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Background

Children undergoing allo-HCT are at high risk of EBV-related complications. The objective of the study was to analyze the impact of prophylactic post-transplant rituximab on EBV infection and EBV-PTLD in children after allo-HCT, to determine the risk factors for the development of EBV infection and EBV-PTLD and to determine their outcomes. Additionally, the impact of EBV-driven complications on transplant outcomes was analyzed.





Methods

Single center retrospective analysis of EBV-related complications in pediatric population undergoing allo-HCT, based on strategy of prophylaxis with rituximab. Overall 276 consecutive children, including 122 on prophylaxis, were analyzed for EBV-driven complications and transplant outcomes.





Results

Prophylaxis with rituximab resulted in significant reduction of EBV infection (from 35.1% to 20.5%; HR=2.7; p<0.0001), and EBV-PTLD (from 13.0% to 3.3%; HR=0.23; p=0.0045). A trend for improved survival was also observed (HR=0.66; p=0.068), while non-relapse mortality was comparable in both cohorts. The peak value of viral load was a risk factor in the development of EBV-PTLD: 10-fold higher peak viral load in comparison to the baseline 104 copies/mL, caused a 3-fold (HR=3.36; p<0.001) increase in the risk of EBV-PTLD. Rituximab treatment was effective as a preemptive therapy in 91.1%, and in 70.9% in EBV-PTLD. Patients who developed PTLD had dismal 5-year overall survival (29% vs 60%; p<0.001), and an increased risk of relapse (72% vs 35%; p=0.024).





Conclusions

Rituximab for prophylaxis of EBV infection and EBV-PTLD was highly effective in pediatric population. Treatment of EBV-PTLD was successful in 70%, however the occurrence of EBV-PTLD was associated with an increased risk of relapse of primary malignant disease.
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Introduction

Epstein-Barr virus (EBV, HHV-4) is a DNA virus belonging to the Herpesviridae family, with a very high prevalence. As a latent virus, the virus is localized in B lymphocytes and remains long-life in the body without causing significant clinical symptoms. Primary infection occurs most often in early childhood. Most adults worldwide (85%) are seropositive (1–3).

In healthy individuals, there is a balance between EBV-infected B lymphocytes and T lymphocytes that act as immune surveillance. Immunosuppressed patients are at high risk of viral reactivation and the development of EBV-related disease. The clinical picture of primary infection or reactivation can be manifested by various diseases (4–6).

Post-transplant EBV reactivation manifests as EBV-DNA-emia which may be followed by fever and lymphadenopathy. The incidence of EBV reactivation after hematopoietic cell transplantation (HCT) ranges from 0.1% to 63% (7). The most severe form of EBV reactivation is post-transplant lymphoproliferative syndrome (PTLD), which 20 years ago was associated with a mortality rate of 86% (8), and currently decreased to 30-50%, although the outcome seems to be better in children than adults (9–14).

Management of EBV-PTLD in hematopoietic cell transplantation setting, based on the ECIL-6 guidelines for monitoring and prevention, allows for early detection of EBV reactivation and the implementation of appropriate treatment. With these recommendations, rituximab was shown to have 90% efficacy in preemptive therapy and 65% efficacy in EBV-PTLD therapy (7). A reduction of immunosuppression in combination with rituximab increases the effectiveness of treatment up to 78% (9). Similar outcomes were shown with the use of EBV-specific cytotoxic T lymphocytes (EBV-CTLs), with 90% of cure rate in preemptive therapy and 75% in EBV-PTLD therapy (4). However, the mortality rate due to PTLD is approximately 20-25%.

Prevention of EBV reactivation includes the use of drugs in asymptomatic, EBV-seropositive patients to prevent the occurrence of EBV-DNA-emia. Administration of rituximab (anti-CD20 monoclonal antibody) before or shortly after HCT depletes B cells and thus may reduce the risk of EBV-DNA-emia and PTLD. In 2012, Dominietto et al. show a significant reduction in the incidence of EBV-DNA-emia after using rituximab on day +5 after HCT in adults (15). In two other studies on the prophylactic role of rituximab in adults, Van Besien et al. (16) and Patel et al. (17) used one pretransplant dose of rituximab. Van Besien et al. (16) administered a prophylactic dose of rituximab 375 mg/m2 pre-transplant in haplo-cord transplantation which combined a mismatched UCB graft with third-party cells. They used thymoglobulin in conditioning. Patients who did not receive rituximab, had the cumulative incidence of post-transplant EBV reactivation and of EBV PTLD was 13% and 8%, respectively, while those who received pre-transplant rituximab, the incidences were 2% (p=0.0017) and 0% (p=0.04), respectively. As there was no difference in time to hematopoietic recovery, in the incidence of CMV reactivation, of invasive blood stream infections or of proven or probable invasive fungal infections, pre-transplant administration of rituximab was an effective and non-toxic intervention that drastically reduced EBV reactivation and PTLD in high-risk patients. In the study of Patel et al. (17) the primary endpoint was incidence of EBV reactivation at day 180 among adults who had allo-HCT with in vivo T-cell depletion with alemtuzumab receiving pre-HCT rituximab versus those not receiving rituximab. EBV reactivation at day 180 occurred in 23 (53%) patients without prior rituximab exposure versus 0 patients with pre-HSCT rituximab exposure (p<0.0001), so the administration of pre-HCT rituximab before allo-HCT in adult patients receiving T-cell depletion with alemtuzumab was associated with a significant decrease in the risk for EBV reactivation and EBV-PTLD, without increasing aGVHD or infection rates.

Children undergoing allo-HCT are at high risk of EBV-related complications. The objective of the study was to analyze the efficacy of strategy of prevention of EBV infections, based on prophylaxis with rituximab in children after allo-HCT, to determine the risk factors for the development of EBV infection and EBV-PTLD and to determine their outcomes. Additionally, the impact of EBV-driven complications on transplant outcomes was analyzed.





Patients and methods




Design of the study

Single center retrospective analysis of EBV infection and EBV-PTLD in pediatric population undergoing allogeneic HCT over a period of 13 years, with the implementation of strategy of prophylaxis with rituximab in anti-EBV management.





Strategy of EBV management

Management of prevention of EBV infection in children after allo-HCT was based on screening for EBV-DNA by PCR and pre-emptive therapy for EBV-DNA-emia. Over the study period, a strategy of prevention was implemented based on prophylaxis with rituximab. Between 2008-2015 (Group A), EBV-DNA viral load was monitored in different intervals and pre-emptive treatment was applied, when the viral load was ≥104 copies/mL. Between 2015-2020 (Group B), the monitoring of EBV-DNA viral load was performed weekly and it was preceded by administration of rituximab used for prophylaxis at a dose of 150 mg/m2 (max. 200 mg), on day +5 after allo-HCT. The dose of rituximab was based on study of Dominietto et al, adjusted to pediatric setting (15). In case of viral load ≥104 copies/mL, pre-emptive therapy was introduced. All patients were included in the prophylaxis, as EBV-PTLD in HCT setting is almost exclusively of recipient origin, and children are at high risk of primary EBV infection.





EBV diagnostics

Before hematopoietic cell transplantation, recipients and donors were screened for EBV serological markers (anti-EBNA; EBV-IgG, EBV-IgM). After transplantation, the diagnosis of infection was carried out using the quantitative real-time polymerase chain reaction (real-time qPCR; CFX96 Touch Real-Time PCR Detection System, Bio-Rad; or Roche’s Cobas z480) method from plasma samples, and in the case of suspected central nervous system infection, also from the cerebrospinal fluid. For the purpose of this analysis, the quantitative results of EBV-DNA-emia were rounded down to the full power and the cut-off point for detection of EBV-DNA-emia was 3x102 copies/mL. In the case of suspected EBV-PTLD, depending on the patient’s clinical condition, the diagnostics was extended to biopsy of the tumor and/or PET-CT/CT/MRI imaging.

Definitions:

	EBV infection was diagnosed in case of virus isolation or detection of viral nucleic acid (NAT, nucleic acid test) or antigens (proteins) in any body fluid or tissue specimen.

	Primary EBV infection was defined with first detected of EBV in an individual who had no evidence of EBV exposure.

	EBV replication indicates evidence of viral multiplication and presence of EBV-DNA.

	EBV-DNA-emia (historically referred also as reactivation or latent infection) – detection of any EBV-DNA in the plasma (with or without fever, but with no sign of EBV end-organ disease).

	Clinically significant EBV-DNA-emia (csEBV-DNA-emia; referred also as csEBV infection, csEBVi) – viremia, which required implementation of pre-emptive therapy. We assumed the value of EBV-DNA-emia ≥104 copies/mL as the threshold value for implementation of pre-emptive therapy.

	EBV-associated post-transplant lymphoproliferative disorder (EBV-PTLD) was referred as symptomatic disease, with EBV-associated post-transplant manifestations.

	EBV-PTLD is a life-threatening complication after allogeneic transplantation of hematopoietic cells. PTLD is a heterogeneous group of lymphoproliferative diseases that occur in the course of transplantation and result from uncontrolled neoplastic proliferation of lymphoid or plasma cells as a result of iatrogenic suppression of T lymphocytes. From the clinical point of view, PTLD can be distinguished at a proven or probable level of diagnosis (7, 18).

	Proven EBV-PTLD was diagnosed in case of presence of symptoms and/or signs from the affected organ together with detection of EBV nucleic acids or EBV-encoded proteins in a tissue specimen obtained from an organ by biopsy or other invasive procedures with a test with appropriate sensitivity and specificity together with symptoms and/or signs from the affected organ. Probable EBV disease was diagnosed as significant lymphadenopathy, hepatosplenomegaly, or other end-organ manifestations (without tissue biopsy, but in the absence of other documented cause) together with significant EBV-DNA-emia (7).

	Morphological types of PTLD. According to the 2016 WHO classification, six morphological types of PTLD were distinguished: plasmacytic hyperplasia, infectious mononucleosis, florid follicular hyperplasia, polymorphic, monomorphic (B-cell and T-/NK-cell types), and classical Hodgkin lymphoma (19). A significant change in classification was made in 2022. PTLDs are not any longer listed in the WHO classification of lymphoid malignancies, neither in the International Consensus Classification of Mature Lymphoid Neoplasms. Currently, those tumors are more broadly defined as immunodeficiency-associated lymphoproliferative disorders (20) or lymphoid proliferations and lymphomas associated with immune deficiency and dysregulation (21).

	First diagnosis was assumed as the primary disease, being an indication for allo-HCT.







Prophylaxis, pre-emptive and targeted treatment of EBV complications

EBV-related infections, prevention and treatment strategies, and response to therapy were classified based on the definitions and guidelines of the European Conference on Infections in Leukemia (ECIL) (7, 18). Patients with csEBV-DNA-emia were eligible for pre-emptive treatment with rituximab administered weekly until two negative results of EBV-DNA-emia, and reduction of immunosuppression (RI), if possible. Therapy included an intravenous infusion of rituximab (anti-CD20 monoclonal antibody) at a dose of 375 mg/m2. The end of follow-up was June 2020.

Treatment of EBV-PTLD included weekly rituximab at a dose of 375 mg/m2, and a reduction of immunosuppression (RIS), if possible. For second line of therapy of EBV-PTLD, chemotherapy R-CHOP, DLI (donor lymphocyte infusion) or EBV-CTL (EBV-specific cytotoxic T-lymphocytes) were considered, if available. A reduction of immunosuppression was defined as a sustained decrease of at least 20% of the daily dose of immunosuppressive drugs with the exception of low-dose corticosteroid therapy (7). Initial response to rituximab was defined as response to rituximab therapy identified by a decrease in EBV-DNA-emia of at least 1 log10 after first two weeks of treatment.





Anti-infective prophylaxis

Antiviral, antibacterial and antifungal prophylaxis were administered to all patients after hematopoietic cell transplantation in accordance with accepted standards (22). The occurrence of invasive fungal disease (IFD) in the pre- and post-transplant period was analyzed. IFD was diagnosed based on current recommendations (23, 24).





Availability of data and materials

The dataset supporting the conclusions of this article is available from the corresponding author, upon reasonable request.





Institutional review board statement

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board (approval numbers: KB 499/2014; KB 696/2017; KB 263/2022). All patients or their parents provided their consent for reporting data related to their treatment.





Statistical analysis

Non-categorical variables were compared with the Mann-Whitney U test, and categorical variables with the χ2 test (Yates correction or Fisher test was applied when necessary). Odds ratios (OR) with 95% confidence intervals (95%CI) were calculated; OR>1 defined increased risk. The cumulative incidences of csEBV-DNA-emia and EBV-PTLD were estimated to be an event of interest, while death without csEBV-DNA-emia or EBV-PTLD was a competing event. The cumulative incidence was computed in a competing risks setting, and the Gray test was used to compare groups. Overall survival (OS) and relapse incidence (RI) were determined by the Kaplan-Meier method and compared by the log-rank test. Overall survival was determined as time from the day of HCT to the occurrence of death or the end of follow-up. Relapse was considered as recurrence of the primary disease after transplantation. Risk factor analyses were performed separately for csEBV-DNA-emia, EBV-PTLD and overall survival. Univariate analyses for risk factors were performed using the Cox method. Factors with p-value in the univariate analysis <0.1 were included in the Cox model in respective multivariate analysis. The hazard ratio (HR) with 95%CI and p-values ​​were calculated for each factor. For acute and chronic GvHD, infections after HCT, and initial response to rituximab, Cox time-dependent analysis was applied. On the basis of the models, a “risk factor index” was created in the form of cumulative incidences depending on the number of risk factors. We analyzed following risk factors: prophylaxis with rituximab (yes vs no), sex (male vs female), age (≥10 vs <10 yrs), diagnosis of acute lymphoblastic leukemia (ALL) (yes vs no), diagnosis (malignant vs non-malignant disease), status of remission (complete remission CR1 vs >CR1), number of HCT (first vs subsequent i.e. >1), type of donor (MUD, matched unrelated donor; MMUD, mismatched unrelated donor; MFD, matched family donor; HAPLO, haploidentical donor), cell source (PB, peripheral blood; BM, bone marrow; CB, cord blood), pretransplant EBV IgG serostatus of donor (D) and recipient (R), D/R pretransplant CMV (cytomegalovirus) IgG serostatus, ABO blood group compatibility (yes vs no), Rh blood group compatibility (yes vs no), conditioning (MAC, myeloablative conditioning; RIC reduced intensity conditioning; TBI, total body irradiation; chemotherapy), T-cell depletion in vivo (yes vs no), type of T depletion (ATG, anti-thymocyte globulin vs alemtuzumab), CMV infection (yes vs no), BKV (polyomavirus BK) infection (yes vs no), invasive fungal infection (IFI) before/after HCT (yes vs no), acute graft versus host disease (aGvHD) (yes vs no), chronic GVHD (cGvHD) (176 pts evaluable) (yes vs no), time from HCT to EBV infection (<100 days vs ≥100 days), maximal value of EBV-DNA-emia (copies/mL) (<105 vs ≥105), good response after 2 doses of rituximab in pre-emptive therapy (yes vs no), EBV-DNA-emia (yes vs no), and EBV-PTLD (yes vs no). A significance level of p<0.05 was assumed in the study.






Results




Demographics

A total of 276 consecutive patients under the age of 18 on the day of the first diagnosis, after allo-HCT between 2007-2020 were included in the study. The median age at diagnosis of the primary disease was 7.0 years (min-max, 0.1-17.9). The median age at transplant was 9.9 years (min-max 0.3-22.0). Detailed patient characteristics are presented in Table 1. Patients who received prophylaxis with rituximab (group B) were younger (median age 8.0 vs 10.8 years), had more MUD transplants, and more often received ATG.


Table 1 | Patient characteristics.







Clinically significant EBV-DNA-emia (csEBV-DNA-emia)

The total prevalence of csEBV-DNA-emia was 28.6%, including 37.0% in group A, and 18% in group B (HR=2.67; 95%CI=1.52-4.70; p<0.001) (Table 2). The cumulative incidence of first EBV reactivation is shown in Figure 1A. The median time to diagnosis of csEBV-DNA-emia after allo-HCT was 70 days (IQR, 41-122). Over 67% of patients were diagnosed with csEBV-DNA-emia within 100 days of HCT. Overall, 35.4% of patients with EBV reactivation had a peak viral load ≥105 copies/mL and the remaining 64.6% patients had a peak viral load <105 copies/mL. Primary csEBV infections occurred in 7/14 EBV-seronegative recipients from EBV-seropositive donors.


Table 2 | Prevalence and duration of csEBV-DNA-emia.






Figure 1 | EBV-related complications: (A) Cumulative rates of first csEBV-DNA-emia by treatment regimen; (B) Prognostic model for csEBV-DNA-emia depending on the number of unfavorable prognostic factors (risk factors: lack of rituximab for prophylaxis, T cell depletion in vivo; categories: 0, 1, 2); (C) Cumulative incidence of EBV-PTLD; (D) Prognostic model for the development of EBV-PTLD depending on the number of unfavorable risk factors (risk factors: no use of rituximab in prophylaxis, MUD/MMUD donor, hematopoietic cell transplantation from peripheral blood); (E) Cumulative incidence of EBV-PTLD according to peak value of EBV-DNA-emia [copies/mL]; (F) Overall survival in patients with/without EBV-PTLD; (G) Risk of relapse of primary disease by EBV-PTLD (malignant diseases only); (H) Overall survival in patients with/without anti-EBV prophylaxis with rituximab.







Risk factor analysis for csEBV-DNA-emia

In univariate analysis, factors significantly associated with the development of csEBV-DNA-emia were: source of hematopoietic cells (PB vs BM; HR=2.03; 95%CI=1.12-3.68; p=0.0174), in vivo T-cell depletion with ATG (HR=13.3; 95%CI=3.14-54; p<0.0001), and chronic GVHD (HR=2.03; 95%CI=1.03-3.99; p=0.0366), while use of rituximab in prophylaxis (HR=0.48; 95%CI=0.28-0.83; p=0.0078), and MFD donor (MFD vs other; HR=0.21; 95%CI=0.09-0.49; p=0.0005) decreased the risk (Supplementary Table S1).

In multivariate analysis, following factors significantly contributed to the risk of csEBV-DNA-emia: the use of rituximab for prophylaxis (HR=0.35; 95%CI=0.21-0.56; p<0.0001) and T-cell depletion in vivo with ATG (HR=16.7; 95%CI=4.0-50.0; p<0.0001) (Table 3). The use of rituximab for prophylaxis and the lack of T-cell depletion in vivo reduced the risk of EBV reactivation. Based on the above risk factors, a prognostic model was created for csEBV-DNA-emia patients (Figure 1B). Unfavorable prognostic factors included lack of rituximab prophylaxis and T cell depletion in vivo. In patients with no listed risk factors, csEBV-DNA-emia did not occur.


Table 3 | Multivariate analysis of risk factors for csEBV-DNA-emia.







EBV-PTLD

EBV-PTLD developed in 24/276 (8.7%) patients, including 13.0% (20/154) in group A, and 4/122 (3.3%) in group B. Cumulative incidence of EBV-PTLD is shown on Figure 1C. The median time to diagnosis of EBV-PTLD for the entire group was 43 days (min-max, 5-189); 19/24 (79.2%) patients developed EBV-PTLD before day +100 after HCT. Overall, 20/24 (83.3%) patients developed EBV-PTLD with a baseline EBV-DNA-emia ≥105 copies/mL. All patients (n=24) had lymph node involvement, and 9/24 (37.5%) had extranodal involvement. Central nervous system disease was diagnosed in 8/24 patients (33.3%). Multifocal disease was diagnosed in 12/24 patients (50%). EBV-PTLD was biopsy confirmed in 5 patients: 3 patients had the monomorphic form (diffuse large B-cell lymphoma), one had the polymorphic form (n=1), and one had the classic form (n=1). In 19/24 (79.2%) patients, EBV-PTLD was diagnosed at the probable level.





Risk factor analysis for the development of EBV-PTLD

In univariate analysis, factors significantly associated with the development of EBV-PTLD included: rituximab in prophylaxis (HR=0.23; 95%CI-0.08-0.69; p=0.0045), donor type (MFD vs others; HR=0.13; 95%CI=0.02-0.95; p=0.0463), source of hematopoietic cells (PB vs BM; HR=6.5; 95%CI=1.51-28.5; p=0.0144), T-cell depletion in vivo with ATG (HR undetermined; p=0.0046), time from HCT to EBV reactivation (<100 days; HR=48; 95%CI=13.5-170; p=0.0088), EBV-DNA peak viral load <105 copies/mL (HR=0.05; 95%CI=0.02-0.17; p<0.0001), and response to rituximab treatment after 2 doses of rituximab in preemptive therapy had preventive value (HR undetermined; p<0.0001) (Supplementary Table S1).

In multivariate analysis, the use of rituximab in prophylaxis 5-fold reduced the risk of developing of EBV-PTLD (p=0.0025). Other factors significantly contributing to prevent PTLD were: MFD donor type (HR=0.12; p=0.0120) and the use of BM as a source of hematopoietic cells (HR=0.21; p=0.0410) (Table 4). Based on these three risk factors, a prognostic model for the development of EBV-PTLD was created. Unfavorable prognostic factors included: no prophylaxis with rituximab, MUD/MMUD donor and peripheral blood as a source of cells. In patients with 0-2 risk factors, EBV-PTLD developed in 3%, while when 3 of these factors were present, 24% of patients developed EBV-PTLD (Figure 1D). The peak viral load was shown to be another significant factor in the development of EBV-PTLD (p<0.001). A 10-fold higher viral load in comparison to the baseline 104 copies/mL, increased the risk of developing EBV-PTLD more than 3-fold (HR=3.36; 95%CI=2.25-5.03) (Figure 1E).


Table 4 | Multivariate analysis of risk factors for EBV-PTLD.







Efficacy of prophylaxis with rituximab

Overall, 44.2% (122/276) of patients received rituximab for prophylaxis. Compared with those without prophylaxis, lower incidences of csEBV-DNA-emia (p=0.0005) and EBV-PTLD (p=0.0045) were observed in patients who received rituximab prophylaxis. The use of rituximab on day +5 after HCT resulted in preventing csEBV-DNA-emia in 79.5% patients (97 out of 122 patients on prophylaxis, had no csEBV-DNA-emia), and in preventing EBV-PTLD in 96.7% patients (118 out of 122 had no EBV-PTLD) (Table 5).


Table 5 | Effect of rituximab prophylaxis on the prevalence of EBV infections and other complications.







Treatment of csEBV-DNA-emia and EBV-PTLD




Preemptive treatment

Overall, 79 patients with csEBV-DNA-emia received preemptive treatment with rituximab: 57/154 (37%) in group A and 22/122 (18%) in group B (Table 6). The median number of rituximab doses was 2 (IQR: 1-4), and 52/79 (65.8%) patients achieved a decrease of EBV viremia by at least 1 log10 (i.e. 10-fold) after 2 weeks of treatment.


Table 6 | Treatment of csEBV-DNA-emia and EBV-PTLD by treatment regimen.







EBV-PTLD

EBV-PTLD was diagnosed in 30% of patients with csEBV-DNA-emia (24/79). EBV-PTLD was significantly more frequent when pre-emptive treatment was started in patients with a viral load ≥105 than in those with a viral load <105 copies/mL (Table 7). Preemptive therapy was successful in 72/79 (91.1%); as 7 patients died due to EBV-PTLD. Intravenous rituximab was used to treat EBV-PTLD; in 8/24 patients EBV-DNA was present in CNS fluid, so rituximab was also applied intrathecally. Immunosuppressive treatment was reduced in all patients with EBV-PTLD. Therapy of EBV-PTLD led to resolution of PTLD in 17/24 (70.9%) patients; 6 patients died during rituximab therapy, and one patient was eligible for second-line treatment with R-CHOP chemotherapy, but died from progression of PTLD (Table 8). EBV-CTL and DLI and were not used for therapy of EBV-PTLD in this cohort.


Table 7 | Evaluation of EBV complications and EBV-attributed deaths according to viral load.




Table 8 | Causes of death in analyzed cohort of patients.








Transplant outcomes




Overall survival

Overall survival at 2 years was lower in patients with EBV-PTLD then in patients without EBV-PTLD (OS=0.33 vs OS=0.65; p=0.0010) (Figure 1F). A total number of 92 deaths occurred during follow-up, including 16/24 (66.7%) patients with EBV-PTLD (with 7 deaths attributed to PTLD) and 76/252 (30.2%) without EBV-PTLD; 25% of deaths in the group of patients with EBV-PTLD occurred within the first 112 days after HCT, while 25% of deaths in the group of patients without EBV-PTLD occurred within 357 days after HCT. The presence of csEBV-DNA-emia had no impact on transplant outcomes (overall survival, event-free survival, relapse incidence; data not shown), however patients in group B (on prophylactic rituximab), with a lower incidence of csEBV-DNA-emia had a lower incidence of cGVHD (Table 2).





Relapse

Overall, 55 out of 225 (24.4%) patients with malignant disease relapsed after HCT, including 9/23 (39.1%) with EBV-PTLD and 46/202 (22.8%) without EBV-PTLD (OR=2.1; 95%CI=0.9-6.1; p=0.083). Figure 1G shows the incidence of relapse according to the presence of EBV-PTLD (0.72 vs 0.35; p=0.024).






Risk factor analysis for overall survival after HCT

In univariate analysis, factors contributing to worse overall survival included: presence of EBV-PTLD (HR=2.5; 95%CI=1.52-4.21; p=0.0010), diagnosis of malignant disease (HR=2.1; 95%CI=1.08-4.03; p=0.0303), alternative donor type (HR=1.75; 95%CI=1.04-3.02; p=0.0396), stem cell source (PB; HR=1.86; 95%CI=1.14-3.04; p=0.0106), >CR1 (HR=1.70; 95%CI=1.08-2.66; p=0.0396), HCT number >1 (HR=1.56; 95%CI=1.22-2.19; p=0.0064), IFD after HCT (HR=2.7; 95%CI=1.91-4.07; p<0.0001), and EBV-DNA viral load ≥105 copies/mL (HR=1.5; 95%CI=1.05-2.89; p=0.0484) (Supplementary Table S1). Prophylactic use of rituximab showed a trend toward better overall survival both in Kaplan-Meier analysis (p=0.0717) (Figure 1H) and the Cox model (HR=0.66; 95%CI=0.43-1.03; p=0.0687).

In a multivariate analysis, adverse prognostic factors for overall survival in patients after allo-HCT were diagnosis of a malignant disease (p=0.0150), >CR1 of the primary disease (p=0.0041), EBV-PTLD (p=0.0025) and IFI after HCT (p<0.0001) (Table 9). Factors that did not reach significance included: age category, rituximab prophylaxis, number of HCT, type of donor, and type of conditioning.


Table 9 | Multivariate analysis of risk factors for overall survival.







Causes of death

Overall 92/276 (33.3%) deaths occurred; 7 (2.5%) patients due to EBV-related complications, 30 (10.9%) patients died due to the progression of the primary disease, and 55 (19.9%) died due to other complications (Table 8).





Safety of rituximab in prophylactic, preemptive and targeted treatment

Over a period of 13 years, overall 276 reduced prophylactic doses, 340 full doses in pre-emptive and/or targeted treatment of csEBV-DNA-emia/EBV-PTLD and a total of 35 intrathecal rituximab doses were administered. All but one administration was well-tolerated by all patients without symptomatic adverse events. An episode of short seizures was observed after the third intrathecal rituximab infusion in only one patient. The symptoms resolved immediately after diazepam administration. The long-term effects of rituximab on B-cell function were not analyzed in this study.






Discussion

This study aimed to show the impact of the prophylactic use of rituximab against EBV-related complications in a large pediatric cohort undergoing allo-HCT. We showed that the administration of a single low dose of rituximab on day +5 resulted in significant reduction in the incidence of csEBV-DNA-emia, and significant reduction in the incidence of EBV-PTLD. No decrease in non-relapse mortality was observed, however a trend towards 34% reduction of risk of death in patients after anti-EBV prophylaxis with rituximab was noted in univariate analysis. These results support the concept of the prophylactic use of rituximab in pediatric population. In comparison to study of Dominietto et al. (15) in adults, we have shown not only decrease of incidence of csEBV-DNA-emia, but also the incidence of EBV-PTLD. In two other studies in adults on the prophylactic role of rituximab, Van Besien et al. (16) and Patel et al. (17) used one dose of rituximab in pretransplant period. This prophylaxis significantly decreased the percentage of patients with detectable EBV-DNA-emia and EBV-PTLD incidence. Nevertheless, the impact on mortality due to EBV-PTLD was non-significant, although there was a trend in favor of prophylaxis. Similarly, although prophylaxis with rituximab did not change overall survival, a non-significant trend towards 50% reduction of mortality was observed. This trend can results from significant decrease of PTLD incidence in patients on prophylaxis. Our findings are specific for pediatric population only because of the specificity of having high rate of EBV infection in the first year of life and a shorter latency in comparison to adults. Genomic and immunologic profiling of PTLD can provide additional more insights into the nature of this disease (25, 26).

A disadvantage of prophylaxis with rituximab is the exposure of its toxicity in all transplant recipients, however the use of a reduced dose can be advantageous. Although administration of rituximab is safe and no immediate major adverse events were reported, the risk of prolonged hypogammaglobulinemia or neutropenia is a concern in terms of increased risk of infections (27, 28). In our cohort we did not observe these complications in patients treated prophylactically with rituximab, as well as CMV or fungal infection, however rate of patients with CD19 recovery on day +180 was lower in this cohort. Storek and Lindsay (27) recommend that prophylaxis with one dose of rituximab in the peri-transplant period could be a reasonable strategy for adult patients with a high risk of development and mortality due to PTLD. In children further study on long-term complications are necessary.

Another new finding of this study is an increased relapse incidence in patients who were treated for EBV-PTLD. This observation is completely new and highly unexpected. Possibly, it can reflect patient susceptibility to cancerogenesis. Nowadays although some studies have indicated prolonged or long-term toxicity of rituximab (29, 30), it should be underlined that rituximab is the gold standard in treatment of EBV-PTLD in HCT setting (3, 7, 27, 31–33).

Current ECIL guidelines recommend monitoring for EBV viremia in patients at high risk of developing EBV-PTLD, and initiating pre-emptive treatment when EBV-DNA-emia is diagnosed (7). We have shown that prophylaxis with rituximab in children after allo-HCT was effective in terms of decreasing the incidence of csEBV-DNA-emia and EBV-PTLD. Majority of our patients were after MUD transplant and were administered ATG, thus according to ECIL guidelines could be classified as high risk group (7).

We have shown that the risk of developing of PTLD increases with higher EBV viremia. There are limited pediatric data on the risk factors for the progression of EBV-DNA-emia to EBV-PTLD. Our study showed that EBV reactivation before day +100 after HCT increases the risk of developing EBV-PTLD. It was also found that an increase or persistence of the viral load after 2 weeks of treatment with rituximab and the indication for a subsequent dose are strong predictors of disease development. In addition, the analysis showed that the risk of developing EBV-PTLD increased with increasing EBV-DNA viremia. A single-center study of a group of 59 patients showed 90% sensitivity and specificity of the threshold value of 105 copies/mL for the development of EBV-PTLD (34). Taking together, these analyses showed that the EBV-DNA viral load was an important predictor of the development of EBV-PTLD, and early monitoring and prompt treatment can prevent uncontrolled viral replication and the development of EBV disease.

Analysis of risk factors has shown that the occurrence of EBV infection depends on many complex interactions between the underlying disease and the transplantation procedure, source of hematopoietic cells, donor type and many others. The risk of developing EBV-PTLD is proportional to the degree of depletion and impairment of T-lymphocyte function (35). It is very difficult to create a uniform model for assessing the risk of EBV-PTLD, and the scoring systems used in the literature to assess the risk of developing EBV-PTLD are not commonly used in clinical practice. On the other hand, some reports suggest protective role of mycofenolate mofetil (36) or sirolimus (37) or post-transplant high-dose cyclophosphamide (38) in prevention of EBV infection.

The management of EBV infections in patients after HCT consists of three main strategies: prophylaxis, preemptive treatment and treatment. Therapeutic methods used in the prevention and treatment of EBV-PTLD include: rituximab administration, reduction of immunosuppression, cell therapy with EBV-specific cytotoxic T cells, donor lymphocyte infusion and chemotherapy.

Rituximab when used in preemptive therapy is effective in more than 90% of patients, and when administered in targeted EBV-PTLD therapy, it is effective in nearly 65% of patients (4, 7). In our study, pre-emptive treatment with rituximab was used in a total of 76% (60/79) of patients, showing an efficacy rate of 88.4% (relative to the number of deaths due to EBV-PTLD). The use of preemptive therapy at a viral load of ≥104 copies/mL was associated with reaching EBV-DNA-emia negativity in 92.3% of patients, while starting at viral load ≥105 copies/mL resulted in EBV-DNA-emia negativity in 82.1%. The development of EBV-PTLD was significantly more frequent with the initiation of pre-emptive treatment at a viral load ≥105 copies/mL than at a viral load ≥104 copies/mL. Nevertheless, the number of deaths and OS were comparable between the two groups. This finding suggested that even if the effectiveness of pre-emptive treatment is higher at a viral load ≥104 copies/mL, a significant proportion of patients die from other causes. The efficacy of targeted EBV-PTLD therapy was 70.8%.

In our analysis, 92 (33%) deaths were recorded: 7 deaths due to EBV infection, 30 due to progression of the underlying disease and 55 due to other complications. Mortality in the group of patients with EBV-PTLD was 29%, which is a substantial achievement compared to the 86% mortality rate reported in the literature over 20 years ago (8). In the largest multicenter study to date (9), a mortality rate of 31% due to EBV-PTLD was comparable to that in our study. The highest number of deaths was recorded within the first year (1-year OS=0.72). Compared to the previously mentioned multicenter study (9) in which the 3-year OS was 47.3%, in our pediatric study the overall survival rate was higher reaching 62%. There was no impact of csEBV-DNA-emia on overall survival, but OS was significantly lower in patients with EBV-PTLD than in patients without EBV-PTLD. As in the majority of studies published over the last decade, 20-30% of EBV-PTLD patients are not cured with rituximab in the HCT setting, it strongly underlines the emerging need for the use of newer therapies in refractory PTLD (14). EBV-CTLs are at the highest hope for standard use (39–43), although other therapies have been reported in clinical practice both in hematopoietic and solid organ transplant settings (44–48).

Our study has several limitations. This is a retrospective analysis, with some differences in the distribution of patients according to the strategy regimen; nevertheless more high risk factors were detected in the group of patients who received prophylaxis with rituximab, so the effect of prophylaxis was even more pronounced. The monitoring for EBV-DNA-emia in Group A was done in various intervals, so we cannot exclude very low risk of possible underestimation of EBV viremia in group A, i.e. patients without rituximab prophylaxis, due to possible transient self-limiting low-grade EBV viremia. Nevertheless, even with the limitation of lower number of PCR tests per patient in group A, the prevalence of csEBV-DNA-emia was significantly higher in this group. Another limitation is low rate of proven diagnosis of PTLD. This is a common issue of diagnostic process of PTLD in pediatric HCT setting due to following factors: usually quick progression of the disease and necessity of quick therapeutic intervention, logistic issues related to invasive procedure performed in general anesthesia, and lack of agreement of parents who are conscious about using criterium of probable diagnosis. This observation is confirmed in recent EBMT survey (48), as the low rate of biopsy-confirmed EBV-PTLD was reported in pediatric setting, when compared to adult patients.

We did not analyze the risk of infection after prophylactic use of rituximab, which is a topic outside the scope of this study. However, data from existing studies suggest that with one prophylactic dose of rituximab, the risk of infection is not increased (15–17). We did not see an impact of use of alemtuzumab on EBV-related complications, but this could be the result of a small group of patients treated with this compound. Also, pre-transplant EBV serology of recipient and donor did not show the impact on transplant outcomes or development of EBV viremia and PTLD. There is a concern that after treatment with rituximab, the downregulation of CD20 can occur, but we did not observe CD20 negativity on diagnosis of PTLD in our patients who received prophylactic rituximab.

In conclusion, the introduction of single-dose rituximab administration during the peri-transplant period significantly reduced the number of EBV infections. Prevention, monitoring of EBV-DNA-emia and early treatment are the most important elements of the management of EBV infections, which have resulted in a significant decrease in mortality from PTLD over last two decades. Results of this study indicate option of prophylactic use of rituximab.
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OEBPS/Images/table6.jpg
Patients with csEBV-DNA-emia

Number of patients

Treatment

Reduction of immunosuppression

Response after 2 doses of rituximab

EBV-PTLD

1, decrease; 1, increase.

oup B otal
154 122 276
:f::?::z’i::'me"t 57 (37.0%) 22 (18.0%) 79 (28.6%)
:‘e‘::’:' I"él’:‘“"im“b doses: 2(14) 4(1-4) 204)
Yes 21 (36.8%) 6 (27.3%) 27 (34.2%)
No 36 (63.2%) 16 (72.7%) 52 (65.8%)
| viral load 36 (63.2%) 16 (72.7%) 52 (65.8%)
Stable or 1 viral load 21 (36.8%) 6 (27.3%) 27 (34.2%)
Yes 20 (35.1%) 4 (18.2%) » 24 (30.4%)
No 37 (64.9%) 18 (81.8%) 55 (69.6%)
Treatment with rituximab 20 4 24
:g::;;;oses of rituximab: 444 444 444
Reduction of immunosuppression 20 4 24
Intrathecal rituximab 8 (14.0%) 0 (0.0%) 8 (10.1%)
Chemotherapy 1 (5%) 0 (0.0%) 1 (4%)
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OEBPS/Images/table2.jpg
Parameter Total Gro oup B p-value
Number of patients 276 154 122

Median number of PCR tests per patient (IQR) 12 (9-18) 8 (6-18) 16 (12-19) <0.001
csEBVi prevalence 79 (28.6%) 57 (37.0%) 22 (18.0%) <0.001
Median time (IQR) 70 (41-132) 66 (30-116) 89 (35-132) 0.018
Patients with time to viremia <100 days 53 (67.1%) 41 (71.9%) 12 (54.5%) 0.140
Value of peak EBV-DNA-emia >10° copies/mL 28 (35.4%) 22 (38.6%) 6(27.3%)

Value of peak EBV-DNA-emia <10° copies/mL 51 (64.6%) 35 (61.4%) 16 (72.7%) .

IQR, interquartile range.
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EBV-PTLD

Parameter 95% CI
Yes No
Patients 276 24 (8.7%) 252 (913%)
) Yes 122 4(3.3%) 118 (96.7%) 0.19
?:’P.hyl?x'sb 00025 0.07-0.56
Wit rituxima) No 154 20 (13.0%) 134 (87.0%) 1.00
MED 67 1(1.5%) 66 (98.5%) 0.12
Type of donor T 0.0120 0.02-0.90
MUD/MMUD 204 23 (11.3%) 181 (88.7%) 1.00
Cell source PB 178 22 (12.4%) 156 (87.6%) 00410 100 0.05-0.94

N, number of patients; HR, hazard ratio; 95%ClI, 95% confidence interval; MFD, matched family donor; MUD, matched unrelated donor; MMUD, mismatched unrelated donor; PB, peripheral
blood; BM, bone marrow.
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Parameter

csEBV-DNA-emia

95% ClI

Patients
Prophylaxis .
with rituximab No
No
T-depletion in vivo ATG
Alemtuzumab

N, number of patients;

276

122

154

53

212

11

Yes \[e}
79 (28.6%) 197 (71.4%)
25 (20.5%) 97 (79.5%) 0.35
<0.0001
54 (35.1%) 100 (64.9%) 1.00
2(3.7%) 51 (96.3%) 167
1 <0.0001
72 (34.0%) 140 (66.0%) 1.00
5 (45.5%) 6 (54.5%) ns

, p-value for the 2 test; HR, hazard ratio; 95%CI, 95% confidence interval for HR (confidence interval). ns; non-significant.

0.21-0.56

4.0-50.0
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Cause

Total

Group A Group B

of death (N=276) (N=154) (N=122) P~value
EBV-related deaths 7 (2.5%) 6 (3.9%) 1 (0.8%) 0.3226
Other complication 55 (19.9%) 33 (21.4%) 22 (18.0%) 0.8752
Total NRM | 62 (234%) = 39 (253%) = 23 (18.8%) 0.2445
Progression 30 (10.9%) 22 (14.3%) 8 (6.6%) 0.4658
Total 92 (33.3%) 61 (39.6%) 31 (25.4%) 0.2490

NRM, non-relapse mortality.
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Parameter

Peak value of EBV-DNA-
emia (copies/mL)

<10° >10°

csEBV-DNA-emia 79 51 (64.6%) 28 (35.4%)
EBV-PTLD 24 | 3/51 (5.9%) 21/28 (75.0%) <0.0001
EBV-attributed death = 7 2/51 (3.9%) 5/28 (17.8%) 0.0940

N, number of patients.
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Parameter

Sex

Age at transplant

Diagnosis

Remission status at transplant*

Type of donor

Cell source

Conditioning

T-depletion in vivo

GVHD prophylaxis

EBV serostatus

Donor EBV IgG

Recipient EBV IgG

aGvHD

<GvHD
(176 pts evaluable)

Female 105 (38.0%) 56 (36.4%) 49 (40.2%)
Male 171 (62.0%) 98 (63.6%) 83 (59.9%)
<10 years 139 (50.4%) 68 (44.2%) 71 (58.2%)
210 years 137 (49.6%) 86 (55.8%) 51 (41.8%)
Median, min-max 9.9 (0.3-22.0) 10.8 (0.3-22) 8.0 (0.7-19.8)
Malignant: acute leukemias and MDS (74.2%), s 125 (81.1%) 100 (82.0%)
other malignant (6.0%)
Non-malignant: SAA/BMF (12.3%), IEI (7.5%) 51 29 (18.9%) 22 (18.0%)
CR1 157 (56.9%) 85 (55.2%) 72 (59.0%)
>CR1 119 (43.1%) 69 (44.8%) 50 (41.0%)
MUD 195 (70.6%) 98 (63.6%) 97 (79.6%)
MEFD 67 (24.3%) 45 (29.2%) 22 (18.0%)
MMUD 9 (3.3%) 8 (5.2%) 1(0.8%)
HAPLO 5 (1.8%) 3 (2.0%) 2 (1.6%)
Peripheral blood 178 (64.5%) 93 (60.3%) 85 (69.7%)
Bone marrow 95 (34.4%) 58 (37.7%) 37 (30.3%)
Cord blood 3 (1.1%) 3 (2.0%) 0
MAC 163 (59.1%) 95 (61.7%) 68 (55.7%)
RIC 113 (40.9%) 59 (38.3%) 54 (44.3%)
TBI 46 (16.7%) 28 (18.2%) 16 (13.1%)
ATG 212 (76.8%) 105 (68.2%) 107 (87.7%)
Alemtuzumab 11 (4.0%) 11 (7.1%) 0
CsA-based 267 (96.8%) 148 (96.1%) 120 (98.4%)
PTCy 4 (1.4%) 0 4(33%)
R-/D- 3 (1.1%) 1 (0.6%) 2 (1.6%)
R-/D+ 14 (5.1%) 8 (5.2%) 6 (4.9%)
R+/D- 20 (7.2%) 10 (6.5%) 0 (8.2%)
R+/D+ 181 (65.6%) 77 (50.0%) 104 (85.2%)
ND 58 (21.0%) 58 (37.6%) 0 (0%)
positive 212 (76.8%) 102 (66.2%) 110 (90.2%)
negative 23 (8.3%) 11 (7.1%) 12 (9.8%)
ND 41 (14.9%) 41 (26.7%) 0
positive 208 (75.4%) 94 (61.1%) 114 (93.4%)
negative 21 (7.6%) 13 (8.4%) 8 (6.6%)
ND 47 (17%) 47 (30.5%) 0
Yes 96 (34.8%) 59 (38.3%) 37 (30.3%)
Yes 10 (145%) 30 (19.5%) 10 (8.2%)

0.894

0.028

0.007

0.865

0.524

0.016

0.163

0.318

0.253

<0.001

0.004

0.267

0.235

0.979

0.215

0.166

0.013

* non-malignant diseases were classified as CR1; ND, no data; SAA, severe aplastic anemia; BMF, bone marrow failure; IEL, inborn errors of immunity; CR, complete remission; MFD, matched
family donor; MUD, matched unrelated donor; MMUD, mismatched unrelated donor; HAPLO, haploidentical donor; MAC, myeloablative conditioning; RIC, reduced intensity of conditioning;
TBI, total body irradiation; ATG, anti0thymocyte globulin; CsA, cyclosporin A; PTCy, post-transplant cyclophosphamide; GVHD, graft-versus-host disease; aGVHD, acute GvHD; cGvHD,
chronic GHD; R, recipient; D, donor; ND, not done.
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Prophylaxis with rituximab

Parameter
Yes (n=122) No (n=154)
Yes 79 22 (18.0%) 57 (37.0%)
¢sEBV-DNA-emia 0.0005
No 197 100 (82.0%) 97 (63.0%)
Yes 24 4(3.3%) 20 (13.0%)
EBV-PTLD 0.0045
No 252 118 (96.7%) 134 (87.0%)
Day of neutrophil recovery (median; IQR) 6 (13-22) 16 (13-23) 0.525
Day of platelet recovery (median; IQR) 19 (15-26) 18 (14-27) 0.317
Rejection/graft failure 2/122 3/154 0.841
CMYV infection (N) up to day +180 54 (44.3%) 56 (35.4%) 0.183
Invasive fungal disease (N) up to day +180 34 (27.9%) 41 (26.6%) 0.817
‘ On hematological recovery:
1gG g/L (median; IQR) 47 (25-13.1) 4.8 (23-14.6) 0.536
TgA g/L (median; IQR) 0.35 (0.12-3.22) 0.37 (0.11-1.82) 0.413
TgM g/L (median; TQR) 0.37 (0.10-3.04) 0.33 (0.12-2.17) 0.680
‘ On day +100:
1gG g/L (median; IQR) 45 (3.7-10.8) 4.8 (3.1-12.5) 0.704
IgA g/L (median; IQR) 0.33 (0.06-3.36) 0.37 (0.09-2.65) 0.542
TgM g/L (median; TQR) 0.28 (0.14-3.12) 0.31 (0.07-2.93) 0.529
‘ On day +180:
1gG g/L (median; IQR) 4.1 (23-11.3) 42 (2.8-14.4) 0.603
IgA g/L (median; IQR) 0.29 (0.12-2.32) 0.35 (0.09-1.56) 0.819
TgM g/L (median; TQR) 0.30 (0.12-2.55) 0.33 (0.08-1.68) 0.758
CD19+ count >0.2x10°/L on day +180 31/58 (53.4%) 23/65 (35.4%) 0.043

(among available patients)

N, number of patients.





