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KEY PO INT S

l Tisagenlecleucel for
secondary CNS
lymphoma has an
acceptable safety
profile.

l Preliminary results
using tisagenlecleucel
demonstrate activity
in a heavily pretreated
population.

Chimeric antigen receptor (CAR) T cells targeting CD19 have emerged as a leading engi-
neered T-cell therapy for relapsed/refractory B-cell non-Hodgkin lymphoma. The phase 1/2
clinical trials that led to US Food and Drug Administration approval excluded patients with
central nervous system (CNS) involvement, due to strict eligibility criteria. Here, we report
on our institutional experience with 8 secondary CNS lymphoma patients treated with
commercial tisagenlecleucel. No patient experienced greater than grade 1 neurotoxicity,
and no patient required tocilizumab or steroids for CAR T-cell–mediated toxicities. Bio-
marker analysis suggested CAR T-cell expansion, despite the absence of systemic disease,
and early response assessments demonstrated activity of IV infused CAR T cells within the
CNS space. (Blood. 2019;134(11):860-866)

Introduction
Chimeric antigen receptor (CAR) T-cell therapy has revolution-
ized the treatment of relapsed/refractory B-cell non-Hodgkin
lymphoma. Axicabtagene ciloleucel and tisagenlecleucel are
currently approved by the US Food and Drug Administration,
having demonstrated response rates $80%.1,2 Because of
concerns for CAR T-cell–related neurotoxicity (NT),3 patients
with active central nervous system (CNS) involvement were
excluded from both pivotal studies. Per the US Food and Drug
Administration label, tisagenlecleucel is indicated for patients
with relapsed or refractory large B-cell lymphoma, including
diffuse large B-cell lymphoma (DLBCL) not otherwise specified,
high grade B-cell lymphoma (HGBCL), and DLBCL arising from
follicular lymphoma, with a specific exclusion for primary, but
not secondary, CNS lymphoma. Here, we report the institutional
experience at the Massachusetts General Hospital from a cohort
of 8 patients treated between August of 2018 and March of 2019
with tisagenlecleucel for HGBCL with secondary CNS involvement.

Study design
Written informed consent for commercial treatment and bio-
banking was obtained. This retrospective analysis was approved
by the Dana Farber/Harvard Cancer Center Institutional Review
Board. Treatment consisted of a single infusion of tisagenlecleucel
(0.6 3 108 to 6.0 3 108 CAR T cells) following lymphodepleting

chemotherapy consisting of cyclophosphamide (250 mg/m2) and
fludarabine (25 mg/m2) on days 25, 24, and 23. Patients had
initial response assessments on day 128 following infusion
(D128;62 days). Luminex cytokine profilingwas performedusing
banked samples. Grading for cytokine release syndrome (CRS)
and NT were performed by the treating physician per Lee et al4

and Common Terminology Criteria for Adverse Events version
5.05, and they were retrospectively reviewed to compare with
the recently released American Society for Transplantation and
Cellular Therapy 2019 guidelines.6 Response assessments were
determined by the treating physician in collaboration with neuro-
oncology. Rapid autopsies of patients 1 and 5 were performed,
and additional immunohistochemistry staining was performed in
collaboration with neuro-pathology.

Results and discussion
Eight patients with CNS involvement were treated with tisa-
genlecleucel (Table 1). The median age was 50 years (range,
17-79), including 4 males and 4 females. The median number of
prior therapies was 5 (range, 3-6), with 1 patient having a prior
allogeneic stem cell transplant. Two of 8 patients had systemic
disease in addition to CNS involvement at the time of infusion.
All patients were receiving CNS-directed therapy for refractory
disease up until lymphodepletion. At time of infusion, 3 patients
had parenchymal involvement, 3 had leptomeningeal involvement,
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and 2 had parenchymal and leptomeningeal involvement. The
performance status of 7 of 8 patients (88%) was Eastern Co-
operative Oncology Group score 0-2 at time of infusion. Patient
5 was treated with 6 lines of therapy and experienced rapid
progression following leukapheresis. All patients received pro-
phylactic anticonvulsants, and no patient received growth fac-
tor support before D17. Representative cases of treatment
responses are summarized here.

A 61-year-old male with stage IVA DLBCL achieved a complete
response (CR) following rituxan/cyclophosphamide/doxorubicin/
vincristine/prednisone but later relapsed in theCNS.Hismagnetic
resonance imaging (MRI) at relapse showed a T2 hyperintense
lesion at the L1 vertebral body with marrow edema and right L5
transverse process involvement. There was also subtle nodularity
of the ventral L2 nerve root, as well as the ventral aspect of the

cord at T12. Positron emission tomography/computed tomog-
raphy imaging at that time revealed axillary and retroperitoneal
disease. Cerebrospinal fluid (CSF) was positive for lymphomatous
involvement. Treatment with high-dose methotrexate (HD-MTX),
followed by cytarabine/etoposide resulted in a systemic CR, but
only a partial CNS response. Bridging twice-weekly intrathecal
methotrexate was administered during cellular therapy manufactur-
ing, and CSF from his last intrathecal treatment demonstrated
a residual clonal B-cell population. His CAR T-cell course was
complicated by grade 1 CRS and grade 1 NT, and his C-reactive
protein (CRP) peaked at 182 mg/L on D13 (Figure 1A). Serum
and CSF samples obtained weekly demonstrated marked
increases in cytokines associated with CRS. Interestingly,
interleukin-6 showed a greater than sevenfold increase in the
CSF comparedwithmatched serum (Figure 1B) onD17.OnD16,
the patient noted acute back pain and left leg radiculopathy. MRI
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Figure 1. Biomarker and imaging correlates of patients treated with tisagenlecleucel. (A) CRP trends of secondary CNS lymphoma patients treated with tisagenlecleucel.
Red, D130 responders; blue, D130 nonresponders/deceased. (B) Time-matched serum and CSF (via ommaya) on days 0, 7, 14, and 28 of tisagenlecleucel infusion, as measured
by Luminex assay for patient 3. Error bars, SEM. Data are technical triplicates. (C) MRI of patient 3 during inflammatory flare on D16 with linear enhancement along the lower
thoracic cord, conus, and cauda equina nerve roots (left panel, denoted by arrows) with subsequent resolution by D1180 (right panel). (D) MRI of patient 8 demonstrating
resolution of the left middle cranial fossa enhancing mass lesion with decreased expansile T2/fluid-attenuated inversion recovery (FLAIR) hyperintensity in the left anterior
temporal white matter.
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at this time revealed linear enhancement along the lower thoracic
cord and conus and cauda equina nerve roots, as well as sciatic
neuritis (Figure 1C; inflammatory flare), that was not seen on
imaging 6 months prior, despite positive CSF sampling. More
recent spinal axis imaging was not available, emphasizing the
importance of complete baseline neuroaxis imaging in this patient
population. Following spontaneous resolution of his symptoms on
D110, he was discharged without recurrence. Subsequent MRI
on D128 showed a partial response, with CR seen at D1180
without additional therapy (Figure 1C; D1180 response).

A 78-year-old female with DLBCL of the right maxillary sinus was
treated with 6 cycles of rituxan/cyclophosphamide/doxorubicin/
vincristine/prednisone and HD-MTX. At clinical progression, her
brain MRI revealed a homogenously enhancing mass in the left
medial temporal lobe. Biopsy confirmed recurrence of HGBCL;
she was treated with HD-MTX, rituxan and high-dose cytarabine,
and then ibrutinib, given the poor response. MRI prior to lym-
phodepleting chemotherapy showed a 5-cm enhancing lobular
mass within the left temporal lobe (Figure 1D; pre–CAR T-cell
therapy). Her CAR T-cell course was notable for grade 1 CRS and
grade 1 NT. Inflammatory markers were notable for a peak CRP
of 70 mg/L on D17. No tocilizumab or steroids were adminis-
tered. D130 restaging scans demonstrated a completemetabolic
response, as well as near-complete resolution of the temporal
lobe lesion on MRI (Figure 1D; D130). Her response was main-
tained at D190.

Notably, no patients required tocilizumab or high-dose steroids
for the management of CRS and/or NT. Autopsies were per-
formed on 2 patients who died within 30 days of CAR T-cell
infusion. Patient 1 passed on D125 after presenting with 3 days
of progressive nausea and vomiting. Her clinical course was
notable for the absence of inflammatory markers suggestive of
CAR T-cell expansion (peak CRP, 7.1 mg/L on D11; ferritin,
72 mg/L on D11) and grade 1 CRS with an isolated fever of
38.3°C on D14. MRI imaging on D123 noted diffuse disease
progression without evidence of cerebral edema compared with
D228 (supplemental Figure 1A, available on the Blood Web
site). Autopsy findings confirmed extensive disease involving
the leptomeninges, cortex, brainstem, and pituitary and basal
ganglia with a midbrain lesion measuring $3 3 2 3 2 cm with
near-complete effacement of key structures. Immunohisto-
chemistry stains confirmed extensive CD201 B-cell involvement
with admixed infiltrating CD31 T cells (supplemental Figure 3E).
Although CD681 macrophages can be seen within the tumor
mass, there was no significant extension into the surrounding
brain parenchyma suggesting a reactive, as opposed to an in-
flammatory, infiltrate (supplemental Figure 3F). Patient 5 had
rapidly progressive disease requiring aggressive management
of elevated intracranial pressures prior to initiation of lympho-
depleting chemotherapy. MRI performed the month preceding
infusion revealed marked interval progression of disease with
dural, diffuse leptomeningeal, and nodular involvement of
the left cerebellar hemisphere despite ongoing CNS-directed
therapy (supplemental Figure 1B). The patient died onD13 from
neurological demise resulting from uncal and downward ton-
sillar herniation, emphasizing the importance of earlier treat-
ment during a window of clinical stability. Autopsy findings
confirmed massive leptomeningeal and dural infiltration of
CD201 neoplastic B cells involving the entire cerebrum from
the frontal to occipital lobes, with hemorrhagic transformation

and significant mass effect (supplemental Figure 3A-D). Taken
together, it was determined that both patients died of pro-
gressive disease.

Prior studies using CD19-directed CAR T-cell therapy have ex-
cluded CNS involvement because of concerns for potentially
fatal NT. Only 1 case report has been published demonstrating
the efficacy of CD19-directed CAR T-cell therapy in a patient
with simultaneous CNS and systemic involvement.7 Tisagenle-
cleucel, a 4-1BB chimeric antigen receptor, was chosen based on
lower rates of reported CRS/NT, evidence of CNS penetration in
prior adult acute lymphoblastic leukemia and chronic lympho-
blastic leukemia studies, and absence of grade 5 cerebral edema,
which has been observed in CD28-containing constructs.2,8,9 In
the present cohort, active systemic disease was not required for
CAR T-cell expansion (as indicated by increases in inflammatory
markers) and disease response, suggesting that IV CAR T-cell
therapy can sufficiently traffic to the CNS. Although CAR T-cell
expansion could not be directly assessed as commercial de-
tection reagents are not available, robust CD31 lymphocyte
expansion was observed in patients without systemic disease
(supplemental Figure 2). D128 response assessments also
suggest that the kinetics of CAR T-cell efficacy within the CNS
may be similar to systemic disease, because treatment responses
were seen as early as 3 to 4 weeks after infusion. Most importantly,
higher rates of CRS and NT were not seen in this cohort,
suggesting that CNS involvement may not be a risk factor for
severe NT. This conclusion may be in line with recent data
suggesting that CAR T-cell–mediated NT may be a CNS man-
ifestation of an otherwise systemic inflammatory process in-
volving blood–brain barrier breakdown and endothelial and
macrophage activation.10-13

To our knowledge, this study represents the largest cohort of
patients treated with CD19 CAR T cells for active secondary CNS
lymphoma. Our findings are limited by the retrospective nature
of the analysis, a short follow-up, and the use of CNS-directed
bridging therapy. However, our findings suggest that the use of
commercial tisagenlecleucel CAR T cells for isolated secondary
CNS lymphoma may be a viable treatment option for this
otherwise challenging patient population. Because of these
promising results, we plan to proceed with a pilot study of
tisagenlecleucel in primary CNS lymphoma this coming year.
Further studies are warranted.
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