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Abstract

Background—Primary central nervous system post-transplant lymphoproliferative disorder 

(PCNS-PTLD) is a rare complication following solid organ transplantation (SOT). With 

increasing rates of SOT, PCNS-PTLD incidence is increasing.

Objective—Describe the characteristics of PCNS-PTLD patients requiring neurosurgical 

intervention.

Methods—From 2000-2011 ten patients with prior SOT underwent biopsy for evaluation of 

brain lesions and were diagnosed with PCNS-PTLD. Data collected included imaging 

characteristics, pathology, treatments administered, and survival outcomes.

Results—All patients had kidney transplantation, and 3 had concurrent pancreas transplantation. 

Median age at diagnosis was 49 years, with a median of 4.5 years from SOT to diagnosis (range 

1.8-11.4 years). Presenting symptoms most often included focal neurologic deficits (n=6), 

although several patients had non-specific symptoms of headache and altered mental status. Brain 

lesions were generally multiple (n=7), supratentorial (n=8), and lobar or periventricular in 

distribution with ring-enhancement. Diagnosis was established by stereotactic (n=4) and open 

surgical biopsy (n=6). Treatments most frequently administered included reduction of 

immunosuppression (n=10), dexamethasone (n=10), rituximab (n=8), high-dose methotrexate 

(n=3), and whole-brain radiotherapy (n=6). Six patients remain alive without PCNS-PTLD 
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relapse, including 4 patients who have sustained remissions beyond 2 years from diagnosis of 

PCNS-PTLD. Of 4 observed deaths, 1 was related to progressive PCNS-PTLD.

Conclusion—PCNS-PTLD must be considered in the differential diagnosis of any patient with 

prior SOT presenting with an intracranial lesion. Histologic diagnosis with brain biopsy is 

imperative given the risk for opportunistic infections that may have similar imaging findings and 

presentation. Prognosis is variable, although long-term survival has been reported.
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Introduction

Lymphomas account for approximately 1% of all primary brain tumors in the general 

population, but lymphoma is the most common primary neoplasm of the brain in allograft 

transplant recipients.1 Autopsy series of transplant patients have estimated the frequency of 

primary central nervous system post-transplant lymphoproliferative disorder (PCNS-PTLD) 

at 2 to 7%; however, this may be an over-estimate of the incidence of clinical disease.1-3 

Due to the increasing number of successful organ transplantation procedures being 

performed, the incidence of post-transplant lymphoproliferative disorder (PTLD) is rising, 

and a broad range of medical and surgical specialties are increasingly being called upon to 

recognize this entity and respond with appropriate diagnostic and therapeutic approaches.

As PCNS-PTLD is a relatively uncommon complication post-transplantation, most literature 

related to PCNS-PTLD is in the form of isolated case reports and small case series. Here we 

present a single-institution case series of 10 patients. The report focuses on clinical 

presentation, imaging findings, pathological characteristics, and treatment modalities in 

patients with PCNS-PTLD.

Methods

PCNS-PTLD is defined as a lymphoproliferative disorder of the central nervous system 

(CNS) without evidence of systemic PTLD in patients who have previously undergone solid 

organ transplantation (SOT). This retrospective analysis was approved by the Institutional 

Review Board of the University of Wisconsin. Patients were selected by reviewing the 

pathologic diagnoses for all patients who underwent brain biopsy at the University of 

Wisconsin Hospital between 2000 through 2011, and identifying patients who received a 

diagnosis of PCNS-PTLD. Our pathologists reviewed all diagnoses. Magnetic resonance 

imaging (MRI) and computed tomography (CT) imaging were available for review in all 

patients. Imaging characteristics identified for each patient included lesion number, location, 

and presence or absence of contrast enhancement. All patients had undergone staging CT 

imaging to rule out systemic involvement by lymphoma. Supplemental staging evaluation 

with bone marrow biopsy, lumbar puncture, ophthalmologic evaluation, and full-spine MRI 

were not uniform. Clinical data regarding risk factors for PTLD were reviewed, including 

prior treatment with anti-thymocyte globulin (ATG) or muromonab-CD3 (OKT3) and prior 
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episodes of allograft rejection. Data were also collected regarding clinical, radiographic, and 

pathologic features of PTLD as well as information relative to treatment and survival 

outcomes.

Illustrative cases

Case 1

History and examination—A 38 year-old Hispanic woman presented with a 2-week 

history of progressive left-sided facial weakness and numbness and left arm weakness. Her 

past medical history was significant for uncontrolled hypertension leading to renal failure 

and a living unrelated kidney transplant 21 months prior to the onset of symptoms. She had 

received induction immunosuppression with ATG pre-transplantation. Her 

immunosuppressive regimen post-transplantation included prednisone, tacrolimus, and 

mycophenolate, and she had not developed any events of organ rejection post-

transplantation. Her physical exam at the time of presentation was significant for 4 of 5 left-

sided strength testing of both upper and lower extremities. Cranial nerve testing was normal 

aside from some diminished sensation to light touch of the left hemi-face, although with 

symmetric movement of the facies.

She was admitted for evaluation of her neurologic complaints, and brain MRI showed 

multiple enhancing intracranial masses. She underwent an infectious work-up looking for 

opportunistic infections and embolic sources of infection, with negative results. Lumbar 

puncture cytology was negative. Her tacrolimus was empirically discontinued due to 

concerns for PTLD, with some initial improvement in her left-sided weakness. She 

underwent repeat brain MRI 10 days later when new symptoms of progressive left leg 

weakness and balance instability developed.

Brain MRI studies with and without gadolinium contrast were performed at initial 

presentation and repeated when her symptoms progressed to left leg weakness. Both studies 

demonstrated a total of 4 enhancing intraparenchymal lesions, 3 of which were located in the 

right thalamus and a fourth lesion within the right frontal lobe. Vasogenic edema was seen 

surrounding all lesions. The largest right thalamic lesion measured approximately 2 cm in 

size, with several smaller satellite lesions present (Figure 1). Leptomeningeal enhancement 

was seen within the bilateral parietal and occipital lobes, which had progressed on the 

follow-up MR examination (Figure 2). Full spine MRI and dilated ophthalmologic exam did 

not show any additional disease sites within the neuraxis. Staging CT imaging and bone 

marrow biopsy ruled out systemic involvement by PTLD.

A stereotactic-guided biopsy was performed via a right frontal approach on one of the 

enhancing right thalamic lesions. Pathological examination of the lesion revealed a 

monomorphic high-grade B-cell PTLD/lymphoma; immunohistochemistry analysis was 

positive for the mature B-cell marker CD20 and for EBV-encoded RNA (EBER). Repeat 

lumbar puncture after the diagnostic brain biopsy confirmed positive CSF cytology, with 

presence of 22 nucleated cells (>90% lymphocytes) and morphologic appearance of large 

atypical lymphocytes.

Lake et al. Page 3

Neurosurgery. Author manuscript; available in PMC 2015 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



After confirmation of the diagnosis of PTLD, tacrolimus and mycophenolate were 

discontinued. Dexamethasone 10 mg intravenously (IV) followed by 4 mg orally every 6 

hours was initiated based on the associated vasogenic edema demonstrated on imaging. 

Given her young age and progressive symptoms, she was treated urgently with high-dose 

methotrexate 3.5 grams/m2 intravenous (IV) in combination with 4 weekly doses of 

rituximab 375 mg/m2 IV, with initial improvement in her left-sided weakness. After 3 cycles 

of high-dose methotrexate and a 4 week course of rituximab, she had significant regression 

in the multiple intraparenchymal brain lesions and clinically was experiencing minimal 

residual left-sided weakness. She then received external beam whole-brain radiation to a 

total dose of 37 Gy with an additional boost to the residual thalamic lesions. Post-

radiotherapy, she received 2 courses of consolidative chemotherapy with temozolomide 150 

mg/m2 orally days 1-5 of 28-day treatment cycles. Following chemoradiotherapy, she 

continued to have some mild residual left-sided weakness. Brain MRI confirmed residual T2 

hyperintensity within the posterior right frontal lobe, parietal lobe, and right thalamus at the 

site of previously demonstrated PTLD lesions.

Serial imaging and follow-up for more than 3 years following the diagnosis of PTLD has 

demonstrated no evidence of recurrence. With reduction of immunosuppression to low-dose 

steroids alone, she has not developed any organ allograft rejection. Unfortunately, she 

developed worsening left hemi-body weakness with left upper extremity spasticity and 

hyperreflexia post-treatment, and brain imaging has shown progressive Wallerian 

degeneration most prominent at her sites of prior PTLD involvement (Figure 3).

Case 2

A 44 year-old Caucasian man presented with a 10-day history of nausea, vomiting and 

lethargy. His past medical history was significant for type 1 diabetes mellitus leading to 

kidney-pancreas transplantation approximately 5.8 years previously. His 

immunosuppressive regimen post-transplantation included prednisone, cyclosporine, and 

mycophenolate, and he had received additional courses of high-dose steroids, immune 

globulin, and rituximab for several events of prior acute allograft rejection. He was admitted 

to another hospital for evaluation of these complaints, and neurologic examination 

demonstrated no focal abnormalities. An initial brain MRI showed multiple 

intraparenchymal enhancing lesions. He was empirically treated for toxoplasmosis with 

sulfadiazine and pyrimethamine without clinical improvement, and with subsequent 

development of intermittent confusion and headaches. Serology and serum quantitative PCR 

analysis for toxoplasmosis were found to be negative, but analysis of serum quantitative 

titers of EBV by PCR analysis were elevated at 1340 copies/mL. PTLD was suspected and 

the patient was transferred to our facility for further treatment. On initial examination at our 

institution, the patient was alert and oriented with normal speech and symmetric strength; 

there were no focal neurologic abnormalities on detailed examination.

Brain MRI with and without gadolinium contrast revealed multiple intraparenchymal 

masses. The 2 largest enhancing lesions were identified within the right parietal lobe and left 

temporal lobe. The right parietal lobe mass exhibited peripheral enhancement and measured 

1.6 × 1.3 cm with a significant amount of peritumoral vasogenic edema. This lesion had 
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associated areas of hemosiderin staining on T2* consistent with petechial hemorrhage. The 

left temporal lobe mass was characterized by ill-defined enhancement and measured 1.7 × 

1.6 cm with associated vasogenic edema (Figure 4). Additional lesions were identified 

within the left temporal lobe, left frontal lobe, corpus callosum/choroid plexus, left 

thalamus, and left caudate. Staging CT imaging did not reveal any sites of systemic PTLD 

involvement. A stereotactic-guided biopsy was performed on the large right parietal lesion. 

Pathological examination of the lesion revealed T-cell PTLD; immunohistochemistry 

analysis was positive for CD3 (pan T-cell marker) and EBER, and negative for the mature 

B-cell markers CD20 and CD79a.

After confirmation of the diagnosis of PTLD, cyclosporine and mycophenolate were 

discontinued. Dexamethasone 10 mg IV followed by 4 mg orally every 6 hours was initiated 

based on the associated vasogenic edema demonstrated on imaging. The patient was started 

on valganciclovir due to circulating EBV in peripheral blood. He received external beam 

whole-brain radiation to a total dose of 30 Gy. At one month follow-up, he had complete 

resolution of his symptoms of headache, nausea, and confusion. Unfortunately, 5 months 

following the diagnosis of PTLD he had experienced allograft failure and was requiring 

hemodialysis and exogenous insulin, although had no radiographic evidence of PTLD 

relapse. He died from cardiovascular and infectious complications approximately 7 months 

following his diagnosis of PTLD.

Results

Participants

Ten patients were identified from our institution with biopsy-proven PCNS-PTLD (Table 1). 

The median age at diagnosis was 49 (range 38-67). Seven patients had undergone kidney 

transplantation, and 3 patients had undergone simultaneous kidney/pancreas transplantation. 

Among the 7 kidney transplant recipients, 1 underwent transplantation from a living related 

donor, 1 from a living unrelated donor, and 5 from cadaveric donors. Patients receiving 

allogeneic bone marrow transplantation were not actively excluded, but none of the patients 

receiving brain biopsies and subsequent diagnoses of PCNS-PTLD had undergone 

allogeneic bone marrow transplantation. Indications for SOT included hypertensive 

nephropathy (n=2), type I diabetes mellitus with diabetic nephropathy (n=4), focal 

segmental glomerulonephritis (n=2), lupus nephritis (n=1), and interstitial nephritis (n=1). 

None of the patients were known to have HIV disease, and had tested negative for HIV at 

the time of SOT. The median time from transplantation to diagnosis of intracranial PTLD 

was 4.5 years (range 1.8-11.4 years).

Data on previous immunosuppressive therapies are shown in Table 2. Six patients had 

experienced previous episodes of organ allograft rejection with intensification of 

immunosuppression prior to the diagnosis of PCNS-PTLD.

Main Results

Presenting symptoms—Presenting signs and symptoms were widely variable (Table 3). 

One patient was asymptomatic with incidental identification of PTLD lesions on brain 

Lake et al. Page 5

Neurosurgery. Author manuscript; available in PMC 2015 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



imaging performed for evaluation of traumatic injury after a fall. One patient presented with 

headache, and 4 patients presented with confusion and mental status changes. Three patients 

presented with speech-related symptoms of aphasia and word finding difficulties. Two 

patients presented with facial droop. Focal/unilateral motor weakness was a presenting 

complaint in 4 patients. One patient presented with complaints of eye pain, with 

ophthalmologic evaluation revealing no ocular disease. Two patients experienced ataxia at 

diagnosis, and 2 patients presented with generalized seizures.

MRI findings—MR imaging was performed in all patients and gadolinium contrast was 

administered to 9 patients. Contrast was not administered to 1 patient due to poor renal 

function. Lesions were multiple in 7 patients and solitary in 3 cases (Table 4). A total of 37 

lesions were identified in 10 patients, which ranged in size from 2 to 36 millimeters. The 

majority of lesions were supratentorial, most often within a lobar and periventricular 

distribution. In the 9 patients who received contrast, all had masses that demonstrated some 

degree of enhancement. Eight of the cases had at least 1 lesion with ring enhancement and 1 

patient with incomplete ring enhancement. Evidence of hemorrhage or hemosiderin staining 

was identified in 5 patients and was significant in 1 patient. Concomitant leptomeningeal 

involvement was present in 5 patients, which was significant in 2 cases.

Key Results

Biopsy technique—The diagnosis of PCNS-PTLD was established with both open (n=6) 

and stereotactic (n=4) biopsy techniques. No patients required re-operation to obtain 

diagnostic material. There were no surgical wound infections and no patients required re-

operation for hematoma or additional complications.

Brain biopsy, CSF, and peripheral blood findings—Diagnostic brain biopsies 

demonstrated EBER positivity in 9 cases, and EBER by in situ hybridization had not been 

performed in 1 case. Seven patients underwent lumbar punctures in a time proximate to their 

diagnoses of PCNS-PTLD. Protein levels were elevated in all 7 cerebrospinal fluid (CSF) 

samples, and 1 patient had concurrent evidence of elevated CSF glucose. In 4 of the 7 

patients, the CSF demonstrated an excess of nucleated cells with a predominance of 

lymphocytes consistent with circulating lymphoma cells. Flow cytometry was not 

consistently performed on CSF samples to verify monoclonality of the lymphocytes 

identified on cytology.

Monomorphic diffuse large B cell was the most common histological subtype in this series, 

with 5 patients being affected. Of the remaining patients, 4 suffered from the polymorphic 

PTLD histological subtype and only one patient was diagnosed with the monomorphic 

peripheral T cell histological subtype. (Table 5). CD3 and CD20 immunohistochemistry 

staining was used to determine cell types.

Treatments—All patients were initially managed with reduction of immunosuppression 

concurrent with additional therapy (Table 5). Two patients were managed with minimization 

of immunosuppression alone. All patients receiving dexamethasone at the time of diagnosis 

for management of peritumoral edema. Eight patients received at least 1 course of rituximab. 
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Whole-brain radiotherapy was administered to 7 patients. Three patients received high-dose 

methotrexate at a dose of 3.5 grams/m2, with 1 patient treated for 3 cycles and 2 patients 

treated with 1 cycle of therapy. Temozolomide 150 mg/m2 orally for 5 days of every 28-day 

treatment cycle was administered to 2 patients as consolidation therapy following whole-

brain radiotherapy; these patients received 2 and 4 cycles of therapy.

Survival outcomes—Patient survival outcomes were followed through April 2012. The 

median duration of follow-up was 34.9 months (range 2.2-75.9 months). Four deaths 

occurred, with only 1 death related to progressive PCNS-PTLD. Two other deaths were 

related to systemic candidemia from an abdominal source and from thrombotic 

microangiopathy. One patient died from unknown causes, but on clinical assessment 5 

months prior to the sudden death, the patient had normal graft function with no evidence of 

recurrent PCNS-PTLD. Patient survival outcomes with corresponding therapies 

administered are summarized in Table 5.

There were 4 longer-term survivors with remissions durable ≥2 years following a PCNS-

PTLD diagnosis. Of these patients, 3 had received rituximab and whole-brain radiotherapy. 

Two of the longer-term survivors had also received pre-radiotherapy systemic high-dose 

methotrexate and consolidative temozolomide. For both of these patients, the planned 

treatment course of methotrexate had been terminated prematurely due to incomplete 

radiographic and clinical response.

Transplantation outcomes—Three patients experienced loss of organ allograft function 

following the diagnosis and treatment of PCNS-PTLD. All patients had been managed with 

reduction of immunosuppression for management of PCNS-PTLD, with loss of allograft 

function documented at 2, 6, and 23 months after the diagnosis of PCNS-PTLD. Of the 3 

patients experiencing loss of allograft function, 2 remain alive at 33 and 52 months of 

follow-up, and 1 patient has died from non-PTLD related complications.

Discussion

PTLD represents a spectrum of disorders, ranging from early polyclonal expansion of 

lymphocyte populations to high-grade lymphomas. The majority of PCNS-PTLDs are B-cell 

non-Hodgkin lymphomas, although rare occurrences of T-cell PCNS-PTLD have been 

reported.4-6 Recipients of SOT have a 20- to 120-fold higher incidence of lymphomas/PTLD 

than the immunocompetent population7,8. With the exception of skin cancers, PTLD is the 

most commonly diagnosed malignancy in patients following SOT.9 Age and the type and 

intensity of immunosuppression are the most significant risk factors for development of 

PTLD. Higher degrees of immunosuppression required for small bowel, heart, and lung 

transplantation are associated with higher incidence rates of PTLD. For example, reported 

incidence rates for PTLD are as high as 20% following small bowel transplantation, but 

rates of 1-3% have been reported following kidney transplantation.10-13 The overall 

incidence of PTLD continues to rise as increasing number of SOTs are being successfully 

performed each year. The much higher number of kidney transplantations at our institution 

compared with other solid organ transplantations associated with higher intensity of 

immunosuppressive (i.e., small bowel transplants, cardiac transplants) and the excellent 
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long-term survival outcomes of kidney transplantations are the probable explanation for the 

observation in this case series of all cases of PTLD diagnosed in patient receiving kidney or 

kidney/pancreas transplants.

In this report, late recurrences of EBV+ PTLD were common, with 40% of observed cases 

diagnosed ≥6 years post-transplant. There is emerging evidence that challenges the 

traditional paradigm of EBV+ PTLD typically occurring in the first year post-transplant. The 

large retrospective analysis by the International Primary CNS Lymphoma Collaborative 

Group reported a median time from transplant to diagnosis of PCNS-PTLD of 4.4 years10, 

which is similar to the observed median time of 4.5 years in this case series. In addition, the 

International Primary CNS Lymphoma Collaborative Group found that 7 of 34 patients 

(21%) had diagnoses of PTLD >10 year after transplantation, with only 1 patient 

demonstrating documented EBV negativity on diagnostic biopsy10. However, the 

distribution of later occurrences of PCNS-PTLD in our report is not completely explained. It 

is unclear if the prominent presentation of renal transplantation with typically lower degrees 

of immunosuppression relative to other solid organ transplants could be a contributing 

factor.

Isolated CNS involvement of PTLD is uncommon. Aside from individual case reports, there 

have been fewer than 100 patients with PCNS-PTLD described in case series since the first 

report of PCNS-PTLD in 1970.14-18 Presenting signs and symptoms of PCNS-PTLD are 

typical of those observed with other intracranial mass lesions including confusion, seizures, 

hemiparesis, aphasia, or symptoms of increased intracranial pressure such as headaches and 

depressed level of consciousness.19 Rare presentations of PCNS-PTLD such as fatal 

hemorrhage or inflammatory demyelinating symptoms have also been reported.5,20 The 

presenting signs and symptoms observed in this case series are typical of previous reports of 

PCNS-PTLD, with most patients in this report presenting with focal neurologic deficits 

and/or symptoms of elevated intracranial pressure.

Clinical evaluation of PTLD involving the CNS should include complete staging CT 

imaging or PET imaging to exclude additional systemic disease sites. Given the risk for 

diffuse neuraxial involvement, additional staging evaluation should include complete 

imaging of the spine (preferably with MRI) and dilated ophthalmologic exam. CSF analysis 

has also been variably reported to aid in diagnosis of PTLD, but in the majority of cases, 

tissue-based diagnosis is necessary.2

Neuroimaging plays an integral role in the diagnosis and management of transplant patients 

presenting with neurologic symptoms. The imaging findings of some of these patients were 

addressed in previous publications. MRI is the preferred imaging modality to evaluate 

transplant patients because of its greater sensitivity and broader depth of tissue contrast. 

PCNS-PTLD has several characteristic imaging features. Multifocal supratentorial 

involvement predominates in essentially all case series of PCNSL-PTLD with some also 

suggesting a periventricular region predilection.6,10 Over 50% of patients in our series also 

had concurrent meningeal involvement, which has also been reported in other series.20 The 

majority of PCNS-PTLD demonstrate some degree of contrast enhancement, with reported 

rates of ring-enhancement observed in 30-70% of PCNS-PTLD cases.6,10 The peripheral 
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enhancement pattern seen in patients with PTLD is likely related to necrosis within the 

tumor, although steroid therapy may result in an observed relative decrease in contrast 

enhancement.20-21

This histologic diagnosis of PCNS-PTLD requires biopsy confirmation, typically by 

stereotactic biopsy or open biopsy. Histologic biopsy is critical to rule out the possibility of 

opportunistic infection mimicking PCNS-PTLD (i.e., ring-enhancing lesions seen with 

toxoplasmosis). Traditionally, complete or near complete surgical resection of brain lesions 

has been discouraged in cases of suspected PCNS-PTLD. Incomplete surgical resection of 

primary CNS lymphoma was shown in one large retrospective analysis to be an adverse 

prognostic indicator compared with diagnostic biopsy alone.7 Some earlier treatment 

approaches with localized radiotherapy for primary CNS lymphomas demonstrated high 

rates of relapse outside of the radiotherapy field, suggesting occult dissemination of 

lymphoma throughout the brain, which may minimize the role of an intensive local tumor 

control strategy with surgical resection in management of CNS lymphomas and PCNS-

PTLD.19 However, a more recent report by the German Primary CNS Lymphoma Study 

Group reported a significant improvement in both progression-free and overall survival in 

patients undergoing subtotal or gross total resections compared with patients undergoing 

diagnostic biopsies. These data are particularly compelling in support of the benefit of 

surgical resection based on the prospective nature of the phase III randomized trial enrolling 

more than 500 patients.22 Given the inherently radiotherapy- and chemotherapy-sensitive 

nature of lymphomas and the risk for diffuse occult neuraxis involvement, strategies such as 

chemotherapy and whole-brain radiotherapy to more broadly treat the neuraxis are currently 

preferred options. However, the data reported by the German CNS Lymphoma Study Group 

raise the question as to whether more intensive local control with surgical resection may be 

an equally important component of treatment for PCNS-PTLD in addition to systemic 

therapy and radiotherapy.

Treatment options for PCNS-PTLD include reduction of immunosuppression, whole-brain 

radiotherapy, and systemic chemotherapy and/or monoclonal antibody therapy. Reduction of 

immunosuppression alone has shown benefit in management of PTLD, particularly in early 

systemic polyclonal PTLD lesions.2,5-6 In cases of PCNS-PTLD where patients frequently 

have neurologic deficits as presenting signs of disease, rapid disease control with anti-

neoplastic therapy (i.e., chemotherapy or radiotherapy) is recommended concurrent with 

reduction of immunosupression. The largest retrospective case series of 34 patients with 

PCNS-PTLD reported by the International Primary CNS Lymphoma Collaborative Group 

documented improved survival outcomes among patients treated with radiotherapy-based 

regimens (median overall survival 26.4 months) and rituximab-based regimens (median 

overall survival 13.5 months).10 Only 2 patients in this case series were managed with 

reduction in immunosuppression alone, although 1 of the patients was alive with a durable 

remission after 11 years.10 Although there is no clear standard therapy approach for PCNS-

PTLD, most of the existing data suggest that reduction of immunosuppression alone is 

insufficient treatment for PCNS-PTLD in the majority of cases.

High-dose methotrexate-based chemotherapy has been associated with the most durable 

outcomes for treatment of primary CNS lymphomas in immunocompetent 
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individuals.8,14-17,23 However, incorporation of high-dose methotrexate into therapy for 

PCNS-PTLD is limited by its associated risk for nephrotoxicity, which is particularly 

problematic in renal transplantation patients who already have graft function at risk 

following simultaneous reduction in immunosuppression. In addition, patients who have 

received whole brain radiotherapy after high-dose methotrexate have been observed to 

experience higher rates of leukoencephalopathy,8,14-15,24-25 Only 3 of the 8 patients in our 

case series received high-dose methotrexate based chemotherapy, which is similar to the 

reported use of high-dose methotrexate in other recently reported case series of PCNS-

PTLD.6,10 One of the patients in our series receiving high-dose methotrexate followed by 

radiotherapy has experienced significant neurotoxicity (Case 1).

Whole brain radiotherapy and rituximab are the most frequently reported therapies used for 

treatment of PCNS-PTLD. Advantages of radiotherapy include the known radiosensitivity of 

lymphoma/PTLD at modest doses of 3000-4500 cGy, the high rates of complete response to 

whole-brain radiotherapy, and the lack of systemic toxicity and risk to allograft 

function.15-17 Two recent case series reported very high response rates exceeding 80% for 

patients receiving radiotherapy with or without chemotherapy.6,10 One report observed 

improved survival of 36 months compared with 7 months for patients receiving 

radiotherapy-containing therapies versus other non-radiotherapy treatment approaches.6

The anti-CD20 monoclonal antibody rituximab has also been frequently incorporated into 

treatment regimens for PTLD, based on the favorable toxicity profile of this agent and 

known activity in systemic PTLD.18,26 For example, a report from the International Primary 

CNS Lymphoma Collaborative Group observed that of 8 patients treated with rituximab 

(and without systemic chemotherapy or radiotherapy), all achieved an objective response 

with 7 patients alive after a median duration of 23 months of follow-up.10 Novel approaches 

of rituximab administration with intrathecal dosing have been explored, although are not yet 

incorporated as standard treatment options in PCNS-PTLD.27-31

An emerging immunotherapy for treatment of PTLD is administration of autologous or 

allogeneic EBV-specific cytotoxic T-lymphocytes (CTL) to enhance the inherent 

suppression of the CTL response post-transplant. As EBV induces proliferation and 

transformation of B lymphocytes, suppressing EBV-infected cells may results in regression 

of EBV+ PTLD. Previous reports have demonstrated feasibility and activity of autologous 

EBV-specific CTLs in patients with solid organ transplants at high-risk for PTLD or active 

PTLD disease,32-34 but the time and expense required to generate cells lines for individual 

administration severely restricts its availability for clinical use. A report from the United 

Kingdom reported promising results with allogeneic EBV-specific CTL infusions in 33 

pediatric and adult patients with EBV+ PTLD. A response rate of 65% was observed at 5 

weeks, with a 6 month response rate of 52%.35 Interestingly, this report included 4 patients 

with PCNS-PTLD, with 3 patients achieving a partial response at 5 weeks and 2 of the 

patients demonstrating an improvement in response to a complete response by 6 months.35 

The allogeneic EBV-specific CTLs administered in this phase II multicenter trial were 

provided through a dedicated blood bank, however such banks are currently not available for 

general clinical use.35
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Prognosis for patients with PCNS-PTLD is widely variable depending on patient age, extent 

of disease at diagnosis, underlying co-morbidities, risk for loss of allograft function, and 

therapy administered. Some more recent reports of larger case series have suggested 

improving outcomes for patients with PCNS-PTLD, with median survivals of 26-47 months 

with use of modern treatment approaches.6,10 Earlier recognition and diagnosis of this 

uncommon complication post-transplantation may allow for improved therapy options and 

improved outcomes.

Limitations—Staging evaluation for the patient population was non-uniform, as previously 

described. Similarly, clinical and radiographic surveillance post-treatment was non-uniform. 

However, the primary outcome investigated was survival, which is unlikely to be 

significantly impacted by the variability in initial work-up and surveillance. All of the 

reported patients had received renal cell transplantation, which could limit the extrapolation 

of the data to other types of non-renal transplantations.

Generalizability—These results represent a patient population typical of many medical 

centers providing solid organ transplantation and post-transplantation medical care. The 

focus on presenting symptoms and imaging findings are particularly relevant given the 

strong generalizability of these data. In addition, the described medical therapies and 

radiotherapy are standard therapy approaches available widely at any medical practice 

providing care for malignancies.

Conclusions

PCNS-PTLD must be considered in the differential diagnosis of any immunosupressed 

patient following SOT presenting with an intracranial lesion. Presenting symptoms can 

include focal neurologic complaints or symptoms suggestive of elevated intracranial 

pressure. Imaging studies may show findings that mimic opportunistic infection (i.e., 

multifocal, ring-enhancing), further emphasizing the need for diagnostic histologic biopsy. 

There is no general consensus on treatment approaches for PCNS-PTLD, although treatment 

options most often include immunosuppression reduction, monoclonal antibody therapy 

(i.e., rituximab), radiation therapy, or chemotherapy. Prognosis is widely variable, although 

long-term survival has been reported with PCNS-PTLD. Further increases in incidence rates 

are expected with all subtypes of PTLD as successful organ transplantation continues to 

expand, further highlighting the importance of recognizing the distinct clinical entity of 

PCNS-PTLD.
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Figure 1. 
MR examination from Case 1 at the time of initial presentation. Axial T1 (A), axial T1 post 

contrast (B) and axial T2 weighted MR images of the brain demonstrate 3 of the patient's 

intraparenchymal masses. These lesions demonstrate peripheral enhancement (B) and are 

slightly hyperintense on T2 (C) . Two lesions are located within the right thalamus (B and C, 

long arrows) and one is identified within the right frontal lobe (B, C, short arrows). Note the 

T2 hyperintense vasogenic edema surrounding the lesions (C, dashed arrow).
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Figure 2. 
MR examination from Case 1 obtained 10 days following initial presentation. Coronal 

FLAIR MR images (A,B) were obtained following contrast which demonstrate abnormal 

signal within multiple bilateral parietal and occipital lobe sulci (long arrows) consistent with 

leptomeningeal involvement. Pachymeningeal involvement is also present adjacent to the 

left parietal lobe (B, short arrow). As in Figure 1, note the vasogenic edema within the peri-

atrial white matter related to the thalamic lesions (B, dashed arrow).

Lake et al. Page 18

Neurosurgery. Author manuscript; available in PMC 2015 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lake et al. Page 19

Neurosurgery. Author manuscript; available in PMC 2015 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lake et al. Page 20

Neurosurgery. Author manuscript; available in PMC 2015 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
MR from Case 1 obtained 3.5 years following treatment. Axial T1 post contrast MR (A) 

shows no evidence of enhancement within the areas of prior PTLD within the right thalamus 

(A, arrow). Axial T2 W MR images (B, C) demonstrate interval development of abnormal 

T2 signal hyperintensity within the peri-atrial white matter and posterior limb of the right 

internal capsule consistent with post treatment leukoencephalopathy (B, arrows). Note the 

resultant Wallerian degeneration within the right cerebral peduncle (C, arrow).
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Figure 4. 
MR examination from Case 2 at the time of initial presentation. Axial T1 post contrast 

(A,B), axial T2 (C) and axial T2* (D) weighted MR images of the brain demonstrate four of 

the patient's enhancing intraparenchymal masses. The largest is located within the right 

parietal lobe and demonstrates peripheral enhancement (A, arrow). Additional smaller 

lesions are noted within the left temporal lobe (B, long arrow), left thalamus (B, short arrow) 

and left caudate (B, dashed arrow). The right dominant parietal lobe mass is slightly 

hyperintense on T2 (C, long arrow) with associated petechial hemorrhage noted on T2* (D, 

arrows). Note the extensive associated vasogenic edema surrounding the dominant lesion on 

T2 imaging (C, short arrow).
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Table 1

Demographics and Transplantation Data of 10 Patients with Primary CNS Post-Transplant 

Lymphoproliferative Disorder.

Characteristic

Sex

 Male 4 (40%)

 Female 6 (60%)

Age at diagnosis of PCNS-PTLD Median 49 years
(Range 38-67 years)

Time from transplantation to PCNS-PTLD† Median 4.5 years
(Range 1.8-11.4 years)

 <2 years 3 (30%)

 2-5 years 3 (30%)

 ≥6 years 4 (40%)

Type of transplantation

 Kidney 7

 Kidney/pancreas 3

Indications for transplantation

 Type I diabetes 4

 Hypertensive nephropathy 2

 Focal segmental glomerulonephritis 2

 Interstitial nephritis 1

 Lupus Nephritis 1

Presence of EBV viremia at diagnosis

 Undetectable 1

 <500 copies/mL 4

 500-4000 copies/mL 4

 >5000 copes/mL 1

†
One patient had undergone repeat transplantation for recurrent focal segmental glomerulonephritis. Data indicate time from most recent transplant 

to diagnosis of PCNS-PTLD.

Abbreviations: PCNS-PTLD = Primary central nervous system post-transplant lymphoproliferative disorder.
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Table 2

Prior immunosuppressive therapy and EBV/CMV status of 10 patients with Primary CNS Post-Transplant 

Lymphoproliferative Disorder.

N

Prior rejection episodes of organ allograft 9 (90%)

 Steroid-refractory 2 (20%)

Prior exposure to immunosuppressive agents for treatment of organ rejection:

 OKT3 0

 ATG 4†

Immunosuppressive agents at time of PTLD diagnosis:

 Cyclosporine 2

 Tacrolimus 3

 Mycophenolate 10

 Prednisone 10

†
One patient had received ATG prophylactically as pre-transplant conditioning regimen.

Abbreviations: OKT3 = murine monoclonal antibody targeting CD3. ATG = anti-thymocyte globulin.
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Table 3

Presenting symptoms of patients with Primary CNS Post-Transplant Lymphoproliferative Disorder (n=10).

Symptoms N

Asymptomatic 1

Headache 1

Confusion/mental status changes 4

Speech difficulties (aphasia, word-finding difficulties) 3

Facial droop 2

Diplopia 1

Focal/unilateral motor weakness 4

Vertigo 1

Ataxia 2

Seizures 2

Neurosurgery. Author manuscript; available in PMC 2015 May 24.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lake et al. Page 29

Table 4

Neuroimaging findings of 10 patients with Primary CNS Post-Transplant Lymphoproliferative Disorder.

Findings

Number of lesions No, patients (n=10)

 Solitary 3

 Multiple 7

Lesion location No. patients (n=10)

 Supratentorial alone 8

 Infratentorial alone 1

 Both supra- and infratentorial 1

Meningeal disease No. patients (n=5)†

 Significant 1

 Minor 4

Hemorrhage/hemosiderin‡ No. patients (n=10)

 Significant 2

 Petechial 3

Ependymal contact‡ No. patients (n=10)

 Yes 4

 No 6

Lesion enhancement (n=8)* No. patients (n=10)†

 Ring pattern 9

 Incomplete ring 1

Specific lesion location No. lesions (n=37)

 Lobar 15

 Basal ganglia 3

 Periventicular 11

 Corpus callosum/choroid plexus 1

 Thalamic 4

 Cerebellum/brain stem 3

†
Only 9 patients received contrast, meningeal involvement and enhancement could not be assessed in the patient who did not receive contrast.

‡
Identified in at least one of the lesions.

*
The enhancement characteristics are based on the dominant mass.
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