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Autologous chimeric antigen receptor (CAR) T cell therapy targeting CD19 is effective

in B-cell malignancies such as acute lymphoblastic leukemia (ALL)13, Prior to infusion,

T cells must be collected, activated, transduced, expanded, and validated®. This creates a
“bridging period,” lasting from the decision to treat until T cells are infused, during which
patients may experience disease related complications that delay or prevent CAR T cell
infusion. Clinical trials of CD19 CAR T therapy reported high rates of patient dropout after
enrollment due to progressive disease (POD) or treatment-related complications?>-8, which
highlights the challenges of clinical management during the bridging period.

Chemotherapy is commonly given during bridging to prevent rapid disease progression prior
to CAR T cell infusion in patients with ALL and lymphoma®°-13, Furthermore, we and
others have shown that a lower disease burden at time of CAR T cell infusion is correlated
with improved long-term survival and decreased severe cytokine release syndrome (CRS)
and neurotoxicity (NT)%3.14, Thus, there may be a benefit to cytoreduction with bridging
therapy prior to CAR T cell treatment. However, only a small number of studies have
evaluated the optimal use of bridging chemotherapy, primarily in relapsed lymphoma
patients>-17 and practice varies among providers and clinical trial protocols.
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We therefore reviewed bridging strategies and outcomes for all patients enrolled on a single-
center, phase 1 trial of CD19-specific CAR T cells for R/R adult ALL (ClinicalTrials.gov
NCT01044069)2, for which we previously reported the results of 53 treated patients. The
median time from study screening to infusion was 63 days (17-262 days). Of 94 patients
screened, 8 patients had no evidence of disease at screening and either did not relapse or
were lost to follow up, and therefore were never eligible for infusion; and 2 patients received
treatment off-protocol. These ten patients were deemed not eligible for treatment and are not
included in subsequent analyses (Supplementary Figure 1).

For the entire population of 84 enrolled patients, median overall survival (mOS) from
enrollment was 11.5 months (95% CI 7.9-17.9) (Supplementary Figure 2A). Fifty-six
patients received CAR T cells on protocol, with a mOS of 15.5 months (11.5-24.4) (Figure
1A). Ten patients received an alternate therapy, most commonly allogeneic hematopoietic
stem cell transplantation (HSCT; n=6) or donor lymphocyte infusion (n=2) after attaining a
complete remission (CR) to bridging chemotherapy, with a mOS of 27.2 months (8.9-NR)
(Supplementary Figure 2B). The remaining 18 patients were not treated with CAR T cells
or alternate therapy due to POD or disease-related complications and had a decreased

mOS of 3.0 months (1.4-4.5) (Figure 1B). Characteristics of patients in each group are in
Supplementary Table 1.

We sought to identify patient and disease factors at enrollment that predicted treatment
with CAR T cells or alternate therapy, as opposed to progression of disease. Among
factors examined by univariate logistic regression, only low bone marrow (BM) blast
percentage at screening was significantly associated with receiving intended therapy
(p<0.01; Supplementary Table 2).

We have previously shown that low disease burden at time of CAR T cell infusion correlates
with improved post-CAR T cell treatment outcomes?. We therefore hypothesized that
disease burden at time of infusion is a critical parameter and that patients who experienced
cytoreduction during the bridging period would have improved clinical outcomes. The effect
of changes in disease status during bridging was assessed by a landmark analysis at 3
months post-enrollment, as most patients were re-staged at 2—-3 months. We characterized
patients as 1) “responding to bridging”, 2) “persistent molecular disease,” 3) “persistent
morphologic disease”, or 4) “progression during bridging” (see Supplementary Methods for
full definitions).

Twelve of 62 patients (19%) with morphologic disease at enrollment had a response to
bridging therapy by 3 months (Supplementary Figure 2C). Disease status at the 3-month
landmark was significantly associated with OS (p=0.007) (Figure 1C). Median OS for the
bridging response group (n=12) was 16.3 months (Cl 6.0-NA), compared to 4.3 months
(C1 2.0-11, p=0.04 for pairwise comparison) in the persistent morphologic disease group
(n=42). Patients with persistent molecular disease (n=16) had a median OS of 23.2 months
(8.8-NA), comparable to patients in the bridging response group. Thus, both patients who
maintained low disease burden and patients who responded to bridging chemotherapy had
favorable outcomes.
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A theoretical drawback of cytoreduction with bridging therapy is reduced CAR T cell
expansion, since expansion and persistence require CD19 expressing target cells. However,
we found no difference in peak expansion or median duration of detectable CAR T cells
between patients with morphologic disease, measurable residual disease, and no evidence of
disease (Supplementary Figure 3).

The favorable association between bridging response and survival led us to search for
bridging strategies that increased response rates and improved outcomes. We classified
bridging chemotherapy regimens into either low- or high-intensity based on their
myelosuppressive potential (Supplementary Table 3; Supplementary Figure 4). Of the 84
eligible patients, 3 received bridging at outside institutions and had insufficient records to
accurately stratify therapy; 2 patients (2%) received no bridging therapy; 46 patients (57%)
received low intensity therapy including blinatumomab (n=2) and inotuzumab (n=4); and
33 patients (41%) received high intensity therapy. The high and low intensity groups were
well-matched for demographic and disease characteristics, and although there was a greater
number of MRD patients in the low compared to high intensity groups, this difference was
not statistically significant (27% vs. 15%; p=0.2) (Supplementary Table 4).

High intensity treatment was not associated with response to bridging at the 3-month
landmark regardless of prior lines of treatments (Supplementary Figure 5A-D), nor with
higher rates of CAR T cell infusion or alternate therapy (Supplementary Table 5). In
multivariate logistic regression, BM blast percentage at enrollment but not bridging intensity
was significantly associated with a higher likelihood of infusion (Supplementary Table 5).
Furthermore, there was no significant difference in OS from start of bridging as stratified by
intensity of bridging therapy (p=0.1 by log-rank) (Figure 2A). Median OS was 7.3 months
(4.6-21) in the high intensity group compared to 14.0 months (11.5-25) in the low intensity

group.

Since the decision between high and low intensity bridging therapy may have been impacted
by disease burden, we looked at outcomes only for patients with morphologic disease at time
of enrollment (defined as BM blasts >5% and/or EMD; see Supplementary Figure 6). Even
in this high disease burden sub-group, there was no difference in survival between high and
low intensity treatment (p=0.5 by log-rank), with median OS of 7.3 months (4.5-21) and
11.5 months (8.0-24), respectively (Figure 2B).

The use of high intensity bridging chemotherapy regimens, however, was associated with
therapy-related toxicity, with 23/33 (70%) patients in the high intensity group compared to
15/48 (31%) in the low intensity group experiencing grade 3—4 infectious complications
during the bridging period (Figure 2C, p <0.001 by Fishers Exact Test). Infectious
complications included bacteremia, pneumonia, pulmonary aspergillosis, and septic shock
requiring ICU admission. In contrast, we did not observe a difference in rate of grade 3—-4
CRS (38% vs. 22% for high and low intensity, p=0.11 by Fishers Exact test) or grade 3—4
NT (44% vs. 36% for high vs. low intensity, p>0.99 by Fishers Exact test) in patients who
received CAR T cell infusion (Supplementary Figure 5E-F). Thus, high intensity bridging
therapy was associated with an increased rate of infections during the bridging period, but
not with post-CAR T cell infusion toxicities.
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Targeted monoclonal antibodies can lead to deep responses in certain patients without
significant myelosuppression!819. Two and four patients received blinatumomab and
inotuzumab as bridging therapy, respectively. Three of the six patients had morphologic
disease prior to bridging. All six patients were successfully treated with either CAR T cells
or alternate therapy, and none experienced a grade 3—4 infectious complication. Of these
six patients, one had persistent morphologic disease during bridging, two experienced a
response to bridging, and three had persistent molecular disease. Three of six patients were
in remission at last follow up.

In summary, we demonstrate that low disease burden prior to the bridging period

is predictive of successful CAR T cell infusion in ALL. We and others previously
demonstrated that low disease burden immediately prior to CAR T cell infusion correlates
with decreased toxicity and increased survival in ALL, and we now demonstrate that
reductions in disease burden during the bridging period are associated with favorable
outcomes?314, This suggests that chemosensitivity during bridging either selects a favorable
sub-group of patients or that effective cytoreduction may augment the efficacy of subsequent
CAR T therapy, leading us to search for optimal strategies to reduce disease burden during
bridging.

However, increased treatment intensity with highly myelosuppressive therapy was not
associated with enhanced response to bridging, rates of CAR T cell infusion, or overall
survival, but was associated with increased rates of severe infections during the bridging
period. Our finding is likely driven by the low rates of response to bridging chemotherapy
in this heavily pre-treated patient cohort. If CAR T therapy is explored as an earlier line
of treatment, bridging chemotherapy will likely generate a higher response rate and more
effective cytoreduction, and there may be a greater role for high-intensity chemotherapy.

Therefore, optimal bridging strategies are likely to be patient and disease specific. We
propose a schema for selection of appropriate bridging strategies in Supplementary Figure 7.
We emphasize that patients with low disease burden are likely to proceed to CAR therapy
with low intensity bridging, and that patients with late relapses after responding to prior
chemotherapy may be potential candidates for bridging intensification. Further studies will
be needed to prospectively evaluate the role of bridging in CAR T cell therapies, including
incorporation of targeted monoclonal antibodies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Overall survival from enroliment (start of bridging) for the (A) CAR T cell infused patients

and (B) patients who were not infused due to POD. Dashed line — median overall survival.
Due to immortal time arising from POD patient death during the bridging period, survival
curves are not compared directly. POD: progression of disease. (C) Response to bridging at
3-month post-enrollment landmark as stratified by treatment group. Response categories are
defined in text. Axis displayed as percent of patients in group, while numbers in box are
absolute numbers of patients in group. p < 0.001 by Fisher’s exact test.
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Figure 2:
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Comparison of high- and low-intensity bridging strategies. (A) Overall survival from start
of bridging stratified by bridging treatment intensity for entire cohort (A, left, p=0.1 by
log-rank) or only patients with morphologic disease (bone marrow blasts > 5% or EMD)
(B, right, p=0.8 by log-rank). (C) Rates of grade 3—4 infectious toxicity during the bridging
period for all patients with available data (n=81). Y-axis reported as frequency of total
population, with labels showing total number of patients.
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