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IN THE SPOTLIGHT

Checkpoint Blockade + Chemotherapy: The Right

Combination for AML? 2

Spencer C. Weil, James J. Mancuso?, Naval Daver3, and James P. Allison?#

Summary: An emerging strategy to enhance the efficacy of immune checkpoint blockade in relapsed/refractory
cancers is increasing immunogenic cell death via combination with cytotoxic therapies. Understanding the effects
of cytotoxic and immunotherapeutic agents on immune cell populations will enable improved mechanism-based
design of combination therapies to maximum efficacy and minimum toxicity.

See related article by Zeidner et al., p. 616 (1).

BACKGROUND

In this issue, Zeidner and colleagues (1) report encouraging
results from an open-label phase II clinical study of anti-PD-1
sequenced after high-dose cytarabine (HiDAC) in relapsed/
refractory acute myeloid leukemia (R/R AML). Previous
attempts to apply chimeric antigen receptor T cells, bispecific
antibodies, and innate immune system-based approaches
to AML have yielded varying degrees of success (2). Immune
checkpoint blockade antibodies when administered as mono-
therapies have provided limited efficacy against R/R AML
with the exception of CTLA-4 inhibition in post-transplant
relapsed AML in a small cohort of patients. This study
suggests that combination of cytotoxic chemotherapy with
immune checkpoint inhibition showed encouraging activ-
ity in a population of patients with R/R AML with dismal
outcomes, even with approved cytotoxic or targeted thera-
pies [complete remission (CR)/CR with incomplete hemato-
logic recovery rates: 10%-30%; median overall survival (mOS):
4-10 months; ref. 3]. The regimen used showed improved
mOS compared with a historical cohort (11.1 months vs. 6.3
months for salvage HiDAC; ref. 4). There were no long-term
remissions, but a significant number of patients achieved
composite CR (CRc = 46%, minimal residual disease negative =
23%). While the nonrandomized nature of this study makes it
difficult to evaluate the efficacy of this treatment versus cur-
rent salvage chemotherapy regimens, cytotoxic chemotherapy
plus immune checkpoint blockade may have a potential
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role in treating R/R AML. The authors performed genomic
and immunologic characterization examining biological
correlates of response. These observations are indicative of
enhancement of endogenous antitumor immune responses
consistent with known mechanisms of action; more impor-
tantly, they highlight biological variables that may possibly
be leveraged to induce more effective responses.

Potential rate-limiting steps and broad mechanisms
of action of checkpoint blockade have been discussed in
depth elsewhere (5). The complexity of the tumor immune
response offers many possibilities for improving the response
to immunotherapy through combination treatments. For
example, combination of hypomethylating agents that boost
the immune response by increasing IFNY production with
programmed cell death protein 1 (PD-1)/programmed death-
ligand 1 (PD-L1) blockade appeared to provide modest sur-
vival benefit to a population of patients with R/R AML,
with pretherapy CD3 and CD8 and hypomethylation-naive
status identified as predictors of response (6). The combina-
tion of a cytotoxic chemotherapy agent, such as HiDAC, as
administered in the current study, should increase tumor
cell death and increase antigen display, in turn leading to
increased T-cell activation prior to initiation of immune
checkpoint inhibition. Here we focus specifically on bio-
logical responses and approaches that are informed by the
observations reported by Zeidner and colleagues (1). These
include modulation of TCF1* stem-like CD8 T cells, tumor
cell immunogenicity induced by chemotherapy (i.e., how to
choose which chemotherapy to combine with checkpoint
blockade), sequencing of therapeutics, engagement of CD8
versus CD4 T-cell responses, durability of response, and utili-
zation of tumot-intrinsic properties (e.g., tumor driver muta-
tions) to inform therapeutic sensitivity (Fig. 1).

RATIONAL DESIGN OF COMBINATION
THERAPY REGIMEN

The goal of combination cytotoxic therapy with immune
checkpoint blockade is to maximize immunogenic cell death
and minimize the death of immune cells involved in the
antitumor response, leading to an enhanced shift in the
tumor-immune equilibrium (7). There are several primary
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Considerations for combination therapies
involving immune checkpoint blockade

irAE risk profile

Tumor-intrinsic properties

* Sensitivity to targeted therapies and
chemotherapies

Enhancing tumor cell immunogenicity
Leveraging tumor driver mutations
Tumor cell heterogeneity/trunk mutations
PD-L1 and IFN signaling pathway status

Relation to standard of care

Tumor-intrinsic vs. host immune effects
Sequencing of therapeutics

Additive vs. synergistic enhancement of responses
Potential to induce “synthetic immunogenicity”

Host immune properties

¢ Priming de novo vs. enhancing existing T-cell
responses

¢ Engaging CD8 and/or CD4 T-cell responses

¢ Leveraging TCF1* stem-like CD8 T cells

* Durability of antitumor immune response
(e.g., memory T-cell responses)

* Enhancing adaptive and innate responses

Therapeutic sensitivity and
biological response

Figure 1. Considerations for rational design of combination therapies involving immune checkpoint blockade. irAE, immune-related adverse event.

factors to be considered for design of combination thera-
pies that include consideration of additive versus synergistic
drug interactions (both can be favorable, depending on the
context), choice of immune checkpoint blockade therapy, the
possibility of synthetic effects from the combination (both in
terms of efficacy and adverse events), likely tolerability, and
drug sequencing that is compatible with favorable mecha-
nisms of action. In this trial, HIDAC was chosen as the single
chemotherapy agent to combine with anti-PD-1 rather than
a multiagent regimen to minimize lymphocyte depletion.
In addition, combination immunotherapies, especially when
combining multiple therapies directly targeting T cells, has
increased risk for potential immune-related adverse events.
The combination of cytotoxic chemotherapy and immune
checkpoint blockade would appear to reduce that risk. Dif-
ferential effects of various chemotherapy regimens on the
immune populations present, if determined in a system-
atic manner, could inform optimal combinations of cyto-
toxic chemotherapy with checkpoint inhibitors to maximize
tumor cell death and leave the immune cells in the tumor
microenvironment receptive to specific checkpoint blockade.
On the basis of what is known, it is likely that this combi-
nation could be additive in terms of efficacy, although it
remains a possibility that synergistic effects could arise from
enhanced T-cell priming and initiation of a cascade response.
Proper sequencing of the therapies is key to allowing for
the greatest potential effect. Notably, the immune check-
point blockade was started 2 weeks after chemotherapy,

when inflammation is likely to be increased with sufficient
time to allow for antigen release and T-cell priming to have
occurred. Because PD-1 is inducible and present only on fully
activated T cells, this sequencing is also rational based on the
mechanism of the drug. A caveat of this approach, however,
is that there may already be an immune response (e.g., with
activated T cells expressing PD-1) given that patients with
R/R AML have already received prior therapies and have vari-
able immune states. Given the relatively modest differences
in baseline and on-therapy immune profiles observed in this
study (albeit with a small sample size), it should be consid-
ered whether concurrent combination therapy could be an
alternative effective option.

UTILITY OF HIGH-DIMENSIONAL/
UNSUPERVISED ANALYSIS OF
IMMUNE CELL POPULATIONS

High-dimensional approaches have been increasingly uti-
lized to interrogate immune responses and perturbations to
cell states. Here the authors utilize dimension reduction and
clustering approaches to identify changes in the immune
profile in bone marrow, the AML tumor microenvironment,
and peripheral blood combined with genomic analyses. Such
approaches can be helpful in uncovering latent informa-
tion, identifying noncanonical cell populations, and parsing
the heterogeneity of the immune system. Although limited
by sample size and depth of dimensions, the observations
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provide clues toward which patients are likely to respond
to checkpoint therapy and the mechanisms through which
nonresponsive cancers avoid rejection after immunotherapy.
Immune profiling revealed a significant increase in regulatory
T cells in the blood/bone marrow of nonresponding patients.
This potential mechanism by which AML could avoid immune
rejection warrants additional study and could potentially yield
an avenue to extend efficacy to nonresponding patients.

Often though, observations from high-dimensional profil-
ing provide more questions than answers. For example, an
outstanding question in the field is how to leverage TCF1*
stem-like CD8 T-cell populations that mediate a proliferative
expansion following anti-PD-1 therapy (8). Consistent with
this mechanism, the authors observe here that patients that
achieved CRc had higher frequencies of TCF1-expressing
CD8 T cells in the bone marrow prior to therapy. The authors
define this population as “progenitor exhausted T cells”; how-
ever, it remains to be determined whether this population is
functionally similar to the stem-like CD8 T-cell population,
which has been reported in secondary lymphoid organs (8). If
the presence of this population could be used as a biomarker,
that could be beneficial; however, this effect is highly vari-
able (driven primarily by two patients with high frequency)
with most patients achieving CR having similar levels of
this population as patients that did not respond—severely
limiting the utility of this population as a biomarker unless
confirmed in additional studies. Alternatively, identification
of chemotherapeutic regimens that do not affect the TCF1*
CD8 T-cell population could be useful in selection of optimal
combination approaches.

ENGAGEMENT OF CD8 VERSUS
CD4 T-CELL RESPONSES

Antitumor immune responses can be enhanced in very
distinct ways. These include increasing the magnitude of
existing cellular responses (adaptive and/or innate), removing
suppressive aspects of the tumor microenvironment, shift-
ing the tumor-immune equilibrium (e.g., a chemotherapy
that does not affect the immune responses but kills 90% of
the tumor), priming new immune responses (e.g., new T-cell
clonotypes, distinct cell types), and even generating entirely
new populations of effector T cells specific for the tumor
(9). Here the authors profiled T-cell populations found in
responders and nonresponders, which revealed modulation
of CD8 T cells only and not modulation of CD4 T-cell popu-
lations. This finding is consistent with the known mechanism
of action of PD-1 inhibitors, which modulate the activity
of PD-1* CD8 T cells. It is critical to distinguish that while
PD-1 blockade does not modulate CD4 subsets, CD4 T-cell
help is critical for response to PD-1 blockade. Together, these
observations leave open the possibility that improved efficacy
and more durable responses could be achieved through addi-
tion of a therapy that modulates CD4 T-cell populations to
provide CD4 T-cell help. Given that HiDAC increases antigen
presentation, incorporating anti-CTLA-4 could increase effi-
cacy by enhancing the initial T-cell priming responses. As we
increasingly understand the underlying biology, combination
therapies can be constructed to modulate key responses and
rate-limiting steps in tumor immune responses.

VIEWS

LEVERAGING TUMOR
CELL-INTRINSIC PROPERTIES

Tumor driver mutations can affect the immune response
and responses to immunotherapies. Understanding these
relationships could be potentially helpful in enabling
patient stratification. Zeidner and colleagues (1) note poten-
tial associations between response and tumor mutations.
For example, the authors note that none of the four patients
with WT1 mutations had a response to treatment, while
the three patients without a detectable mutational driver
achieved CR. Although these observations are limited by
the small number of patients and small number of somatic
mutations in AML compared with many solid tumors,
they raise the possibility of differential responses based on
tumor-intrinsic properties and highlight the issue of how
tumor characteristics might be used to guide precision
medicine approaches.

Most approaches have focused on identifying driver muta-
tions that are immunosuppressive (e.g., mutations that are
associated with increasing PD-L1 expression, although nota-
bly, there are many other mechanisms). For example, tumor
cell-intrinsic B-catenin signaling can lead to immunosup-
pression and T-cell exclusion (10). An additional intriguing
possibility is that specific driver mutations confer vulner-
abilities to specific chemotherapies (or other therapies) that
lead to enhanced immunogenicity. Conceptually, this is very
similar to synthetic lethality, but here the outcome is immu-
nogenicity rather than tumor cell death. This “synthetic
immunogenicity” may be a potential area for investigation to
inform combination therapies. Prior studies have identified
mechanisms by which tumors can become more immuno-
genic but have not generally focused on the relationships and
systematic characterization of functional outcomes in the
context of specific therapies. Utilizing tumor cell-intrinsic
properties to identify sensitivity to therapies can be hampered
by tumor heterogeneity and clonal diversity. Identification of
trunk driver mutations can mitigate this risk. In the context
of synthetic immunogenicity, the goal would be to induce
enhanced antigen release (by the fraction of sensitive tumor
cells), which would then prime immune responses to a broad
repertoire of tumor antigens. In this model, chemotherapies
that are relatively ineffective at tumor reduction/eradication
as single agents could lead to significant effects in the con-
text of combination immunotherapy (e.g., immunogenic cell
death of a small fraction of tumor cells would be preferred
to nonimmunogenic killing of a large fraction of tumor cells
despite benefits of initial tumor reduction).

CONCLUSIONS

The results of this trial demonstrate the potential of
rationally designed combinations of cytotoxic chemotherapy
with immune checkpoint blockade to treat historically refrac-
tory malignancies including R/R AML. While the combina-
tion appears to provide benefit (shifts survival curve right
on historical comparison), we still need to induce long-term
durable responses similar to those observed in other indica-
tions to bring checkpoint therapy to the forefront in AML.
The immune and mutational profiling performed provides
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a potential avenue for iterative improvement of combination
therapy for AML. On the most simplistic level, this could
be selection of a cytotoxic regimen that specifically results
in improved maintenance of effector T cells or upregula-
tion of PD-1* or PD-1* TCF1* CD8 T cells to be paired with
PD-1 inhibition. Regardless, further immune profiling of
the effects of cytotoxic therapies prior to or concurrent with
the addition of checkpoint blockade will be important for
improving combination immunotherapy for AML and other
difficult malignancies.
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