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The single-center retrospective study by Benoit et 4/. on
early outcomes following standard of care (SOC) third
line or greater chimeric antigen receptor T-cell (CAR-T)
therapy for relapsed/refractory (r/r) large B-cell lymphoma
(LBCL) with axicabtagene ciloleucel (axi-cel) and
tisagenlecleucel (tisa-cel) provides interesting and relevant
real-world insight (1). In this Canadian study, the patient
population and SOC indication mirror that of its initially
approved label in third line or greater SOC use in the
United States.

The patient population in this study had a 100% success
rate of apheresis to CAR-T infusion, which is higher
than that in registrational trials, and may be reflective
of the timing of decision to pursue CAR-T therapy and
appropriate use of bridging therapies. While similar to the
registrational trials and real-world studies (RWS) in terms
of r/r advanced stage III/IV disease, this study’s patient
population was likely skewed towards a more chemotherapy
refractory population with aggressive disease characteristics
as 47% in axi-cel and 40% in tisa-cel recipients had prior
consolidative autologous hematopoietic stem cell transplant
(autoHCT) and >30% with bulky disease (defined as >10 cm)
in both axi-cel and tisa-cel recipients. This finding may also
be reflective of differences in healthcare utilization in the
Canadian healthcare system.

The assessment of initial response was done using
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positron emission tomography/computed tomography
(PET/CT) imaging at one month. The study’s practice of
obtaining a second post-treatment PET/CT at two months
after CAR-T therapy instead of three months in those
with a partial response (PR) is not a common practice and
was not done in the ZUMA-1 or JULIET registrational
trials (2,3). At this time there are no clear guidelines on
the workup and evaluation for PR or stable disease (SD) at
1 month. Some have noted that responses may deepen over
time, especially with 4-1BB co-stimulatory products where
CAR-T cells have longer persistence and time to response
may be longer. An American Society of Transplant and
Cellular Therapy (ASTCT) Guideline Committee survey
of lymphoma and cellular therapy physicians conducted in
2021 demonstrated heterogeneity in time to first scan using
PET/CT, as well as frequency of scans in the first-year
post CAR-T in LBCL. In this survey, 91% of responders
would perform a month 3 scan but only 69% would obtain
a scan at month 1. When obtaining a scan at month 1,
only 14% would order additional investigations for PR at
month 2, while 55% would order additional investigation
for PR at month 3 (4). The rationale for ordering more
frequent imaging in those with a month 1 PR is due to the
high risk for relapse and presents a challenging clinical
dilemma (5). Real-world data from the US Lymphoma
CAR-T consortium in those receiving axi-cel for r/r LBCL
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demonstrated that among 93 patients with a month one
PR, a significant minority (32%) achieved a deepened
response to CR by month three (6). Obtaining imaging at
an earlier timepoint may identify those with progressive
disease (PD) at an earlier timepoint and perhaps with less
advanced disease, allowing for a more successful and early
intervention following post-CAR-T relapse. This is of
particular note with the recent availability of CD20xCD3
bispecific antibodies (glofitamab, epcoritamab) which have
shown a complete response (CR) rate of >30% in those with
relapse after CD19 directed CAR-T therapy (7,8).

The median follow-up of 5.3 months in the axi-cel
group is incredibly short, while for the tisa-cel group it
was nearly twice as long at 11.2 months. The CR and best
overall response rate (ORR) for axi-cel (47% and 87%) and
tisa-cel (40% and 90%) is interesting. The CR rate in axi-
cel was less than ZUMA-1 but comparable to that in the
RWS cohort. The ORR was higher in the study at month 1
but at month three the ORR and CR rate were notably
lower in the study than ZUMA-1 or RSW. For tisa-cel
the finding in the study was similar. This suggests a better
initial response but higher rates of early relapse. While
the number of patients in this study is quite small making
broad conclusions difficult, it does perhaps give further
credence to close follow-up and monitoring for early
relapse even in those with an initial response. The inclusion
of a detailed analysis of those with a PR at month one and
subsequent conversion to a CR or PD would have perhaps
provided further understanding of these early relapses. As
demonstrated in previous study of those with a month one
PR following axi-cel, imaging characteristics of increased
disease bulk (total lesion glycolysis and tumor metabolic
volume) were predictive of future PD (5). The higher
incidence of bulky disease in this study certainly may have
accounted for this, where an early PR is likely to ultimately
become PD as CAR-T exhaustion and unfavorable CAR-T
to tumor ratio may occur (9).

The management of cytokine release syndrome (CRS)
and immune effector cell associated neurotoxicity (ICANS)
in this study utilized a ZUMA-1 cohort 4 strategy for axi-
cel and the standard JULIET strategy for tisa-cel (10).
This is consistent with the current prevailing wisdom of
CRS and ICANS management for these two respective
CAR-T therapy products. The incidence of all grades CRS
and ICANS was comparable to what would be expected,
although no occurrences of high grades CRS and ICANS is
quite unexpected, particularly given the high-risk features
of those treated in this study. This may be explained by
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the higher utilization of tocilizumab and dexamethasone
compared with ZUMA-1, JULIET, and other RWS. The
study authors note the proportion of patients receiving
corticosteroids in the tisa-cel cohort was similar in the study
(20%), JULIET (10%), and RWS (15%). However, with
a P value of 0.05 and a small sample size of 10, this is near
statistical significance and importantly this is a clinically
meaningful difference in corticosteroid utilization.
Subgroup analysis findings of lower response in those
with refractory and bulky disease are expected findings.
However, we would not expect CRS to be predictive of
lower ORR, in fact this finding is contrary to the traditional
thought that CRS is indicative of a CAR-T mediated
response. Rather, this again is likely an indirect surrogate
to the deleterious impact of corticosteroids given for CRS
management on CAR-T cell function, persistence, and
ultimately their efficacy. Higher incidence of hematologic
toxicity with axi-cel is somewhat unexpected, we typically
see similar rates regardless of product, although prolonged
cytopenias is more often seen with the longer persisting
4-1BB products like tisa-cel (11). Increased hematologic
toxicity in those without bone marrow disease involvement
and without stage IV disease is unexpected. We would
typically expect a higher incidence of toxicity in those
with higher stage disease and in those with bone marrow
involvement due to increased inflammation and CAR-T
activity in bone marrow causing disruption of bone marrow
microenvironment leading to impaired hematopoiesis.
The incidence of cytopenias at month 1 was quite common
with resolution by month 3 in most cases. We previously
published similar findings in a study of bridging therapy
prior to CAR-T infusion which included 52 patients
receiving bridging therapy and 23 patients without bridging.
In that study, over 70% of patients had cytopenias at month
1 with most recovering their counts by month 6. Bridging
therapy and in particular bridging with radiation therapy
were predictors of prolonged cytopenias after month 1 (12).
The most surprising finding is the rates of early relapse
at month 3. While it is certainly the case that most relapses
will occur in the first year following CAR-T therapy, many
patients are cured and achieve durable responses. The
S-year follow-up of ZUMA-1 demonstrated disease specific
survival at 5 years of 51% with 31% continued to be in
remission while for JULIET 38% had progression free
survival at a median follow-up of 40 months (13,14). The
CHU study population certainly had higher risk features
of disease, in particular those relapsing after autoHCT and
those with bulky disease which may account for the higher
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incidence of relapse (15,16). However, an additional and
important factor that we all have been griping with for some
time is the impact of a ZUMA-1 cohort 4 approach where
early intervention with tocilizumab and corticosteroids
is followed. In our single-institution experience of over
100 patients, this approach decreased intensive care unit
utilization by more than 50%, significantly reduced the
incidence of high-grade CRS and ICANS, and did not
result in decreased efficacy, although this data has yet to
mature with a median follow-up time of only 18 months.
While most centers have adopted this early intervention
approach, finding decreased toxicities and lower overall
cumulative dose of corticosteroids used, there is nonetheless
emerging concern that we may be trading short-term
decreased toxicity for less long-term durable responses.
Only time with further follow-up and larger multi-
institution studies will assist us in ultimately determining
the correct approach. It is thus our practice to continue the
early intervention, ZUMA-1 cohort 4 styled approach until
further study demonstrates otherwise. However, while we
practice early intervention, as our colleagues at CHU, we
also strive to limit the lymphocidal effect of corticosteroids
by decreasing total corticosteroid dose with the use of the
IL-1 antagonist, anakinra, typically for seven consecutive
days at a dose of 100 mg twice daily for those with grade 2
or higher CRS or ICANS (17,18).

The finding of early cytopenias mostly resolving at
month three is consistent with our experience as well.
Most patients require G-CSF in the first month, often
given between days 7 and 30 after CAR-T infusion. For
those that have prolonged cytopenias we consider a CD34
selected stem cell boost if cells are available from a previous
collection for autoHCT (rare in LBCL, common in
multiple myeloma) or a thrombopoietin receptor agonist
like eltrombopag or romiplostim. Given the low incidence
of prolonged cytopenias in the CHU population, these
interventions were unlikely to be necessary and we surmise
that the zero incidence of high-grade CRS and only two
patients with high-grade ICANS was a factor in explaining
the few cytopenias at month 3.

Overall, we commend our colleagues at the CHU de
Québec-Université Laval for their detailed findings and
analysis of their real-world experience with CD19 directed
CAR-T therapy with axi-cel and tisa-cel in the third line
and beyond for patients with r/r LBCL. It represents
an important contribution to the literature and provides
a number of interesting points to guide further study.
Although, it must be noted, that given the number of
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patients in the study is quite small and that it is a single
institution experience, caution must be warranted to avoid
over interpreting its findings.
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