CLINICAL TRIALS AND OBSERVATIONS
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Treating CAR-T relapses:
check not checkmate

Jay Y. Spiegel and Krishna V. Komanduri | University of Miami

In this issue of Blood, Chong et al' report safety and efficacy data on the
administration of the programmed cell death protein 1 (PD-1) inhibitor pem-
brolizumab to patients with refractory or relapsed large B-cell lymphoma
(LBCL) after CD19-directed chimeric antigen receptor T-cell (CAR19) therapy.

CAR19 therapies induce impressive res-
ponses in chemorefractory patients and
have upended the treatment paradigm
for LBCL. Three CAR19 products are
now approved by the U.S. Food and
Drug Administration. Similarly, encourag-
ing response rates have led to recent
approvals in mantle cell and follicular
lymphoma. The first non-CAR19 product,
targeting the B-cell maturation antigen,
has been approved for multiple mye-
loma. However, our justified excitement
over these therapies must be tempered
by the reality that durable remissions are
seen in only 30% to 40%2 of patients
with LBCL. Therefore, strategies to
enhance CAR19 efficacy and address
posttreatment disease progression repre-
sent a critical unmet need.

One of the major causes of CAR T-cell
therapy failure is T cell exhaustion, a
state in which prolonged exposure to
antigen culminates in T cell dysfunction
(see figure).® T-cell exhaustion is associ-
ated with surface expression of inhibitory
molecules, such as PD-1 and cytotoxic T-
lymphocyte-associated protein 4. Anti-
bodies that block checkpoint molecules
have revolutionized the treatment of
solid tumors and are now approved in a
wide array of cancer types. Preventing or
reversing CAR T-cell exhaustion is of
great importance in the field of cellular
therapy, and checkpoint inhibitors repre-
sent an ideal class of drugs for clinical
testing.

In the phase 1 trial conducted by Chong
and colleagues, pembrolizumab, a hum-
anized monoclonal antibody targeting
PD-1, was given to 12 patients with treat-
ment failure after CAR19. Interestingly,
75% were primary refractory to CAR19
therapy, which typically induces responses
in 70% to 80% of patients. Overall,

pembrolizumab was well tolerated and
met its safety end point. The main grade
=3 toxicity was neutropenia and was
seen in 25% of patients, which is impor-
tant, as many CAR19-treated patients
have prolonged cytopenias. Three
patients (25%) had either a complete or
partial response, with 1 further patient
deriving clinical benefit, achieving stable
disease.

Chong et al also performed translational
studies to examine biomarker correlates
of responses. CAR19 cells were detect-
able in the blood before initiation of the
trial and reexpanded in 10 of 12 patients
after pembrolizumab. Although peak
CAR-T cell levels were not associated
with response, responding patients were
observed to have multiple episodes of
CAR-T cell reexpansion. To examine this
phenomenon further, Chong et al per-
formed highly detailed T-cell phenotyping
by using mass cytometry. They found that
CAR T cells differed from non-CAR* T
cells, because of higher levels of exhaustion
markers. Patients responding to pembroli-
zumab, when compared with non-
responding patients, had CAR T cells with
lower expression of exhaustion-associated
markers. Similarly, non-CAR T cells in
responding patients also appeared to be
less exhausted. These data suggest that
tumor responses could be mediated
through persistent CAR19 or through
bystander non-CAR™ T cells. In addition,
higher levels of exhaustion of T cells in non-
responding patients suggest there may be
a threshold beyond which checkpoint inhi-
bition is insufficient to reinvigorate T-cell
function.

Although this study provides hope for a
patient population with few available
treatment options, important questions
remain. T-cell exhaustion appears to be a
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significant contributor to CAR T-cell resis-
tance in LBCL, but immune evasion by
decrease or loss of CD19 after CAR19
therapy has been reported in ~30%* of
patients with relapsed or progressive dis-
ease. CAR19 resistance related to target
antigen loss is not likely to be improved
by checkpoint therapy and will necessi-
tate alternative strategies, such as
multiantigen-targeting CAR constructs.”
In addition to antigen loss, other changes
in the tumor microenvironment may
adversely impact the efficacy of check-
point inhibitors. High levels of systemic
inflammatory markers, such as ferritin
and interleukin-6, have been associated
with decreased CAR19 responses.®
Recently, these markers were associated
with a tumor interferon gene signature
that has been reported as a negative
prognostic factor in solid tumors treated
with checkpoint inhibitors.” The current
study found that responders had lym-
phoma with 10% to 50% expression of
PD-L1; because of the small sample,
Chong et al did not observe a difference
between responding and nonresponding
patients.

Chong et al found evidence of exhaus-
tion of CAR T cells at the time of pro-
gression. However, the problem of CAR
T-cell exhaustion may arise earlier in the
course of disease. Patients with hemato-
logic malignancies have more terminally
differentiated T cells than do healthy
controls.® Studies of CAR T-cell products
have shown that more differentiated
T cells at baseline may result in poor pro-
liferative capacity during manufacturing;
conversely, apheresis material enriched
for naive or memory phenotypes have
shorter product-doubling times and are
associated with more durable responses
after normalizing to tumor burden.®

The CAR T-cell manufacturing process
itself also can contribute to T-cell exhaus-
tion, as differences in growth media,
choice of T-cell activator, and duration of
activation can affect the acquisition of
both phenotypic and metabolic hallmarks
of T-cell dysfunction. Strategies to rest
CAR-T cells during the manufacturing
process, such as protocols wherein the
cells are cultured in the presence of the
tyrosine kinase inhibitor dasatinib,’ have
been incorporated to promote a more
favorable CAR T-cell phenotype.' The
preemptive use of checkpoint inhibitors
in combination with CAR19 is also the
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subject of multiple studies to prevent
CAR T-cell exhaustion in vivo.

The Russian chess grandmaster Savielly
Tartakower is thought to have said,
“Moral victories do not count.” For the
hematologist whose patient with refrac-
tory LBCL achieves a remission, but

subsequently relapses, the result is also a
hollow “victory.” In chess, the term gam-
bit is used to describe an opening that
results in the loss of a piece but yields a
strategic advantage. CAR19 therapies, in
their current state, have been a brilliant
opening move as we advance adoptive
cellular immunotherapies for hematologic
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cancers. The challenge that faces us is
to convert the high proportion of remis-
sions seen with CAR T-cell therapies
into ultimate victories. Better strate-
gies to follow our successful opening
must address challenges that include
CAR T-cell exhaustion and target downre-
gulation and microenvironment hostility
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and will ultimately get us from check to
checkmate.
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Telomere biology disorders
gain a family member

Sharon A. Savage | National Cancer Institute

In this issue of Blood, Sharma et al report the discovery of novel pathogenic
variants in replication protein A1 (RPA1, encoded by RPA1) as a new cause
of telomere biology disorders (TBDs)." This highly effective multi-institutional
collaboration characterized the clinical manifestations in 4 individuals from 4
families, uncovered biology suggesting a role for RPA1 in hematopoiesis,
built upon understanding of RPA1’s role in telomeric DNA binding and
unfolding, and discovered the somatic rescue of the mutation in a patient.
This discovery advances understanding of RPA function in telomere biology
and, importantly, helps families understand the cause of their illness and their
long diagnostic journey and sets the stage for further advances in under-
standing the role of telomere biology and DNA repair in human disease.

TBDs represent a spectrum of clinical
phenotypes united by a common under-
lying biology.?® The first TBD, X-linked
dyskeratosis congenita (DC), is caused
by germline mutations in dyskerin
(DKC1) and is classically diagnosed by

the mucocutaneous triad of oral leuko-
plakia, nail dystrophy, and abnormal
skin pigmentation. TBDs are also associ-
ated with high rates of bone marrow fail-
ure, myelodysplastic syndrome (MDS),
acute myeloid leukemia, oral squamous

cell carcinoma, and/or pulmonary fibro-
sis. Implementation of the diagnostic
test, lymphocyte telomere lengths less
than the first percentile for age mea-
sured by flow cytometry with in situ
hybridization (flow FISH),* and rapid
advances in genomics have led to dis-
coveries of variants in more than a
dozen genes (TERT, TERC, TINF2,
NOP10, NHP2, WRAP53, RTEL1, PARN,
ACD, POT1, CTC1, STN1, NAF1, and
ZCCHC8) with autosomal dominant
and/or recessive inheritance contribut-
ing to TBD etiology (see figure).?® The
frequent  occurrence  of  variable
expressivity and penetrance resulting
in variable phenotypes has led to des-
ignation of such illnesses as TBDs
because the term reflects a common
biology and is not dependent on a
defined telomere length, which can be
variable, particularly in adult-onset het-
erozygous disease.*®

The clinical manifestations in patients
reported by Sharma et al are consistent
with TBDs and illustrate their diagnostic
complexities. Patient 1 (RPAT c.718G>A,
p.E240K) had pancytopenia at age 10
years and developed the DC mucocuta-
neous triad in adolescence. Patient 2
(RPAT c.680T>C, p.V227A) had MDS
and a hematopoietic cell transplantation
complicated by pulmonary fibrosis, infec-
tion, and graft vs host disease. Patient 3,
from an unrelated family, had the same
RPA1 variant and developed pulmonary
fibrosis; two of her siblings passed away
from complications of pulmonary fibrosis.
Patient 1's persistent hyperplastic primary
vitreous as well as patient 2 and her car-
rier father's dysmorphic eye findings are
notable for not being typical TBD fea-
tures. Patient 4 (c.808A>G, p.T270A)
had lymphopenia and hypogammaglo-
bulinemia, features sometimes, but not
always, present in TBDs. Patient 1's lym-
phocyte telomeres, measured by flow
FISH at less than the first percentile for
age, were consistent with her clinical pre-
sentation. Patient 4's flow FISH lympho-
cyte telomeres started out technically
normal at the fifth percentile but short-
ened to slightly less than the first percen-
tile in a year and a half. Telomeres for
patients 2 and 3 were measured by
Southern blot and telomere shortest
length assay (TeSLA) and notable for
being much shorter than healthy
controls.
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