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Follicular lymphoma (FL) is the most common indolent non-Hodgkin lymphoma.
Significant unmet need remains for patients with relapsed/refractory FL after >3
lines of prior therapy. While recent advancements have likely improved the
survival of patients with FL, most patients will eventually relapse. The treatment
of patients with FL after multiple relapses or those with refractory disease has
historically led to lower overall response rates (ORR) and shorter progression-
free survival (PFS) with each subsequent line of therapy. New treatments with
high ORR and durable PFS are needed in this setting, particularly in patients that
progress within 2 years of first line chemoimmunotherapy (POD24) and/or those
refractory chemoimmunotherapy. Chimeric antigen receptor T-cell therapies
targeting the B-cell antigen CD-19 have shown to be an efficacious treatment
option for both heavily pretreated patients and/or patients with refractory FL,
resulting in a high ORR and durable remissions.
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Introduction

In the United States, follicular lymphoma (FL) is the most common indolent non-
Hodgkin lymphoma (NHL), accounting for approximately 35% of NHLs, and has an
estimated incidence of 3.18 cases per 100,000 people (1). Numerous risk factors have been
purported to be linked to FL, but none have been validated, and the incidence has been
stable over time. FL has increased prevalence in white populations where the incidence is
more than twice that in African and Asian populations (2). The incidence of FL increases
with age with the median age at diagnosis being 65 years (3).

Significant breakthroughs have been made in the treatment of FL in recent decades.
Effective frontline treatment with chemoimmunotherapy involving anti-CD20 antibodies
has led to durable remissions in most patients (4, 5). However, about 20%-25% of patients
will have significantly shorter progression-free survival (PFS) and early progression after
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chemoimmunotherapy within the first 2 years from initial
treatment (POD24). These patients have been shown to have
poor long-term outcomes and reduced overall survival (OS) (6).
Additionally, the treatment of relapsed/refractory (R/R) FL after 22
lines of prior therapy is associated with progressive shortening of
PFES with each line of treatment (7-9). The approval of new classes
of drugs including immunomodulatory agents and epigenetic
modulators has improved outcomes for patients with multiple R/
R FL, but these patients continue to represent an unmet need (10).

Recently, three novel therapies that engage T cells have been
approved by the Food and Drug Association (FDA) and have been
incorporated into the treatment armamentarium of patients with FL
with R/R disease. They include CD20/CD3-bispecific antibody
mosunetuzumab and the CD19-directed chimeric antigen
receptor (CAR) T-cell therapies axicabtagene ciloleucel (axi-cel)
and tisagenlecleucel (tisa-cel) (11, 12). We will further discuss the
commercial use of axi-cel and tisa-cel as well as review the available
data on an additional CD19-directed CAR T-cell therapy
lisocabtagene maraleucel (liso-cel) in the treatment of patients
with R/R FL. Additionally, we will contrast the use of CAR T-cell
therapy with mosunetuzumab as well as review some initial data of
new investigational CAR T-cell technologies.

Early studies in CD19 CAR T cells used
in the treatment of FL

Targeting CD19 with CAR T-cell therapy was initially explored
in lymphoma in R/R diffuse large B-cell lymphoma (DLBCL), where
it revolutionized the natural history of chemorefractory disease and,
as a result, changed the treatment paradigm and outlook for these
patients (13-15). As CDI19 is widely expressed in B-cell
malignancies, assessing the efficacy in high-risk multiple relapsed
FL, where no standard therapy was established, was likewise
investigated. Initial reports of activity in R/R FL came out of
early-phase studies from the National Cancer Institute
investigating the use of a CD19-targeted CAR T-cell product with
a CD28 costimulatory domain that would become axi-cel. In an
early report of activity seen in a patient with FL, Kochenderfer et al.
described dramatic lymphoma regression and noted that B-cell
precursors were selectively eliminated from the patient’s bone
marrow for approximately 39 weeks. The targeted and prolonged
elimination of B-lineage cells indicated eradication of CD19+ B cells
that were antigen-specific and that the adoptive transfer of anti-
CD19-CAR T cells could be a promising approach for treating B-
cell malignancies like FL (16). Longer-term follow-up confirmed
activity in a larger number of patients with FL, where a 3-year
duration of response (DOR) was 63% for the eight patients treated
with low-grade lymphoma on this study (17, 18).

Tisa-cel was originally developed from CTLO019, whose activity
in FL was first reported by Schuster et al., where 15 patients with R/
R FL were treated with CTL019 with high overall response rate
(ORR) and a Complete Remission (CR) rate of 71% (19). Median
peak expansion of the CTLO19 cells appeared to occur later
(median of 8 days) than the CD28 co-stimulated axi-cel, with a
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more gradual expansion of CAR T cells over time but increased area
under the curve (20). A 5-year update was later reported on these
patient and was encouraging, with a 5-year PFS of 43% and median
DOR having not been reached (21).

Hirayama et al. later reported the results from the Fred
Hutchinson Cancer Research Center where eight patients with R/
R FL were treated on a phase I/II trial with CD19 CAR T cells on a
1:1 ratio of CD4/CD8+ T cells and the co-stimulatory molecule 4-
1BB that would later become liso-cel (22). The reported ORR was
high, and the majority of the patients with FL treated (88%)
obtained a CR. Of the patients with FL who achieved CR, all
remained in remission at a median follow-up of 24 months. The
tolerance appeared acceptable, and no severe cytokine release
syndrome (CRS) or immune effector cell-associated neurotoxicity
(ICANYS) events were observed.

The promising results of these studies led to the pivotal, single-
arm phase 2 studies of axi-cel, tisa-cel, and liso-cel in multiple
relapsed and refractory FL, the results from which have either
resulted in FDA approvals (axi-cel and tisa-cel) or are pending FDA
review for approval (liso-cel).

Axicabtagene ciloleucel

Axi-cel, originally labeled as KTE-C19, is an autologous CAR
composed of an extracellular domain targeting CD19, a
transmembrane domain, and an intracellular signaling domain
composed by a CD28 co-stimulatory molecule.

In March of 2021, the FDA granted accelerated approval to axi-
cel for adult patients with R/R FL after two or more lines of systemic
therapy based on the results from the ZUMA-5 study. ZUMA-5 was
a single-arm, multicenter, phase II trial that included 124 patients
with R/R FL requiring treatment as well as 24 patients with
marginal zone lymphoma (12). The majority of the patients with
FL in ZUMA-5 were stage IV (85%) and with bulky disease (52%).
More than half of the patients were identified as POD24 (55%), with
a median prior lines of treatment of 3 (range of 2-4) and 63% of
patients having had three or more lines of therapy. After
lymphodepleting chemotherapy (LDC) with fludarabine and
cyclophosphamide, the patients received a single infusion of axi-
cel. Among 84 patients with FL eligible for the primary analysis,
Jacobson et al. reported a high ORR at 94%, with 79% of patients
achieving a CR. Fifty-five percent of the patients with FL treated on
the ZUMA-5 trial were identified as POD24, and the outcomes of
POD24 patients after receiving axi-cel did not differ significantly
from the overall patient population. With a median follow-up of
23.3 months in the original manuscript, the median PFS had not
been reached. CRS occurred in 78% patients with FL. Most cases of
CRS were grade 1 or 2 [89 (72%)], and grade 3 or worse CRS
occurred in eight (6%) patients. For the management of CRS,
tocilizumab was administered to 50% and corticosteroids to 18%
of the total ZUMA-5 patient population. One grade 5 event of
multisystem organ failure leading to death on day 7 was reported in
a patient with FL with bulky disease at baseline per GELF criteria.
ICANS occurred in 56% of patients with FL, with grade 1 or 2
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events in 51 (41%) and grade 3 or 4 events occurring in 19 (15%).
No grade 5 neurological events occurred. For management of
ICANS, corticosteroids were used in 53 (36%) patients, and
tocilizumab was used in nine (6%) of the total ZUMA-5 patient
population. Median duration of ICANS was 14 days (IQR of 5-43)
in patients with FL, and two patients had ongoing ICANS at the
time of publication (one patient with ongoing memory loss and
patient with persistent paresthesia).

With additional follow-up at 3 years (median of 40.5 months),
Neelapu et al. reported on patients in ZUMA-5 who had exposure
to bendamustine within 6 months of LDC had shorter PES after axi-
cel, thought possibly related to the lymphotoxic effects of
bendamustine (23). Most recently, Neelapu et al. reported a 4-
year follow-up (median of 52.5 months) where the median DOR in
patients with FL had lengthened to 55.5 months (24). Patients with
a best response of CR had excellent outcomes with median DOR of
60.4 months. Patients that did not achieve CR fared far worse, with
a 4.9-month median DOR reported in patients that only achieved a
partial response. This longer follow-up led to an improved median
PES of 57.3 months in the patients with FL with an estimated 48-
month PFS rate of 53% and a median OS that had still not been
reached. Remarkably, only one patient with FL had progressed in
interim between the 28 month and 48 month analysis (Table 1).

Longer follow-up is needed to assess the curative potential of
axi-cel in patients with FL. The ZUMA-22 trial is an ongoing phase
3 randomized study evaluating the benefit of axi-cel compared to
standard-of-care therapy for patients with R/R FL. In the absence of
available prospective data comparing axi-cel with standard of care
(SOC), Ghione et al. compared the results from ZUMA-5 with the
International Scholar-5 cohort of patients with R/R FL treated with
a third or higher line of SOC at seven different multinational
institutions as well data from the phase 2 study of idelalisib in r/r
FL (27, 28). This comparative and weighted analysis showed
superiority in outcomes related to axi-cel relative to SOC: the
median PFS was 57.3 months vs. 13.0 months [hazard ratio (HR),
0.27; 95% confidence interval (CI), 0.18-0.40), respectively. Median
OS was NR in either study, but, at 48 months, OS was 72.4% in
ZUMA-5 compared to 61.4% in SCHOLAR-5. The results strongly
suggest the superior efficacy of axi-cel for R/R FL compared to other
available SOC therapies.

The activity and safety of axi-cel outside of a clinical trial have
been investigated by Jacobson et al. through a CIBMTR registry

10.3389/fonc.2024.1384600

study where 151 patients with R/R FL underwent treatment with
axi-cel and had evaluable assessments post-infusion (29). Forty
percent of the patients in this registry study would have been
ineligible for ZUMA-5, mainly due to comorbidities. Patients had
a median of 4 (range of 1-13) lines of prior therapy. ORR and CR
rates were 93% and 84%, respectively, and estimated PFS and OS at
6 months were 88% and 96%, respectively. Grade > 3 CRS and
ICANS occurred in 2% and 13% of patents, respectively. The
median cumulative CRS resolution was seen by 5 days, and
ICANS resolution was resolved on average by day 4. Of the
patients that were alive at day 30 (n = 150), 11% had prolonged
cytopenias (9% thrombocytopenia and 4% neutropenia). PFS and
OS at 6 months were comparable regardless of ZUMA-5 eligibility.
The patients that would have met eligibility criteria for ZUMA-5
experienced fewer grade > 3 ICANS (10% vs. 16%) and more rapid
ICANS resolution (92% vs. 71% resolved within 2 weeks). Patients
aged > 65 years vs. < 65 years were shown to have comparable
effectiveness and safety profiles, supporting the safety and efficacy of
axi-cel older patients with FL. The CIBMTR registry study
confirmed that axi-cel demonstrates effectiveness and safety
profiles consistent with those observed in the ZUMA-5 when
used in a broader patient population outside of clinical trial.

Tisagenleucel

Tisa-cel is an autologous CAR T-cell composed of an
extracellular domain targeting CD19 like axi-cel but differs in that
it is constructed with a 4-1BB co-stimulatory molecule as opposed
to CD28. The encouraging efficacy and tolerability of CTLO019
reported by Dr. Schuster et al. at the University of Pennsylvania
spurred the further clinical development of tisa-cel in FL. The phase
IT ELARA trial investigated the efficacy of tisa-cel in a larger R/R FL
patient population. Ninety-seven patients with FL with at least two
lines of prior therapy or who were relapsing after autologous
hematopoietic stem cell transplant (HSCT) received a single
infusion of tisa-cel following LDC (fludarabine and
cyclophosphamide). ORR was reported at 86%, with 69% of the
patient population achieving a CR (30). CRS was seen in 49% and
ICANS in 4% of patients, but these events were generally low grade;
grade 3 or 4 CRS and ICANS were reported in 0% and 1% of
patients, respectively. There were no treatment related deaths.

TABLE 1 Comparison of efficacy and safety of CAR T-cell therapy in patients with R/R FL.

Car T- Reference Number of ORR CR Median Median  Median
cell patients with R/ (%) (V] PFS (o) DOR
product R FL [months Months
(mo)] (mo)
Axi-cel ZUMA-5 (4-year 124 94 79 57.3 mo NR 55 mo 78% (6%) 56% (18%)
update) (24)
Tisa-cel ELARA (3-year 97 86 68 37 mo NR NR 49% (0%) 23% (1%)
update) (25)
Liso-cel TRANSCEND- 101 97 94 12 mo, 81% NR 12 58% (1%) 15% (2%)
FL (26) mo, 82%
Frontiers in Oncology 03 frontiersin.org
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On 27 May 2022, the FDA granted accelerated approval to tisa-cel
for adult patients with patients with R/R FL after two or more lines
of systemic therapy based on the outcomes seen in the ELARA trial.
The study was later updated with 3-year follow-up (median follow-
up of 41 months), and, at 36 months, 53% of patients remained in
CR and the median PFS of the patient population was 37 months
(25). Median DOR was NR (Table 1). Sixty-three percent of the
patients treated on ELARA were identified as POD24, and, within
the POD24 subgroup, 36-month PFS was 50% (n = 61) compared
with 59% for patients without POD24 (n = 33). Persistence of CAR
transgene was observed for up to 1,290 days. The patients that were
not POD24 had higher median in vivo CAR expansion and longer
persistence than patients with POD24.

Salles et al. utilized the data from the ELARA study to perform a
comparative effectiveness analysis that matched tisa-cel-treated
patients to similar patients in a historical control. The data from
the control was utilized to perform a matched adjusted retrospective
comparison of patients with R/R FL treated with SOC interventions
to similar patients treated with tisa-cel. This analysis showed tisa-cel
to be more efficacious than SOC: ORR was 86% for tisa-cel versus
64% for SOC; 12 month PFS 70.5% versus 52%; and 12-month OS
was 97% for tisa-cel compared to 72% SOC (31).

In the ELARA study, tisa-cel was administered in the outpatient
setting in 18% (17/97) of patients (30). Fowler et al. later evaluated
the hospitalization costs and the amount of healthcare resource
utilization for the patients with R/R FL undergoing CAR T-cell
therapy with tisa-cel comparing inpatient administration versus
outpatient administration. Patients infused in the outpatient setting
generally had favorable Eastern Cooperative Oncology Group
(ECOG) performance status and Follicular Lymphoma
International Prognostic Index scores and less bulky disease at
baseline (32). For the patients treated in the outpatient setting, 41%
did not require hospitalization within 30 days after infusion, and the
patients who did ultimately require hospitalization had a shorter
average length of stay compared with the patients that received
inpatient tisa-cel administration (5 days versus 13 days). Efficacy
between the two groups was similar, and the calculated cost of care
was reduced for those patients that received treatment in the
outpatient setting. These findings supported the premise that
some R/R patients can be safely treated with tisa-cel in the
outpatient setting, thus reducing hospitalization costs and
healthcare resource utilization.

Dickinson et al. performed a match-adjusted indirect
comparison (MAIC) of the results reported in the ELARA and
ZUMA-5 trials. The results showed that tisa-cel (n = 52), compared
with axi-cel (n = 86), had similar ORR (91.2% vs. 94.2%; p = 0.58),
CR rate (74.0% vs. 79.1%; p = 0.60), PES [HR (95% CI), 0.8 (0.4,
1.9); p = 0.67], and OS [HR (95% CI), 0.5 (0.2, 1.5); p = 0.21] (33).
Tisa-cel was associated with more favorable safety outcomes than
axi-cel, with lower rates of any grade and grade >3 CRS and ICANS
seen in patients treated with tisa-cel. After matching, the rates for
any grade and grade >3 CRS were 33.7% and 6.5% lower (p < 0.01),
respectively, and any grade and grade >3 ICANS were 47.0% and
15.1% lower (p < 0.001), respectively, in patients infused with tisa-
cel vs. axi-cel. The proportions of patients who received tocilizumab
and corticosteroids for any grade CRS were 35.3% (p < 0.001) and
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12.3% lower (p < 0.01), respectively, in patients infused with tisa-cel
vs. axi-cel.

Lisocabtagene maraleucel

Liso-cel is also an autologous is a CD19 targeting CAR T-cell
with a 4-1BB co-stimulatory molecule with the final product
containing CD4:CD8 T cells in a 1:1 ratio. Liso-cel is currently
approved by the FDA for second-line or later treatment of DLBCL
and is under active investigation for the treatment of R/R FL.

The TRANSCEND FL study is a single-arm, multicenter phase
IT study where patients with R/R FL who had previously received 1
or 2+ lines of therapy were treated with a single infusion of liso-cel
following LDC (fludarabine and cyclophosphamide). The primary
analysis of 124 patients treated in the third line was presented with
high ORR at 97%, and nearly all of the responding patients
achieving a CR (94%) despite being a high-risk patient population
where 43% of patients were POD24 (26). With approximately 17
months of median follow-up, 12-month DOR and PFS in patients
treated with liso-cel were 81.9% and 80.7%, respectively. CRS
occurred in 58% of patients (grade 3, 1%; no grade 4-5) and
ICANS in 15% (grade 3, 2%; no grade 4-5). There was one death
due to a treatment related adverse event from a grade 5 macrophage
activation syndrome (Table 1).

Mosunetuzumab

Mosunetuzumab is a CD20/CD3-bispecific monoclonal
antibody that engages endogenous T cells to attack malignant
CD20-expressing B cells, showing high response rates and
encouraging tolerability in a large phase 2 study. In contrast to
the single infusion of CAR T-cell therapy, mosunetuzumab is
administered intravenously weekly for the first 3 weeks as part of
a double step-up dose and then every 3 weeks for a total of 8 cycles.
Nine additional cycles can be administered if complete response is
not initially achieved after eight cycles. Budde et al. reported
outcomes on 90 patients with median follow-up of 18.3 months;
ORR 78% and 60% of patients achieved a CR (11). CRS was the
most common adverse event reported at 44% but was
predominantly grade 1/2, with only 1% experiencing higher grade
CRS. No treatment-related fatal adverse event occurred. Extended
3-year follow-up showed median DOR was 35.9 months, median
duration of CR was NR, and the estimated 30-month duration of
CR rate was 72.4% (34). Three years after the completion of
treatment, 57% of 70 responding patients were alive and had not
had disease progression, and the overall median PFS was 24.0
months (Table 2).

CAR T cells versus mosunetuzumab
The approvals of CD19 CAR T cells and CD20 bispecifics for

multiple relapsed FL are transformative for this high-risk group and
based on vastly improved depth and DOR and are expected to
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TABLE 2 CAR T-cell therapy compared to mosunetuzumab.

Mosunetuzumab

Trial Schuster et al. 3-year
update (34)

Number of patients with R/ 90
RFL
Median prior lines of therapy 3
Median PFS 24 mo (58% at 12 mo)

ORR 78%
CR 60%

CRS (grade 3+) 44% (2%)

Axi-cel

ZUMA-5 (4-year
update) (24)

57 mo (80% at 12 mo)

78% (6%)

10.3389/fonc.2024.1384600

Tisa-cel Liso-cel

ELARA (3-year TRANSCEND-FL (26)

update) (25)

97 101

3 3

37 mo (75% at 12 mo) Median NR at 16 mo (81% at

12 mo)
86% 97%
68% 94%

49% (0%) 58% (1%)

ICANS (grade 3+) 5% (0%)

improve survival for this group of patients. How to sequence these
new therapies in the third line and beyond is not yet established and
an area of debate. With a disease like FL, where treatments are not
historically curative but patients live for a long time, balancing
treatment efficacy and toxicity as well as cost becomes a priority. On
the one hand, CD19 CAR T cells represent a one-time treatment
with the longest PFS of any available therapies in this space. On the
other, it is an expensive and logistically complicated therapy only
offered at select centers and does carry risks of higher grade CRS
and ICANS compared with the CD20 bispecifics. No randomized
trials yet exist to determine which is best for these patients, and so
treatment decisions are often made for individual patients, taking
into account their disease risk features and their preferences in
order to develop an individualized treatment plan.

Nastoupil et al. conducted a MAIC of liso-cel patients from the
TRANSCEND FL trial versus published data of mosunetuzumab in
patients with 3L+ FL. Their analysis showed liso-cel was associated
with higher ORR [o0dds ratio (OR), 3.78 (95% CI, 1.48-9.67)] and
CR [OR, 6.46 (2.85-14.65)], as well as improved PFS [HR, 0.28
(0.16-0.49)] with the results remaining consistent across all
scenario analyses (35). Liso-cel was associated with higher
incidence of CRS [OR, 1.86 (1.01-3.43)] and ICANS [OR, 2.16
(0.72-6.44)], but liso-cel demonstrated a lower incidence of grade >
3 CRS [OR, 0.45 (0.04-5.13)] and grade 3-4 serious infections [OR,
0.35 (0.12-1.03)] compared with mosunetuzumab. Additionally,
liso-cel was associated with overall lower use of steroids for CRS
management [OR, 0.14 (0.03-0.65)], but the use of tocilizumab was
higher in liso-cel treated patients [OR, 2.27 (0.86—5.99)]. Although
imperfect, analyses such as these strongly suggest that logistical
considerations and cost effectiveness aside, CD19 CAR T cells with
a 4-1BB costimulatory domain are more effective and equally
tolerated compared with CD20 bispecifics. Cost analyses have
been conflicting, with some data suggesting CAR T-cell therapy is
the more cost-effective choice, whereas other data suggesting the
opposite (36, 37). At this time, there is no official guidance as to
which therapeutic modality (CAR T-cell therapy versus
mosunetuzumab) should be sequenced first in patients with R/R
FL. With ongoing investigations of moving bispecific antibodies
into earlier lines of treatment, both as single agents and in
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56% (18%)

23% (1%) 15% (2%)

combinations with other treatments, the argument over which
treatment to sequence first may soon become irrelevant.

Future directions

CD19 antigen loss has been reported as a mechanism of
resistance for patients that relapse after receiving CD19-directed
CAR T-cell therapy. Development of CAR T cells that are directed
at other antigens or bispecific CAR T cells with more than one
target provides a possible answer for patients with relapses driven
from CD19 antigen loss. CD20 CAR T cells and dual targeting of
CD20 and CD19 with both bispecifics and CAR T cells are also in
development. Shadman et al. reported on a pilot study investigating
MB-106, which is a third-generation CD20-directed CAR T-cell
constructed with both 4-1BB and CD28 co-stimulatory domains.
Three patients with FL were part of the initial 11-patient NHL
cohort reported, and two of the three patients with FL achieved a
CR, whereas the third patient progressed (38). This was followed by
a subsequent report where MB-106 was trialed specifically in 20
patients with R/R FL with a median of 4 prior lines of therapy. ORR
was 95%, and the rate of CR was 80%, with overall better responses
seen in patients treated at the higher doses of MB-106 (39). Notably,
there was one patient on the study who had progressed after
previously receiving a CD19-directed CAR, and this patient
achieved a CR with MB-106. No grade 3 or 4 CRS or ICANS was
observed. Both Shah and Tong et al. have reported separate first in
human data on trials of bispecific anti-CD20, anti-CD19 CAR T
cells. While these studies only included a small number of patients
with R/R FL, they do provide a proof of concept in showing efficacy
of these bispecific CAR-T agents in this patient population (40, 41).

Potential limitations of autologous CAR T-cell agents include
logistics, product availability manufacturing, and quality consistency.
Allogeneic CAR T-cell therapy derived from healthy donors offer an
alternative to the available autologous CAR T-cell products and may
be able to circumvent these challenges. The ability to infuse treatment
to the patient more quickly with these products being available off the
shelf and not requiring apheresis and subsequent cell manufacturing
may be advantageous in some circumstances, such as patients with
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very aggressive disease. Locke et al. have reported on safety outcomes
of the ALPHA trial, a phase 1 trial exploring the safety and efficacy of
an anti-CD19 allogeneic CAR T-cell administered over split doses
that utilizes gene editing to control for host lymphocyte rejection. The
trial included both R/R DLBCL (n = 61) and FL (n = 26) where 20
patients (23%) experienced CRS, which were low grade except for one
(1%) grade 3 event. No graft-versus-host disease or grade >3 ICANS
occurred (42). These safety data are encouraging, and we will await
further reports of efficacy of allogeneic CAR T-cell therapies in
patients with R/R FL.

Expert opinion

CAR T-cell therapies now represent an additional effective tool
in the treatment armamentarium of patients with R/R FL. When
considering CAR T-cell therapy alongside other approved options
for 3L+ FL, the one-time infusion of CAR T cells is unique to the
other available options with more protracted treatment schedules,
which may have implications for toxicity risks that accumulate over
time, like infection. The high rates of responses to CAR T-cell
therapy and its ability to produce durable responses in heavily
pretreated patients make it appealing and appear to be superior to
the SOC in indirect comparisons. The activity of CAR T-cell
therapy is particularly encouraging for patients’ refractory to
chemoimmunotherapy and POD24 patients who had historically
had a poor prognosis with SOC therapies. The side effects overall
appear to be acceptable, with low rates of grade 3+ CRS or ICANS,
particularly with the 4-1BB CAR T cells’ tisa-cel and liso-cel. The
real-world analyses of the efficacy and safety of patients treated with
axi-cel outside of clinical trials are reassuring that these treatments
can be safely administered to patients commercially with similar
efficacy observed, even in patients that would not have qualified for
the clinical trials that led to their approval.

With these data in mind, it is our general approach to prioritize
CAR T-cell therapy for all patients with 3L+ FL who have a history of
POD24 or refractory disease, as well as for patients who are both
suitable candidates and for whom a one-time therapy or a therapy
with the longest PFS is preferred. This is especially true for younger
patients whose life expectancy is anticipated to be shortened by their
multiple relapsed FL. We previously referenced reports from patients
in ZUMA-5 who had exposure to bendamustine within 6 months of
LDC had shorter PES after axi-cel, and similar concerning findings
regarding bendamustine’s negative impact on the outcome of CAR T-
cell therapy in DLBCL have been reported (23, 43). Based on these
data, we avoid the use of bendamustine within 6 months of
leukapheresis for CAR T-cell therapy. Thankfully, this rarely occurs
in 3L+ FL given the common use of bendamustine in the frontline
and the long median DOR to frontline bendamustine and CD20
monoclonal antibody therapy.

Barriers remain for the widespread utilization of CAR T cell,
however, with the high cost of treatment and lack of access to CAR
T-cell centers proving to be insurmountable barriers to many patients.
Thus, for older patients, for patients with certain medical comorbidities
for whom CAR T-cell therapy would be contraindicated, and for lower-
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risk patients, including those who have enjoyed long remissions from
their first- and second line-therapies, and those who prefer a therapy
that can be given locally and without hospitalization, we prioritize
treatment with mosunetuzumab.

Conclusion

Patients with R/R FL have a growing number of heterogeneous
treatment options. Historically, treatments in the 3L+ setting often
involved additional rounds of immunochemotherapy or anti-CD20
monotherapy, lenalidomide, PI3K inhibitors (which subsequently
have been withdrawn from the marketplace), as well as HSCT. No
consensus on the sequencing of these agents exists at this time.
While high response rates to some of these above therapies have
been observed, the DOR was usually short and diminished with
each subsequent line of therapy (44). Both CD20 bispecifics and
CD19 CAR T cells have made significant inroads in the treatment
landscape for FL compared to these previous standards.

Data from the most recent follow-up of mosunetuzumab
treatment in patients with R/R FL have shown that many
responses to this CD20-bispecific also appear durable. It is likely
that both bispecific antibodies and CAR T-cell therapies will have
significant roles in the future management of R/R FL, but their
sequencing remains to be defined. Mosunetuzumab has the benefit
of being an off-the-shelf immunotherapy that avoids some of the
challenges with logistics and product availability associated with
current CAR T-cell therapies, including distance from a CAR T-cell
treatment center and the need to relocate there, time to insurance
approval, pheresis, manufacturing time, lymphodepleting
chemotherapy, and potential hospitalization. The need for LDC
also contributes to protracted cytopenias and T-cell lymphopenia in
a portion of patients, and the long-term incidence of myeloid
dysplasias and risk for T-cell malignancies has not been
comprehensively documented and understood (45). No doubt,
these risks, once defined, will help shape this debate. However,
CAR T-cell therapy is a one-time therapy and offers the longest PES
of any therapy in the multiple relapsed setting, bispecifics included,
and, for some patients, this may represent a definitive therapy.
Encouragingly, the more typical CAR T-cell side effects of CAR T
cells, CRS and ICANS, are lower than those seen in LBCL,
particularly with the 4-1BB CAR T cells where these risks seem
similar to those seen with mosunetuzumab. How oncologists and
patients balance these relative risks and benefits will shape how
these therapies are used; by the time this is sorted out, however, the
debate is likely to be moot given the likely use of bispecifics in 1L FL,
with CAR T cells reserved for select patients in the 2L and 3L
settings. Regardless of sequencing preferences, we are better off for
having a multitude of options for patients who need them.

Author contributions

RJ: Conceptualization, Investigation, Writing — original draft,
Writing - review & editing. CJ: Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1384600
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jacobs and Jacobson

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

RJ: Consulting for KITE/Gilead and Genentech CJ: Consulting
for Kite/Gilead, BMS/Celgene, Novartis, InmPACT Bio, ADC

References

1. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS.
Lymphoma incidence patterns by WHO subtype in the United States, 1992-2001.
Blood. (2006) 107:265-76. doi: 10.1182/blood-2005-06-2508

2. Biagi JJ, Seymour JF. Insights into the molecular pathogenesis of follicular
lymphoma arising from analysis of geographic variation. Blood. (2002) 99:4265-75.
doi: 10.1182/blood.V99.12.4265

3. A clinical evaluation of the International Lymphoma Study Group classification of
non-Hodgkin's lymphoma. The non-hodgkin's lymphoma classification project. Blood.
(1997) 89:3909-18. doi: 10.1182/blood.V89.11.3909

4. Flinn IW, van der Jagt R, Kahl BS, et al. Randomized trial of bendamustine-
rituximab or R-CHOP/R-CVP in first-line treatment of indolent NHL or MCL: the
BRIGHT study. Blood. (2014) 123:2944-52. doi: 10.1182/blood-2013-11-531327

5. Rummel MJ, Niederle N, Maschmeyer G, et al. Bendamustine plus rituximab
versus CHOP plus rituximab as first-line treatment for patients with indolent and
mantle-cell lymphomas: an open-label, multicentre, randomised, phase 3 non-
inferiority trial. Lancet. (2013) 381:1203-10. doi: 10.1016/S0140-6736(12)61763-2

6. Gao F, Zhang T, Liu H, et al. Risk factors for POD24 in patients with previously
untreated follicular lymphoma: a systematic review and meta-analysis. Ann Hematol.
(2022) 101:2383-92. doi: 10.1007/s00277-022-04914-8

7. Batlevi CL, Sha F, Alperovich A, et al. Follicular lymphoma in the modern era:
survival, treatment outcomes, and identification of high-risk subgroups. Blood Cancer J.
(2020) 10:74. doi: 10.1038/541408-020-00340-z

8. Ghione P, Palomba ML, Ghesquieres H, et al. Treatment patterns and outcomes
in relapsed/refractory follicular lymphoma: results from the international SCHOLAR-5
study. Haematologica. (2023) 108:822-32. doi: 10.3324/haematol.2022.281421

9. Link BK, Day BM, Zhou X, et al. Second-line and subsequent therapy and
outcomes for follicular lymphoma in the United States: data from the observational
National LymphoCare Study. Br J haematology. (2019) 184:660-3. doi: 10.1111/
bjh.15149

10. Qualls D, Salles G. Prospects in the management of patients with follicular
lymphoma beyond first-line therapy. Haematologica. (2022) 107:19-34. doi: 10.3324/
haematol.2021.278717

11. Budde LE, Sehn LH, Matasar M, et al. Safety and efficacy of mosunetuzumab, a
bispecific antibody, in patients with relapsed or refractory follicular lymphoma: a
single-arm, multicentre, phase 2 study. Lancet Oncol. (2022) 23:1055-65. doi: 10.1016/
S$1470-2045(22)00335-7

12. Jacobson CA, Chavez JC, Sehgal AR, et al. Axicabtagene ciloleucel in relapsed or
refractory indolent non-Hodgkin lymphoma (ZUMA-5): a single-arm, multicentre,
phase 2 trial. Lancet Oncol. (2022) 23:91-103. doi: 10.1016/S1470-2045(21)00591-X

13. Abramson JS, Palomba ML, Gordon LI, et al. Lisocabtagene maraleucel for
patients with relapsed or refractory large B-cell lymphomas (TRANSCEND NHL 001):
a multicentre seamless design study. Lancet. (2020) 396:839-52. doi: 10.1016/S0140-
6736(20)31366-0

14. Locke FL, Ghobadi A, Jacobson CA, et al. Long-term safety and activity of
axicabtagene ciloleucel in refractory large B-cell lymphoma (ZUMA-1): a single-arm,
multicentre, phase 1-2 trial. Lancet Oncol. (2019) 20:31-42.

15. Schuster SJ, Bishop MR, Tam CS, et al. Tisagenlecleucel in adult relapsed or
refractory diffuse large B-cell lymphoma. New Engl J Med. (2019) 380:45-56.
doi: 10.1056/NEJMo0a1804980

16. Kochenderfer JN, Wilson WH, Janik JE, et al. Eradication of B-lineage cells and
regression of lymphoma in a patient treated with autologous T cells genetically
engineered to recognize CD19. Blood. (2010) 116:4099-102. doi: 10.1182/blood-
2010-04-281931

17. Cappell KM, Sherry RM, Yang JC, et al. Long-term follow-up of anti-CD19
chimeric antigen receptor T-cell therapy. J Clin Oncol Off ] Am Soc Clin Oncol. (2020)
38:3805-15. doi: 10.1200/JC0O.20.01467

Frontiers in Oncology

10.3389/fonc.2024.1384600

Therapeutics, Abbvie, AstraZeneca, Caribou Bio, Galapagos,
Appia Bio, Synthekine, Janssen, Sana.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

18. Kochenderfer JN, Dudley ME, Kassim SH, et al. Chemotherapy-refractory
diffuse large B-cell lymphoma and indolent B-cell Malignancies can be effectively
treated with autologous T cells expressing an anti-CD19 chimeric antigen receptor. ]
Clin Oncol Off ] Am Soc Clin Oncol. (2015) 33:540-9. doi: 10.1200/JCO.2014.56.2025

19. Schuster SJ, Svoboda J, Chong EA, et al. Chimeric antigen receptor T cells in
refractory B-cell lymphomas. New Engl ] Med. (2017) 377:2545-54. doi: 10.1056/
NEJMoal708566

20. Ayuk FA, Berger C, Badbaran A, et al. Axicabtagene ciloleucel in vivo expansion
and treatment outcome in aggressive B-cell lymphoma in a real-world setting. Blood
Adv. (2021) 5:2523-7. doi: 10.1182/bloodadvances.2020003959

21. Chong EA, Ruella M, Schuster SJ. Five-year outcomes for refractory B-cell
lymphomas with CAR T-cell therapy. New Engl ] Med. (2021) 384:673-4. doi: 10.1056/
NEJMc2030164

22. Hirayama AV, Gauthier J, Hay KA, et al. High rate of durable complete
remission in follicular lymphoma after CD19 CAR-T cell immunotherapy. Blood.
(2019) 134:636-40. doi: 10.1182/blood.2019000905

23. Neelapu SS, Chavez J, Sehgal AR, et al. 3-year follow-up analysis of ZUMA-5: A
phase 2 study of axicabtagene ciloleucel (Axi-cel) in patients with relapsed/refractory
(R/R) indolent non-hodgkin lymphoma (iNHL). Blood. (2022) 140:10380-3.
doi: 10.1182/blood-2022-156120

24. Neelapu SS, Chavez JC, Sehgal AR, et al. Axicabtagene ciloleucel (Axi-cel) in
patients with relapsed/refractory indolent non-hodgkin lymphoma: 4-year follow-up
from the phase 2 ZUMA-5 trial. Blood. (2023) 142:4868-. doi: 10.1182/blood-2023-
174914

25. Schuster SJ, Fowler N, Dickinson M, et al. Clinical outcomes of patients with
relapsed/refractory follicular lymphoma treated with tisagenlecleucel: phase 2 elara 3-
year follow-up. Blood. (2023) 142:601-. doi: 10.1182/blood-2023-180936

26. Morschhauser F, Dahiya S, Palomba ML, et al. TRANSCEND FL: PHASE 2
STUDY RESULTS OF LISOCABTAGENE MARALEUCEL (LISO-CEL) IN
PATIENTS (PTS) WITH RELAPSED/REFRACTORY (R/R) FOLLICULAR
LYMPHOMA (FL). Hematological Oncol. (2023) 41:877-80. doi: 10.1002/
hon.3196_LBA4

27. Ghione P, Palomba ML, Patel AR, et al. Comparative effectiveness of ZUMA-5
(axi-cel) vs SCHOLAR-5 external control in relapsed/refractory follicular lymphoma.
Blood. (2022) 140:851-60. doi: 10.1182/blood.2021014375

28. Gribben JG, Ghione P, Palomba ML, et al. An updated comparison of clinical
outcomes from 4-year follow-up of zuma-5 (Axicabtagene ciloleucel) and the
international scholar-5 external control cohort in relapsed/refractory follicular
lymphoma. Blood. (2023) 142:4869-. doi: 10.1182/blood-2023-186842

29. Jacobson CA, Hemmer MT, Hu Z-H, et al. Real-world early outcomes of
axicabtagene ciloleucel for relapsed or refractory (R/R) follicular lymphoma (FL).
J Clin Oncol. (2023) 41:7509-. doi: 10.1200/JC0O.2023.41.16_suppl.7509

30. Fowler NH, Dickinson M, Dreyling M, et al. Tisagenlecleucel in adult relapsed
or refractory follicular lymphoma: the phase 2 ELARA trial. Nat Med. (2022)
28:325-32.

31. Salles G, Schuster SJ, Dreyling M, et al. Efficacy comparison of tisagenlecleucel vs
usual care in patients with relapsed or refractory follicular lymphoma. Blood Adyv.
(2022) 6:5835-43. doi: 10.1182/bloodadvances.2022008150

32. Fowler NH, Dickinson M, Ghosh M, et al. Assessment of healthcare resource
utilization and hospitalization costs in patients with relapsed or refractory follicular
lymphoma undergoing CAR-T cell therapy with tisagenlecleucel: results from the
ELARA study. Transplant Cell Ther. (2023) 29:60.e1-.e4. doi: 10.1016/].jtct.2022.
09.022

33. Dickinson M, Martinez-Lopez J, Jousseaume E, et al. Comparative efficacy and
safety of tisagenlecleucel and axicabtagene ciloleucel among adults with r/r follicular
lymphoma. Leuk Lymphoma. (2024), 1-10. doi: 10.1080/10428194.2023.2289854

frontiersin.org


https://doi.org/10.1182/blood-2005-06-2508
https://doi.org/10.1182/blood.V99.12.4265
https://doi.org/10.1182/blood.V89.11.3909
https://doi.org/10.1182/blood-2013-11-531327
https://doi.org/10.1016/S0140-6736(12)61763-2
https://doi.org/10.1007/s00277-022-04914-8
https://doi.org/10.1038/s41408-020-00340-z
https://doi.org/10.3324/haematol.2022.281421
https://doi.org/10.1111/bjh.15149
https://doi.org/10.1111/bjh.15149
https://doi.org/10.3324/haematol.2021.278717
https://doi.org/10.3324/haematol.2021.278717
https://doi.org/10.1016/S1470-2045(22)00335-7
https://doi.org/10.1016/S1470-2045(22)00335-7
https://doi.org/10.1016/S1470-2045(21)00591-X
https://doi.org/10.1016/S0140-6736(20)31366-0
https://doi.org/10.1016/S0140-6736(20)31366-0
https://doi.org/10.1056/NEJMoa1804980
https://doi.org/10.1182/blood-2010-04-281931
https://doi.org/10.1182/blood-2010-04-281931
https://doi.org/10.1200/JCO.20.01467
https://doi.org/10.1200/JCO.2014.56.2025
https://doi.org/10.1056/NEJMoa1708566
https://doi.org/10.1056/NEJMoa1708566
https://doi.org/10.1182/bloodadvances.2020003959
https://doi.org/10.1056/NEJMc2030164
https://doi.org/10.1056/NEJMc2030164
https://doi.org/10.1182/blood.2019000905
https://doi.org/10.1182/blood-2022-156120
https://doi.org/10.1182/blood-2023-174914
https://doi.org/10.1182/blood-2023-174914
https://doi.org/10.1182/blood-2023-180936
https://doi.org/10.1002/hon.3196_LBA4
https://doi.org/10.1002/hon.3196_LBA4
https://doi.org/10.1182/blood.2021014375
https://doi.org/10.1182/blood-2023-186842
https://doi.org/10.1200/JCO.2023.41.16_suppl.7509
https://doi.org/10.1182/bloodadvances.2022008150
https://doi.org/10.1016/j.jtct.2022.09.022
https://doi.org/10.1016/j.jtct.2022.09.022
https://doi.org/10.1080/10428194.2023.2289854
https://doi.org/10.3389/fonc.2024.1384600
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jacobs and Jacobson

34. Schuster SJ, Sehn LH, Bartlett NL, et al. Mosunetuzumab Monotherapy
Continues to Demonstrate Durable Responses in Patients with Relapsed and/or
Refractory Follicular Lymphoma after >2 Prior Therapies: 3-Year Follow-up from a
Pivotal Phase II Study. Blood. (2023) 142:603-. doi: 10.1182/blood-2023-173692

35. Nastoupil L], Bonner A, Wang P, et al. Matching-adjusted indirect comparison
(MAIC) of efficacy and safety of lisocabtagene maraleucel (liso-cel) and
mosunetuzumab for the treatment (Tx) of third line or later (3L+) relapsed or
refractory (R/R) follicular lymphoma (FL). Blood. (2023) 142:2338-. doi: 10.1182/
blood-2023-178786

36. Lin M, Weiss J, Phillips TJ, et al. Cost effectiveness of mosunetuzumab and CAR-
T cell therapy in relapsed/refractory follicular lymphoma. Blood. (2023) 142:256-.
doi: 10.1182/blood-2023-182244

37. Oluwole OO, Ray MD, Zur R, et al. Cost-effectiveness of axicabtagene ciloleucel
versus mosunetuzumab in relapsed/refractory follicular lymphoma in the US. Blood.
(2023) 142:5082-. doi: 10.1182/blood-2023-186548

38. Shadman M, Yeung C, Redman MW, et al. Third generation CD20 targeted
CAR T-cell therapy (MB-106) for treatment of patients with relapsed/refractory
B-cell non-hodgkin lymphoma. Blood. (2020) 136:38-9. doi: 10.1182/blood-2020-
136440

39. Shadman M, Yeung C, Redman M, et al. HIGH EFFICACY AND FAVORABLE
SAFETY OF 3RD GENERATION CD20 CAR-T (MB-106) FOR OUTPATIENT
TREATMENT OF FOLLICULAR LYMPHOMA (FL)—RESULTS OF A SINGLE-

Frontiers in Oncology

08

10.3389/fonc.2024.1384600

INSTITUTION TRIAL. Hematological Oncol. (2023) 41:87-8. doi: 10.1002/
hon.3163_49

40. Shah NN, Johnson BD, Schneider D, et al. Bispecific anti-CD20, anti-CD19 CAR
T cells for relapsed B cell Malignancies: a phase 1 dose escalation and expansion trial.
Nat Med. (2020) 26:1569-75. doi: 10.1038/s41591-020-1081-3

41. Tong C, Zhang Y, Liu Y, et al. Optimized tandem CD19/CD20 CAR-engineered
T cells in refractory/relapsed B-cell lymphoma. Blood. (2020) 136:1632-44.
doi: 10.1182/blood.2020005278

42. Locke FL, Munoz JL, Tees MT, et al. ALLO-647 for lymphodepletion in the
allogeneic CAR T setting: safety experience with ALLO-501/501A in patients (Pts) with
relapsed/refractory (r/r) large B-cell and follicular lymphomas. Blood. (2023) 142:2095.
doi: 10.1182/blood-2023-189196

43. Tacoboni G, Navarro V, Martin-Lopez A, et al. Recent bendamustine treatment
before apheresis has a negative impact on outcomes in patients with large B-cell
lymphoma receiving chimeric antigen receptor T-cell therapy. J Clin Oncol Off ] Am Soc
Clin Oncol. (2024) 42:205-17. doi: 10.1200/JC0O.23.01097

44. Casulo C, Larson MC, Lunde JJ, et al. Treatment patterns and outcomes of
patients with relapsed or refractory follicular lymphoma receiving three or more lines
of systemic therapy (LEO CReWE): a multicentre cohort study. Lancet Haematology.
(2022) 9:¢289-300. doi: 10.1016/52352-3026(22)00033-3

45. Verdun N, Marks P. Secondary cancers after chimeric antigen receptor T-cell
therapy. New Engl ] Med. (2024). doi: 10.1056/NEJMp2400209

frontiersin.org


https://doi.org/10.1182/blood-2023-173692
https://doi.org/10.1182/blood-2023-178786
https://doi.org/10.1182/blood-2023-178786
https://doi.org/10.1182/blood-2023-182244
https://doi.org/10.1182/blood-2023-186548
https://doi.org/10.1182/blood-2020-136440
https://doi.org/10.1182/blood-2020-136440
https://doi.org/10.1002/hon.3163_49
https://doi.org/10.1002/hon.3163_49
https://doi.org/10.1038/s41591-020-1081-3
https://doi.org/10.1182/blood.2020005278
https://doi.org/10.1182/blood-2023-189196
https://doi.org/10.1200/JCO.23.01097
https://doi.org/10.1016/S2352-3026(22)00033-3
https://doi.org/10.1056/NEJMp2400209
https://doi.org/10.3389/fonc.2024.1384600
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The treatment of follicular lymphoma with CD19-directed chimeric antigen receptor T-cell therapy
	Introduction
	Early studies in CD19 CAR T cells used in the treatment of FL
	Axicabtagene ciloleucel
	Tisagenleucel
	Lisocabtagene maraleucel
	Mosunetuzumab
	CAR T cells versus mosunetuzumab
	Future directions
	Expert opinion
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


