
opportunities for patients with HIV-associated
aggressive NHL by enabling them to en-
roll on mainstream NHL protocols. The
Ramos et al study was a collaborative ef-
fort between the AIDS Malignancy Con-
sortium and the National Cancer Institute,
and it required 7.5 years to accrue
91 patients at 21 sites (an accrual rate of
12 patients per year [less than 1 patient
per site per year]). Another more efficient
way might be to create a separate arm in
these new NCTN trials for immunosup-
pressed individuals. This leverages the
new agents and the extensive network of
enrolling centers in the United States
while preserving the focus on this special
patient population. The problem of
treating lymphomas in the setting of viral
infections is not going away, as has been
vividly demonstrated by the ongoing
COVID-19 viral pandemic. Treatment reg-
imens, like those used for HIV-associated
cancers, will always need to treat both virus
and cancer for optimal results.
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Detonating T-ALL
Maksim Mamonkin | Baylor College of Medicine

In this issue of Blood, Tran Quang et al show treatment with anti-CD3 anti-
bodies produces potent antileukemic effects in mouse xenograft models of
disseminated T-cell acute lymphoblastic leukemia (T-ALL).1 Using several high-
tumor-burden patient-derived xenograft (PDX) models of T-ALL, the authors
demonstrate that 5 daily injections of anti-CD3 antibodies induced temporary
regression of leukemia and prolonged mouse survival. Combining the anti-
body injections with vincristine and dexamethasone further enhanced these
effects, resulting in complete eradication of established T-ALL inmost animals.
These results suggest anti-CD3 antibodies can be explored as a treatment of
patients with sCD31 T-ALL.

CD3 subunits are expressed on the cell
surface primarily in medullary (mature)
T-ALL, which comprises about half of all
pediatric cases and ;20% of cases in
adults. These leukemic cells resemble
mature thymocytes with partially or fully
recombined T-cell receptor (TCR) chains
that normally undergo positive and nega-
tive selection in the thymus. Negative
selection occurs when a TCR binds to
self-peptide–major histocompatibility com-
plexes with exceedingly high affinity,

triggering an apoptosis program that
eliminates autoreactive T cells. Previously,
the authors demonstrated the ability
of a murine anti-CD3 antibody OKT3
(muromonab) to induce a similar TCR sig-
naling in mature T-ALL blasts, directly
activating the apoptotic program without
utilizing FcR- and complement-dependent
cytotoxicity mechanisms.2 In the current
study, Tran Quang and colleagues showed
teplizumab and foralumab, modified anti-
CD3 antibodies with established clinical
safety profile, promote robust antitumor
activity in T-ALL PDX models by utilizing
the mechanism described above (see
figure).

Teplizumab is humanized, and foralumab
is a fully human CD3e-specific antibody;
both harbor point mutations in the CH2
Fc domain that reduce binding to Fc
receptors and complement.3 Thus, these
antibodies are less likely to induce cy-
tokine release and the toxicities associ-
ated with the use of muromonab in the
clinic. Both CD3-specific antibodies can
suppress unwanted pathogenic autoim-
mune and alloimmune T-cell responses
by promoting TCR signaling-induced

Anti-CD3 mAb

T-ALL

TCR/CD3

Apoptosis

Binding of an anti-CD3 antibody activates TCR signaling
in medullary T-ALL leading to apoptosis of leukemic
blasts through a program that resembles negative
selection of thymocytes. Anti-CD3 antibodies tepli-
zumab and foralumab produced robust antileukemic
activity in PDXmousemodels of sCD31T-ALL, suggesting
a new therapeutic avenue for patients with this dis-
ease. mAb, monoclonal antibody.
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anergy and apoptosis in pathogenic
T cells and by stimulating the expansion
of regulatory T cells.3,4 Teplizumab and
foralumab have shown acceptable safety
profiles at lower doses in patients with
autoimmune diseases (type 1 diabetes and
Crohn disease).5,6 Following corticosteroid
premedication, teplizumab was also toler-
ated at higher doses to prevent T-cell–
mediated allograft rejection in patients
with renal transplant.7 Whether the anti-
leukemic activity of teplizumab and/or
foralumab observed in the current report
will be retained at clinically tolerated doses
in T-ALL patients remains to be evaluated
in phase 1/2 studies.

The antileukemic effect of induced TCR/
CD3 signaling in T-ALL comes in stark
contrast tomature T-cell neoplasms, such
as peripheral T-cell lymphoma, where
TCR signaling is thought to promote
survival and oncogenesis. Therefore, the
selective pressure of an anti-CD3 anti-
body may favor outgrowth of leukemic
clones with negative or dim expression of
CD3. Indeed, the authors detected such
a selection of CD3-negative clones in
some T-ALL PDX treated with anti-CD3
antibodies.1,2 Although antigen escape
may limit the efficacy of the CD3-specific
monotherapy, the authors demonstrated
that a combinatorial approach with che-
motherapy further suppresses propaga-
tion of resistant leukemic clones.1 Future
studies should explore the efficacy of
combining these antibodies with other
therapeutic agents such as immunother-
apies. Moreover, eliminating CD31 T-ALL
blasts may reduce tumor burden signifi-
cantly enough to enable patients to pro-
ceed with potentially curative allogeneic
stem cell transplant.

Unlike B-ALL, where targeting CD19,
CD20, or CD22withmonoclonal antibodies
and bispecific engagers can produce
significant clinical benefit, options for
immunotherapy of refractory and relapsed
T-ALL remain very scarce, contributing to
poor prognosis.8 The aggressive nature
and rapid progression of this disease re-
quire agents that are fast and effective.
Recent studies have demonstrated the
efficacy of a cytotoxic anti-CD38 antibody
daratumumab in PDX-based preclinical
models of T-ALL9; a phase 2 clinical trial
in pediatric and young adult patients with
lymphoblastic leukemia is currently under-
way (#NCT03384654). In addition, chimeric
antigen receptor T-cell–based thera-
pies targeting CD5 and CD7 are being

evaluated in phase 1 studies in patients
with T-ALL.10 This work by Tran Quang and
colleagues reveals CD3 as a very prom-
ising target for the immunotherapy of
medullary T-ALL, a much-needed poten-
tial therapeutic option for patients with
refractory or relapsed disease.
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No keto for AML stem cells!
Britta Will | Albert Einstein College of Medicine

In this issue of Blood, Yusuf et al report a new metabolic dependency of
leukemic stem/progenitor cells (LSPCs) on lipid metabolism-associated de-
toxifying enzyme aldehyde dehydrogenase 3a2 (ALDH3A2) (see figure),
which could be exploited to enhance therapeutic eradication of aberrant stem
cells, which are the cause of acute myeloid leukemia (AML).1

ThehallmarkofAML is abnormalproliferation
of nonfunctional, differentiation-impaired
myeloid blast cells originating from a rare
population of therapy-refractory LSPCs.2

LSPCs develop after the acquisition of mul-
tiple genetic and epigenetic alterations in
hematopoietic stem cells (HSCs).3 Systematic
molecular profiling of AML genomes has
uncovered the disease’s complex genomic
landscape and its substantial molecular het-
erogeneity. This profiling has also demon-
strated the coexistence of multiple
preleukemic and leukemic clones with linear
and nonlinear clonal evolution trajectories
during disease evolution and progression.3,4

Via various molecular pathway alter-
ations, leukemogenic lesions dictate how
aberrant cells proliferate, differentiate,
and interact with their microenvironment.
These aberrations also permit evasion of
commonly encountered apoptotic stimuli
to allow outgrowth and annihilation of
normal hematopoiesis. Upregulation of
metabolic pathways fueling anabolic cell
growth is a functional prerequisite, and
importantly, a converging feature of various
oncogenic drivers during all disease stages
(reviewed by Rashkovan and Ferrando).5

Although a growing body of studies has
uncovered uniquemetabolic dependencies
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