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A 33-year-old woman with a 2-year history of documented human immunodeficiency virus 

(HIV) infection presented to the emergency room at San Francisco General Hospital with a 

new-onset seizure disorder that had recurred over the past month. Physical examination was 

notable only for generalized weakness and cognitive deficits. The patient had also recently 

been treated for disseminated mycobacterium avium complex plus herpes simplex viral 

infections and notably had been non-adherent to anti-retroviral therapy during the past 2 

years. The HIV viral load at the time of seizure presentation was 506,444 copies/mL with a 

peripheral CD4 count of only 1 cell/mm3. Magnetic resonance imaging of the brain 

demonstrated ring-enhancing lesions in the right frontal, parietal and occipital lobes. After 

admission and neurosurgical consultation, a stereotactic brain biopsy was performed and 

Epstein–Barr virus (EBV)+ diffuse large B-cell lymphoma (DLBCL) was diagnosed. Staging 

evaluation for systemic lymphoma, including computed tomography (CT) body imaging and 

bone marrow biopsy, was negative. The patient was started on an antiretroviral regimen of 

nucleoside reverse-transcriptase inhibitors tenofovir/ emtricitabine (Truvada) plus the non-

nucleoside reverse-transcriptase inhibitor etravine, and began inpatient chemotherapy for 

AIDS-related primary CNS lymphoma.

Given concerns regarding the long-term neurotoxicity of whole-brain radiotherapy [1], as 

well as the pilot data of Jacomet et al. [2], intravenous high-dose methotrexate (3 g/m2) with 

leucovorin rescue was administered as monotherapy. The patient received five cycles of 

high-dose methotrexate every 2 weeks without adverse event. However, after an initial minor 

CD4 response to 2 months of concomitant antiretroviral therapy (CD4 count increased from 

1 to 13 cells/mm3), HIV resistance was suspected due to a rising HIV viral load in peripheral 

blood and was confirmed by a drug resistance assay (Figure 1). A second-line antiretroviral 
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regimen was provided that added ritonavir-boosted darunavir plus the HIV viral integrase 

antagonist dolutegravir, in combination with the original backbone of tenofovir and 

emtracitabine; etravirine was discontinued.

Because progressive CNS lymphoma was detected on MRI at 1 month after initiation of this 

second-line combination anti-retroviral therapy (cART) regimen, and given recent evidence 

for efficacy of the immunomodulatory drugs (IMiDs) as monotherapy in CNS lymphomas 

[3–5], a trial of lenalidomide (10 mg/d, 21 day cycle), was administered, without 

glucocorticoids and in lieu of additional HD-MTX and/or salvage WBRT. Within 6 weeks, 

there was marked lymphoma regression on MRI and ultimately a complete radiographic 

response was achieved (Figure 2). The patient’s Karnofsky’s performance status increased 

from a baseline of 40 to 70. Moreover, co-administration of lenalidomide did not have a 

deleterious impact on the CD4 count, which increased from 12 to 246 cells/mm3 in response 

to second-line cART (Figure 1). The patient continued lenalidomide maintenance therapy 

plus cART for greater than 3 years and, based on neuroimaging repeated 4 years after 

diagnosis, the patient remains in remission from primary CNS lymphoma.

AIDS-related primary CNS lymphoma is typically an end-stage manifestation of HIV 

infection that is associated with CD4+ cell counts <50 cells/mm3 [6]. These lymphomas 

display a uniform EBV+, activated B-cell immunophenotype and, in general, the prognosis 

of AIDS-related primary CNS lymphoma is markedly inferior to that of primary CNS 

lymphoma arising among patients with an intact immune system. Historically, the median 

survival of AIDS-related primary CNS lymphoma rarely exceeds 3 months and whole-brain 

radiotherapy has been considered a standard front-line intervention [7,8]. While the 

incidence of AIDS-related primary CNS lymphoma declined substantially with the 

availability of effective combination anti-retroviral therapy, sporadic cases of this highly 

aggressive brain tumor continue to challenge clinicians, particularly in urban and poverty-

stricken areas with higher HIV prevalence and in which there may be barriers to distribution 

of anti-retroviral medications [9,10]. We recently demonstrated that combination anti-

retroviral therapies can be administered in conjunction with high-dose methotrexate-based 

induction therapy for newly-diagnosed AIDS-related primary CNS lymphoma, yielding 

long-term survival outcomes that are similar to those obtained in primary CNS lymphoma 

among the immunocompetent [11–13]. While it is possible that enhanced HIV suppression 

as well as immune reconstitution contributed to the response, to our knowledge this is the 

first report of the successful complete regression and durable remission of AIDS-related 

primary CNS lymphoma with lenalidomide as monotherapy. Importantly, lenalidomide has 

been demonstrated to markedly enhance T-cell functions, including chemotaxis to S1P and 

CCL21, as well as IL-2 production, in T cells isolated from HIV-infected patients [14], 

raising the possibility that lenalidomide might be synergistic with combination anti-

retroviral therapy. The outcome in this case is particularly notable given the refractoriness of 

the CNS lymphoma to intravenous high-dose methotrexate chemotherapy. Of note, there was 

no clinical evidence of delayed EBV reactivation with ongoing lenalidomide maintenance 

although repeat viral load measurements of EBV pre- and post-initiation of lenalidomide 

were not performed.
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The role of lenalidomide, and potentially other IMIDs, in AIDS-related primary CNS 

lymphoma deserves further evaluation in combination with cART. Lenalidomide plus 

rituximab may also be considered in this setting, given evidence for the efficacy of this 

combination, provided recently by Soussain et al. [15] in relapsed primary CNS lymphoma. 

Strategies based on lenalidomide, and potentially other IMiD’s, provide an attractive 

alternative to whole-brain radiotherapy, as well as to chemotherapy for AR-PCNSL, 

particularly given its efficacy in the stimulation of T-cell responses [16–18].
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Figure 1. 
Second-line cART regimen is effective with lenalidomide. Orange bars (A): viral load 

(copies/ml); blue bars (B): CD4 count (cells/microliter). Grey line (A): duration of HD-

MTX-based therapy. Red line (A): duration of lenalidomide therapy. After 2 months of 

cART, acquired resistance to the first-line antiretroviral regimen consisting of nucleoside 

reverse transcriptase inhibitors, tenofovir and emtracitabine plus the non-nucleoside reverse 

transcriptase inhibitor etravirine, was demonstrated by HIV resistance assay and rising HIV 

viral load (Star). A second-line, five-drug antiretroviral regimen was provided that added 

ritonavir-boosted darunavir plus the viral integrase antagonist dolutegravir in combination 

with the backbone of tenofovir and emtracitabine; etravirine was discontinued. This 

regimen, administered with lenalidomide (10 mg/d) reduced the HIV viral load in peripheral 

blood and yielded an increase (B): in the CD4 count from 1 to 206. There was no additive 

toxicity with combination lenalidomide plus cART, and a complete radiographic response 

was achieved.
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Figure 2. 
Radiographic response of methotrexate-resistant AR-PCNSL to lenalidomide in 

combination with cART. Characteristic multifocal ring-enhancing lesions of AIDS-related 

primary CNS lymphoma (AR-PCNSL; arrows) in frontal and occipital lobes are 

demonstrated in T1 axial (A) and T1 coronal (B) images at diagnosis of AR-PCNSL. While 

the CNS lymphoma was refractory to five cycles of HD-MTX (3 g/m2) plus the first-line 

cART regimen, there was a complete radiographic response (C,D) with the second-line 

cART regimen administered with lenalidomide. The remission has been durable, lasting >3 

years.
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