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                                                            Epstein-Barr virus (EBV)-associated lymphoproliferative disease is a serious complication of immunosuppression, particularly after transplantation. Treatment by reduction of immunosuppression risks graft loss after solid organ transplantation (SOT) and only 25-50% of patients respond.21 After hematopoietic stem cell transplantation (HSCT), it risks exacerbating graft-versus-host disease (GvHD) and by itself is usually ineffective, although it does represent a prerequisite for other therapies to be successful.63 Administration of rituximab can be efficacious as a monotherapy when used pre-emptively in response to rising EBV plasma titers or limited disease.76 In more advanced or refractory cases, it can be combined with chemotherapy.108 However, some patients fail to respond or are unsuitable for chemotherapy, and so are candidates for less toxic adoptive cellular therapy.11 Most experience has been gained using cytotoxic T-cell lines (CTL) stimulated by EBV transformed B-lymphoblastoid cell lines.11 Autologous- or donor-derived cells are difficult to prepare in appropriate time frames and so difficult to use in the clinic. However, using third-party donors, cryopreserved cells can be banked for rapid issue. Our bank of EBV specific CTL was licensed in 201112 and here we describe some successful outcomes for this difficult to treat group of patients.
When an enquiry is received (https://nhsnss.org/services/blood-tissues-and-cells/clinical-services/cytotoxic-t-cell-therapy/cytotoxic-t-cell-therapy-resources-for-clinicians/), details required include human leukocyte antigen (HLA) -A, -B, -C, -DRB1 and -DQB1 types of patient and donor. No locus is preferentially matched, although CTL with matches at both HLA class I and II are preferred. If a patient has an anti-HLA antibody specific to a CTL, it is excluded. Cells sufficient for four doses of 1-2×10/kg body weight are shipped in nitrogen cryostorage for a course of four infusions given at weekly intervals. Cells are supplied on a non-profit making, cost-recovery basis (£12,500 per patient).
Data were collected with informed written consent from each patient and institutional approval from the Scottish National Blood Transfusion Service (SNBTS) Clinical Governance and Safety Committee. Complete responses (CR) were defined as disappearance of tumor masses or other disease manifestations, partial responses (PR) if tumors decreased in size or some disappeared while others remained, and no response (NR) when tumor masses remained the same or increased in size. Survival rates were calculated by non-parametric Kaplan-Meier analyses. Fisher exact tests were used to test whether ordinal characteristics were associated with response rates. χ trend tests were used for continuous variables. P-values are two-sided unless otherwise stated.
By the end of 2017, 132 HLA matching requests had been processed and 61 allocation reviews completed. There were a median of three class I matches (range, 0-6), two class II matches (range, 0-4) and 4.5 class I+II matches (range, 0-9). For CTL issued, there were a median of three class I matches (range, 1-6), two class II matches (range, 0-4), and five class I+II matches (range, 2-9) (Online Supplementary Figure S1). Cells were issued on 69 occasions: three patients were not infused (two died before treatment and one issue held as post-transplant reserve treatment). Two patients received a second course from different donors. Thus 64 patients received cells. Of the 59 recipients with over six months follow up, 34 (58%) were male and 25 (42%) female. Median age was 31 years (range, 1-82). Forty-eight patients had received transplants, 28 HSCT, and 20 SOT. All HSCT patients had received transplants from unrelated donors. SOT types were kidney (n=10), liver (n=3), heart (n=2), bowel (n=1), liver, small bowel and pancreas (n=1), liver and kidney (n=1), kidney and pancreas (n=1), heart and kidney (n=1). Of eleven non-transplant patients, five had congenital immunodeficiencies and four were receiving immunosuppressive drugs (2 for acute lymphoblastic leukemia, 1 each for Crohn disease and systemic lupus erythematosus). One patient had EBV-positive natural killer/T-cell lymphoma and one diffuse large B-cell lymphoma of the elderly.
Cells were infused in 14 UK cities and six other countries. Although CTL were available within days, median time from first contact to issue was 18 days (range, 1-298). The most common reason for delay was obtaining funding. All patients had reduction of immunosuppression if possible. All patients had received prior rituximab and 18 had received additional chemotherapy. Thus CTL were mainly used for patients whose disease was refractory to reduction of immunosuppression and rituximab infusions, most often for patients not considered fit enough for any or additional cytotoxic chemotherapy.
Responses were observed in 35 of 59 (59%) patients: 23 (39%) CR and 12 (20%) PR. Of patients attaining complete remission, 19 of 23 were alive at the time of census, with four dying of other causes (2 infection and 2 relapsed primary disease) (Figure 1A). Of 12 patients achieving PR, four were alive at the time of census, all of whom received other forms of treatment after CTL infusions (chemotherapy, chemotherapy and excision, radiotherapy, chemotherapy including peripheral blood stem cell transplant). No clinical responses were observed in 24 of 59 (41%) patients, none of whom survived for more than three months. The condition of these patients had been very poor, with most dying before the schedule of the four infusions could be completed. Only nine received all four infusions, four received three, seven received two, and four patients received only a single infusion.
[image: ]

Figure 1.Kaplan-Meier survival curves and response rates by number of HLA matches. Kaplan-Meier survival curves plotted against time from end of infusions. (A) Data from all 59 patients. (B) Data split by non-transplant, solid organ transplant and hematopoietic stem cell transplant. No deaths after one year of infusion were ascribable directly to post-transplant lymphoproliferative disease (PTLD). (C) The proportion of patients exhibiting a clinical response, either complete response (CR) or partial response (PR), are plotted against number of HLA matches achieved.
Outcomes from the non-transplant group were promising, with 64% response and 54% survival rates (Table 1 and Figure 1B). Responses were seen in three of the five with congenital deficiencies and CTL were used as a bridge to a successful HSCT. The response and survival rates of patients with post-transplant lymphoproliferative disease (PTLD) after solid organ transplantation were also good (75% and 60%, respectively); these are consistent with previous series13 and support the use of CTL in the treatment of rituximab resistant disease in this context.
[image: ]

Table 1.Response and survival rates by cause of immunosuppression.
However, the corresponding rates (46 and 18%, respectively) from HSCT patients were worse than previously reported (Table 1 and Figure 1B).14 The lower response rate probably reflects the poor clinical status of many of the patients, with many dying before the infusions had been completed. The lower survival rate also probably reflects the propensity of such patients to die of causes other than PTLD. Uhlin et al.5 reported that the survival of patients with PTLD after HSCT is poor despite initial successful treatment, with 3-year survival rate 20% versus 62% without PTLD. Patients with bulky disease also fared poorly, indicating a high ratio of cytotoxic to target cells is important. It is thus of interest that excellent results have been reported using CTL as consolidation.15 There were no statistically significant differences in response rates when split by cause of immunosuppression (Fishers exact test, P=0.13) (Table 1). However, survival rates were significantly higher in patients who had not had a transplant or after undergoing SOT versus HSCT (log rank, P=0.007) (Table 1).
Several clinical risk factors (sex, age, number of involved sites, extranodal disease) were investigated for prognostic significance, but no statistically significant differences were seen (Online Supplementary Table S1). However, a relatively high proportion (24 of 59, 41%), of patients had disease in their central nervous system (CNS), perhaps because of poor rituximab penetration. Overall, their response rate was 67% and survival at census was 50%, better than those without CNS disease (54% and 31%, respectively) (Table 2). Outcomes were particularly good for the 13 with solitary lesions, 12 of whom (92%) responded, and ten (77%) were alive at the time of census (Fisher exact test, P=0.012). In contrast, five patients with multiple CNS lesions yielded only one CR (still alive at the time of census) and one PR. All three patients with diffuse CNS disease, two of whom also involved other organs, fared badly, with no responses and no survivors. An additional three with PTLD in other organs yielded two responses but only one was still alive at time of census.
[image: ]

Table 2.Response rates in PTLD by clinical prognostic factors
Three patients had less conventional histology (Burkitt lymphoma, leiomyoma, natural killer cell); the outcomes from these patients was poor (PR, PR, NR, respectively) and all died.
Higher numbers of HLA matches were associated with better response rates (Figure 1C and Online Supplementary Table S2). Regarded as associations without prior mechanistic knowledge, these correlations failed to reach statistical significance (Fisher exact test, P=0.4). However, testing whether an increased number of matches results in the expected increase in response rates, using a one-tailed linear-by-linear association test, yields a P-value of 0.043, with an effect of similar magnitude to previous reports.13 Doubrovina et al. reported elegant mechanistic data on the importance of appropriately HLA-matching third-party-derived CTL.14 Overall, it seems likely that there is an association, but its impact could be lessened because of other factors.
Cytotoxic T-cell lines were well tolerated with only two cases of mild cutaneous GvHD observed and a temporary worsening of neurological symptoms, thought to represent a tumor flare in a patient who responded.
In summary, we report outcomes from the use of third-party-derived, EBV-specific CTL, mainly used to treat patients with immunosuppression-associated lymphoproliferative disease who had failed conventional treatments or were too ill to tolerate chemotherapy. These data support the use of T cells in this difficult to treat group of patients, although results from their use after HSCT are a cause for concern and their use requires further optimization. Although the cost of these CTL compares favorably with other cellular therapy products, uptake from most European countries has been limited.
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