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Abstract

Primary central nervous system post-transplant lymphoproliferative disorders (PCNS-PTLD) are rare complications of transplantation. Due to 
PCNS-PTLD’s scarcity, optimal treatments, risk factors, and outcomes are poorly characterized. By retrospective analysis of 20 patients treated 
at the University of Wisconsin between the years 2000–2022, we aimed to describe patient/disease characteristics, therapies received, and 
survival outcomes of PCNS-PTLD. Three separate clinical and pathological databases were reviewed to identify cases, with all patients having 
at least 2 years of long-term follow-up. Kaplan Meier survival curves were generated for cohorts treated from 2000–2010 (Cohort 1) and 2011–
2022 (Cohort 2), with univariate and multivariable analysis performed for baseline variables associated with progression-free (PFS) and overall 
survival (OS). The median PFS was 59.2 months (95% confidence interval [CI], 36.0–78.9 months) and the median OS was 71.2 months (95% CI, 
47.6–91.6 months). Univariate analysis of patient sex, age, time to PTLD diagnosis, transplant type, transplant indication, time to treatment, 
therapy type, and baseline lactate dehydrogenase (LDH) showed that only lower LDH was associated with improved PFS (p=0.008) and OS 
(p=0.008). Over 2 decades, treatment practices had dramatically shifted from the frequent use of high-dose/intrathecal methotrexate and 
whole brain radiation in 75% of patients in Cohort 1, to use of first-line rituximab in 83% of patients in Cohort 2. Despite these key changes, 
there was no significant difference in OS or PFS between decades. Our findings support the use of less toxic therapies such as rituximab for 
PCNS-PTLD and encourage further investigation to optimize therapeutic approaches. 
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Introduction

Post-transplant lymphoproliferative disorders (PTLD) include 
a wide spectrum of diseases involving lymphoid proliferations 
in the setting of a solid organ or allogeneic hematopoietic 
stem cell transplant [1–4]. While extra-nodal presentation 
of PTLD is common, primary central nervous system PTLD 
(PCNS-PTLD) is a distinct entity involving the abnormal 
expansion of a lymphoproliferative population within the CNS 
without evidence of systemic PTLD [1,5–9]. Because PCNS-
PTLD is a relatively rare complication of transplantation, its 
understanding is limited to case reports and retrospective 
case series without any unifying treatment guidelines [5–9].

The development of PTLD is predominantly associated 
with immunosuppressive therapy and Epstein-Barr Virus 
(EBV)-driven lymphoproliferation [10,11]. In EBV-associated 
PTLD, it is believed the impaired T-cell surveillance from 
immunosuppressive therapies enables EBV-transformed 
B-cells to undergo proliferation and expansion [12]. In contrast, 
the pathogenesis of EBV-negative PTLD is less clearly defined. 
Nevertheless, genomic profiling has identified key differences 
between EBV-positive and EBV-negative PTLD, with EBV-
negative disease sharing more common clinical and biological 
characteristic to de novo lymphomas of immunocompetent 
patients [13].

As PTLD is likely driven by immunosuppression, treatment 
options generally include reduction of immunosuppression 
in addition to cytotoxic chemotherapy, monoclonal antibody 
therapy, and/or radiation therapy. Given the limited therapies 
that adequately penetrate the blood-brain barrier (BBB) 
with activity in lymphoproliferative disease, the treatment 
approaches for PCNS-PTLD have historically been similar to 
that of primary CNS lymphoma [6, 8,14–20]. Overall, treatment 
responses in PCNS-PTLD have been reported to be largely 
variable, with mortality rates of approximately 60% [6,8,20]. 

In 2013, our group published a case series of 10 patients 
with PCNS-PTLD [9]. Over the last 10 years, we hypothesized 
that additional cases of PCNS-PTLD diagnosed and treated 
within the University of Wisconsin (UW) system could provide 
additional insight into optimal treatments and modern 
outcomes of this disease. Our primary aim was to provide 
descriptive information on patient characteristics and 
therapies administered, with additional comparisons made 
between patient cohorts diagnosed and treated from 2000–
2010 and 2011–2022. The time-derived cohort comparison 
was primarily based on the initial decade of observational 

data from this institution’s previously published experience 
in PCNS-PTLD [9], and not based on a defined practice or 
guideline shift from 2010 to 2011. 

Methods 

Data collection and inclusion criteria

Cases of PCNS-PTLD were identified at UW from 1/1/2000 
through 1/1/2022 utilizing three separate clinical, transplant, 
and pathology databases. Institutional Review Board approval 
was obtained for this investigation. Patients aged ≥18 years 
who had received a solid organ transplant and subsequent 
diagnosis of PCNS-PTLD were eligible for inclusion. Patients 
were excluded if any additional systemic sites of lymphoma 
were identified, if treatment was not administered at UW, or 
if ≥2 years of follow-up data was not available. Once patients 
were identified, patient and disease characteristics were 
collected by manual chart review. 

Statistical analyses

To determine statistical significance, due to the small 
sample size, Fisher’s Exact test was used for all categorical 
outcomes and Student’s t-test was used for all continuous 
outcomes.  To evaluate survival outcomes, we conducted a 
Kaplan-Meier survival analysis to estimate overall survival 
(OS) and/or progression-free survival (PFS) rates. The Kaplan-
Meier survival curves were generated to visualize survival 
distributions. Median survival times and survival probabilities 
at specific time points were calculated along with their 95% 
confidence intervals (CIs). Differences between survival 
curves were assessed using the log-rank test, a statistical 
test to compare the equality of survival distributions across 
groups. Multivariable survival analysis was performed using 
proportional hazard regression to analyze the effect of Eastern 
Cooperative Oncology Group (ECOG) performance status, 
lactate dehydrogenase (LDH), and age at diagnosis with time 
from diagnosis to death or last visit as a response variable .

Results

Patient characteristics

Twenty cases of PCNS-PTLD were identified with key 
characteristics presented in Table 1. The median age 
at transplant was 47 years (range, 23–66 years). Twelve 
patients were women and 8 were men. Twelve patients were 
Caucasian, 3 Black or African American, 2 Hispanic, 2 Native 
American/Alaskan, and 1 Asian. The majority had undergone 

Abbreviations: ABTCR: Antibody-like T-cell Receptor; BBB: Blood-Brain Barrier; CI: Confidence Interval; CSF: Cerebrospinal Fluid; EBER: 
EBV-Encoded RNA; EBV: Epstein-Barr Virus; ECOG: Eastern Cooperative Oncology Group; HD-MTX: High-Dose Methotrexate; IT-MTX: 
Intrathecal Methotrexate; LDH: Lactate Dehydrogenase; OS: Overall Survival; PCNSL: Primary Central Nervous System Lymphoma; PCNS-
PTLD: Primary Central Nervous System Post-Transplant Lymphoproliferative Disorder; PFS: Progression-Free Survival; PTLD: Post-Transplant 
Lymphoproliferative Disorder; ROC: Receiver Operator Characteristic; TCR: T-cell Receptor; UW: University of Wisconsin; WBRT: Whole-Brain 
Radiotherapy
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solitary kidney transplant (12), with 7 having kidney/pancreas 
and 1 having liver transplant. The most common indications 
for transplant were type I/II diabetes (9), focal segmental 
glomerulosclerosis (5), hypertensive nephropathy (3) and IgA 
nephropathy (3). 

Disease features at diagnosis

The median age at diagnosis of PCNS-PTLD was 57 years (range, 
27–69 years) with a median time from transplant to diagnosis 
of 74 months (range, 9–364 months). At diagnosis, all patients 

had parenchymal brain lesions and 4 had leptomeningeal 
involvement. All diagnostic brain biopsies were positive 
for EBV-encoded RNA (EBER) via immunostaining. Of the 11 
patients who had cytology performed on cerebrospinal fluid 
(CSF) at the time of PTLD diagnosis, only one sample was 
positive by flow cytometry. EBV viremia was detectable in 47% 
of patients (8 of 17 patients) at diagnosis. LDH was elevated 
(>200 U/L) in 42% of patients (8 of 19 patients) at the time of 
PTLD diagnosis. ECOG performance status was available on all 
patients at diagnosis. 

Table 1. Patient and disease characteristics.

All Patients (n=20) Cohort 1 (1/1/2000–
1/1/2011) (n=8)

Cohort 2 (1/2/2011–
1/1/2022) (n=12)

P-value

Sex (n) 0.373

Male 12 6 (75%) 6 (50%)

Female 8 2 (25%) 6 (50%)

Median Age at Transplant (years) 47 (range 23-66) 42 (range 23-56) 48 (range 25-66) 0.695

Race (n) 0.620

Caucasian 12 6 (75%) 6 (50%)

Black 3 1 (13%) 2 (17%)

Hispanic 2 1 (13%) 1 (8%)

Native American/Alaskan 2 0 (0%) 2 (17%)

Asian 1 0 (0%) 1 (8%)

Median ECOG Performance Status 3 2 3 0.107

Type of Transplant (n) 0.461

Kidney 12 6 (75%) 6 (50%)

Kidney/pancreas 7 2 (25%) 5 (42%)

Liver 1 0 (0%) 1 (8%)

Indication for Transplant (n) 0.647

Type I/II Diabetes Mellitus 9 3 (38%) 6 (50%)

Focal Segmental Glomerulosclerosis 5 3 (38%) 2 (17%)

Hypertensive Nephropathy 3 2 (25%) 1 (8%)

IgA Nephropathy 3 1 (13%) 2 (17%)

NASH Cirrhosis 1 0 (0%) 1 (8%)

Median Age at Diagnosis (years) 57 (range 27–69) 46 (range 42–67) 62 (range 27–69) 0.179

Median Time from Transplant to Diagnosis 
(months)

74 (range 9–364) 53 (range 21–244) 114 (range 9–364) 0.261

Disease Characteristics at Diagnosis (n)

Leptomeningeal involvement 4 3 (38%) 1 (8%) 0.255

CSF-positive Cytology 1 1 (20%) 0 (0%) 0.400

EBV Viremia 8 4 (57%) 4 (40%) 0.161

LDH 200 U/L 8 2 (25%) 6 (55%) 0.373

Abbreviations: NASH: Non-Alcoholic Steatohepatitis; CSF: Cerebrospinal Fluid; EBV: Epstein-Barr Virus; LDH: Lactate Dehydrogenase.
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Treatment modalities

Subtotal resection of brain lesions was performed in 5 patients. 
All patients underwent reduction of immune suppression 
at the time of PTLD diagnosis. Eleven patients received ≥2 
lines of therapy; 5 received ≥3 lines and 7 received ≥4 lines. 
All patients had received rituximab as ≥1 line of systemic 
therapy, with 11 patients receiving rituximab as their only line 
of therapy, and 4 patients receiving ≥2 courses of rituximab. 
High-dose methotrexate (HD-MTX) was administered to 
4 patients and whole brain radiation therapy (WBRT) to 8 
patients. Other therapies included intrathecal methotrexate 

(IT-MTX) (4), intravenous HD-MTX (4), temozolomide (2), 
procarbazine chemotherapy (1), and ibrutinib (1).

Survival outcomes for all patients

The median OS was 71.2 months (95% CI, 47.6–91.6 months). 
OS was analyzed with respect to the categorical variables of 
the type of transplant, the indication for transplant, race, date 
of treatment (before versus after 1/1/2011), leptomeningeal 
involvement, resection at diagnosis, and treatment with HD-
MTX, IT-MTX, or WBRT (Table 2). The median PFS was 59.2 
months (95% CI, 36.0–78.9 months). No categorical variables 

Table 2. Univariate analysis for overall survival.

Variable Sub-type n Percentage P-value Hazard Ratio 95% CI

Gender Male 8 40% 0.129 2.455 0.771–7.824

Female 12 60% 0.407 0.164–2.076

Race White 11 55% 0.585 1.372 0.442–4.257

Black or African American 3 15% 0.372 1.555 0.263–9.210

Hispanic 3 15% 0.923 1.113 0.128–9.647

Asian 1 5% 0.364 0.336 0.032–3.551

American Indian or Native Alaskan 2 10% 0.447 0.579 0.116–2.878

Type of Transplant Kidney 12 60% 0.284 0.524 0.161–1.707

Pancreas/Kidney 7 35% 0.616 1.353 0.415–4.417

Liver 1 5% 0.505 2.899 0.127–66.26

Indication for Transplant T1DM/T2DM 10 50% 0.906 1.069 0.353–3.244

FSGS 4 25% 0.319 2.033 0.504–8.206

Hypertensive Nephropathy 3 15% 0.646 1.508 0.262–8.691

IgA Nephropathy 2 10% 0.093 0.264 0.056–1.249

NASH Cirrhosis 1 5% 0.232 0.307 0.044–2.127

Age at Diagnosis of PTLD 65 16 80% 0.178 0.359 0.081–1.596

65 4 20% 2.788 0.626–12.41

ECOG at Diagnosis of PTLD 0-2 9 45% 0.070 0.359 0.118–1.089

2-4 11 55% 2.785 0.918–8.446

Leptomeningeal Disease 4 20% 0.602 1.494 0.330–6.768

Elevated LDH 8 42% 0.008 8.980 2.431–33.17

EBV Viremia 8 47% 0.963 1.029 0.303–3.498

Decade of Diagnosis of PTLD 2000-2010 8 40% 0.171 2.567 0.667–9.902

2011-2020 12 60% 0.390 0.1.01–1.502

Treatment Modality Surgical Resection 5 25% 0.709 1.272 0.360–4.493

IT Methotrexate 4 20% 0.651 1.026 0.329–5.929

HD Methotrexate 4 20% 0.598 0.692 0.176–2.723

WBRT 8 40% 0.808 1.147 0.378–3.487

First-line Rituximab 14 70% 0.518 0.676 0.206–2.217

Abbreviations: T1DM: Type-1 Diabetes Mellitus; T2DM: Type-2 Diabetes Mellitus; FSGS: Focal Segmental Glomerulosclerosis; NASH: Non-
Alcoholic Steatohepatitis; ECOG: Eastern Cooperative Oncology Group; LDH: Lactate Dehydrogenase; EBV: Epstein-Barr Virus.
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were predictive of worsened PFS by multivariable analysis. 
Evaluation of continuous variables of age at diagnosis, age 
at transplant, months from transplant to diagnosis, time 
to treatment from diagnosis, number of lines of therapy, 
and baseline LDH showed that only lower baseline LDH 
(median 206 U/L) was predictive of improved PFS between 
progressors versus those in continuous remission (PFS of 
97.9 months [95% CI, 57.4–140.6] vs. 7.2 months [95% CI, 
-22.0–32.2]; p=0.008). This finding was preserved with OS as 
well (OS of 97.9 months [95% CI, 57.4–140.6] vs. 7.3 months 
[95% CI, -21.9–30.9]; p=0.008) (Figure 2). Receiver operator 
characteristic (ROC) analysis of LDH, identified the optimal 
LDH cutoff value as 238 U/L to predict death, with sensitivity 
of 83% and specificity of 71.5%. Thirteen deaths occurred 
including 3 from PTLD, 3 from infections, 1 from methotrexate 
toxicity, and 6 from other causes.

Comparing treatment trends across decades

Outcomes were evaluated for the overall population and by 
decade of treatment, with Cohort 1 (n=8) including patients 
diagnosed from 1/1/2000–1/1/2011, and Cohort 2 including 
patients diagnosed from 1/2/2011–1/1/2022 (n=13) (Table 
3). In comparing non-normally distributed data, distribution 
is reported by median (first quartile-third quartile) rather 
than 95% CI. Median (first-quartile-third quartile) age at 
diagnosis was younger in Cohort 1 (46 years, 42.5–56) versus 
Cohort 2 (62 years, 52.5–66), p=0.179. The median time from 
transplantation to the diagnosis of PCNS-PTLD (first quartile-
third quartile) was 53 months (27–105) versus 114 months 
(49–191) for Cohort 1 and Cohort 2, respectively (p=0.261). 
Other characteristics at diagnosis were similar between the 
groups. 

Figure 1. Progression-free and overall survival of all patients.

Figure 2. Overall survival of patients with normal versus elevated LDH at the time of diagnosis.
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There were notable treatment differences between Cohort 1 
and 2 (Table 1). First-line rituximab was given to 4/8 (50%) of 
patients in Cohort 1 and 10/12 (83%) of patients in Cohort 2. 
HD-MTX was given to 3 patients (38%) in Cohort 1 versus 1 
patient (8%) in Cohort 2. Similarly, 38% of patients received 
IT-MTX in Cohort 1 compared to 9% in Cohort 2. WBRT was 
utilized more often in Cohort 1 (75%) compared with Cohort 2 
(17%). PFS and OS outcomes were similar between the cohorts 
regardless of treatment modality (Table 1). Median PFS was 
59.2 months (95% CI, 24.4–86.7) for Cohort 1 and 71.2 months 
(95% CI, 40.6–99.2) for Cohort 2 (p=0.967) (Figure 3). The 
median OS was 70.1 months (95% CI, 35.3–97.6) for Cohort 1 
and 71.2 months (95% CI, 40.6–98.8) for Cohort 2 (p=0.636). 

Discussion

Central nervous system involvement of PTLD has been 
reported in up to 13% of all PTLD cases and is associated with 
inferior survival compared with systemic PTLD involvement 
[21]. Long-term survival in PCNS-PTLD has been reported in 
43% of patients [8] as compared with an OS of >70% in all 
patients with PTLD, including those with systemic disease 
[22]. Given the relative rarity of PCNS-PTLD, prospective data 
are lacking regarding optimal therapy and have largely been 
extrapolated from treatment approaches in systemic PTLD, 
primary CNS lymphoma in immunocompetent patients, and 

therapeutic outcomes for PCNS-PTLD reported in case series.

Although there is a lack of clear consensus on management 
of PCNS-PTLD, there has been careful reconsideration 
as to whether front-line management should so closely 
mimic treatment approaches for PCNS lymphoma in the 
immunocompetent population with therapies such as HD-
MTX chemotherapy and WBRT. Additionally, a conclusion of 
the International Primary Central Nervous System Lymphoma 
Collaborative Group Report in 2010 was that “an aggressive 
approach to tissue confirmation of diagnosis and treatment 
[of PCNS-PTLD] with chemotherapy or radiotherapy should 
be strongly considered” [20]. However, the publication of the 
phase II PTLD-1 trial in systemic PTLD showed benefit with 
a risk- stratified approach of initial rituximab monotherapy 
followed by escalation to chemoimmunotherapy based on 
response [23]. As such, it is possible that such a risk-adapted 
approach could also be applied to PCNS-PTLD. Based on these 
evolving trends in systemic PTLD, our institutional practice 
over the last decade has been close evaluation of response to 
reduction of immunosuppression and rituximab monotherapy 
before determining if additional systemic chemotherapy or 
radiotherapy is indicated in patients who are clinically stable 
without progressive neurologic deficits. This institutional trend in 
management of PCNS-PTLD is the basis for comparing treatment 
approaches and patient outcomes over the last 20 years. 

Table 3. Comparison of treatment practices between decades.

Treatment Modality Cohort 1
(1/1/2000–1/1/2011) (n) (N=8)

Cohort 2
(1/2/2011–1/1/2022) (n) (N=12)

P-value

First-line Rituximab 4 (50%) 10 (83%) 0.161

HD Methotrexate 3 (38%) 1 (8%) 0.255

IT Methotrexate 3 (38%) 1 (8%) 0.255

WBRT 6 (75%) 2 (17%) 0.054

Surgical Resection 1 (13%) 4 (33%) 0.603

Abbreviations: HD: High-Dose; IT: Intrathecal; WBRT: Whole Brain Radiation Therapy

Figure 3. Overall survival and progression-free survival compared between decades.
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The mechanism of rituximab activity in PCNS-PTLD is 
somewhat unclear, as the large molecular size of rituximab limits 
penetration of the BBB, and measurable CSF levels of rituximab 
are typically less than 1 to 2% of serum levels [24]. Some data 
have demonstrated that CSF penetration may increase to 
3–4% of serum levels with leptomeningeal involvement by 
lymphoma [25]. In the setting of active CNS lymphoma/PTLD, 
it may be that disruption of the BBB at presentation may allow 
increased rituximab perfusion into CSF, which historically has 
been the rationale for early intensified dosing of rituximab in 
induction therapy for primary CNS lymphoma (PCNSL) before 
hypothesized reconstitution of the BBB [26]. However, in the 
PCNSL literature, there is debate about the additive benefit 
of rituximab, with data both supporting and negating the 
benefit of rituximab [26]. There may be properties with PCNS-
PTLD that are unique to this disease entity compared with 
PCNSL in an immunocompetent population, including that 
immune reconstitution with reduction in immune suppression 
may be contributing to the observed benefit post-rituximab. 
This combination of increased rituximab penetration past 
a disrupted BBB and simultaneous immune reconstitution 
with reduction of immunosuppression may have concurrent 
contributing roles in the mechanism of rituximab activity in 
PCNS-PTLD. 

The median time from transplantation to diagnosis of PCNS-
PTLD tends to be a more prolonged interval than the that of 
systemic PTLD [8,9]. The highest incidence of systemic PTLD is 
reported in the first year following transplantation as opposed 
to the longer average reported intervals of transplant to 
PCNS-PTLD diagnosis of 43–54 months [27,28]. Interestingly, 
the reported rates of time to PCNS-PTLD more closely parallels 
the observed interval in our earlier cohort compared with our 
more modern cohort. It is possible that other factors including 
changes in immunosuppressive conditioning regimens pre-
transplant could be contributing to this observation. 

While groups investigating systemic PTLD have identified 
key variables such as sex, age at diagnosis, PTLD sub-type, 
extra-nodal site, and allograft type as significant prognostic 
factors [29–32], these have not been consistently reported 
in outcomes for PCNS-PTLD. In a multicenter retrospective 
analysis of 84 cases of PCNS-PTLD published in 2013, Evens 
et al. reported increased LDH as a predictor of inferior OS, and 
poor performance status as a predictor of inferior PFS [8]. In 
concordance with other reports of systemic PTLD [32,33], we 
also observed that an elevated LDH at the time of diagnosis 
was predictive of a shorter OS. We also observed a trend to 
significance of ECOG scores of 0–2 versus 3–4 for inferior 
PFS (p=0.068) and OS (p=0.070), but these results were not 
statistically significant. Multivariable survival analysis using 
proportional hazard regression model was also performed 
with time from diagnosis to death or last visit as a response 
variable and grouped ECOG status and other possible 
confounders as predictors, with similar results obtained for 
ECOG performance status as above.

These data demonstrate that survival outcomes for PCNS-
PTLD in the last 10-15 years have not worsened at our 
institution despite changes in therapeutic management. We 
observed a significant increase in the initial use of rituximab 
monotherapy with more selective application of HD-MTX and 
WBRT, which carry increased risks for short- and long-term 
morbidities. This observation was maintained even with a trend 
towards advanced age at the time of PTLD diagnosis in Cohort 
2 patients. Several phase 2 studies have shown responses 
to rituximab monotherapy in systemic PTLD, and current 
practice is to limit the application of chemoimmunotherapy to 
a more risk-adapted approach in patients who do not achieve 
sufficient response with single-agent rituximab [23,34,35]. 
However, rituximab has been reported to have limited CNS 
penetrance, which has raised questions regarding its efficacy 
as potential monotherapy in PCNS-PTLD [25,36,37]. While 
these data presented from our longitudinal single-institution 
analysis suggests that rituximab monotherapy may be non-
inferior to HD-MTX and WBRT in regards to OS and PFS in 
the setting of PCNS-PTLD after solid organ transplantation, 
additional studies are needed to determine the optimal first-
line therapy for PCNS-PTLD.

Limitations of this analysis include the small number of 
patients and the low incidence of PCNS-PTLD. Given the 
length of this study and its retrospective nature, patients 
did not receive a uniform evaluation at the time of PCNS-
PTLD diagnosis, which may underestimate the impact of 
certain disease characteristics on survival outcomes that 
were not initially reported. Given our geography and high-
volume of kidney transplantations, our patients have limited 
representation regarding self-identified race and transplant 
type, both of which may limit this study’s generalizability. 

Next steps in PCNS-PTLD management should include 
incorporation of novel and targeted agents to improve 
outcomes beyond what has been realized with risk-adaptive 
therapy following front-line rituximab. Additional approaches 
such as application of cell-free DNA and circulating tumor 
DNA testing techniques on the CSF, and EBV titer monitoring 
in both the CSF and serum, may also identify patients at risk 
for developing PCNS-PTLD and/or relapse post-rituximab 
therapy. Novel therapies for PCNS-PTLD have been described 
in case reports including intra-thecal rituximab and chimeric 
antigen receptor T-cell (CAR-T) therapy that may serve as 
additional options in patients who fail first-line therapy 
[38,39]. The EBV-specific allogenic T-cell-directed agent 
tabelecleucel has demonstrated clinical benefit in patients 
with relapsed or refractory EBV-positive PTLD in a phase 3 
multicenter, open-label trial or patients with systemic PTLD 
[40]. Based on the activity of CAR T-cell therapy in secondary 
CNS lymphoma observed in B-cell non-Hodgkin lymphomas 
in immunocompetent patients [41], it is possible tabelecleucal 
may ultimately prove to have activity in PCNS-PTLD. Given 
that the overwhelming majority of PCNS-PTLD cases are 
EBV+ [8,9,42], newer therapies directed at EBV, such as 
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T-cell receptor (TCR)-like or antibody-like TCR T-cells (abTCR) 
targeting intracellular viral antigens like LMP2, may provide a 
novel means of targeted therapy in PTLD [43]. Recent studies 
in animal models with AbTCR T-cells targeting HLA-A*02:01-
restricted LMP2 peptides (a typical EBV latency protein) 
found that compared with classic CAR T-cells targeting the 
same epitope, abTCR T-cells were observed to have increased 
efficiency and enhanced cytotoxicity [43].

In conclusion, PCNS-PTLD is a rare yet devastating 
consequence of transplantation that differs from other 
types of PTLD in terms of the potential for morbidity and 
effect on a patient’s functional and cognitive status. By 
contrasting different decades of treatment practices, first-
line rituximab monotherapy may be non-inferior to other 
treatment modalities while avoiding more toxic side-effects 
from chemotherapy. Further work is needed to characterize 
patients at heightened risk of developing PCNS-PTLD, to 
identify patients at high risk for relapse after front-line therapy, 
and to develop optimal treatment strategies incorporating 
newer novel therapies. 
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