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CAR-T failure: beyond
antigen loss and T cells
Paolo Strati and Sattva S. Neelapu | The University of Texas MD Anderson
Cancer Center

In this issue of Blood, Jain et al report that immune dysregulation mediated
by tumor interferon (IFN) signaling and myeloid-derived suppressor cells
(MDSCs) is associated with chimeric antigen receptor (CAR) T-cell resistance
in large B-cell lymphoma (LBCL).1

Despite the unprecedented efficacy of
anti-CD19 CAR T-cell therapy in relapsed
or refractory LBCL, durable responses
are observed in,40% of patients.2,3 Prior
studies have reported that antigen es-
cape due to CD19 loss may be one
mechanismof resistanceobserved in;30%
of patients with LBCL who relapse after
axicabtagene ciloleucel (axi-cel) anti-CD19
CAR T-cell therapy.2,4,5 Other studies
showed an association between T-cell
intrinsic factors and CAR-T failure: a cen-
tral memory phenotype (CCR71CD271) of
T cells in CAR-T infusion products was
associatedwith durable responses, whereas
an exhausted phenotype, defined by in-
creased LAG-3 and TIM-3 expression,
predicted early relapse.6 Similar associa-
tions have also been described between
T-cell characteristics in leukapheresis prod-
ucts and clinical efficacy in patients with

chronic lymphocytic leukemia.7 Among
clinical factors, poor performance status,
high systemic inflammatory state, and
high tumor burden, assessed by tumor
size, total metabolic tumor volume, or
serum lactate dehydrogenase, have con-
sistently been shown tobe associatedwith
lower efficacy after CAR T-cell therapy.4,5,8

Why these clinical factors are associated
with inferior outcomes has been unclear.
The report by Jain and colleagues pro-
vides important insights into potential
mechanisms of CAR-T resistance in such
patients.

The researchers analyzed serial blood
and baseline tumor samples from pa-
tients with relapsed or refractory LBCL
treated with axi-cel. They observed that
patients with high tumor burden had high
levels of inflammatory molecules, such

as ferritin, IL-6, IL-15, and TNF-a and a
high ANG2/ANG1 ratio in the peripheral
blood. In addition, high tumor burden
was associated with higher levels of IFN
signaling in the tumor. Transcriptomic
analysis showed that tumor IFN and mac-
rophage gene signatures were enriched
in patients who relapsed early, whereas a
T-cell gene signature was enriched in
patients who achieved durable responses.
Consistent with a report that tumor IFN
signaling upregulates PD-L1 and major
histocompatibility complex (MHC) class 2
molecules9 that could suppress T cells via
PD-1 and LAG-3, respectively, immuno-
histochemical analysis of tumor samples
showed higher expression of PD-L1 and
MHC class 2 in patients exhibiting early
CAR-T resistance (see figure). Among
immune cell subsets in the tumor micro-
environment, macrophage content cor-
related with IFN signaling genes and early
CAR-T failure. Monocytic MDSCs in the
peripheral blood were also higher at
baseline in patients who relapsed early
after CAR T-cell therapy. High levels of
tumor IFN signaling and monocytic
MDSCs were associated with lower peak
CAR T-cell expansion, suggesting their
potential role in immunosuppression in
these patients (see figure). Collectively,
the results show that baseline host im-
mune dysregulation at the tumor site and
the systemic circulation characterized by
tumor IFN signaling andmonocytic MDSC,
respectively, are important factors associ-
ated with resistance to CAR T-cell therapy.
Furthermore, they provide potential ex-
planations for why the clinical parameters
of performance status and international
prognostic index are powerful prognostic
variables, as the former is likely to be af-
fected by inflammatory molecules in the
systemic circulation, and the latter by both
systemic inflammation and tumor burden.

Although the conclusions in Jain et al are
based primarily on correlations between
baseline biomarkers and clinical outcome
and do not directly establish causality,
the multiple lines of investigation of tu-
mor and peripheral blood samples by
proteomic and/or transcriptomic analy-
ses provide confidence for the signifi-
cance of these associations and suggest
novel mechanisms for CAR-T resistance.
Their study suggests that targeting im-
mune checkpoint interactions such as
PD-1/PD-L1 or LAG-3/MHC class 2 may
be important in enhancing CAR-T effi-
cacy, but this is unlikely to be sufficient,
as tumor IFN signaling appears to affect
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Compared with B-cell lymphomas with low IFN signaling (left), high tumor IFN signaling (right) is associated with a
higher number of tumor-associated macrophages, a higher level of systemic inflammatory molecules, and in-
creased expression of immune checkpoint ligands, such as PD-L1 and MHC class II on tumor cells, which could
inhibit T cells via PD-1 and LAG-3, respectively. Both high tumor IFN signaling in the tumor microenvironment and
high levels of monocytic MDSCs in the circulation are associated with lower CAR T-cell expansion and a lower rate
of durable responses.
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multiple immunemolecules such asgalectin-
9 and V-domain Ig suppressor of T-cell
activation, as well as tumor-associated
macrophages. Therefore, it will be im-
portant to identify the underlying biology
that drives high tumor IFN signaling in
some patients. In this regard, the ob-
servation that the tumor IFN gene sig-
nature is associated with mutations in
SOCS1 and KLHL6 driver genes warrants
further investigation. Identifying the up-
stream factors central to this pathology
may lead to actionable targets to improve
CAR T-cell efficacy, as well as reducing
toxicity, as a proinflammatory tumor mi-
croenvironment has also been associated
with severe cytokine release syndrome
and neurotoxicity.10 It will also be impor-
tant to understandwhether the lower peak
CAR T-cell expansion noted in patients
with high tumor IFN signaling and high
levels of monocytic MDSCs is due to im-
pairment of T-cell function at the stage of
leukapheresis or of post-CAR T-cell in-
fusion, as this would require development
of different therapeutic approaches.
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A new warhead in
lymphoma therapy?
Andrew McMillan | Nottingham University Hospitals NHS Trust

Military analogies are commonly used when describing immunoconjugate
therapies, and the use of the word warhead is noticeable in the report by
Hamadani et al in this issue of Blood. The authors conducted a 2-part dose-
escalation/dose-expansion phase 1 study of the use of loncastuximab tesirine
in relapsed non-Hodgkin lymphoma (NHL) of a range of histological subtypes.1

The efficacy that they report looks en-
couraging for patients with diffuse large
B-cell lymphoma (DLBCL), who were by
far the biggest subgroup in the study.
DLBCL patients probably also represent
the area of greatest unmet need among
participants in the study. The overall re-
sponse rate reported in evaluable DLBCL
patients was 42.3%, and there was a
complete response rate of 23.4%. Kaplan-
Meier plots provide further support, with
evidence of good duration of response in
some patients.

An important exclusion criterion in the
study was that patients not have another
option for treatment of B-cell NHL at their
current state of disease. It is notable that
the timing of study recruitment (March
2016 to May 2018) meant that chimeric
antigen receptor (CAR) T-cell therapy was
not widely available; therefore, only a
small number of patients were included
as post–CAR T-cell recipients. The tox-
icities reported were considerable, with
thrombocytopenia, edema, and fatigue

all being prominent. The observation of
these toxicities is important, not only for
consideration of single-agent tolerability,
but also for potential planning of future
combination studies using this agent.

The study was designed as a standard
(3 1 3) phase 1 dose-escalation/dose-
expansion study, with dose-limiting tox-
icities, as is usual, defined during cycle 1.
However, although the maximum toler-
ated dose (MTD) was not reached even at
200 mg/kg, it was clear that cumulative
toxicity (especially thrombocytopenia)
was important, particularly at the higher-
dose levels. This meant that the 120 and
150 mg/kg dose levels, not the highest
dose level of 200 mg/kg, were chosen for
the part 2 dose-expansion cohort, even
though the MTD had not been reached.
In addition, there was provision in part 2
for a dose reduction after 3 cycles. At the
end of both parts 1 and 2 of the study, the
chosen dose schedule for the phase 2
study was 2 cycles at 150 mg/kg followed
by subsequent cycles at 75 mg/kg. The
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