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Reduction of immunosuppression combined with whole‑brain 
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Abstract
Post-transplant lymphoproliferative disorders (PTLD) exclusively affecting the central nervous system—primary CNS-PTLD 
(pCNS-PTLD)—are rare. There is no standard therapy, and previous case series have included heterogeneous treatment 
approaches. We performed a retrospective, multi-centre analysis of 14 patients with pCNS-PTLD after solid organ trans-
plantation (SOT) treated in the prospective German PTLD registry with reduction of immunosuppression (RI), whole-brain 
radiotherapy (WBRT), and concurrent systemic rituximab between 2001 and 2018. Twelve of fourteen patients were kidney 
transplant recipients and median age at diagnosis was 65 years. Thirteen of fourteen cases (93%) were monomorphic PTLD 
of the diffuse large B-cell lymphoma type, and 12/13 were EBV-associated. The median dose of WBRT administered was 
40 Gy with a median fraction of 2 Gy. The median number of administered doses of rituximab (375 mg/m2) IV was four. All 
ten patients evaluated responded to treatment (100%). Median OS was 2.5 years with a 2-year Kaplan–Meier estimate of 63% 
(95% confidence interval 30–83%) without any recorded relapses after a median follow-up of 2.6 years. Seven of fourteen 
patients (50%) suffered grade III/IV infections under therapy (fatal in two cases, 14%). During follow-up, imaging demon-
strated grey matter changes interpreted as radiation toxicity in 7/10 evaluated patients (70%). The combination of RI, WBRT, 
and rituximab was an effective yet toxic treatment of pCNS-PTLD in this series of 14 patients. Future treatment approaches 
in pCNS-PTLD should take into account the significant risk of infections as well as radiation-induced neurotoxicity.
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Introduction

Post-transplant lymphoproliferative disorders (PTLD) are 
a rare but serious complication of immunosuppression 
after solid organ transplantation (SOT). PTLD exclusively 
affecting the central nervous system—primary CNS-PTLD 
(pCNS-PTLD)—are a still rarer subgroup epidemiologi-
cally associated with kidney transplantation, the use of 

immunosuppression including the antimetabolite mycophe-
nolate, and a latency of years from transplantation to diagno-
sis [1, 2]. The most common histological subtype is diffuse 
large B-cell lymphoma (DLBCL) [1–3]. Epstein-Barr virus 
(EBV) is one of the major factors in the pathogenesis of 
PTLD [4]. It is detectable in systemic PTLD after SOT in 
about 50% of cases (referred to as EBV-association), most 
of which occur in the first 2 years after transplantation [5, 
6]. In contrast, rates of EBV-association in pCNS-PTLD, 
which occur later after transplantation, are > 90% [1–3, 7]. 
While EBV protein expression is similar to systemic EBV-
associated PTLD (type III latency pattern and lytic tran-
scripts), distinct microRNA profiles have been identified in 
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pCNS-PTLD in comparison with both EBV-associated and 
EBV-negative systemic PTLD [8].

Current treatment of primary CNS lymphoma in the 
immunocompetent is based on the results of randomized 
clinical trials [9, 10] and involves induction with intravenous 
high-dose methotrexate, cytarabine, thiotepa, and rituximab 
IV, followed by consolidation with either high-dose thiotepa-
based chemotherapy and autologous stem cell transplanta-
tion or whole-brain radiotherapy (WBRT) [11]. The use of 
WBRT consolidation remains controversial [11, 12].

Case reports and small retrospective case series are the 
only source of evidence regarding the treatment of pCNS-
PTLD [13, 14]. Treatment modalities range from reduc-
tion of immunosuppression (RI) [15], antiviral therapy [3], 
rituximab monotherapy [16], chemotherapy, and WBRT [1, 
7] to the use of EBV-specific T-cells [17]. In addition, the 
successful use of intrathecal rituximab has been reported in 
children after haematopoietic stem cell transplantation [18, 
19]. However, while there have been reports of successful 
treatment of single cases of pCNS-PTLD with low-intensity 
therapy such as RI only [15] and rituximab monotherapy 
[16], in a larger series, 5/6 patients treated with RI only and 
3/8 treated with rituximab monotherapy progressed [1]. In 
this largest case series published to date (n = 84), treatment 
was highly heterogeneous, but included RI in 93% of patients 
and rituximab and HD methotrexate as the most common 
drug regime. Median OS was reported as 17 months. Cava-
liere et al. reported a median OS of 25.4 months for the 
seven patients (out of a total of 34) in their pCNS-PTLD 
series who had been treated with WBRT ± other modalities 
[7].

Our goal was to evaluate the efficacy and toxicity of RI 
combined with WBRT and concurrent systemic rituximab 
in a cohort of uniformly treated patients reported to the pro-
spective German PTLD registry.

Materials and methods

Study design and patients

The German PTLD registry database identified 42 patients 
with CNS involvement of PTLD, including 29 patients with 
pCNS-PTLD, 3 patients with concurrent systemic and CNS 
disease, and 10 patients with secondary CNS involvement 
as progression or relapse of systemic PTLD. We limited this 
retrospective analysis to 14 patients treated with 1st-line RI, 
WBRT, and concurrent systemic rituximab at eight German 
centres between 2001 and 2018. Five of these patients had 
previously been published as part of a retrospective case 
series including 84 patients with pCNS-PTLD from Europe 
and the USA [1].

In the prospective German PTLD registry, patients are 
reported at diagnosis after informed consent according to the 
Declaration of Helsinki. There is an option to get centralized 
treatment advice. The study group’s treatment recommenda-
tions for pCNS-PTLD between 2001 and 2018 were RI com-
bined with weekly rituximab (375 mg/m2 IV) concurrent to 
WBRT or combined with 2–4 cycles of HD methotrexate 
(2–4 g/m2). The German PTLD registry was approved by 
the appropriate Ethics committees.

Histology and EBV‑association

The diagnosis of PTLD was based on the examination of 
formalin-fixed, paraffin-embedded tissue, obtained either by 
stereotactic biopsy or resection. All diagnostic tissue sam-
ples including conventional histology as well as immunohis-
tochemistry were reviewed by an expert haematopathologist 
and classified according to the criteria of the WHO clas-
sification [20]. An association with EBV was confirmed by 
in situ hybridization for Epstein-Barr virus–encoded small 
RNAs (EBER). Immunohistochemistry for EBV proteins 
(LMP1, EBNA2, and BZLF-1) was performed to determine 
EBV latency if sufficient material was available.

Staging, laboratory investigations, 
and immunosuppression

Disease stage at enrolment was determined through a com-
plete patient history, physical examination, laboratory inves-
tigations (including full blood count, serum lactate dehydro-
genase activity [LDH], renal and liver function tests, and 
immunoglobulin (Ig) subclasses), bone marrow biopsy, cer-
ebrospinal fluid analysis, and computed tomography scans 
of the neck, chest, abdomen, and pelvis. All 14 patients had 
cranial MRI imaging before histological diagnosis. Intrave-
nous contrast was administered in 10/14 patients. Report-
ing was not standardized. EBV viral load measurements 
in blood and cerebrospinal fluid were performed in local 
laboratories. Lymphocyte differentiation by flow cytometry 
was performed at the central laboratory in Kiel or in local 
laboratories. Doses of immunosuppressive drugs were col-
lected as part of the baseline patient documentation. Immu-
nosuppression before the diagnosis of PTLD was defined as 
immunosuppression at the last routine clinic visit before sus-
picion of PTLD; immunosuppression after diagnosis were 
the doses at the start of rituximab treatment, after reduction 
of immunosuppression.

Treatment

RI was at the discretion of the treating physician and was 
based on recommendations based on guidelines originally 
formulated for renal transplant recipients: stop antimetabolites 
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(azathioprine and mycophenolate), reduce calcineurin inhibi-
tors by 25–50%, and maintain corticosteroids [21, 22]. Rituxi-
mab was started immediately after diagnosis of CD20-positive 
PTLD and was administered systemically at a dose of 375 mg/
m2 IV weekly until WBRT was completed. WBRT was per-
formed as homogeneous irradiation of the whole cerebrum in 
analogy to pCNS lymphoma of the immunocompetent [12]. 
Pneumocystis jirovecii chemoprophylaxis was recommended 
from start of treatment until B-cell repopulation.

Response evaluation and follow‑up

The schedule of final response and follow-up assessments 
followed local standards, based on the German guidelines 
for primary CNS lymphoma. Follow-up visits included a 
complete patient history, physical examination, laboratory 
investigations (including full blood count, LDH, as well as 
renal and liver function tests), and brain MRI. Response was 
evaluated by local radiology or neuro-radiology departments 
based on the MRI response criteria for primary CNS lym-
phoma [23]. Further investigations were performed if clini-
cally indicated to determine remission status. Follow-up data 
was evaluated up to September 2019. Median follow-up was 
2.6 years.

Evaluation of neurological sequelae

There was no formal, questionnaire-based assessment of 
neurological symptoms or activities of daily living either at 
diagnosis, at restaging, or at follow-up. In order to evaluate 
long-term neurological treatment toxicity, patient records 
were reviewed for documented clinical evidence of cogni-
tive deterioration. Furthermore, follow-up cMRI imaging 
reports were reviewed for evidence of changes associated 
with WBRT.

Statistical analysis

OS was defined from start of treatment to death from any 
cause. Progression-free survival (PFS) was defined from start 
of treatment to disease progression or death from any cause. 
Exploratory analyses were performed using two-sided stratified 
log-rank tests. The two-sided significance level was set at 0.05 
and statistical tests were performed using IBM SPSS 22.0.0.0.

Results

Patients

Baseline patient characteristics are summarized in Table 1. 
Median age at diagnosis of PTLD was 65 years (range 

39–78). Nine out of 14 patients (64%) were female. Out 
of 14 patients, twelve were kidney, one liver, and one 
kidney/pancreas transplant recipients. Median time from 
transplantation to PTLD was 15.1 years. All 14 cases 
occurred more than 1 year after the last transplantation. 
Median serum creatinine at diagnosis was 2.4 mg/dl (range 
0.8–3.6) and elevated above the upper limit of normal in 
12/13 patients (92%). Serum immunoglobulin classes were 
measured at diagnosis in 7/14 patients: IgG levels were 
below the lower limit of normal (700 mg/dl) in 5/7 (71%) 
patients. IgA and IgM levels were below the lower limits 
of normal (70 and 40 mg/dl, respectively) in 3/7 patients 
(43%) each. Lymphocyte differentiation was performed 
at diagnosis in 6/14 patients: CD19 + lymphocyte counts 
were below 100/μl in 3/6 patients (50%) and CD8 + lym-
phocyte counts were below 200/μl in 4/6 patients (66%) 
ECOG performance status was ≤ 2 in 12/13 patients (92%). 
Four of eleven patients (36%) had an elevated serum LDH 
activity at diagnosis.

Disease characteristics

Baseline disease characteristics are summarized in 
Table 2. The vast majority of cases (13/14, 93%) were 
of DLBCL type, and 12/13 evaluated were EBV-asso-
ciated. Seventy-eight percent (7/9) of examined cases 
showed expression of EBNA-2, and 67% (6/9) expression 
of BZLF-1. Cranial MRI scans demonstrated contrast-
enhancing (9/9) lesions with perifocal edema (10/11), 
where reported. Six of fourteen patients (43%) had a sin-
gle disease manifestations in the CNS, and 5/14 patients 
(36%) had more than five. Central necrosis was reported 
in 3/14 cases. Appearance on fluid-attenuated inver-
sion recovery (FLAIR) sequences was hyperintense in 
5/6 cases reported. The reports of appearance on T1- 
and T2-weighted imaging were variable: T1-weighted 
imaging was reported as either inhomogeneous (2/3) or 
not hyperintense (1/3), and T2-weighted imaging was 
reported as hyperintense (2/5), inhomogeneous (2/5), or 
not hyperintense (1/5). Differential diagnoses based on 
imaging were broad and included PTLD in 2/14 cases. 
Most likely, diagnoses (if listed) were CNS tumour/
malignancy (5 cases, all 1–3 lesions), infection (4 cases, 
all > 5 lesions), and metastases (3 cases, single lesion 
in 2 cases, > 5 in one case). In two cases, imaging was 
described as not typical for lymphoma. Meningiosis 
defined as evidence of PTLD in a cytological examina-
tion of cerebrospinal fluid (CSF) was present in none 
of the patients. EBV DNA was present in the peripheral 
blood of 5/7 patients (71%) and in the CSF of 4/7 patients 
(57%). EBV viral load at diagnosis was not performed in 
the remaining seven patients.
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Immunosuppression

Maintenance immunosuppression before and after diagno-
sis of PTLD is listed by drug class and individual drug in 
Table 3. All patients received the antimetabolite mycophe-
nolate before diagnosis of PTLD. Only four patients con-
tinued mycophenolate after diagnosis. Five out of 14 
patients (36%) were started on immunosuppression with 
an mTOR-inhibitor (everolimus in four patients and rapa-
mycin in one patient) after diagnosis of PTLD.

Treatment administered

The median dose of WBRT administered was 40  Gy 
(range 14.4–45 Gy), with a median fraction of 2 Gy (range 
1.5–2 Gy). Three of fourteen patients received a local boost 
to the tumour. The median number of administered doses of 
rituximab IV was 4 (range 2–8) Four patients died before 

completion of scheduled therapy. They included all three 
patients who received less than 37.5 Gy, as well as all three 
patients who received less than four applications of rituxi-
mab. With the exception of one patient who had previously 
been treated with systemic cyclophosphamide IV for cer-
ebral vasculitis later diagnosed as pCNS-PTLD, none of 
the patients received any additional first- or second-line 
treatment of pCNS-PTLD. In this particular case, the local 
pathology report and reference neuropathologist diagnosed 
an inflammatory, necrotizing CNS process, likely cerebral 
vasculitis, but noted that lymphoma could not be excluded. 
The diagnosis of pCNS-PTLD was established indepen-
dently by two additional reference pathologists (specializing 
in vasculitis and lymphoma, respectively), based on exami-
nation of the initial biopsy material. These examinations 
included morphology, immunohistochemistry, molecular 
analyses demonstrating B-cell oligoclonality, and EBER-
ISH, which established EBV-association.

Table 1   Baseline patient 
characteristics. If the 
denominator is < 14, the 
information was not available in 
the missing patients

* Second kidney transplant. The first transplantation had been performed 7 years prior

Age/years: median (range) 65 (39–78)

   ≥ 60 years 9/14 (64%)
Female 9/14 (64%)
Transplant type

  Kidney 12/14 (86%)
  Kidney + pancreas 1/14 (7%)
  Liver 1/14 (7%)

Time from transplantation to PTLD/years: median (range) 15.1 (1.2*–30.0)
   ≥ 1 year 14/14 (100%)
LDH

  Elevated 4/11 (36%)
Serum creatinine (mg/dl): median (range) 2.4 (0.8–3.6)

  Elevated 12/13 (92%)
Serum IgG (mg/dl): median (range) 584 (336–860)

  Below 700 mg/dl 5/7 (71%)
Serum IgA (mg/dl): median (range) 73 (50–338)

  Below 70 mg/dl 3/7 (43%)
Serum IgM (mg/dl): median (range) 49 (24–89)

  Below 40 mg/dl 3/7 (43%)
CD19 + lymphocyte counts (/μl): median (range) 76 (12–120)

  Below 100/μl 3/6
CD3 + CD4 + lymphocyte counts (/μl): median (range) 419 (87–550)

  Below 300/μl 1/6
CD3 + CD8 + lymphocyte counts (/μl): median (range) 128 (71–902)

  Below 200/μl 4/6
ECOG performance status

  0 2/13 (15%)
  1 5/13 (39%)
  2 5/13 (39%)
  3 1/13 (8%)
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Treatment outcome

All ten patients evaluated had responded to treatment. Of 
four patients not evaluated, three had died before comple-
tion of treatment and one 75-year-old patient with multiple 
comorbidities did not return to the treating teaching hos-
pital for restaging. One of the four patients who had died 
before completion of therapy had already been re-staged 
and had reached a partial response (PR). Four out of the 
ten patients evaluated (40%) had a complete response (CR), 
and six (60%) had a PR. Median OS was 2.5 years (Fig. 1) 
with a 2-year Kaplan–Meier estimate of 63% (95% confi-
dence interval [95% CI], 30–83%). There were no recorded 
relapses among the 14 patients. Median PFS was therefore 

identical to OS (median 2.5 years, 2-year Kaplan–Meier esti-
mate of 63% [95% CI, 36–89%]). Overall, eight out of 14 
patients included died during the follow-up period. Causes 
of death were pneumonia in two patients; unknown in two 
cases; and one case each of aspiration, pulmonary embo-
lism, sepsis, and cerebral oedema (in a patient undergoing 
radiotherapy who had been transferred to intensive care due 
to pneumonia).

Toxicity

Seven out of 14 patients (50%) suffered grade III/IV infec-
tions under therapy. These included four cases of pneumonia 
(including one case of Pneumocystis jirovecii) and four cases 
of sepsis. Infections under therapy were fatal in two cases 
(14%). Leukocyte counts were in or above the normal range 
in 5/6 patients with available data throughout the infection. 
Only one patient had mild leukopenia after developing strep-
tococcal sepsis. During follow-up, cMRI demonstrated grey 
matter changes in T2/FLAIR sequences interpreted as radia-
tion toxicity in seven out of ten evaluated patients (70%). 
This included 6/7 (86%) of evaluated women and 1/3 (33%) 
of evaluated men. In five out of ten patients (50%, all female, 
thus 5/7 (71% of females), there was anecdotal evidence 
in the medical records of cognitive deterioration, such as 
a deteriorating ability to remember and attend follow-up 
appointments, reports from relatives, or the necessity of 
nursing home care. One patient received a formal diagnosis 
of psychoorganic syndrome. In two patients, such deteriora-
tion was triggered by additional medical events (hip replace-
ment surgery and Varicella zoster encephalitis, respectively).

Outcome in patients switched to mTOR‑inhibitors

There was no significant difference in overall survival 
between five patients started on mTOR-inhibitors and 

Table 2   Baseline pCNS-PTLD disease characteristics. If the denomi-
nator is < 14, the information was not available in the missing patients

Histology
  Polymorphic 1/14 (7%)
  Monomorphic 13/14 (93%)
    DLBCL 13/14 (93%)

EBV-association (EBER-ISH)
  EBV-associated 12/13 (92%)

Immunohistochemistry
  CD20 14/14 (100%)
  LMP-1 10/14 (71%)
  EBNA2 7/9 (78%)
  BZLF-1 6/9 (67%)
  CD30 7/8 (88%)

Number of CNS lesions
  1 6/14 (43%)
  2–4 3/14 (21%)
   > 5 5/14 (36%)

EBV viral load positive (blood) 5/7 (71%)
EBV viral load positive (CSF) 4/7 (57%)

Table 3   Comparison of immunosuppression before and after diagnosis of PTLD by drug class and individual drug

Before diagnosis of PTLD After diagnosis of PTLD

Number of patients Dose: median (range) 
in mg/day*

Number of patients Dose: median (range) 
in mg/day*

Antimetabolite 14/14 (100%) 4/14 (29%)
  Mycophenolate 14/14 (100%) 1250 (540–3000) 4/14 (29%) 1250 (1000–2000)

Calcineurin inhibitor 6/14 (43%) 7/14(50%)
  Ciclosporin 5/14 (36%) 120 (100–225) 6/14 (43%) 135 (100–250)
  Tacrolimus 1/14 (7%) 4 1/14 (7%) 3

mTOR-Inhibitor 0 5/14 (36%)
  Everolimus 0 4/14 (29%) 2 (1.5–3)
  Rapamycin 0 1/14 (7%) 2

Corticosteroid 9/14 (64%) 6/14 (43%)
  Prednisolone 8/14 (57%) 6.25 (4–15) 4/14 (29%) 10 (7.5–20)
  Methylprednisolone 1/14 (7%) 2 2/14 (14%) 8 (4–12)

2047Annals of Hematology (2021) 100:2043–2050



1 3

the remaining nine patients (p = 0.578). Both fatal infec-
tions under therapy occurred in patients switched to 
mTOR-inhibitors.

Discussion

This retrospective multi-centre analysis is the largest pub-
lished to date investigating RI, WBRT, and rituximab in 
pCNS-PTLD. In contrast to previously combined series [1, 
7], a homogeneously treated cohort allows the assessment of 
a single treatment approach. All diagnoses were reviewed by 
specialized haematopathologists through the German PTLD 
study group’s reference pathology scheme.

Our series confirms previous epidemiological observa-
tions, such as the high prevalence of kidney SOT recipients 
(93%), the long latency period from the last transplantation 
(median 15.1 years), and the association with mycopheno-
late as maintenance immunosuppression (100%) [1–3]. The 
same is true for the prevalence of EBV-association (93%) 
and the pattern of EBV protein expression [3, 8]. To our 
knowledge, this is the first study of immunoglobulin lev-
els and lymphocyte subsets in patients with pCNS-PTLD, 
even though data is only available in six and seven patients, 
respectively. Hypogammaglobulinaemia was present in 71% 
of evaluated patients and has been previously identified as a 
risk factor for infection in kidney transplant recipients [24]. 
In addition, absolute CD19 + B-cell and CD8 + T-cell counts 
were below the reference ranges in half of the evaluated 
patients before the start of treatment.

With an overall response rate of 100% of evaluated 
patients and no relapses in the follow-up period, this case 
series demonstrates that the combination of WBRT and 
rituximab is an effective treatment of pCNS-PTLD. Given 
that all patients who completed radiotherapy received at least 
37.5 Gy, this does not allow any correlations between radia-
tion dose and outcomes. Similarly, all patients were treated 
with rituximab. However, the excellent disease control in 
the present series supports the hypothesis that the efficacy 
of rituximab IV in pCNS lymphoma of immunocompetent 
patients as demonstrated in the IELSG32 trial applies to 
pCNS-PTLD as well [9]. On the other hand, we could not 
demonstrate any clinical benefit for the five patients started 
on immunosuppression with an mTOR-inhibitor compared 
to the remaining nine patients.

The median OS of 2.5 years is in the range reported by 
larger previous series (17 months and 47 months, respec-
tively) [1, 7]. However, it is a disappointing outcome given 
the efficacy of treatment. In the six patients with a known 
cause of death, four died from infection (pneumonia in two 
cases, aspiration, sepsis), and the patient who died from cer-
ebral oedema was in intensive care due to pneumonia. Thus, 
infections appear to be the main cause of mortality in this 
patient population.

We observed remarkably similar outcomes to a series 
(n = 13) of pCNS-PTLD treated with a very different 
approach, namely the combination of rituximab and dexa-
methasone with the antiviral agents zidovudine and ganci-
clovir [3]. These included ORR (92%), 2-year OS (76.9%), 
a lack of relapses, and the role of infections as the most 
common cause of death.

In contrast to the antiviral treatment approach, RI, 
WBRT, and rituximab resulted in significant toxicity 
including grade III/IV infections under therapy in 50% of 
patients (14% fatal), even higher than the 41% observed in 
a trial of rituximab followed by CHOP in systemic PTLD 
[5]. Furthermore, there was evidence of long-term CNS 
toxicity radiologically and clinically in 70% and 50% 
of patients, respectively. This was attributed to WBRT 
based in imaging morphology, but additional effects of 
viral infections (zoster encephalitis was diagnosed in one 
case) cannot be excluded in this long-term immunosup-
pressed cohort. The rates of neurotoxicity are in keep-
ing with observations in immunocompetent patients with 
pCNS-PTLD who received early WBRT (combinations), 
particular those > 60 years [25, 26].

High early treatment-related mortality, the majority due 
to infections, has been described in previous case series of 
pCNS-PTLD: Evans et al. reported 13% (11/85 patients) 
[1]. Furthermore, infections were the most common cause 
of death in the abovementioned case series of combined 
antiviral treatment [3]. In contrast, a far lower rate of fatal 
toxicity (6%) was observed in immunocompetent patients 

Fig. 1   Overall survival of 14 patients with pCNS-PTLD after SOT 
treated with RI, WBRT, and concurrent systemic rituximab
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undergoing aggressive polychemotherapy for pCNS lym-
phoma in a clinical trial [9]. The cause is most likely long-
standing immunosuppression (median duration 15.1 years 
in this series), partially reflected in the numerical defects 
of humoral and cellular immunity discussed above and 
potentially aggravated by corticosteroid treatment of cer-
ebral edema.

Limitations of this study include its retrospective for-
mat, the long recruitment period, and potential biases 
including selection bias. Median age at diagnosis was 
65 years, compared to 43 and 52 years, respectively, in 
previous case series [1, 7]. In addition, 12/13 patients had 
an elevated serum creatinine (median 2.4 mg/dl). Both 
facts suggest a negative selection of patients judged poorly 
suited for therapy based on high-dose methotrexate.

In summary, the combination of WBRT and rituximab 
was an effective yet toxic treatment of pCNS-PTLD in 
this series of 14 patients. We identified numerical defects 
in humoral and cellular immunity even before the start 
of treatment and observed that infections were the lead-
ing cause of death, while long-term neurotoxicity was 
observed in at least 50% of patients.

Future treatment approaches in pCNS-PTLD should 
take into account the significant risk of infections as well 
as radiation-induced neurotoxicity in these often middle-
aged and long-term immunosuppressed patients.
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