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Rituximab is used to eliminate B cells as a chimeric monoclonal antibody directed against CD20, a B-cell antigen expressed on B cells. To explore the impact of rituximab administered before transplantation, we implemented a retrospective, monocentric study and utilized real-world data collected at our center between January 2018 and December 2020, and then followed until December 2021. Based on whether a dose of 375mg/m2 rituximab was used at least once within two weeks before transplantation, patients undergoing allo-HSCT were classified into two groups: rituximab (N=176) and non-rituximab (N=344) group. Amongst all the patients, the application of rituximab decreased EBV reactivation (P<0.01) and rituximab was an independent factor in the prevention of EBV reactivation by both univariate and multivariate analyses (HR 0.56, 95%CI 0.33-0.97, P=0.04). In AML patients, there were significant differences in the cumulative incidence of aGVHD between the two groups (P=0.04). Our data showed that rituximab was association with a decreased incidence of aGVHD in AML patients according to both univariate and multivariate analyses. There was no difference between the two groups in other sets of populations. Thus, our study indicated that rituximab administered before transplantation may help prevent EBV reactivation in all allo-HSCT patients, as well as prevent aGVHD in AML patients after allo-HSCT.
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Introduction

Rituximab is a monoclonal antibody against CD20, a protein found on the cell membranes of B lymphocytes before they terminally differentiate into plasma cells (1–3). CD20 is a hydrophobic transmembrane protein expressed on pre-B and mature B lymphocytes and a unique molecule that is resistant to internalization (4) and the portions that bind to rituximab are exposed to the extracellular environment (5–7). CD20 is responsible for regulating cell cycling. Rituximab activates complement efficiently through translocating CD20 to lipid rafts in the target cell membrane (8). These features might have contributed to the efficiency of killing by humoral and cellular effectors (4). Rituximab at a dose of 375 mg/m2 eliminates circulating B lymphocytes for 6 to 12 months after a cycle of infusions (3). This abrogates antibody-mediated immune responses, such as complement-mediated cytotoxicity, antibody-dependent cell-mediated cytotoxicity, and apoptosis (4).

Traditionally, rituximab has been used to treat lymphoma and autoimmune diseases (3, 5, 9, 10). Later, it has also been approved for remission induction and maintenance therapy of antineutrophil cytoplasmic antibodies (ANCA) associated vasculitis (AAV) and treatment of rheumatoid arthritis (RA), the most prevalent of systemic autoimmune rheumatic diseases (SARDs) (1, 11–13). To some extent, rituximab may play a role in the elimination of B cells on presence of anti- human leukocyte antigen (anti- HLA) antibodies. Inhibition of antibody production by using rituximab was found to desensitize patients with donor-specific antibodies (DSA) (14, 15). More recently, it was applied as an immunomodulatory agent in renal transplantation due to the setting of desensitization for patients that experience antibody-mediated rejection (AMR) (3, 16, 17).

Moreover, rituximab has been administered in allo-HSCT patients in several settings for its elimination of B cells. Until now, rituximab has also been used for the treatment of post-transplant lymphoproliferative disease (PTLD), prevention and treatment of graft versus host disease (GVHD) (18), ABO-incompatible transplantation, and desensitization in HLA-sensitized patients (18–24).

It was reported that rituximab induced the CD20+ B cells to a substantial reduction in circulating for up to 6 months through a cycle of infusions (25). Considering its long-term effects, it has been hypothesized that administration of rituximab before transplantation might impact patient outcomes following allo-HSCT (26). We currently knew very little regarding the impact of rituximab administered before transplantation in patients undergoing allo-HSCT. Therefore, we retrospectively compared the clinical outcomes in patients treated with or without rituximab to explore the impact of rituximab on allo-HSCT in a real-world setting.



Patients and methods


Study design

We implemented a retrospective, monocentric study and utilized real-world data collected at Soochow University. Consecutive patients (N=520) who received allo-HSCT were enrolled in the study from January 2016 to December 2020. Patients were then followed until December 2021. All patients provided written informed consent before the start of this study in accordance with the Declaration of Helsinki and the approval from the Faculty Hospital Ethics Committee at the First Affiliated Hospital of Soochow University. We divided the patients into two groups based on the application of rituximab: rituximab and non-rituximab group. At least two weeks prior to transplantation, 375mg/m2 of rituximab was used at least once in the rituximab group. Of these, all patients had prospective anti-HLA Ab testing performed. Sex, age, underlying disease, condition before transplantation (Complete remission (CR) vs non-CR), types of transplantation, stem cell source, conditioning regimens, donor-recipient sex match, blood type of donor to receipt, presence of anti-HLA antibody, the usage of anti-thymocyte globulin (ATG) and the infused number of each cell type in allografts such as mononuclear cells (MNC), CD3+ cells and CD4+ cells. The engraftment time to neutrophils or platelets was recorded. Transplant outcomes were measured in terms of acute GVHD (aGVHD), chronic GVHD (cGVHD), Epstein-Barr virus (EBV), cytomegalovirus (CMV), transplantation-associated thrombotic microangiopathy (TA-TMA), veno-occlusive disease (VOD), non-relapse mortality (NRM), relapse, progression-free survival (PFS), and overall survival (OS).



Conditioning, GVHD prophylaxis, and desensitization regimens

Patients’ therapy followed our standard transplant protocols which included a conventional conditioning regimen for most patients based on BuCy/TBI-Cy or reduced intensity conditioning based on a combination of fludarabine and cyclophosphamide (27). Patients with a haplo-donor, unrelated donor (URD), or aplastic anemia (AA) were treated with anti-thymoglobulin, an in vivo T-cell depletion medication, as part of their conditioning regimen and these factors considered to be at high-risk for EBV reactivation (28). All patients received antiviral prophylaxis with intravenous acyclovir or oral valacyclovir at the start of conditioning. In patients with anti-HLA antibodies, desensitization regimens were implemented as instructed (29).



Definitions and evaluations

The definition of neutrophil recovery was an absolute neutrophil count (ANC) >0.5×109/L for 3 consecutive days (30). Platelet (PLT) recovery was defined as the count of PLT >20 × 109/L for 7 consecutive days without platelet infusion. The diagnosis and grading of acute and chronic GVHD were based on the standard criteria and recorded by the clinicians. Bloodstream infections (BSIs) were defined as the isolation of bacteria from at least one blood culture (31). CMV or EBV reactivation was defined as a CMV DNA viral load of 100 copies/mL or an EBV DNA viral load of 100 copies/mL at any time after HSCT for at least one measurement (31). Relapse was defined by morphological evidence of disease in the peripheral blood, bone marrow, or extramedullary sites. Patients exhibiting minimal residual disease (for example, the presence of BCR/ABL RNA transcripts by PCR) were not classified as having relapsed. non-relapse mortality (NRM) was defined as death without preceding relapse, and OS referred to patients who survived until the final follow-up time point (31). PFS was defined as the length of time during and after the treatment of a disease, such as cancer, that a patient lives with the disease but the disease does not progress.



Statistical analysis

Descriptive statistics, including frequency (percentage) for categorical variables and median (range) for quantitative variables, were used to summarize patient characteristics. BSIs were compared by means of the χ-squared or Fisher’s exact test, as appropriate. The primary endpoints were the recovery of neutrophils and platelets. Secondary endpoints were incidences of infection (EBV, CMV), aGVHD, cGVHD, relapse, NRM, PFS, and OS. Cumulative incidence was used to estimate the endpoints of infections, aGVHD and cGVHD to adjust for competing risks. For cGVHD, we considered relapse and death as competing events. The probabilities of PFS and OS were calculated using the Kaplan–Meier method. Potential prognostic factors were evaluated in univariate analyses by the log-rank test, with a P value <0.05 considered significant. Cox proportional hazards regression was used to identify risk factors associated with outcomes. Multivariate analyses were done for predefined subgroups. The assumption of proportional hazards for each factor in the Cox model was tested. The test indicated that the proportionality assumptions hold.




Results


Overall patient characteristics

There were 176 patients in the rituximab group and 344 patients in the non-rituximab group. The baseline characteristics of patients for the two groups are listed in Table 1. Statistically different characteristics between patients in the rituximab group compared with patients in the non-rituximab group included gender (P<0.01) and whether they had anti-HLA antibodies (P<0.01). The distribution of underlying diseases was also significantly different between the two groups (P<0.01).


Table 1 | Baseline characteristics of the entire cohort.



Considering the significant difference between the two groups and the administration of rituximab in allo-HSCT, we next compared the impact of rituximab after allo-HSCT in these sets of populations.



Engraftment

There was not different in the cumulative incidence of neutrophil engraftment between the rituximab and non-rituximab groups across all sets of groups based on the presence of anti-HLA antibodies and different underlying diseases (Figure 1 and Supplementary Figure S1). There was also no difference in the cumulative incidence of platelet engraftment between the rituximab and non-rituximab groups across the entire patient cohort (P=0.11, Figure 2A). Regarding underlying diseases, there were also no differences in the cumulative incidence of platelet engraftment between the rituximab and non-rituximab groups (Supplementary Figure S2). We found that the application of rituximab delayed the recovery of platelets in the negative anti-HLA antibodies group (P<0.01, Figure 2C), while not significantly impacting the positive anti-HLA antibodies group (P=0.75, Figure 2B).




Figure 1 | Recovery of neutrophils between rituximab and non-rituximab groups. (A) The cumulative incidence of neutrophil engraftment in entire patient cohort. There was no difference in the cumulative incidence of neutrophil engraftment rituximab and non- rituximab groups in entire patient cohort (P= 0.75). (B) The cumulative incidence of neutrophil engraftment in positive anti-HLA antibody group. There was no difference in the cumulative incidence of neutrophil engraftment between 2 groups in positive antibody group (P= 0.36). (C) The cumulative incidence of neutrophil engraftment in patients with negative anti-HLA antibody group. There was not different between 2 groups in the cumulative incidence of neutrophil engraftment in patients with negative anti- HLA antibody (P= 0.45).






Figure 2 | Recovery of platelets between rituximab and non-rituximab groups. (A) The cumulative incidence of platelets engraftment in entire patient cohort. There was no difference in the cumulative incidence of platelets engraftment rituximab and non- rituximab groups in entire patient cohort (P= 0.11). (B) The cumulative incidence of platelet engraftment in positive anti-HLA antibody group. There was no difference in the cumulative incidence of neutrophil engraftment between 2 groups in positive antibody group (P= 0.75). (C) The cumulative incidence of platelet engraftment in patients with negative anti-HLA antibody group. There was significantly between 2 groups in the cumulative incidence of platelet engraftment in patients with negative anti- HLA antibody (P,0.01).





Infection complications

We found that the cumulative incidence of CMV occurred in 37.7% in non-rituximab group and 34.5% in rituximab group across the entire cohort. There was no difference in the cumulative incidence of CMV between non-rituximab and rituximab across the entire cohort (P=0.95, Figure 3A), so as other sets of populations (Supplementary Figure S3). The cumulative incidence of EBV reactivation was 21.6% in the non-rituximab group and 5.3% in the rituximab group across the entire cohort (Table 2). For the entire patient cohort, addition of rituximab decreased the incidence of EBV reactivation after allo-HSCT (P<0.01, Figure 3B). There was no difference in the occurrence of BSIs between the two groups (P=0.54).




Figure 3 | Infection of the entire cohort between two groups. (A) The cumulative incidence of CMV in entire patient cohort. There was no difference in the cumulative incidence of CMV between rituximab and non- rituximab groups in entire patient cohort (P= 0.95). (B) The cumulative incidence of EBV in entire patient cohort. There was comparable in the cumulative incidence of EBV between 2 groups in entire patient cohort (P < 0.01).




Table 2 | Outcomes of the entire patient cohort.



Further analysis was applied using both univariate and multivariate analyses. The risk factors for EBV reactivation by univariate analysis are shown in Table 3. However, underlying diseases, and the presence of anti-HLA antibodies were not risk factors based on univariate analysis results. Upon multivariate analysis, the application of rituximab, cGVHD, CMV activation, and HLA-match were found to be independent predictive variables for the occurrence of EBV reactivation. The application of rituximab was proved to prevent the occurrence of EBV reactivation (HR 0.56, 95% CI 0.33-0.97, P=0.04, Table 3).


Table 3 | Risk factors for EBV reactivation in entire patient cohort.





GVHD

We found that the cumulative incidence of aGVHD was 41.1% in the non-rituximab group and 34.4% in the rituximab group. The cumulative incidence of aGVHD was no significant difference between the two groups across the entire patient cohort (P=0.20, Figure 4A). Patients with AML took a vast majority in our cohort. In AML patients, the cumulative incidence of aGVHD was 37.7% in the non-rituximab group and 25.6% in the rituximab group. We found there was a difference in the cumulative incidence of aGVHD between rituximab and non-rituximab group (P=0.04, Figure 4B). However, in other underlying diseases, independent of the presence of anti-HLA antibodies, there was no difference in the cumulative incidence of aGVHD between non-rituximab and rituximab groups in these sets of groups (Supplementary Figure S4). We further explored the factors impacting the cumulative incidence of aGVHD in AML patients and found that rituximab prior to transplantation correlated with the decreased incidence of aGVHD in AML patients (HR 0.56 95%CI 0.33-0.97, P=0.037, Table 4).




Figure 4 | The cumulative incidence of aGVHD between rituximab and non-rituximab groups in different sets of populations. (A) The cumulative incidence of aGVHD in entire patient cohort. There was no difference in the cumulative incidence of aGVHD between rituximab and non-rituximab in entire patient cohort (P = 0.20). (B) The cumulative incidence of aGVHD in AML patients. There was comparable between 2 groups in the  cumulative incidence of aGVHD in AML patients (P = 0.04).




Table 4 | Risk factors for aGVHD in AML patients.



The cumulative incidence of cGVHD across the entire cohort was determined to be 35.3%. There was not comparable in the cumulative incidence of cGVHD between non-rituximab and rituximab across the entire cohort (P=0.68), so as other sets of populations (Supplementary Figure S5).



Other complications

TA-TMA was diagnosed in 25 of 520 patients in this study. Additionally, the incidence of TA-TMA was 5.11% in the rituximab group and 4.65% in the non-rituximab group. There was no significant difference between the two groups (P=0.830). Only 4 patients were diagnosed as VOD and there was not comparable between rituximab and non-rituximab groups (P=1).



Prognosis

The cumulative incidence of relapse at 5 years was 12.0% and 9.2% in non-rituximab and rituximab groups across the entire patient cohort, respectively. Among those, there was not significant (P=0.33). There was no significant difference in the cumulative incidence of relapse in the rituximab group versus the non-rituximab group in all sets of groups (Supplementary Figure S6).

The NRM risk and PFS were not significantly different between the rituximab group and the non-rituximab group in entire cohort (Supplementary Figure S7).

The cumulative incidences of all measured OS in non-rituximab and rituximab groups were 73.1% and 77.2%, respectively, across the entire patient cohort. Among those, there was no significant difference (P=0.31). The OS was not significant between rituximab and non-rituximab groups in all sets of groups (Supplementary Figure S8).

In summary, we found there were no differences between rituximab and non-rituximab groups in the prognosis, suggesting that rituximab may not play a role in the prognosis of patients undergoing allo-HSCT.




Discussion

To our knowledge, there were few articles about investigating the impact of rituximab administered before transplantation in allogeneic HSCT in a real-world study. In our study, there was no difference in the recovery of neutrophils and platelets in allo-HSCT patients between the rituximab and non-rituximab group. We found there was no impact on engraftment between the non-rituximab and rituximab groups when looking at only patients that were positive for anti-HLA antibodies. In previous studies, rituximab combination with the standard TBI/Cy transplant conditioning regimen for patients with CD20-positive acute lymphoblastic leukemia (ALL) and nonmyeloablative conditioning (fludarabine and cyclophosphamide) combination with rituximab for patients with relapsed follicular lymphoma were feasible and safe without delayed engraftment or added toxicity (32, 33). As we know, CD20 expression is not only confined to malignant cells but also normal B cells are also destroyed (9). Indeed, B lymphopoiesis is also targeted, and neutropenia can occur after repetitive use of rituximab (34, 35). In previous studies, patients treated with pre-emptive rituximab for EBV reactivation after allo-HSCT experienced neutropenia and a lower B cell reconstitution (35–37). However, in our study, the application of rituximab delayed the engraftment of platelets in the negative anti-HLA antibodies group. As rituximab was used to remove a subsets of B cells, it can subsequently affect the production of certain antibodies (38) and as a second line therapy for patients with idiopathic thrombocytopenic purpura (ITP) (38), a disease mediated by platelet antibodies that accelerate platelet destruction and inhibit the production of platelets (39).

We found that the application of rituximab decreased the occurrence of EBV reactivation in all patients. It is well established that EBV viremia is a common complication after allo-HSCT (40). Previous studies have reported that the incidence of EBV reactivation ranges from 0.6 to 26% (41, 42), with this being higher in the context of T-cell depletion (43, 44). There are a few studies about prophylactically eliminating B cells resulting in the prevention of EBV transmission to the recipient, due to the persistence of EBV requires the establishment of latent infection in recipient B cells (27, 34–37, 45–47). In a previous study, rituximab therapy within 6 months prior to allo-HSCT was also found to prevent EBV reactivation (47). In previous studies, severe aplastic anemia (SAA) patients undergoing unrelated donor transplantation received rituximab in combination with ATG-containing conditioning regimens to prevent EBV reactivation (27, 48). Previous studies showed that the risk factors for EBV activation were predominantly related to the degree of T cell depletion or impairment, including mismatch between donor and recipient, T cell depletion from graft, degree and duration of immunosuppression, and use of ATG or alemtuzumab (anti-CD52) (41, 45, 49–51). Furthermore, we found CMV activation, HLA mismatch and cGVHD were independent risk factors for EBV reactivation, while the usage of rituximab was proved to prevent EBV reactivation.

We also assessed the impact of rituximab on GVHD. The extent of B-cell involvement in the immunopathogenesis of aGVHD is unknown and elusive. B-cell dysfunction had been reported in earlier investigations on immune function in patients who had GVHD (4). Previous studies indicated that danger signals activate antigen presenting cells (APC) to efficiently present alloantigen to donor T cells and release cytokines (IL-12, IL-23, IL-6, IL-27, IL-10, TGF) which can expand and differentiate into pathogenic and regulatory donor T cells (52). However, regulatory B cells can minimize damage caused by aGVHD and reduce the risk of cGVHD development (35). They are distributed in IgM memory and transitional B-cell subsets (53). A study found that B cell reconstitution after pre-emptive rituximab administration favors the recovery of transitional and CD24+ CD38+ B cells that may exert regulatory functions (35). Moreover, data obtained in kidney transplant suggested that rituximab might be the depletion of locally active, intrarenal B cells, which act as immune stimulators and potent antigen presenting cells for T cells and macrophages in a rapid effect. In addition, depletion of local B cells inside the kidney could prevent the formation of intrarenal tertiary lymphoid structures that might otherwise lead to the development of chronic rejection (54).

Based on these concepts, in our study, we found rituximab had association with a reduced the occurrence of aGVHD in AML patients. The antigen presentation abilities of B cells might be abrogated in patients with lymphoma receiving rituximab within 6 months, resulting in a reduced risk of aGVHD (26). In a previous study, we explored the effect of rituximab at a single dose of 375 mg/m2, in combination with rATG, in the haplo-HSCT conditioning regimen of SAA in our center (55). Data indicated that B-cell depletion might also be effective for the prevention of aGVHD (55). In a previous study, the addition of rituximab (375mg/m2) intravenously on d-7, d-1, d7, and d14) to the standard Cy/TBI transplant conditioning regimen in ALL patients, the incidence of aGVHD was reduced when compared to reported GVHD rates in ALL patients (32). However, inhibition of antigen presentation by B cells with a rituximab-based conditioning regimen didn’t appear to reduce the incidence of aGVHD in allo-HSCT recipients in a retrospective cohort study (56). In this study, most patients were treated with reduced-intensity conditioning, while most patients with AML were given myeloablative regimen in our study.

There was no consensus on the effect of rituximab administration (before allo-HSCT or as part of conditioning regimens) on overall incidence of cGVHD (57).Some studies have indicated that the application of rituximab reduced the incidence of cGVHD. Since B cells can play a major role in the pathogenic process of cGVHD (58, 59), pre-emptive administration of rituximab could be helpful to reduce the occurrence of cGVHD. In a previous study, there was a trend towards a decreased incidence of cGVHD in rituximab patients receiving rituximab within 6 months (dose was not given) prior to reduced-intensity conditioning transplantation (RICT) (33).They also found that rituximab administration before transplantation eliminated B cells of recipients. Meanwhile, a work performed in a chronic GvHD model suggests that recipient B cell persistence may contribute to chronic GVHD. However, a retrospective study showed that patients who received rituximab within 6 months after allo-HCT had a lower incidence of severe cGVHD, but rituximab treatment didn’t affect the overall incidence of cGVHD (34, 57). Upon onset of cGVHD, the levels of rituximab present may not meet a therapeutic threshold and the recovery of the donor B-cells, T-cells, and other antigen-presenting cells (APCs) might have played a significant role in the initiation and maintenance of cGVHD (4, 33, 57, 60). Besides, repetitive administration of rituximab could lead to neutropenia, which may can’t meet the threshold to the occurrence of cGVHD. And the lack of impact on cGVHD in our study could be explained by the timing and dose of the application of rituximab (26).

Recently, the main purpose of pre-emptive rituximab was considered to optimize the cytoreductive capability of the conditioning regimens (61). A previous randomized study has compared preparative regimens with or without rituximab in autologous stem cell transplantation setting (4). They found that, according to multivariate analysis, there was a significant improvement in the failure-free survival (FFS) rate and OS rate in rituximab-treated patients. The antileukemic effect of HSCT was related to the cytoreductive effect of the preparative regimen (32). In previous studies, there was no significant increase to the risk of relapse in rituximab treatment groups. In terms of outcomes, rituximab didn’t negatively impact the PFS and OS rates at two years among patients receiving rituximab treatment (24, 33). In a previous study, data indicated that inclusion of rituximab in SAA conditioning regimens might enhance disease control, particularly in non-myeloablative settings (48). These results were consistent with our study. Given that this study was retrospective and used patients from only one center, further studies are needed to define the optimal dose and timing of rituximab in allo-HSCT. Since this was a real-world study, we relied on the experience of clinicians. The long-term effects of rituximab therapy in the context of HSCT are unknown and there is a lack of data on the reconstitution of B cells. In conclusion, the application of rituximab more than once two weeks prior to transplantation reduced the incidence of EBV reactivation across the entire patient cohort in our study. And there were significant differences in other outcomes. We then explored the impact of rituximab on more specific patient groups within our cohort. Considering the role of anti-HLA antibodies in allo-HSCT patient outcomes, we found that the application of rituximab delayed the engraftment of platelets in the negative anti-HLA antibodies group. We found that the application of rituximab may reduce aGVHD in male and AML patients. Importantly, our study indicated that the application of rituximab prior to transplantation might decrease EBV reactivation through deleting previously infected B cells in circulation.
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30 (5.8)
26 (5.0)
78 (15.0)
31 (6.0)
11 (2.1)
35 (6.7)
141 (27.1)
3(0.6)
45 (87)
36 (69)
2(0.4)
62 (11.9)
28 (54)
114
(1.75-46.70)
408
(0.68-43.70)
1.50
(0.25-7.31)
059
(0.08-3.03)
039
(0.05-2.25)
206
(0.30-10.30)
3.60
(0.40-14.00)
59 (11.3)
117 (22.55)
163 (31.3)
7(1.3)
4(0.8)
2(0.4)
88 (16.9)
88 (16.9)
51 (9.8)
125 (24.0)
124 (23.8)
0 (0.0)
37 (7.1)
15 (28.8)
81 (15.6)
95 (18.3)
160 (30.8)
16 (3.1)
109 (21.0)
67 (12.9)

P-value

<0.01

0.42

<0.01

<0.01

0.23

0.20

<0.01

0.23

0.61

0.20

0.06

0.83

1.00

0.55

0.45

0.08

0.25

0.09





