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Introduction: Patients with relapsed/refractory diffuse large B-cell lymphoma (DLBCL)
have poor outcomes. Treatment with CD19 chimeric antigen receptor (CAR-T) cells, tisa-
genlecleucel and axicabtagene ciloleucel, has been associated with improved outcomes.
Cytopenias were observed in clinical trials with both products; however, little is known
regarding the patterns and outcomes of these cytopenias.

Subjects and Methods: We reviewed DLBCL patients (n=32) receiving either product
between January and September 2018 at our institution.

Results: Median duration of leukopenia, neutropenia, lymphopenia, anemia, and thrombo-
cytopenia was 49, 9, 117.5, 125, and 95.5 days after CAR-T infusion, respectively. Filgrastim
was used in 63% of patients, and 50% of patients received red cell or platelet transfusions.
With the exception of neutropenia, increase in the duration of cytopenia of any linecage was
associated with improvement in progression-free survival, and in overall survival in case of
anemia. There was no association between the duration of cytopenias with either cytokine
release syndrome or neurotoxicity.

Discussion: Our data suggest a correlation between cytopenias and survival outcomes after
CD19 CAR-T therapy. If validated, cytopenia may be proven useful as a biomarker of
response and survival after CAR-T therapy.
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Introduction

Chimeric antigen receptor T-cell (CAR-T) therapy is now approved by the FDA for
the treatment of relapsed/refractory acute lymphoblastic leukemia and relapsed/
refractory diffuse large B-cell lymphoma (DLBCL)."? Specifically, tisagenlecleucel
(tisa-cel) and axicabtagene ciloleucel (axi-cel) are the two CD19-directed CAR-Ts
approved for the treatment of relapsed/refractory DLBCL. These therapies have
shown impressive outcomes in this difficult-to-treat disease, with reported median
l-year overall survival (OS) ranging from 49% to 59%.>* Despite impressive
outcomes, these therapies were associated with significant toxicities, which include,
but are not limited to, cytokine release syndrome (CRS), immune effector cells
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(IEC)-associated neurotoxicity syndrome (ICANS), and
prolonged cytopenias.>® While the pathogenesis and man-
agement of CRS and ICANS related to CAR-T therapy
have been well described, the association between CAR-T
and the
evaluation.”® Cytopenias were common in the clinical

development of cytopenias requires more
trials leading to the approval of these two agents, with
any grade cytopenia occurring in 44% of patients for tisa-
cel and 84% of patients for axi-cel.** Herein, we report
our institution's experience with CAR-T-related cytope-
nias, and how they relate to survival outcomes after
CAR-T.

Methods

We undertook a retrospective analysis of all patients who
received commercial tisa-cel or axi-cel for the treatment of
DLBCL or transformed follicular lymphoma (tFL)
between January and September 2018 at The Ohio State
University (OSU) James Cancer Hospital. All patients
received standard lymphodepleting (LD) chemotherapy
(fludarabine and cyclophosphamide). Study was approved
by OSU institutional review board (IRB), and data were
collected by reviewing the patients' electronic medical
records. Because of the retrospective nature of the study
and as the study represented no more than minimal risks to
participants, the IRB waived the requirement for patient
consent. Patient confidentiality and privacy have been
protected as consistent with the statement of ethical prin-
ciples for medical research involving human subjects set
forth by the Declaration of Helsinki. We evaluated com-
plete blood counts (CBCs) from the start of LD che-
motherapy through last known follow-up. Cytopenias
were defined as having at least two days below 4x10°/L
for white blood cells (WBC), 1x10%/L for absolute neu-
trophil count (ANC), 1x10°/L for absolute lymphocyte
count (ALC), 12 g/dL for hemoglobin level (Hgb), and
120x10°%/L for platelet count (plt). Count recovery was
defined as having sustained at least 2 days of count
defined thresholds.
Cytopenia duration was defined as time of onset until

improvement above the prior
count recovery, or until last known follow-up or death if
recovery had not occurred by then. For patients who had
cytopenia prior to CAR-T infusion, CAR-T infusion date
was used as the time of onset. Progression-free survival
(PFS) was defined as time from the date of CAR-T infu-
sion to the date of progression or death. Overall survival
(OS) was defined as time from CAR-T infusion to death

due to any reason. PFS and OS were estimated by the

Kaplan—Meier method. The association between cytopenia
and survival outcomes were assessed by Cox proportional
hazards model. Due to the limited number of events, only
univariable analysis was performed. For all analyses,
a P-value <0.05 was considered significant.

Results

Thirty-two patients received CAR-T cell therapy during
the study period. Twenty-eight patients received axi-cel,
while four patients received tisa-cel. The median age was
59 years (range: 23—80). Ninety four percent of the cohort
had DLBCL or undefined high-grade B-cell lymphoma,
while 6% had tFL.

CRS of any grade occurred in 91% of patients, with
12% of patients experiencing a grade 3—4 event. ICANS of
any grade occurred in 72% of patients, with 34% experi-
encing grade 3—4 events. Filgrastim was utilized in 63% of
patients, and 50% of patients received red cell or platelet
transfusions. Patient characteristics are summarized in
Table 1. All patients had at least one cytopenia of any
grade at the time of CAR-T infusion initiation. After CAR-
T infusion started, almost every patient had all 5 types of
cytopenia, except that 1 patient did not have neutropenia, 1
did not have anemia, and 2 did not have thrombocytope-
nia. Median duration of leukopenia was 49 days (n=32,
range: 1-303), neutropenia was 9 days (n=31, range: 2—
205), lymphopenia was 117.5 days (n=32, range: 7-305),
anemia was 125 days (n=31, range: 9-303), and thrombo-
cytopenia was 95.5 days (#=30, range: 0-303). At last
follow-up, 69% of patients recovered from leukopenia,
97% of patient recovered from neutropenia, 34% recov-
ered from lymphopenia, 39% recovered from anemia, and
43% recovered from thrombocytopenia (see Table 2 and
Figure 1; also see Table S1). During our study period, 28%
of patients achieved a complete response (CR), 19% had
a partial response (PR), and 47% had progressive disease
(PD). With a median follow-up of 5.9 months (range: 2.9
10.6) among survivors, seven patients died including five
from disease progression and two from infections. The
median PFS was 5.8 months (95% CI: 2.7-not reached).
The estimated 12-month PFS and OS were 43% (95% CI:
25-61%) and 72% (95% CI: 47-86%), respectively.

We observed that a longer duration of leukopenia was
significantly associated with superior PFS, where a 5-day
increase in leukopenia duration reduced the risk of pro-
gression or death by 6% [5-day HR (SDHR)=0.94, 95% CI
0.89-0.99, p=0.02]. Although the direction of effect was
the same for OS, the association was not statistically

8902 "

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com/get_supplementary_file.php?f=321202.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Schaefer et al

Table | Patient Characteristics

Table | (Continued).

N=32
N=32
Age, median (range) 59 (23-80)
Required transfusion inpatient, n (%)
Gender, n (%) No 19 (59)
Female 12 (38) Yes 13 (41)
Male 20 (63)
Require transfusion outpatient, n (%)
Disease, n (%) No 19 (63)
Diffuse large B-cell lymphoma or high grade 30 (94) Yes I (37)
B-lymphoma
Transformed follicular lymphoma 2(6) Confirmed infectious complication, n (%)
No I (34)
Status, n (%) Yes 21 (66)
Infused inpatient 25 (78)
Infused outpatient 7 (22)
CAR-T therapy, n (%) significant (SDHR=0.88, 95% CI 0.75-1.03, p=0.12).
Tisagenlecleucel (tisa-cel) 4 (13)
Axicabtagene ciloleucel (axi-cel) 28 (88) A similar pattern was observed in lymphopenia (SDHR
for PFS=0.95, 95% CI 0.92-0.99, p=0.01; SDHR for
Length of hospital stay, median (range) 13 (4-36)
08S=0.96, 95% CI 0.91-1.01, p=0.11) and thrombocytope-
Overall response to CAR-T (at 3 months), n (%) nia (SDHR for PFS=0.97, 95% CI 0.93-1.00, p=0.05;
Complete remission > (9 SDHR for 08=0.95, 95% CI 0.90-1.01, p=0.07), where
Partial remission 6 (19) . . .
Progressive disease 15 (47) longer cytopenia durations led to better survival outcomes.
Early death after infusion 2 (6)
Worst cytokine release syndrome (CRS) grade, Table 2 Incidence of Cytopenias Observed
n (%)
0 3(9) N=32
! 13 (41) Neutropenia, n (%)
2 12 (38) Did not occur 1 (3)
3 2 Occurred prior to CAR-T 4 (13)
4 26 Occurred on the same day as or after CAR-T 27 (84)
Neurotoxicity, n (%) -Days to the first neutropenia, median (range) 2 (0-9)
';: 23(2(3)2) Lymphopenia, n (%)
Occurred prior to CAR-T 26 (81)
Worst neurotoxicity grade, n (%) Occurred on the same day as CAR-T infusion 6 (19)
0 9 (28) Leukopenia, n (%)
! 30) Occurred prior to CAR-T 16 (50)
2 9 (28) Occurred on the same day as or after CAR-T infusion | 16 (50)
3 9 (28) -Days to leukopenia, median (range) 0 (0-6)
4 2 (6)
Thrombocytopenia, n (%)
Doses of tocilizumab received, n (%) Did not occur 2(6)
0 17.(53) Occurred prior to CAR-T 16 (50)
! 30) Occurred on the same day as or after CAR-T 14 (44)
§ 2 E‘I?;) -Days to the first thrombocytopenia, median (range) | 2 (0-21)
4 4 (13) Anemia, n (%)
Did not occur 1 (3)
Received filgrastim, n (%) Occurred prior to CAR-T 23 (72)
No 12 (38) Occurred on the same day as or after CAR-T 8 (25)
Yes 20 (63) -Days to the first anemia, median (range) 0 (0-2)
(Continued)
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Figure | Duration of cytopenias observed.

In contrast, the duration of neutropenia did not seem to
have significant impact on PFS (SDHR=1.07, 95% CI
0.98-1.18, p=0.21) or OS (SDHR=0.95, 95% CI 0.80-
1.14, p=0.61). The strongest correlation to survival out-
comes was observed with anemia, where a 5-day increase
in duration of anemia was significantly correlated with
improved PFS (5DHR=0.95, 95% CI 0.91-0.98,
p=0.005) and OS (5DHR=0.95, 95% CI 0.90-1.00
p=0.05) (Table 3). Figure 2 shows the PFS and OS curves
stratified by dichotomized anemia duration. Of note, here
was no statistically significant association between the
occurrence of cytopenia, in any lineage, and the occur-
rence of CRS or ICANS (Table S2).

Discussion

Our institutional experience with prolonged cytopenias in
CAR-T therapy highlights that it is prevalent and may
contribute to outcomes in a positive way. In our popula-
tion, the rate of cytopenias was quite high; all of our

patients had at least one cytopenia after CAR-T infusion.
Furthermore, many patients had cytopenias at the time of
CAR-T infusion, as seen by our low median cell counts. In
comparison, neutropenia, anemia, and thrombocytopenia
of any grade occurred in 34%, 48%, and 33% of tisa-cel
patients, and in 84%, 66%, and 58% of patients who
received axi-cel in the studies that led to these products'
FDA approval.®* These differences highlight the differ-
ences between “real-life” experience vs patient population
studied in the clinical trials. One very interesting finding
was that prolonged cytopenia seemed to correlate with
improved outcomes. For every 5-day increase in length
of lymphopenia, lymphopenia, thrombocytopenia, and
anemia there was a statistically significant increase in
PFS. Furthermore, OS was also improved in patients
with prolonged anemia. Although the hazard ratios are
above 90%, we think this is significant as all the correla-
tions are in the same direction. Our analysis included all
patients and did not exclude those patients who were

Table 3 Univariate Model of Association Between Cytopenias and Survival Outcomes After CAR-T

Duration of Cytopenia (5-Day Increase) PFS oS
Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value
Neutropenia 1.07 (0.97-1.18) 0.21 0.95 (0.80-1.14) 0.6l
Lymphopenia 0.95 (0.92-0.99) 0.0l 0.96 (0.91-1.01) 0.11
Leukopenia 0.94 (0.89-0.99) 0.02 0.88 (0.75-1.03) 0.12
Thrombocytopenia 0.97 (0.93-1.00) 0.05 0.95 (0.90-1.01) 0.07
Anemia 0.95 (0.91-0.98) 0.005 0.95 (0.90-1.00) 0.05
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Figure 2 Impact of anemia on progression-free (A) and overall survival (B).

cytopenic prior to CAR-T infusion. Although this is
a potential confounder, it only strengthens our correlation,
in that we still saw a potential benefit to an increase in
duration of cytopenias in lieu of having a high baseline
cytopenia rate. It could be argued that patients who survive
longer would have more chance of developing a prolonged
cytopenia. We then performed secondary landmark ana-
lyses on day 30 and day 60 to look at how count recovery
was correlated with the survival outcomes, and observed
that count recovery for leukopenia and anemia by day 30
and day 60 led to worse PFS and OS (Table S3). Although
the correlation did not reach statistical significance (possi-
bly due to small numbers), the direction of the effect
potentially supports our hypothesis that cytopenia would
truly correlate with improved outcomes after CAR-T ther-
apy (data not shown).

The pathogenesis of prolonged cytopenias in CAR-T cell
therapy remains unknown. Complicating the matter is that it
has been hard to tease out if cytopenia is related to lympho-
depleting (LD) chemotherapy, “bridging” treatment given
prior to LD, disease status and health of the patient, or the
direct effect of CAR-T cells on hematopoiesis. Prolonged
cytopenia appears to be a frequent occurrence; in one long-
term study after a median follow-up of 28.1 months, 16% of
patients in a CR had prolonged cytopenia without evidence
of myelodysplastic syndrome after receiving CD19 CAR-T
cells.” Furthermore, it appears that these cytopenias occur
despite seemingly normal trilineage hematopoiesis in the
bone marrow.” It has been hypothesized that cytopenia after
CAR-T therapy is induced by an inflammatory milieu related
to release of cytokines by CAR-T cells.'® Interferon y (IFN-y)
has been characterized as a driver of anemia and
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thrombocytopenia, and I1-6 has been characterized as med-
iator of anemia of chronic disease with an inhibitory effect on
erythropoiesis.'' '* Serum IFN-y and IL-6 levels have been
found to be elevated in patients receiving CAR-T therapy,
which further supports this hypothesis, and higher levels
were associated with higher rates of grade 4 CRS.'*!'> We
hypothesize that these prolonged cytopenias are, indeed,
secondary to continued release of cytokines by CAR-T
cells. Thus, prolonged cytopenias may reflect ongoing activ-
ity of the CAR-T cells against residual CD19+ lymphoma
cells. We have not observed an association between cytope-
nias and incidence and/or severity of CRS, however. We
hypothesize that cytopenias were induced by chronic low-
level release of inflammatory cytokines as compared to CRS
where peak levels of the same cytokines have been demon-
strated to be instrumental.

Continued research on the cause, frequency, and con-
sequences of these cytopenias is needed as our cumulative
experience grows with CD19 CAR-T and other cell ther-
apy platforms. Our data suggest a correlation between
cytopenias and survival outcomes after CD19 CAR-T
therapy. If such findings are validated in a larger dataset,
cytopenia may be proven useful as as a biomarker of
response and survival after CAR-T therapy.
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