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Myc matters in HIV-
associated lymphoma
Thomas E. Witzig | Mayo Clinic

In this issue of Blood, Ramos et al present the results of a randomized phase 2
trial that tested the addition of the oral histone deacetylase (HDAC) inhibitor
vorinostat to standard rituximab plus etoposide, prednisone, vincristine, cyclo-
phosphamide, and doxorubicin (R-EPOCH) for patients with HIV-associated
diffuse large B-cell lymphoma (DLBCL). Although it was solidly based on pre-
clinical data supporting the concept that an HDAC inhibitor would add efficacy in
tumors that often harbor Epstein-Barr virus in the setting of HIV infection, it did
not translate into a better result in the clinic, at least with this HDAC inhibitor
combined with the R-EPOCH backbone. The complete remission (CR) rates with
R-EPOCH (74%) vs R-EPOCH with vorinostat (68%) (P 5 .72) and the overall
survival (OS) and event-free survival (EFS) rates were similar between arms.1

So what can be learned from this study
about what matters in HIV-associated
aggressive lymphoma? MYC protein ex-
pression in the tumor cell matters. MYC is
a transcription factor that provides a pro-
liferation stimulus. It is assessed in DLBCL
by immunohistochemistry along with BCL2
whose presence enables the cell to avoid
apoptosis. The expression of both proteins
is referred to as double expression (DE).
MYC translocations are assessed with
fluorescence in situ hybridization (FISH),
and when MYC moves to an immuno-
globulin gene or toBCL6, it is referred as a
double hit lymphoma (DHIT) or a triple hit
lymphoma (THIT). FISH can also detect
amplification of MYC. Both DE2 and DHIT
or THIT3,4 tumors are associated with an
adverse prognosis;MYC amplification by
itself is neutral.5 Indeed, patients in the
Ramos et al study with Myc expression
.40% in the tumor had significantly
lower EFS rates (44% at 3 years vs 83%
in Myc-DLBCL). In a recent trial of dose
adjusted R-EPOCH in DLBCL patients
without HIV infection, patients with MYC
protein–positive tumors did worse by 10%.6

Therefore, MYC protein matters not only

in HIV-associated DLBCL but also in ordi-
nary DLBCL.

The blood CD4 count at baseline also
had consequences. The median baseline
CD4 cell count was 190 cells per cubic
millimeter. Eighty-five percent of patients
with a CD4 count .200 achieved CR
compared with only 45% if the absolute
CD4 count was ,100. This parameter is
not typically reported in large series of
DLBCL patients who do not have HIV. A
surrogate for the CD4 count is the ab-
solute lymphocyte count (ALC), and a low
ALC is associated with inferior outcome
in DLBCL.7 The use of CD4 counts as
eligibility factors in DLBCL studies varies.
For example, in the Alliance/CALGB
50303 study, HIV-positive patients were
ineligible.6 In the recently completed
E1412 study,8 patients with HIV were
required to have a CD4 count .400, a
level that most patients in the Ramos et al
study did not achieve (median absolute
CD4 count of only 190).

The presence of the HIV infection was
important. Patients with HIV-associated

aggressive lymphomas treated with regi-
mens based on R-EPOCH have an OS at
2 years of 76% compared with 86% in
Bartlett et al.6 The diagnosis-to-treatment
interval (DTI) was confirmed to be im-
portant in HIV-associated DLBCL, just like
it is in DLBCL that is not associated with
HIV.9 A short DTI (,15 days) was associ-
ated with a lower CR rate (57% vs 86%;
P 5 .003).

Which of the lessons learned from this
trial can be applied to the next trials in
aggressive non-Hodgkin lymphoma (NHL)?
First, consider the workup and initiation of
treatment for DLBCL on clinical trials as an
urgent medical situation. To capture and
enroll high-risk patients, prephase treat-
ment (as performed in the Ramos et al trial)
should be allowed. Rapid pathology pre-
review to confirm diagnosis and the avail-
ability of tissue for biomarker analysis is
required, and E1412 showed that this is
indeed feasible in the National Clinical
Trials Network (NCTN) setting.10 The
workup should include immunohisto-
chemistry for Myc and BCL2 protein,
determination of cell of origin, FISH
testing for a DHIT or THIT tumor, and
mutation analyses for specific genes of
interest that are relevant to the new
agent being tested. CD4 counts (or ALC
as a surrogate) are also important. It should
be possible to test for these biomarkers
within 1 cycle (3 weeks); randomization and
stratification can occur at cycle 2.

Second, given that MYC and BCL2 are
important in the prognosis, the new
agents selected for testing should be
relevant to those targets. An example of
this is the new NCTN trial (NCT03984448)
for patients with tumors that have MYC
and BCL2 abnormalities as evidenced by
DE or by DHIT or THIT tumors. Because
venetoclax targets BCL2, this trial will test
whether it can add benefit to standard
rituximab chemotherapy for this specific
group of patients.

Third, given these results and the plethora
of new agents available to test, it may
be possible to increase the treatment
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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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