
ghost consumption as well; thus, in vitro
studies may still be relevant, but also
require reinterpretation.

Like most new hypotheses, in addition to
providing some answers to old questions,
this hypothesis leads to new questions. If
themodel of Klei et al is correct, then why
does one observe increased RBC lifespan
(including irregular morphology of old
RBCs) when phagocytes are depleted
from rodents8? Is this observation a
problem for the theory, or does the in-
ability to phagocytose ghosts simply
backup the system, resulting in a satu-
rated ECM to which additional senescent
RBCs can no longer adhere? A second
question is why the lifespan of healthy
RBCs is not increased after splenectomy
(ie, excluding therapeutic effects of
treating RBC abnormalities or autoim-
mune hemolytic anemia); indeed, early
rodent studies showed that RBCs in
splenectomized mice are sequestered
and cleared in the liver.9 However, the
liver has neither fenestrated architecture
nor RPMs. Is there some ECM equivalent
in the liver and is laminan-a5 expressed
there, and if so, where is it in the hepatic
architecture?

In aggregate, Klei et al have made a
fundamental advance in our under-
standing of the process of clearance of
senescent RBCs, which will compel a
reinterpretation of existing data, and
promises to significantly advance the
field going forward.
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CLINICAL TRIALS AND OBSERVATIONS

Comment on Tong et al, page 1632

NextGen CARs: the race is on
Stephen J. Schuster | University of Pennsylvania

In this issue of Blood, Tong et al present the preclinical and clinical development
of an optimized, bivalent tandem CD20/CD19 chimeric antigen receptor (CAR)
construct (see figure). Preclinically, they demonstrated dual-antigen specificity,
enhanced immune synapse formation, and superior antitumor activity
in vitro and in vivo in a murine xenograft model compared with alternative
constructs generated from the same 2 single-chain variable fragment (scFv)
regions derived from Leu-16 (anti-CD20) and FMC63 (anti-CD19) murine
monoclonal antibodies. Next, they performed a phase 1/2a clinical trial of
this construct in patients with relapsed or refractory mature B-cell lym-
phomas or chronic lymphocytic leukemia.1 Their observations suggest that a
single chimeric receptor targeting 2 separate tumor antigens is a safe and
potentially effective CAR T-cell approach with potential to prevent thera-
peutic failure due to single antigen loss by tumor cells after CD19-directed
therapies as well as to enhance the functional activity of the CAR in T cells.

CAR T-cell therapy directed against CD19
has changed the prognosis for relapsed/
refractory aggressive large B-cell lym-
phomas. There are now 2 commercially
available products for this indication:
axicabtagene ciloleucel, approved in the
United States in late 2017 based on
the ZUMA-1 trial,2 and tisagenlecleucel,
previously approved in the United States
in 2017 for relapsed/refractory pediatric/
young-adult B-cell acute lymphoblastic
leukemia (B-ALL) and later approved in
the United States in early 2018 for the
relapsed/refractory diffuse large B-cell
lymphoma indication based on the
JULIET trial.3 In these pivotal trials, long-
term disease-free survival of treated
patients was between 30% and 40%, a
significant improvement over historical
outcomes but clearly with room for im-
provement. In addition, a plateau in
survival curves emerged beyond 6
months; most therapeutic failures oc-
curred within the first 3months of therapy
despite evidence of in vivo expansion of
CAR T cells. With this new therapeutic

approach established, the race began to
understand the mechanisms of resistance
to CAR T cells and to reengineer CARs
based on the identified mechanisms of
resistance. Currently, the development
of next-generation CARs spans the
discovery and preclinical and clinical
phases of development. In addition,
alternative strategies that combine im-
munomodulatory small molecules and
monoclonal antibodies with CAR T cells to
overcome resistance mechanisms and en-
hance effectiveness are in development.4

Among the first observations to suggest
a mechanism of resistance to CD19-directed
CAR T cells in B-cell lymphoma patients
was loss of the CD19 antigen by tumor
cells in biopsies obtained after treatment,
a phenomenon occurring in;20% to 27%
of treatment failures and previously ob-
served in cases of relapsed B-ALL.2,5,6 To
address the issue of single-target antigen
escape, a number of approaches aimed
at targeting multiple antigens have been

1570 blood® 1 OCTOBER 2020 | VOLUME 136, NUMBER 14

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/136/14/1570/1759861/bloodbld2020007050c.pdf by guest on 19 M

ay 2023

https://doi.org/10.1182/blood.2020008463
http://www.bloodjournal.org/content/136/14/1632
http://www.bloodjournal.org/content/136/14/1632
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2020007050&domain=pdf&date_stamp=2020-10-01


pursued in laboratory studies and in clin-
ical trials, including the following:

1. Combining or sequentially adminis-
tering 2 CAR T-cell products that each
express scFvs with different antigenic
specificities;

2. Simultaneously transducing T cells with
2 CAR vectors that each contain an scFv
with different antigenic specificities;

3. Transducing T cells with a single CAR
vector encoding2uniqueCARs separated
by a ribosomal skip sequence to generate
so-called bicistronic CAR T cells, which
express separate chimeric receptors with
different antigen-specificities; and

4. Transducing T cells with a single CAR
vector that expresses 2 scFvs with
different antigen specificities on a single
receptor to generate so-called tandem
CAR T cells.7

Recently, 2 large clinical trials of the first
approach, using sequential administra-
tion of CD19 and CD22 CAR T cells, in
patients with refractory/relapsed B-cell
malignancies and pediatric refractory/
relapsed B-ALL were reported.8,9 Both
trials showed that this approach is safe
and efficacious with apparently durable
responses that may reflect reduction of
antigen escape. Cumulatively, only 4 pa-
tients with B-ALL had loss or downregulation

of CD19 and/or CD22 at the time of relapse
after infusion. Loss of CD19or CD22was not
observed in any patient with B-cell lym-
phoma at relapse.

Using the tandem CAR approach, Tong
and colleagues developed a single CAR
construct that coexpressed receptors for
both CD19 and CD20. This construct also
conferred enhanced immune synapse
formation, a favorable cytokine profile,
and additive antitumor activity compared
with monovalent anti-CD19 and anti-
CD20 CAR constructs in preclinical stud-
ies. This preclinical work was tested in a
phase 1/2a clinical trial in 28 patients with
a variety of relapsed/refractory mature
B-cell neoplasms. The overall response
ratewas 79%, complete response ratewas
71%, and progression-free survival at
12 months was 64%. Cytokine release
syndromewas similar to other 4-1BBCARs
with 14% grade 3 events; no grade 3 or
higher neurotoxicity was observed.

Although these early results are certainly
promising and may reflect reduction in
therapeutic failures related to antigen es-
cape, additional studies with larger disease-
specific cohorts are needed to compare
outcomes of tandem bispecific CAR T cells
with currently availableCART-cell therapies.
However, if we assume that “Two heads are

better than one,” the road forward for
NextGen CARs seems clear.10
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Optimized tandem CD19/CD20 CAR-engineered T cells
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• Robust activity against either CD19, CD20, or both antigens: a Boolean Logic  “ OR ” Gate

Single chimeric antigen receptor with tandem CD19 and CD20 specificities.
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