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The challenges posed by the increasing incidence of haematological malignancies in older
patients were highlighted recently in reviews and in a Workshop sponsored by the American
Society of Hematology. (Lowenberg, 2018) There is a need for evidence to guide treatment
decisions for older adults, particularly in the use of novel targeted or immunotherapeutic
agents. This is largely a consequence of the under-representation of this demographic in
cancer clinical trials.

Management of primary central nervous system (CNS) lymphoma (PCNSL) in patients
aged = 70 years represents a significant problem. (Welch et al.,, 2012, Mendez et al.,

2017, Roth & Hoang-Xuan, 2014) While older PCNSL patients generally can tolerate and
benefit from high-dose methotrexate-based induction, whole brain irradiation consolidation
is not favoured because of excessive neurotoxicity. While intensive consolidation probably
improves outcomes in patients aged < 70 years, high dose-chemotherapy is not an option
for most older PCNSL patients. Given that the median age of PCNSL at diagnosis is

~ 60 years, determination of the optimal consolidative approach for older patients is an
important question. This problem is particularly significant given that the incidence of
PCNSL continues to rise in this older age group (Villano et af, 2011).
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PCNSL increasingly appears to be a curable brain tumour. However, in most clinical trials
to date, outcomes for patients older than 60 years remain poor, with 1-year progression-free
survival (PFS) rates of ~ 40% and median overall survival (OS) in the range of 14-30
months (Omuro et al., 2015, Zhu et al., 2009, Fritsch et al, 2017). Recent data from the
Central Brain Tumor Registry and the Surveillance, Epidemiology and End Results Program
demonstrated that, while median OS of all PCNSL patients doubled, from 12.5 months

in the 1970’s to 26 months in the 2010’s, progress was restricted to younger patients.
Median OS for PCNSL patients aged = 70 years has not improved over 40 years: 6 months
(1970’s) vs. 7 months (2010’s). (Mendez et al., 2017) These dismal results underscore the
need for novel therapeutic approaches for the particularly vulnerable older PCNSL patient
population.

We recently conducted a phase | investigation of lenalidomide in a cohort of patients with
relapsed CNS lymphomas, median age 66 years, demonstrating both cerebrospinal fluid
penetration of lenalidomide at doses as low as 10 mg, plus the activity of lenalidomide

as monotherapy in refractory disease. In a parallel analysis, we described 10 consecutive
relapsed PCNSL patients (median age 61.5 years) who received low-dose lenalidomide
maintenance (5-10 mg/day) after salvage therapy and until disease progression. In most
cases, remission duration with lenalidomide maintenance was significantly longer than
previous response durations. (Rubenstein et al., 2018)

Beginning in late 2011, we began using low-dose lenalidomide as maintenance in
consecutive older PCNSL patients (age = 70 years, human immunodeficiency virus negative)
after a partial or complete response to methotrexate/rituximab-based induction, in lieu of
surveillance, irradiation or high-dose chemotherapeutic consolidation. This retrospective
analysis of the first 13 consecutive patients was performed in accordance with a protocol
approved by the University of California, San Francisco Institutional Review Board and
patient’s signed informed consent.

Median age at diagnosis of this cohort was 77 years (range 70-86). Median Karnofsky
performance status and International Extranodal Lymphoma Study Group PCNSL
prognostic risk score was 60 (range 50-80) and 4 (range 3-5), respectively (Table I).

All subjects received induction therapy with methotrexate plus rituximab, and 11 received
methotrexate, temozolomide and rituximab (MT-R). Due to advanced age and decreased
renal function, most subjects received reduced doses of methotrexate (median 2.5 g/m?,
range 0.5 — 8). Induction therapy was well-tolerated with only two grade 3 toxicities: acute
kidney injury and urinary tract infection.

The median interval between diagnosis of PCNSL and initiation of adjuvant or maintenance
lenalidomide (5-10 mg/day on a 21-day cycle) plus aspirin was 6.0 months (range 3.4 —
19.6). Two patients received lenalidomide plus maintenance intravenous rituximab, every

6 months. With overall median follow-up of 31.6 months, low-dose lenalidomide was
well-tolerated by this older PCNSL population (Table SI): median time on lenalidomide
maintenance was 18.9 months (range 0.9 - 65.2). All patients were closely monitored with
median of three surveillance magnetic resonance imaging scans/patient. Median PFS has
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not been reached, and thus far there has been only one death: Patient 3, who discontinued
maintenance lenalidomide after developing a subdural haematoma, attributed to aspirin at
one month, died from complications of a myocardial infarction four years later (Figure 1).

To our knowledge, this is the first report of maintenance therapy of any type that focuses

on older PCNSL patients, age =70 years, who are not candidates for whole brain irradiation
or high-dose chemotherapeutic consolidation. With median follow-up of 31.6 months, these
encouraging preliminary results of prolonged PFS and OS with low-dose lenalidomide as
maintenance compare favourably to previous prospective trials and population-based studies
in this population in which, at best, the majority of patients exhibit tumour progression
within the first year and die within two years. This data also illustrates the feasibility

of maintenance in PCNSL with lenalidomide, a targeted agent with immunotherapeutic
properties. Nine patients completed at least eight months of lenalidomide maintenance,
toxicities were manageable, and there has been only 1 death, not related to disease or
treatment. Finally, while it has long been assumed that methotrexate doses = 3 g/m?2

are associated with optimal outcome in PCNSL, these results suggest that reduced-dose
methotrexate-based induction followed by low-dose lenalidomide maintenance is well
tolerated in patients aged =70 years and associated with excellent PFS and OS.

The pathogenesis of PCNSL is associated with immunodeficiency, a condition linked

to aging and immunosenescence, in which defects in T-cell chemotaxis and cytokine
production are demonstrated. Notably, low-dose lenalidomide was shown to enhance
proliferation and suppress apoptosis of stimulated T cells from older subjects, via interleukin
2-dependent mechanisms, and to restore diminished T-cell chemotactic responses to CCL21
and sphingosine 1-phosphate. (Huang et al., 2011) The reversal of T-cell abnormalities
associated with immunosenescence by low concentrations of lenalidomide suggests a
mechanistic basis for its utility as maintenance therapy in PCNSL. We suggest that studies
be conducted to prospectively test these hypotheses regarding the benefit of low-dose
lenalidomide maintenance in older patients with PCNSL.
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Figure 1. Progression-Free and Overall Survival of Elderly PCNSL Patientswho Received L ow-
Dose Lenalidomide M aintenance After Methotrexate-Based I nduction Therapy.

A. With median overall follow-up of 31.64 months, median progression-free survival has
not been reached. Of the 5 patients who progressed thus far, 3 responded to salvage therapy
and are maintained in second complete remission after repeat institution of maintenance
lenalidomide at 5-10 mg/day (Patients 1, 2 and 5).

B. Overall survival. Thus far, 1 primary central nervous system lymphoma patient in this
series has died. Median Karnofsky performance status at last follow-up is 100 (range,
50-100). Disease progression in Patient 1 resolved with vitrectomy and the patient resumed
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maintenance lenalidomide at 5 mg/day. Patient 2, who achieved only a partial response after
acute renal failure with MT-R (methotrexate, temozolomide, rituximab) induction, exhibited
stable intraocular lymphoma with lenalidomide maintenance for 40 months, before disease
progression in the right occipital lobe. He received re-induction immunochemotherapy with
MT-R and subsequently resumed lenalidomide at the higher dose of 10 mg/day, with
remission now exceeding 24 months. Patient 4, who had progression after 39 months of
lenalidomide, received salvage focal irradiation followed by pomalidomide. Patient 5 had
isolated intraocular relapse after 65 months of lenalidomide and received salvage ocular
irradiation at progression and resumed maintenance lenalidomide. Patient 11 relapsed with
isolated extra-central nervous system disease (left leg) 9 months after discontinuation of
maintenance lenalidomide.
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