
Bone Marrow Transplantation (2021) 56:974–977
https://doi.org/10.1038/s41409-020-01099-4

CORRESPONDENCE

Axicabtagene Ciloleucel CAR T-cell therapy for relapsed/refractory
secondary CNS non-Hodgkin lymphoma: comparable outcomes
and toxicities, but shorter remissions may warrant alternative
consolidative strategies?
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To the Editor:

CAR T-cell therapy has changed the treatment landscape
for patients with relapsed/refractory (R/R) B-cell non-
Hodgkin’s lymphoma (NHL). The FDA approvals for axi-
cabtagene and tisagenlecleucel in NHL were based on two
phase 2 clinical trials, ZUMA-1 and JULIET, that resulted
in overall response rates (ORR) of 82% with axicabtagene
[1] and 52% with tisagenlecleucel [2], respectively, in
heavily pre-treated populations. Due to concerns that CNS
involvement may increase risk and/or severity of CAR-T-
related neurotoxicity, the trials excluded patients with
secondary CNS lymphoma. With this selected population,
neurotoxicity was observed in 67% with axicabtagene and
39% with tisagenlecleucel [2, 3]. Limited data suggests
CAR-T is feasible and does not result in excess toxicity in
patients with active secondary CNS lymphoma, including
single-institution experience of 8 patients who received
tisagenlecleucel and a study from the US Lymphoma CAR-
T consortium that reported on 5 patients that received axi-
cabtagene [4, 5]. There remains a paucity of data regarding
efficacy and toxicity profile of CAR-T, particularly for use

of axicabtagene, in patients with R/R B-cell NHL with
secondary CNS involvement.

We report the institutional experience at UCLA Medical
Center from 5 patients treated with axicabtagene between
October 2017 and January 2020 for R/R NHL with sec-
ondary CNS involvement. The UCLA IRB approved this
clinical study, and all patients provided written informed
consent for CAR-T. Patients’ characteristics, toxicities and
responses to CAR-T are shown in Table 1.

The median age at the time of CAR-T was 58.5 years
(range, 28.3–76.4). This cohort includes three aggressive
NHL histologies, one primary mediastinal B-cell lymphoma
(PMBCL), two high-grade B-cell lymphomas with trans-
locations involving myc and bcl-2 and/or bcl-6, and two
activated B-cell (ABC) diffuse large B-cell lymphomas
(DLBCL). The median number of prior therapies was
2.4 (range, 1–4). No patient underwent prior autologous or
allogeneic hematopoietic stem cell transplant (HSCT).
Median follow-up was 155.0 days (range, 86–208) after
CAR-T.

At the time of CAR-T, three patients had concurrent
systemic disease and all five patients had CNS involvement
(two parenchymal, three parenchymal and leptomeningeal).
All patients received CNS-directed therapy before
lymphodepletion. Bridging therapy was administered in 3
patients.

Overall, axicabtagene was reasonably well-tolerated and
there were no CAR-T-related deaths. Two patients devel-
oped grade 1 (Patient 4) and grade 2 (Patient 5) CRS, which
responded to supportive care and tocilizumab, respectively.
Notably, two patients developed ICANS; grade 3 in patient
2 without concurrent CRS and grade 4 in patient 5 with
concurrent grade 2 CRS. Patient 2 developed expressive
aphasia on day +7 that resolved with rapid steroid taper.
Patient 5 developed status epilepticus on day +4. Her
symptoms resolved over 1 week with rapid steroid taper
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and dual anti-epileptics. She had no long-term neurologic
sequelae.

Notably, 4 of the 5 patients (80%) showed early response
to CAR-T at day +28 (3 CRs; 1 SD). Responses were
observed across all 3 aggressive NHL histologies in both
systemic and CNS compartments. Three of the four
responders developed progressive disease (PD) prior to 6-
month post-CAR-T disease reassessment. The remaining
responder underwent an allogeneic-HSCT 184 days fol-
lowing CAR-T and remains alive at the time of submission.
Of the four responders, the median PFS and OS was
134.2 days and 155.0 days (range, 86–208), respectively.
The patient with CAR-T refractory disease (Patient 1) had
no evidence for CRS or neurotoxicity.

R/R aggressive B-cell NHL with secondary CNS invol-
vement is associated with a dismal prognosis. Despite
efforts with chemotherapy, radiation and novel agents,
response rates are low, and relapse is frequent. CAR-T has
shown promising clinical benefit but the pivotal trials
evaluating axicabtagene and tisagenlecleucel excluded
patients with lymphomatous CNS involvement.

In this small series, the presence of secondary
CNS lymphoma did not result in excess toxicity with
axicabtagene. The 40% who developed ICANS were well-
managed with a brief course of steroids and supportive
care. These findings are similar to those reported for
patients without lymphomatous CNS involvement in
ZUMA-1, where 67% developed neurotoxicity, 32% of
which was grade 3 or higher. Similarly, excess rates of
CRS were not observed in our study population compared
to that in the ZUMA-1 trial, and no patient in our series
developed severe CRS [1].

While the development of CRS has been attributed to
the indiscriminate activation and cytokine production
from the immune system, the pathophysiology of ICANS
is less well-described. Some studies demonstrate that
disruption of the blood brain-barrier and increased vas-
cular permeability leads to more severe neurotoxicities
[1, 6, 7]. As experience with CAR-T has mounted, ret-
rospective data have identified patient-related risk factors
for developing ICANS including disease type, disease
burden, treatment history and patient age. Our small series
does not support secondary CNS lymphoma as an addi-
tional patient-related risk factor.

B-ALL literature describes the presence of CAR-T cells
within the CNS persisting 6 months following CAR-T [8].
While the patient series by Frigault et al. evaluating tisa-
genlecleucel in patients with secondary CNS lymphoma did
not directly measure CD19-directed CAR-T cells, bio-
marker analysis of the patients’ CSF suggested CAR-T
trafficking and expansion. Our study did not evaluate the
CSF for inflammatory biomarkers or directly measure CAR-
T cells in the CSF. However, disease reduction in the CNS

compartment in a subset of patients in our study, including a
patient that did not have concurrent systemic disease, sug-
gests axicel is trafficking to the CNS and undergoing
expansion upon antigen recognition.

Axicabtagene resulted in an ORR of 80% at day +28,
and responses were observed across all 3 histologies,
whether parenchymal and/or leptomeningeal CNS involve-
ment. Of the 3 patients that achieved early CR, one patient
had a leukemic and splenic relapse on day +82 and died
before the CNS was restaged, one patient with isolated CNS
relapse pre-CAR-T suffered a CNS-only relapse on day
+141 and one patient maintained systemic and CNS CR
by last assessment at day +184 and proceeded to an
allogeneic-HSCT. The patient with SD had clinical benefit
including reduction in headaches, imbalance and vision
changes for ~130 days post CART infusion but had PD in
the CNS-only on day +133. The ORR of 80% at day +28
observed in our small series compares favorably with the
day 28 ORR of 50% in a similar single-center experience
with tisagenlecleucel and the best ORR of 60% in the subset
of patients with active CNS lymphoma in the US Lym-
phoma CAR-T Consortium experience with axicel [4, 5].
Putting our findings into context with results of ZUMA-1 is
limited by our low patient numbers and less comprehensive
follow-up.

A strength of this study includes having a longer median
follow-up, which showed that although 80% had an early
response, the majority of responses were not durable. A
consideration to infer is that patients may benefit from a
novel CAR-T combination-based approach or a post- CAR-
T maintenance or consolidation strategy. Novel agents
including BTK inhibitors, lenalidomide and checkpoint
inhibitors have shown single-agent activity in R/R CNS
lymphoma [9–11], making these agents a logical con-
sideration for incorporation into CAR-T based strategies.
Allogeneic-HSCT has not been widely employed for
secondary CNS lymphoma due to the immune privilege of
the CNS and concern for blunting of the graft-versus-
lymphoma effect. However, limited retrospective data
describing 21 patients suggests this approach may result in
long-term survival for a subset of patients [12]. Additional
studies are needed to evaluate the incorporation of novel
agents or the employment of a consolidative strategy to
improve the outcomes of patients with R/R NHL with
secondary CNS involvement.
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