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    Abstract     Primary central nervous system lymphoma (PCNSL) is a rare extra- 
nodal B-cell non-Hodgkin lymphoma, which arises in the brain, spinal cord, menin-
ges, or eyes. In individuals infected with HIV, PCNSL occurs with advanced 
immunosuppression and low CD4 T-cell count. It is considered an AIDS-defi ning 
malignancy. Unlike PCNSL in immune-competent hosts, AIDS-related PCNSL 
(AR-PCNSL) is almost exclusively caused by a cancer-causing herpesvirus, 
Epstein–Barr Virus (EBV, also known as human herpesvirus-4). While PCNSL in 
immune-competent patients and AR-PCNSL have pathologic and clinical overlap, 
AR-PCNSL is distinguished by its strong association with immunosuppression and 
viral etiology.  

15.1         Introduction 

 Primary central nervous system lymphoma (PCNSL) is a rare extra-nodal non- 
Hodgkin lymphoma, which accounts for approximately 3–5 % of primary brain 
tumors. Prior to effective therapy for HIV, a large proportion of cases of PCNSL, 
especially in younger individuals, occurred in severely immune compromised 
patients with acquired immunodefi ciency syndrome (AIDS) (Ziegler et al.  1984 ); 
therefore, PCNSL is considered an AIDS-defi ning malignancy (Raez et al.  1998 ). 
However, after the broad availability of highly activate antiretroviral therapy 
(HAART) in 1996 (Pipkin et al.  2011 ), the incidence of PCNSL in HIV-infected 
individuals has decreased by nearly 90 % (Wolf et al.  2005 ). Nonetheless, the 
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incidence AIDS-related (AR)-PCNSL in the USA remains signifi cantly elevated at 
an estimated 26 cases per 100,000 person-years among people with AIDS, and con-
tinues to affect mainly patients under the age of 50 (Shiels et al.  2011 ). In areas 
where HAART is available, most patients with AR-PCNSL are not taking HAART 
either because they are not aware they are HIV infected or because of poor adher-
ence to HAART. At the same time that incidence of AR-PCNSL has decreased, 
there has been an increase in the incidence of PCNSL in immune-competent elderly 
patients, highlighting a changing epidemiology of PCNSL in the USA related to 
differences in the underlying pathogenic processes (Shiels et al.  2011 ).  

15.2     Histopathology and Pathogenesis 

 PCNSL is a B-cell lymphoma with diffuse large cell morphology. The diagnosis 
should be distinguished from systemic lymphoma with CNS involvement, dural- 
based low-grade lymphomas, and other rare histologies presenting in the CNS 
(Rubenstein et al.  2008 ). PCNSL in HIV-infected and HIV-uninfected patients share 
some clinical and morphologic characteristics; however, pathogenesis differs in 
important ways. 

 Both AR-PCNSL and PCNSL in immune-competent hosts are multifocal angio-
centric tumors that express pan-B-cell markers (CD20, CD19, CD22 and CD79a). 
These tumors are highly proliferative with high expression of Ki-67 (Braaten et al. 
 2003 ; Deckert et al.  2011 ; Lin et al.  2006 ). PCNSL generally has a post-germinal 
center phenotype. In immune-competent patients, immunohistochemistry suggests 
a majority of tumors have activated B-cell differentiation based on lack of CD10 
and common expression of IRF4 (90 %), a transcription factor associated with lym-
phocyte activation. However the germinal center associated transcription factor 
BCL6 is also expressed in 60–80 % of cases (Larocca et al.  1998 ). In contrast, 
AR-PCNSL, the immunophenotype is generally BCL6 negative and IRF4 positive 
(Carbone et al.  1998a ,  b ). This immunophenotype is also noted in post-transplant 
lymphoproliferative disorder (PTLD) (Abed et al.  2004 ). Additional characteristics 
of AR-PCNSL include expression of the plasma cell marker CD138, the activation 
marker CD30, and adhesion molecules CD11a and ICAM-1 (CD54) that may con-
tribute to homing to cerebral blood vessels (Bashir et al.  1992 ). 

 There are several similarities between AR-PCNSL and PTLD. PTLD is a disor-
der of proliferating latently EBV-infected B-cells that may be clonal and sometimes 
presents with CNS-only manifestations. PTLD can occur either after solid organ 
(SOT) or hematopoietic stem cell transplants (HSCT) as a result of medical immu-
nosuppression. In HSCT it usually occurs within 6 months post-transplant and the 
lymphoproliferation is of donor-cell origin prior to EBV-specifi c cytotoxic T-cell 
reconstitution, while in SOT >90 % is of recipient cell origin and may have a longer 
latency due to long-term T-cell suppression to prevent organ rejection (Heslop 
 2009 ). Both AR-PCNSL and PTLD often have immunoblastic features (Castellano- 
Sanchez et al.  2004 ). Like PTLD, AR-PCNSL tumor cells almost always have 
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 evidence of EBV-infection, as noted by staining for EBV-encoded small RNA 
(EBER1) transcripts (MacMahon et al.  1991 ). AR-PCNSL is usually clonal based 
on polymerase chain reaction (PCR) evaluation of the immunoglobulin heavy chain 
gene (IgH) (Schmitt-Graff et al.  1995 ). 

 Acquired T-cell immunosuppression is a common risk factor for both AR-PCNSL 
and PTLD. In patients with HIV, the majority of cases of AR-PCNSL occur in 
severely immune compromised patients with AIDS, and CD4 counts <50 cells/μL. 
AR-PCNSL patients have been shown to lack EBV-specifi c CD4+ T-cells, irrespec-
tive of absolute CD4 counts, supporting lack of immune regulation of EBV-infected 
B-cells as a critical mechanism of EBV-driven oncogenesis (Gasser et al.  2007 ). 
This is in contrast to PCNSL in immune-competent patients, in which evidence of 
EBV infection of the tumor cells is rare (MacMahon et al.  1991 ). A range of EBV 
viral proteins are expressed in both AR-PCNSL and PTLD, including the EBV- 
associated nuclear antigens (EBNAs) 1, 2, 3A, 3B, and 3C; latent membrane pro-
teins (LMP) 1 and 2; and leader protein (LP). This pattern of EBV protein expression 
is referred to latency III, and is remarkable among EBV-associated tumors for the 
broadest expression of viral proteins. EBV-encoded genes may play an important 
role in lymphomagenesis, and at the same time, EBV latency III lymphoprolifera-
tions are also the most immunogenic EBV-associated tumors and responsive to 
immune-based therapies. 

 At the molecular level, a high level of aberrant somatic hypermutations have been 
detected both in PCNSL in immune-competent patients and in AR-PCNSL 
(Table  15.1 ) (Gaidano et al.  2003 ; Travi et al.  2012 ; Wolf et al.  2005 ). In AR-PCNSL, 
recurrent mutations have been noted in 5’ region non-coding region of  BCL6 ,  c - 
MYC    ,  and TTF  (Courts et al.  2008 ; Montesinos-Rongen et al.  2004 ). Additional 
insight into the molecular pathogenesis of PCNSL has mainly been evaluated in 
tumors from immune-competent subjects. In PCNSL not associated with AIDS, 
additional recurrent mutations have been identifi ed (Table  15.1 ). Also, chromosomal 
abnormalities involving either  IgH  or  BCL6  breakpoints detectable by fl uorescent in 
situ hybridization (FISH) (Montesinos-Rongen et al.  2002 ) or gains and losses of 
genetic materials detectable by comparative genomic hybridization (CGH) (Schwindt 
et al.  2009 ) have been noted in PCNSL not associated with AIDS. In one study con-
ducted in HIV-uninfected patients comparing immune-privileged sites (IP-testis and 
CNS) to systemic DLBCL identifi ed a loss in 6p21.32-p35.3 in IP-DLBCL (Booman 
et al.  2008 ). Analysis of candidate genes encoded in that region identifi ed two sepa-
rate clusters: one involved in apoptosis, and a second involved in the immune 
response, including regulation of HLA expression (Booman et al.  2008 ). More 
recently, L265P gain of function point mutation in  MYD88  (Montesinos-Rongen 
et al.  2011 ) has been noted to be a common recurrent mutation in PCNSL. This point 
mutation is also noted in a subset of activated B-cell diffuse large B-cell lymphomas 
(Ngo et al.  2011 ) and Waldenstrom’s macroglobinemia (Treon et al.  2012 ). Point 
mutations in the coiled region of  CARD11  have also been noted. These later two 
genes are implicated in NFkB dysregulation in B-cell lymphomas.

   Gene expression profi ling in PCNSL has been limited due to relatively small 
sample sizes ( n  < 25), and has been mainly performed on tumors from 
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HIV- uninfected patients. Three published studies (Montesinos-Rongen et al.  2008 ; 
Rubenstein et al.  2006 ; Tun et al.  2008 ) demonstrated a transcriptional signature 
that somewhat resembles systemic DLBCL. However, several genes of interest have 
been identifi ed as being signifi cantly upregulated in PCNSL compared to systemic 
DLBCL, including genes encoding adhesion-related proteins ( CXCL13 ), extracel-
lular matrix genes ( SSP1 ,  osteopontin ), (Tun et al.  2008 ), and the oncogenes  Pim - 1 , 
 c - MYC , and  Mina53 . Interestingly, increased expression of the transcription factors 
 XBP1  and  ATF6 , which are genes that regulate unfolded protein responses, was 
noted in one study. Transcriptional upregulation appears to be associated with by 

    Table 15.1    Molecular pathology of primary CNS lymphoma in immune-competent patients 
compared to AIDS-related primary CNS lymphoma and other EBV-associated lymphomas with a 
latency III viral protein expression pattern   

 PCNSL in immune-competent patients 
 AR-PCNSL and other latency 
III EBV-associated lymphomas 

 Somatic gene 
mutations 

  PIM1 ,  c - MYC ,  TTF ,  PAX5 ,  Fas  
( CD95 ),  CARD 11 ,  MYD - 88 , 
 BLIMP1 ,  TBL1XR1  

  BCL - 6 ,  c - MYC ,  TTF  (Gaidano 
et al.  2003 ) 

 Chromosomal 
abnormalities 
by FISH or CGH 

  IgH and BCL6  breakpoints 
 6p21-32 deletions 
 12q gains 

 Unknown 

 Human gene 
expression studies 

 Compared to systemic DLBCL: high 
expression of  XBP1 ,  c - MYC ,  PIM1 , 
IL-4 induced genes (Rubenstein 
et al.  2006 ); as well as extracellular 
matrix and adhesion- related genes: 
 osteopontin ,  CXCL13 , and  IL - 8  

 Unknown 

 Human microRNA 
(miR) 

 Compared to systemic DLBCL, further 
upregulation of miR associated 
with germinal center B-cell 
lymphomas (miR17-5p, miR-20a, 
miR-155), as well as those 
blocking B-cell differentiation 
(miR-9, miR-30b/c) 

 High miR155 expression 
(Wang et al.  2011 ) 

 EBV viral–human 
gene interactions 

 Not applicable  EBV-encoded LMP-1 interacts 
with cellular TRAFs, 
activating NFkB (Kung and 
Raab-Traub  2010 ) 

 LMP-1 induces IRF4, these 
proteins are co-expressed in 
AR-PCNSL (Xu et al.  2008 ) 

 LMP1 upregulates adhesion 
molecules LFA1 and ICAM, 
leading to tumor necrosis 
and vascular destruction as 
seen in AR-PCNSL 
(Cherney et al.  1998 ) 

 EBV encoded miR  Not applicable  EBV-encoded BHRF1 miR 
cluster enhances EBV’s 
transforming potential 

J. Davidson-Moncada and T.S. Uldrick



211

paracrine interactions with CNS vasculature, which is in part driven by tumor and 
endothelial IL-4 expression (Rubenstein et al.  2006 ). 

 The role of microRNAs in normal lymphoid development as well as lymphoma-
genesis is an area of active research. miR-155, which plays an important role in 
germinal center biology and is associated with B-cell proliferation and lymphoma-
genesis (Davidson-Moncada et al.  2010 ), appears to be even more highly expressed 
in PCNSL than systemic DLBCL. Additional microRNAs that are upregulated com-
pared to systemic DLBCL include miR-17-5p and miR-20a, which target  the c - MYC  
pathway, as well as those blocking B-cell differentiation (miR-9, miR- 30b/c), while 
several putative tumor-suppressor miRNAs (miR-199a, miR-214, miR-193b, miR-
145) may be downregulated (Fischer et al.  2011 ). 

 Further research is required to evaluate molecular similarities and differences 
between AR-PCNSL and PCNSL in immune-competent hosts. It remains unknown 
which of the genetic abnormalities seen in PCNSL also exist in AR-PCNSL, but it 
is likely that some molecular abnormalities in AR-PCNSL are due to interactions 
between EBV-encoded genes, microRNAs and lymphomagenic human signaling 
pathways. For example, latency membrane protein-1 ( LMP1 ) is a viral oncogene 
that encodes a homologue to CD40 that is constitutively activated. Interactions 
between the C-terminal activating regions of LMP1 and tumor necrosis factor 
receptor associated factors (TRAFs) can lead to upregulation of NFkB (Kung and 
Raab-Traub  2010    ). LMP1 also upregulates of IRF4 (Xu et al.  2008 ), a hallmark of 
AR-PCNSL, while downregulating the transcription factor BLIMP1, which is 
required for plasma cell differentiation (Vrzalikova et al.  2011 ). LMP1 itself is 
upregulated by IL-4 (Kis et al.  2011 ), and therefore IL-4-dependent signaling 
appears to be important in both types of PCNSL. Interestingly, mouse models of 
lymphomas expressing LMP1 are notable for a high degree of tumor necrosis and 
vascular destruction and in some cases tumor regression, mirroring what is noted in 
AR-PCSNL. These fi ndings may be mediated by upregulation of adhesion mole-
cules and induction of chemokine anti-tumor responses (Cherney et al.  1998 ). 
Furthermore, miR-155, which is transcriptionally targeted by IRF4, is highly 
expressed in the Latency III pattern of EBV-infected B-cells as well as PTLD and is 
associated with cellular proliferation (Wang et al.  2011 ). Additional epigenetic 
mechanisms of lymphomagenesis attributable to dysregulated expression of EBV- 
encoded proteins and microRNAs in B-cells, as well as abnormal innate and 
acquired immune responses in AIDS patients are also likely.  

15.3     Clinical Presentation, Diagnosis, 
and Baseline Evaluation 

 Neurologic disorders are prevalent in AIDS patients, and may be due to HIV- 
associated pathology, opportunistic infections, neoplasms, drug effects, and cere-
brovascular disease. AR-PCNSL most often presents with neurologic symptoms 
such as headaches, lethargy, confusion, visual complaints, seizures, or focal neuro-
logic symptoms such as cranial nerve dysfunction or hemiparesis. It occurs most of 
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the time in patients with CD4 counts less than 50 cells/μL. CT-scans usually show 
ring-enhancing CNS mass lesions. The main differential diagnosis of such lesions 
in patients with AIDS includes toxoplasma encephalitis, the most common cause, 
followed by PCNSL. Other causes of mass lesions are cryptococcal mengioenceph-
alitis and tuberculosis (Rosenblum et al.  1988 ). Before HAART, toxoplasmosis 
encephalitis occurred in 3–10 % of patients in the USA (Luft and Remington  1992    ). 
However, toxoplasmosis is much less frequent with HAART as well as medicines 
commonly used in patients with CD4 counts less than 200 to prevent  pneumocystis  
pneumonia such as trimethoprim–sulfamethoxazole. In the HAART era, toxoplas-
mosis incidence is less than 1 %, but like AR-PCNSL, it is most commonly seen in 
medically underserved HIV-infected populations not on HAART. 

 AR-PCNSL occurs primarily in the brain parenchyma, and may disseminate to 
the leptomeninges. Spinal cord, ocular, and cranial nerve involvement is rare. Given 
advanced immunosuppression in this population, patients with AR-PCNSL are also 
at risk for concurrent opportunistic infections, including CNS infections such as 
toxoplasmosis, cryptococcus, or CMV (Bower et al.  2006 ). Preferred initial imaging 
in patients with HIV and neurologic symptoms include contrast-enhanced magnetic 
resonance imaging (MRI), although CT with contrast can be used if MRI is not avail-
able. In AR-PCNSL, these imaging studies can identify single or multiple CNS 
masses, which are generally ring-enhancing with central necrosis, but may also have 
diffuse or nodular enhancement (Fig.  15.1 ). Mass-associated edema is also common, 
and can be best noted on MRI fl uid attenuated inversion recovery (FLAIR) sequence 
imaging. CT and MRI are useful in excluding signifi cant mid-line shift that may 
make a lumbar puncture unsafe. Toxoplasmosis and AR-PCNSL have similar presen-
tations and cannot be reliably distinguished based on imaging and clinical features.

   Establishing a defi nitive diagnosis of cerebral mass lesions in patients with 
known or suspected HIV (Fig.  15.2 ) requires a medical history focusing on HIV and 
opportunistic infections, use of prophylactic antibiotics with anti-toxoplasmosis 
activity, and risks-factors for systemic malignancies, as well as physical exam 
including professional ophthalmology evaluation. Expedited evaluation should 
include the following studies: HIV ELISA and viral load, CD4 count, CNS and 
body imaging to evaluate for systemic infections or malignancies, toxoplasmosis 
serology, and lumbar puncture to evaluate cerebral spinal fl uid (CSF) for leptomen-
ingeal dissemination and/or CNS infection. In cases of suspected ocular involve-
ment, vitrectomy is indicated (Abrey et al.  2005 ).

   Lumbar puncture with CSF studies and nuclear imaging provide important 
 diagnostic information to help differentiate between AR-PCNSL and CNS infection 
and identify concurrent pathologies. The discovery of an almost universal associa-
tion of AR-PCNSL with EBV infection (Bashir et al.  1993 ; MacMahon et al.  1991 ) 
has led to use of PCR to detect EBV DNA in CSF in patients with suspected 
AR-PCNSL. Additional initial CSF studies to evaluate for leptomeningeal dissemi-
nation and/or infections include: opening pressure, cell count, protein, glucose, 
gram stain, cryptococcal Ag, cytopathology, fl ow cytometry and (PCR) evaluation 
for immunoglobulin heavy chain (IgH) clonal rearrangements, EBV (quantitative) 
viral load, JC virus, cytomegalovirus (CMV, also known as human herpesvirus-5), 
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and toxoplasmosis (Fig.  15.1 ). Other microbiology studies may be indicated in 
some cases based on MRI fi ndings and patient history. 

 Two nuclear imaging modalities have been evaluated in patients with AR-PCNSL, 
thallium-201 (Tl-201) single-photon emission CT (SPECT) and 18(F) fl uorodeoxy-
glucose positron emission tomography (FDG-PET). With either nuclear imaging 
modality, infections usually appear as hypometabolic lesions, whereas PCNSL or 
other tumors are hypermetabolic (Fig.  15.1 ). In patients with HIV/AIDS and low 
CD4 count (generally less than 100 cells/μL), sensitivity and specifi city of nuclear 
imaging range between 80 and 100 % (Kasamon and Ambinder  2005    ). Combining 
imaging fi ndings with data on toxoplasmosis serology (Skiest et al.  2000 ) and CSF 
EBV viral load can further increase diagnostic accuracy. The combination of Tl-201 
SPECT with CSF-based testing increased the specifi city and positive predictive 
value to nearly 100 % in one study (Antinori et al.  1999 ). However, it should be 
noted that EBV can be detected frequently in the CSF of patients with HIV/AIDS 
with systemic non-Hodgkin lymphoma or other diseases, and is not specifi c for 
AR-PCNSL (Corcoran et al.  2008 ). Furthermore, anti-toxoplasmosis titers can be 
elevated in patients with AR-PCNSL, and do not exclude concurrent pathology. For 
these reasons, despite technical advances in minimally invasive diagnostic tools for 
evaluation intracranial masses in AIDS patients, diagnosis of AR-PCNSL is done 
by pathological examination in nearly all cases. 

 CSF cytopathology as well as fl ow cytometry and IgH rearrangement studies 
may be useful in diagnosis of AR-PCNSL. The impetus for using CSF cytopathol-
ogy as a diagnostic tool in PCNSL comes from studies utilizing this as adjunct in 
diagnosis of leptomeningeal involvement. CSF cytopathology can detect leptomen-
ingeal spread in 15–40 % of untreated immune-competent PCNSL patients, and is 

  Fig. 15.1     Left : Gadolinium-enhanced T1 weighted magnetic resonance imaging in a patient with 
AIDS-related primary central nervous system lymphoma.  Right :  18 F FDG-positron emission 
tomography in the same patient       
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associated with higher tumor burden (Balmaceda et al.  1995 ; Ferreri et al.  2003 ; 
Fischer et al.  2008 ). Multi-parameter fl ow cytometry is also useful for detecting lepto-
meningeal involvement of both systemic diffuse large B-cell lymphoma and PCNSL, 

  Fig. 15.2    An approach for evaluating of HIV-infected patients with central nervous system 
enhancing mass lesions       
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and is more sensitive than cytopathology (Kraan et al.  2008 ; Schroers et al.  2010 ). 
IgH PCR studies of CSF can also detect clonal IgH rearrangements in patients 
with PCNSL, and provides important information that can be integrated with 
cytopathology and fl ow cytometric fi ndings (Ekstein et al.  2006 ; Fischer et al. 
 2008 ). It should be noted that the utility of fl ow-cytometry and IgH PCR in 
AR-PCNSL remains to be fully defi ned, still it is reasonable to integrate these 
minimally invasive studies into the initial diagnostic evaluation of patients with 
AIDS and ring-enhancing CNS masses. In AIDS patients with ring-enhancing 
CNS masses, pathologic demonstration of leptomenigeal dissemination of lym-
phoma can establish a defi nitive diagnosis. 

 Despite these advances in minimally invasive diagnostic tools, histologic diag-
nosis remains the gold standard for diagnosis of AR-PCNSL, and biopsy is required 
in many cases for defi nitive diagnosis. As AR-PCNSL is a multifocal malignancy, 
craniotomy with resection of a lesion is generally not performed unless there is 
another indication such as decompression of mass effect or concern for an abscess. 
Stereotactic brain biopsy has a diagnostic yield of 85–90 % in evaluation of cerebral 
lesions in patients with AIDS, and is generally associated with low mortality, 
although the overall morbidity rate is approximately 8–10 % mainly due to intracra-
nial bleeding (Davies et al.  1995 ; Iacoangeli et al.  1994 ; Luzzati et al.  1996 ; 
Skolasky et al.  1999 ). However, thalamic or basal ganglia lesions are associated 
with a signifi cantly increased risk of morbidity, often from bleeding (McGirt et al. 
 2005 ). In AIDS patients with a CD4 count less than 100 cells/μL, positive EBV 
viral load in the CSF and lesions consistent with AR-PCNSL by nuclear imaging, 
biopsy of such high-risk lesions may be relatively contra-indicated. In such cases, 
diagnosis of AR-PCSNL can usually be established based on results of these estab-
lished noninvasive studies (Fig.  15.2 ). 

 In 1998, the American Academy of Neurology issued recommendations to guide 
diagnostic evaluation of AIDS patients with ring-enhancing lesions ( 1998 ). 
However, this algorithm does not include more recent molecular diagnostics or fl ow 
cytometry, which are sensitive for detecting B-cell malignancies in the CSF (Kraan 
et al.  2008 ). Furthermore, this and other algorithms include a trial of empiric antibi-
otics for toxoplasmosis, which is no longer advisable given diagnostic advances and 
dramatically improved survival of patients with AIDS in the HAART era. An alter-
native algorithm for patients with AIDS and enhancing CNS masses that takes into 
account these new fi ndings is proposed in Fig.  15.2 . It should be noted that  evaluation 
in some patients, for example those with inconclusive imaging and laboratory stud-
ies in which brain biopsy is felt to be dangerous can be challenging, and the best 
approach will require balancing various risks. Also, this algorithm should be con-
sidered a suggested guide, and readers should be alert for new developments or new 
offi cial guidelines in this area. 

 AR-PCSNL and other CNS infections occurring in patients with AIDS can be 
associated with a rapid deterioration of functional and neurologic function. Patient 
performance status should be assessed using an Eastern Cooperative Oncology 
Group (ECOG) performance scale. Cognitive function should be monitored using 
serial scoring of Mini Mental Status Examination (MMSE). Given the rapid and 
sometimes irreversible decline in performance status in patients with untreated 

15 AIDS-Related Primary Central Nervous System Lymphoma



216

AR-PCNSL or untreated CNS infections and improved long-term outcomes in 
AIDS patients treated with HAART, expedited evaluation is crucial. Long-term 
neurologic function, quality-of-life, and survival are likely affected by the course of 
action taken during the initial diagnostic evaluation (Abrey et al.  2005 ).  

15.4     Treatment and Prognosis 

 The advent of effective combination antiretroviral therapy, also known as HAART 
heralded a new era for HIV-infected patients. Control of HIV-replication and associ-
ated immune reconstitution lead to a decrease in deaths from opportunistic infec-
tions and dramatically improved overall survival for many AIDS patients. Studies of 
outcomes for HIV-related diseases are usually divided between the pre-HAART era 
(before 1996) and the era when HAART became broadly available in the USA and 
Europe (after 1996) (Ricard et al.  2012 ). Among populations with access to HAART, 
one of the great advances has been the prevention of malignancies occurring in the 
setting of very low CD4 counts, such as AR-PCNSL. However, despite improve-
ment in overall survival attributable to HAART (Bayraktar et al.  2011 ; Bower et al. 
 2006 ; Diamond et al.  2006 ; Hoffmann et al.  2001 ; Newell et al.  2004 ; Skiest and 
Crosby  2003    ), patients who do develop AR-PCNSL still have an overall mortality 
close to 90 % at 2 years (Achenbach et al.  2011 ; Norden et al.  2011 ). 

 HAART is a necessary part of treatment of AR-PCNSL, and immune reconstitu-
tion is considered the main driver of this effect. Control of HIV viremia allows for 
T-cell immune reconstitution, and improved immunosurveillance against this 
immunogenic, virally associated malignancy. In rare cases, HAART alone has even 
been associated with complete resolution of PCNSL, (Aboulafi a and Puswella 
 2007    ), presumably due to improved T-cell function. 

 Pilot (Aboulafi a et al.  2006 ; Jacomet et al.  1997 ) and retrospective studies 
(Hoffmann et al.  2001 ; Nagai et al.  2010 ; Newell et al.  2004 ; Pipkin et al.  2011 ) 
suggest further improvements in outcomes may be possible in this patient popula-
tion with lymphoma directed therapeutics and appropriate supportive care that 
includes prophylaxis and treatment of opportunistic infections, and in some cases, 
short courses of steroids to manage neurologic symptoms. However, delayed 
 diagnosis (Haldorsen et al.  2005 ), heterogeneous approaches to diagnosis (Cingolani 
et al.  1998 ; Davies et al.  1995 ; Kaufmann et al.  1996 ; Skiest et al.  2000 ; Skolasky 
et al.  1999 ), poor performance status (Raez et al.  1998 ), and infectious (Mahindra 
and Grossman  2003    ; Remick et al.  1990 ) or malignant (Ahsan and Neugut  1996    ) 
co-morbidities may be signifi cant additional risk factors that effect overall survival. 
Unlike systemic non-Hodgkin lymphoma in patients with AIDS, for which dramatic 
improvements in overall survival have been achieved through prospective therapeu-
tic studies, advances in AR-PCNSL has been limited by lack of prospective studies. 
As such, there is no consensus on how to treat AR-PCNSL. 

 The major defi nitive treatment modalities for PCNSL are whole brain radiation 
therapy (WBRT)   , chemotherapy, and the anti CD-20 monoclonal antibody, rituximab. 
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However, there are no completed prospective lymphoma directed studies that have 
been performed in patients with AR-PCNSL in the HAART era. With the exception 
of HAART, which is indicated based on evidence showing improved overall survival, 
therapeutic interventions for AR-PCNSL are based on case series and expert opinion, 
or extrapolation from studies performed in immune-competent patients with PCNSL. 

 In AR-PCNSL, radiotherapy has been the predominant treatment modality since 
the beginning of the AIDS epidemic. Radiation has good activity against PCNSL. 
However, focal radiotherapy is associated with high recurrence rates and hence 
WBRT is recommended. Even WBRT is unlikely to treat leptomeningeal disease 
outside the radiation fi eld. In retrospective studies performed in the pre-HAART 
era, median overall survival with WBRT alone was less than 6 months; death was 
generally from either other complications of AIDS or from progressive PCNSL. A 
more recent study performed in the HAART era has demonstrated 3-year survival 
of 64 % in patients with pathologically confi rmed AR-PCNSL treated with HAART 
and WBRT (>30 Gy). Doses of WBRT (~40 Gy), recommended for better and more 
durable disease control, however, are associated with debilitating and at times life-
threatening neurotoxicity (Correa et al.  2004 ; Nagai et al.  2010 ; Skiest and Crosby 
 2003 ; Wolf et al.  2005 ). Therefore, radiation- sparing approaches to AR-PCNSL are 
highly desirable. 

 High-dose methotrexate, either alone or in combination regimens, is the best- 
studied radiation-sparing approach to PCNSL in patients without HIV. However, 
many regimens evaluated in PCNSL in immune-competent patients also contain 
high-dose cytarabine, which adds substantial toxicity and may not be appropriate 
for patients with AIDS. A pilot study of high-dose methotrexate 3 g/m 2  performed 
in ten patients with histologically confi rmed AR-PCNSL in the pre-HAART era 
(Jacomet et al.  1997 ) demonstrated a complete response rate of 30 %; however, 
median overall survival was only 2 months. Further evaluation of radiation-sparing 
approaches is required in the HAART era. 

 Rituximab, a monoclonal antibody directed against CD20, is an important immu-
notherapy that has been evaluated in the treatment of PCNSL and PTLD, and is a 
rational agent in AR-PCNSL, in which 100 % of lymphoma cells express CD20. 
One challenge has been determining whether a therapeutic concentration rituximab 
can be obtained in the central nervous system. Pharmacokinetic studies have shown 
that CSF levels are approximately 0.1–1 % that of serum during peripheral admin-
istration (Larouche et al.  2011 ; Rubenstein et al.  2003 ). Though this may appear to 
be an insuffi cient concentration, it represents 1–10 times more than needed to satu-
rate 80–95 % of CD20 positive cell surface (Chow et al.  2002 ). Furthermore, tumor- 
associated breakdown of the blood–brain barrier likely allows for increase 
accumulation at the site of the tumor. Indeed tumor accumulation of yttrium-90- 
labeled anti-CD20 antibodies can be demonstrated in a majority of patients with 
PCNSL (Maza et al.  2009 ). 

 Clinically, a retrospective study examined the addition of rituximab to high-dose 
methotrexate and ifosfamide on outcomes in newly diagnosed PCNSL in HIV- negative 
patients. The addition of rituximab increased the CR rate (100 vs. 68.4 %;  p  = 0.02) 
and 6-month progression-free survival (94.1 vs. 63.2 %;  p  = 0.04) (Birnbaum et al. 
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 2012 ). A subsequent prospective multicenter study evaluating rituximab in combina-
tion with high-dose methotrexate and temozolomide had a 63 % complete response 
rate. Patients went on to receive consolidation therapy with high-dose cytarabine and 
etoposide, and mature results from this study are forthcoming. 

 Overall, the results of trials in HIV-uninfected patients with PCNSL suggest that 
radiation-sparing modalities can achieve good results. While patients with 
AR-PCNSL may be more susceptible to toxicities from such regimens because of 
their severe underlying acquired immunodefi ciency, such approaches are appropri-
ate to consider at the HAART era. However, there are no completed studies of 
radiation- sparing approaches with HAART in AR-PCNSL. Curative-intent, 
radiation- sparing treatment of AR-PCNSL is currently under investigation in a pro-
spective study evaluating of rituximab, high-dose methotrexate, and HAAART in 
patients with AR-PCNSL (NCT00267865).  

15.5     Conclusion 

 AR-PCNSL is a rare AIDS-defi ning malignancy with a high mortality. The advent 
of the widespread distribution of HAART has led to a substantial decline in inci-
dence and a modest improvement in overall survival. For AIDS patients who 
develop AR-PCNSL, diagnostic as well as therapeutic challenges exist. A stream-
lined evaluation of CNS masses (Fig.  15.2 ) may lead to earlier diagnoses and treat-
ments, and improved outcomes. All patients should be started on HAART, and 
given the lack of a standard therapy, should also receive curative intent lymphoma 
directed therapy, ideally within a clinical trial.     
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