, high-grade B-cell lymphomas

appear blastoid or cases intermedate between DLBCL and Burkitt lymphoma, but which lack
an MYC and BCL2 and/or BCL6 rearrangement. Data are median (range).

mcL

10.28 (1.16-41.20)
2286 (5.44-45.46)
35.20 (22.28-48.87)
42.32 (28.82-52.33)
56.78 (46.44-60.44)

Double-hit

436 (3.12-4.54)
6.10 (6.09-7.58)
15.54 (11.78-25.58)
2235 (11.68-28.56)
26.94 (24.48-30.05)

NOS

20.43 (12.95-30.49)
42.35 (38.56-47.78)
45.58 (40.33-56.84)
52.36 (50.22-55.02)
58.89 (49.78-60.66)





OPS/images/fphar-13-788824-t003.jpg
Marginal zone lymphoma (MALT)

First-ine regimen

i)
R-GHOP
Mante cel hmphoma (MCL)
Patient Fistine
regimen
R-CHOP/R-DHAP

Unclassifiable B-cel ymphoma.

Patient Firstine

regimen

R-CHOP.

Figh-grade B-cell hmphomas

Patient Classification

NOS.
NOS
NOS
Double-hit
Double-hit
Double-hit

Burkitt ymphomas.
Patient

Firstine.
regimen
R-CODOX-M/R-VAC
R-CODOX-M
R-CODOX-M
R-CDOP-HD MTX
R-CODOX-M/R-VAC
R-CODOX-M
R-CDOP-HD MTX
R-CDOP-HD MTX
R-CDOP-HD MTX
0 R-CODOX-MR-VAC
1 R-CODOX-MR-VAC

Mixed B-cell iymphoma
Outcome

Recurrence after a CR

N
CR and o recurrence 9
1
Continuous progression 1

Number of patients

Stage V. coig* Cruumbg/ml) cR PR s OmR
5% 887 (1.22-10.05) 38,50 (20.93-65.52) 100% 0 o 100%
20% 3850 (1.70-27.70) 16.10 (2.96-25.39) 60% 0% 0%  90%
Age  Stage co19* K67 Cuougn (4g/m) Response Recurrence PFS (months)
68 1 8.40 %% 216 R No o
61 2 623 15% 4120 R No %
il 4 2531 20% 1028 PR No 27
51 4 a2 20% 344 s No 2
61 4 67.48 0% 116 D 3
Age Stage coig* v (/) Response Recurrence PFS (months)
u 4 131 234 cR No 33
39 4 581 1850 PD 3
17 3 21 1747 CR No )
2 2 a2 1744 cR No 3
Fist-ine regimen Age  Stage  LDHUL)  CDI9  Ciuopn(o/m) Response  Recurence  PFS(months)
R-CODOXM 2 1 198.4 19.86 3049 cR No 3
R-CODOKX-M 55 4 631.5 664 2043 cR No 17
R-CODOXM ) 4 9004 1502 1295 cR No 21
R-CODOX-MR-VAC 49 4 4526 167 436 PD 1
R-CODOX-MR-VAC 38 4 3799 182 454 PD 3
R-CODOX-MR-VAC a2 4 6665 185 312 cR Yes 6
Age Stage LoH UL co19® Chtcuon (/M) Response PES (months)
2 1 2277 1080 2632 cR 2
61 1 1635 93 2881 cR a7
a2 1 926 207 2545 cR %
65 1 %7 128 3772 cR 3
K3 2 1905 1781 277 cR a2
19 2 1282 148 1969 CR 49
5 3 2512 46 3287 cR a2
29 3 199.1 184 1765 cR a2
60 3 4402 164 19.91 PO 14
15 4 18923 205 3667 CR 52
a7 4 7665 .41 48.49 cR 18
Firstine regimen Age Stage IV coig* Cvouan (/M) PFS (months)
R-CHOP 49(33-70) 1.11% 1030 (5.00-33.30) 2810 (2027-36.34) 37 (28-40)
R-CHOP I Yes 85 2178 36
R-CHOP 66 Yes 76 241 g8

Recurence

No
1 patient

08 (months)

40
2
27
2
14

08 (months)

2588

08 (months)

3
17
21

15

08 (months)

a0
a7
a
23
a2
49
a2
a2
12
52
18

08 (months)

37 (28-40)
il
9

N, Number of patients; CD19", the basaline proportion of CD19" cels reative o the otal numberof ymphocytes in peripheral bkood; C1.vcuee, fituximab trough concentrations inthe fis cycle; CR, completeresponse; PR, partial response;
S, statio disoase; PD, progressive disease; ORR, overall response rate; PFS, progression:roe sunival: OS, overall sunvival LDH, actate dehycirogenase; NOS, high-grade B-cell ymphomas that appeared biastoid or cases infermediate.
Bohendh DLBCE- ind BAaks hinolhicra A Sk MV i BICL. 6 inativ BOLA riadancamii Dol nit Maowd B-0al brrchoniias milh Faioaaliong of AIVE: S BOL T srcltr SELE Dl tro mocls areel





OPS/images/fphar-13-788824-g003.gif
———

groe——





OPS/images/fphar-13-788824-t001.jpg
Subtype MALT MmcL Unclassifiable Double-hit NOS Burkitt Mixed B-cell

Number 14 5 4 3 3 1 "

Age (years) 59 (26-77) 61 (51-68) 30 (18-39) 42 (38-49) 45 (24-55) 36 (19-65) 63 (33-73)

Age (years) > 60 7 (50%) 4(80%) 0 0 0 3 (27.27%) 6 (54.55%)

Sex, male 7 (50%) 4(80%) 3 (75%) 2 (66.67%) 2 (66.67%) 9 (81.82%) 7 (63.63%)

BMI 2164 21.30 2258 2055 2194 2031 22.86(18.19-29.39

(17.67-24.57) (20.05-33.46) (2096-25.14)  (20.24-23.78) (16.33-23.18) (17.94-29.41)

BSA 154 (1.365-1.82) 167 (1.42-229) 170 (150-1.90) 163 (144-183  1.60(1.44-174)  1.65(1.32-201)  1.73(1.23-2.03)

LDH (UL) 160.90 195.70 302.85 4526 631.50 199.10 173.30
(135.10-304.60)  (154.20-353.60)  (168-347.20)  (379.90-666.50)  (198.40-900.40)  (92.60-1892.30)  (115.70-1860.50)

Hemoglobin 128 (71-171) 124 (75-150) 139 (93-150) 127 (122-127) 113 (67-147) 127 (88-164) 2.1 (1.28-4.22)

QL)

B2-MG (mg/L) 1.85(1.80-4.11)  243(1.53-6.12) 223(1.25-7.60) 139 (1.24-7.14)  243(1.82-358) 1.8 (1.35-2.82) 126 (100-171)

ESR (mm/h) 19 (1-60) 22 (8-75) 7 (2-101) 10 (6-41) 70 (9-72) 21 (4-77) 17 (2-72)

Platelet (*109/1) 235 (154-543) 236 (191-270) 290 (203-400) 310 (133-468) 417 (206-418) 288 (185-367) 252 (151-475)

Stage IV 5(35.71%) 3 (60%) 2 (50%) 3 (100%) 2 (66.67%) 2(18.18%) 4 (36.36%)

cD19* 10.23(1.22-27.70)  25.31(6.23-67.48) 451 182 15.02(6.64-19.86) 14.80(4.60-20.70)  10.00 (5.00-33.30)

(2.10-13.10) (16.70-18.50)
Bone marrow 1(7.14%) 3 (60%) 0 1(33.33%) 0 1(9.09%) 1(9.09%)
involvement

Al continuous values are reported as the median (minimum-maximum), categories are reported as numbers (percentages). MALT, marginal zone lymphoma; MCL, mantie celllymphoma;
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1 17.41 (2.96-65.52) 21.97 (1.16-48.49)
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Data are presented as the median (range). Indolent lymphomas included marginal zone
jymphoma and mantle cell ymphoma classical type with ki-67 < 30%. Aggressive
lymphomas included high-grade B-cell lymphomas, Burkitt lymphoma, unclassifiable
B-cell ymphoma (intermediate between DLBCL and classical Hodgkin's), mixed B-cell
Vmphoma and mantie cell ymphoma with ki-67 > 30%.
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