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profile. When combined with a CSR
exploiting the highly expressed pan-
myeloid antigen CD33 for the delivery of
costimulation, enhanced leukemia speci-
ficity and antileukemic activity were
demonstrated. Although CD33 antigen
densities were characterized recently,10 we
have no information available regarding
the densities of WT1 (RMF)/HLA-A*02:01
on AML and normal hematopoietic stem
and progenitors. It would be interesting to
evaluate whether the combination of
AbTCR + CSR shifts the activation
threshold of theAbTCR toward recognition
of lower-density target cells.

In conclusion, Dao et al present a
compelling preclinical proof of concept
for a novel approach of dual-antigen
targeting for AML with engineered
T cells conferring enhanced specificity,
safety, and antileukemic activity. Clinical
translation is eagerly awaited.
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Predicting outcomes in CNS
lymphoma with ctDNA
Jane N. Winter1 and Andres J. M. Ferreri2 | 1Northwestern University and
2Istituto di Ricerca e Cura a Carattere Scientifico Ospedale San Raffaele

In this issue of Blood, Heger and colleagues describe a novel tool for pre-
dicting clinical outcome in central nervous system (CNS) lymphomas that is
based on clinical features, radiographic response to induction, and circulating
tumor DNA (ctDNA) detection.1
Lymphomatous involvement of the CNS
is a much-feared clinical scenario with an
uncertain prognosis.2 Whether it repre-
sents a primary CNS lymphoma (PCNSL)
or occurs in the context of a systemic
aggressive lymphoma at initial diagnosis
or relapse, outcomes are relatively poor.
Even today, clinical features such as
age and performance status remain the
basis for risk stratification.3,4 High-dose
methotrexate-containing regimens that
culminate in myeloablative chemo-
therapy and autologous stem cell trans-
plant are associated with the best
outcomes in young fit patients and may
be curative. Older patients or those with
comorbidities are often ineligible for
intensive strategies and are consolidated
with radiotherapy, with increased risk of
cognitive impairment. Response assess-
ments rely on magnetic resonance
imaging (MRI), which may not discrimi-
nate between residual scar and persis-
tent disease. Consequently, new tools
that can reliably distinguish risk sub-
groups and define tumor response are
needed to inform treatment intensity
and avoid unnecessary toxicity in these
often frail patients.

In systemic diffuse large B-cell lym-
phoma, ctDNA is a promising indicator
of residual disease that is under intensive
investigation.5 In CNS lymphomas, the
very low levels of ctDNA present in
plasma and difficulties in obtaining pri-
mary tissue and serial cerebrospinal fluid
(CSF) specimens for study have chal-
lenged investigators working to apply a
similar strategy to patients with lym-
phoma limited to the CNS.6 Both single-
gene polymerase chain reaction assays
for the detection of MYD88L265P, the
most frequent mutation in PCNSL,
and next-generation sequencing (NGS)-
based approaches have been applied
to CSF and plasma with variable results.
In a recent study by Mutter and col-
leagues, an ultrasensitive high-throughput
sequencing approach detected ctDNA
in 61 of 78 plasma specimens and 24 of
24 CSF samples collected from patients
with PCNSL or isolated secondary
CNSL.7 Notably, detection of plasma
ctDNA at diagnosis, during treatment,
or at completion of therapy, represent-
ing residual disease, was associated
with poor outcomes.

Heger et al here report on development
of a robust prognostic model based on
an ultrasensitive ctDNA sequencing
approach in samples from 67 patients
with CNSL (58 with PCNSL; 9 with
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secondary CNSL) that is tumor agnostic.
This method allowed for the detection of
CNS lymphoma-derived mutations in
plasma ctDNA with high concordance to
CSF and tumor tissue. Consistent with
the findings of Mutter et al, patients with
PCNSL without detectable ctDNA in
plasma at baseline had a nonsignificant
trend to favorable outcomes. More
importantly, the persistence of “periph-
eral residual disease” (a term used by
the authors and defined by detectable
levels of ctDNA in plasma samples
collected during or after treatment) was
associated with a near significant trend
toward impaired failure-free survival.
Peripheral residual disease seems to
be a reliable parameter of incomplete
tumor regression and may be a suitable
tool to drive intensification/consolida-
tion strategies in these patients.

Heger and colleagues should be com-
mended for their efforts to improve the
accuracy and to expand the value of the
International Extranodal Lymphoma
Study Group (IELSG) score as a prog-
nostic index for PCNSL patients. Incor-
porating a combination of baseline
parameters (ie, IELSG clinical features
and ctDNA levels), MRI results, and
sequential measurements of ctDNA, they
built a prognostic model applicable to
patients treated with high-dose metho-
trexate-containing induction. In contrast
to most prognostic indices that predict
outcome from the outset, the model
proposed by Heger et al, called Molec-
ular Prognostic Index for CNS lymphomas
(MOP-C), provides an “interim” assess-
ment of prognosis that has the potential
to more accurately identify individuals
destined to fail conventional therapy,
with 2-year failure-free survival rates of
95%, 69%, and 9%, respectively, for
patients at low, intermediate, and high
risk (see figure).

The encouraging results reported by
Heger et al deserve to be addressed in
larger numbers of patients in prospec-
tive clinical trials. A phase 2 trial incor-
porating MOP-C (NCT05583071) is now
underway. This is an important issue,
especially if we consider that some
comparisons did not reach significance
due to the small size of analyzed sub-
groups. Some questions remain open for
future studies. According to prior PCNSL
studies, ctDNA analyses performed on
CSF samples produced more reliable
results than analyses on plasma. Like-
wise, in the study by Heger et al, the
share of total cell-free DNA originating
from the tumor was increased in CSF as
compared with plasma samples, but
unfortunately, only 9 CSF samples were
studied. Thus, the most suitable sample
for ctDNA analysis remains to be
defined. The significance of noncoding
8 F
mutations in plasma samples should also
be clarified, especially in the 12% of
cases where this was the only recorded
abnormality. That some “IELSG vari-
ables” (ie, performance status [PS],
lactate dehydrogenase [LDH] serum
level, CSF protein concentration) change
remarkably during treatment should be
considered. A dynamic assessment of
MOP-C scores at several time points (eg,
baseline, midtreatment, and posttreat-
ment) may be a better predictor of out-
comes than a single assessment.

Although ctDNA promises to vastly
improve risk and response assessments
in CNS lymphomas, paving the way for a
wide range of novel study designs, there
are significant challenges to be over-
come. The methods, gene panels, and
algorithms reported in lymphoma
studies are diverse, with varied sensitiv-
ities and allelic mutation rates. Thus,
independent validation and standardi-
zation of available methods remain
important goals. The optimal timing of
ctDNA assessments in PCNSL also
remains to be determined. Reliable and
affordable approaches to detecting
ctDNA will be required for widespread
integration into treatment algorithms.
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Platelets tell old red cells to
clear off
Jordan Vautrinot and Alastair W. Poole | University of Bristol

In this issue of Blood, Ningtyas et al1 present a novel mechanism for red
blood cell (RBC) clearance involving binding of platelets to aged, senescent
RBCs, enhancing their removal by erythrophagocytosis in the spleen. This
highlights an important physiological function of RBC and platelet aggre-
gates, termed platelet RBC complexes (P-RBCs), which is likely to play a
critical role also in the pathology of diseases such as sickle cell disease,
malaria, and immune thrombocytopenia.2,3
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Abundant RBCs in the blood cause
margination of platelets in vessels,
through the rheological properties of
particle distribution in laminar flow con-
ditions. This is critical for normal platelet
function as sentinels of endothelial
damage and vessel integrity.4 RBCs and
platelets are able to interact directly,
also, through mechanisms that include
platelet αIIbβ3 and RBC ICAM4.5 RBCs
can contribute then to platelet activa-
tion, principally through release of
adenosine 5′-diphosphate, under certain
circumstances.4 This commentary focuses
on a functionally specific interaction
between platelets and senescent RBCs,
mediating their clearance from the
blood in healthy, and possibly disease,
conditions.

Clearance of senescent RBCs is a com-
plex process that can be mediated by a
variety of mechanisms and is essential
not only for recycling of their
components such as iron but also to
minimize procoagulant activity and
thrombotic complication associated with
enhanced surface exposure of phos-
phatidylserine (PS) on senescent RBCs.6

RBC clearance occurs primarily in the
spleen, where mechanical filtration of
cells with a compromised structure due
to age and damage occurs in the red
pulp.6 Taking advantage of their
decreased deformability, RBCs are then
lysed and cleared by splenic macro-
phages and by the reticuloendothelial
system in the process of eryth-
rophagocytosis.6 Membrane changes
that signal senescence include increased
surface PS expression, downregulation
of the CD47 self-antigen, and
opsonization.7

The work by Ningtyas et al advances our
understanding of canonical eryth-
rophagocytosis. The authors highlight
that platelets preferentially bind to aged
MBER 6
RBCs using a pulse-chase labeling
method, tagging RBCs long term and
costaining for CD41. This, combined
with imaging flow cytometry, confirmed
the interaction, and the authors showed
the proportion of P-RBCs was 2 to 10
times greater in old vs younger RBCs.
The P-RBCs are rapidly cleared by the
mononuclear phagocytic system, as
summarized in the figure. Mice treated
with clodronate-liposomes to deplete
macrophages showed decreased clear-
ance of P-RBC aggregates, highlighting
the primary role played by these cells
in the clearance mechanism. When
P-RBCs, RBCs, and platelets were

cleared 3 times faster than platelets and
7 times faster than RBCs that were not
bound by platelets. This, in conjunction
with the findings of preferential binding
to senescent-aged RBCs, suggests syn-
ergy between the 2 cell types when
complexed together to mediate clear-
ance of senescent RBCs.

It was also clear that the spleen is the
primary site of clearance of P-RBCs,
since elevated levels of complexes were
observed in the bloodstream of sple-
nectomized mice. This would explain the
rarity of these complexes in the system-
atic vasculature in normal animals.
Importantly, this finding translates to
humans since it was shown that P-RBCs
were elevated substantially 60 days
postsplenectomy in human patients.

This fascinating novel discovery opens
up numerous avenues for future research
to examine the mechanistic nature of this
enhanced clearance by binding to
platelets. It will be important to deter-
mine whether platelet interaction merely
enhances known mechanisms of RBC
clearance, for example, by affecting RBC
entrapment in splenic red pulp cords or
increasing opsonization by increased
presentation of autorecognition signals
including PS exposure. It could, how-
ever, mediate a novel clearance mecha-
nism in the spleen, and the authors
speculate a role for platelet-derived
thrombospondin bridging oxidized CD47
on the surface of senescent RBCs to the
phagocytic SIRP-α receptor.8

Although the authors write this in the
context of RBC clearance, could it also be
possible that this process is involved in
platelet clearance as well, due to the
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