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Introduction

Acute myeloid leukemia (AML) is a disease predominantly affecting older patients. AML has a median
age at diagnosis of 69 years with poor long-term survival rates in patients >60 years.! After many deca-
des of incremental gains, predominantly through improvements in supportive care and chemotherapy per-
mutations, there have recently been a number of major breakthroughs leading to improved survival in
older patients, specifically, venetoclax combinations,>® liposomal chemotherapy compounds,* novel tar-
geted inhibitors,® and maintenance therapy.® However, these novel agents with high short-term response
rates and improved overall survival have not yet delivered on durable long-term, treatment-free survival (ie,
cure). Patients who have relapsed or refractory disease have poor outcomes, which has not improved
significantly over time,” and salvage with novel agents typically yielded median survival of <6 months.2'°
Concurrently, gains have been achieved in allogeneic hematopoietic stem cell transplantation (allo-
HSCT) outcomes and applicability through improved supportive care and changes in the transplant
approach, including the use of reduced-intensity conditioning and alternative donors."' These have
broadened the application of allo-HSCT at many large transplant centers to include patients up to 75
years of age.'>'® Older patients at highest risk of adverse transplant outcome are also at highest risk of
disease progression and death from AML in the absence of allo-HSCT.'* Early referral for consideration
of allo-HSCT remains essential to identify those patients who will benefit from transplantation in first
remission, and to leverage the favorable short-term responses and tolerability of novel treatment algo-
rithms into long-term cure .

Limitations of risk prediction and novel agents in older patients with AML

AML is a highly heterogeneous disease, and prognosis after chemotherapy treatment can be divided into
favorable, intermediate, and adverse based on cytogenetic and molecular classifications, such as the
European Leukemia Network 2017 (ELN2017) consensus statement.'® The ELN2017 prognostic tool
performed extremely well in patients aged 18 to 60, reflecting the usual cohorts found in large clinical tri-
als,'® but was unable to reliably identify patients >60 years old who would have long-term survival after
chemotherapy, even in so-called favorable risk cohorts.'” In particular, patients >60 years old with muta-
tions in NPM1 alone, or in combination with low allelic ratio FLT3"™ mutations, had poor outcomes with
median survival ~2 years."” Older patients have enrichment for adverse karyotypic/molecular profiles,
which portends even poorer prognosis motivating calls for dynamic tools incorporating clinical, genetic,
and therapeutic factors to stratify risk.'® These poor outcomes have motivated the clinical development
of novel agents in older patients with AML. So far, these treatments have inherent limitations, as they
need to be ongoing and do not show a plateau in long-term survival representing “cure.” CPX351 is a
novel liposomal combination of daunorubicin and cytarabine, which improved response rate and overall
survival in patients aged 60 to 75 years old compared with standard 7 + 3 induction chemotherapy.
Despite this, the median duration of remission was similar between groups (6 to 7 months). Venetoclax,
a novel BCL2-inhibitor, has shown efficacy in older patients with AML combined with azacitidine? or
cytarabine.? In phase 3 trials, venetoclax combinations were able to induce response rates of 50% to
70% and improved overall survival, but it is unclear whether a plateau in long-term survival will be seen.
Moreover, patients need to remain on treatment indefinitely. Maintenance oral azacitidine (CC486) has
been used to prevent AML relapse after induction chemotherapy for older patients. Again, this approach
was able to improve survival compared with placebo, but there was no plateau with median relapse-free
survival extended from 4.8 months in placebo to 10.2 months with CC486.% Targeted small molecules
such as FLT3 inhibitors have substantial efficacy in older patients with AML and improve survival in
patients with relapsed or refractory disease. However, FLT3 inhibitors also do not result in long-term
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survival in older patients.>'® In aggregate, these novel agents show
striking efficacy and short-term responses in older patients with
AML; however, they do not routinely lead to cure.

Evidence for allo-HSCT in older patients with AML

Allo-HSCT remains the most effective postremission therapy for inter-
mediate- and high-risk AML. Retrospective analyses have shown that
this holds true for older patients, and the National Comprehensive
Cancer Network guidelines state that reduced-intensity allo-HSCT is
a feasible option in older patients age =60 years, particularly those in
complete response (CR) with minimal comorbidities.?® In a large mul-
ticenter study comparing outcomes for older patients with AML (age
60 to 77 years) receiving allo-HSCT with those treated with chemo-
therapy consolidation, allo-HSCT was associated with superior long-
term overall survival (OS; 29% vs 13.8% at 5 years).?' In the
CIBMTR study of patients aged 60 to 70 years, including only those
who maintained first remission for at least 4 months to account for
transplant bias, reduced-intensity allo-HSCT was associated with
superior 3-year leukemia-free survival compared with postremission
chemotherapy (32% vs 15%).2> Similar benefits were observed in
big data analysis from the Surveillance, Epidemiology, and End
Results—Medicare database.?® The CALGB also examined 114
patients between the ages of 60 and 74 with reduced-intensity con-
ditioning allo-HSCT for AML in first complete remission, and 2-year
OS was 48%.2* This was similar to data from an EBMT AML work-
ing group analysis that showed 2-year OS of 50% in 50- to 69-year-
olds and 38% in =70-year-olds.?®> A post hoc analysis performed by
the AML 2004 East German AML study group also suggested
improved survival for allo-HSCT compared with consolidation chemo-
therapy.?® Consequently, transplantation in >60-year-olds is routine
in most institutions, including in the >70-years age group,'??” with
progressive improvements in outcomes over time.?” Judicious patient
selection that balances treatment-related toxicity or mortality, with the
beneficial immunological effect that reduces relapse, remains the holy
grail in allo-HSCT. Age is a risk factor for both nonrelapse mortality
(NRM) and disease relapse after allo-HSCT. However, the factors
governing these risks are becoming much better understood as are
the ways to mitigate them. Age as an independent risk factor for
NRM exists in a continuum from the age of 20,28 without a clear point
at which the risk accelerates. Its effect has been approximated to an
additional score of 1 to the hematopoietic cell transplantation comor-
bidity index for all adults aged =40 years.® Beyond 40 years,
increasing age to 65 years and beyond has only a modest impact on
NRM and other transplant-related outcome for AML and myelodys-
plastic syndrome .2° The utility of geriatric assessment and the effec-
tiveness of intervention are being actively studied (BMT CTN 1704;
clinicaltrials.gov NCT03992352).%° Interestingly, a recent multi-
institutional retrospective study showed that cognitive performance
was predictive of NRM,?' although this will need to be prospectively
confirmed. These studies will refine our understanding of which age-
associated functional changes should and should not be considered
barriers to transplantation.

Toward deeper remission, less intense conditioning,
and reduced posttransplant relapse

Although age in itself is not an independent risk factor for posttrans-
plant relapse, the intensity of transplant conditioning matters, 3233
and older patients are less likely to tolerate intensive conditioning.
Important advances have been made in the use of reduced-intensity
and nonmyeloablative conditioning (NMA) and selection based on
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disease risk, including minimal residual disease (MRD) status. NMA
conditioning with fludarabine plus 2 Gy total body irradiation is well
tolerated and can cure ~35% to 40% of older patients with favor-
able or intermediate-risk cytogenetics who are in morphological
remission.2®3* NMA haploidentical transplantation with posttrans-
plant cyclophosphamide is well tolerated even among patients >60
years with reported NRM of <10% and OS of 38% at 3 years.*®
Newer conditioning approaches, such as fludarabine plus treosul-
fan®® and CD45-targeted radiotherapy,37 have shown promising
results and present further opportunity to improve outcome.

The impact of transplant conditioning on relapse risk is greatest in
patients who are not in remission or have detectable MRD. Patients
without detectable MRD by next-generation sequencing have equiv-
alent transplant outcomes following myeloablative or reduced-
intensity conditioning, with counterbalancing effects on relapse and
NRM, leading to similar overall survival.>? Achieving a MRD™ state
prior to allo-HSCT predicts excellent long-term outcomes,®® for
example, patients who had undetectable NPM1 mutation prior to
allo-HSCT had OS 83% vs 45% for those who were MRD™* .22 The
potential for newer agents to deliver deeper remission thus present
the opportunity to consolidate these gains with allo-HSCT. In the
phase 3 CPX-351 study, there was a trend toward higher allo-
HSCT rate in older patients achieving CR after treatment with CPX-
351 compared with conventional 7 + 3 induction, and their post-
transplant outcomes were better with median OS not reached at 2
years.*®° This was largely driven by large improvement in NRM,
suggesting better tolerability of subsequent allo-HSCT.*® Although
MRD data were not prospectively collected in this study, “real-
world” data have shown that CPX-351 could eradicate MRD and
help facilitate allo-HSCT, with significantly longer OS in transplanted
patients (median not reached vs 9.3 months).*! Similarly, venetoclax
combinations have a striking ability to deliver deep, MRD™ remis-
sions in NPM1™@" AML while also delivering less treatment-related
toxicity, an ideal pretransplant regimen.*? Beyond remission induc-
tion, the field is now moving rapidly toward defining the role of post-
transplant relapse-prevention strategies with FLT3 inhibitors and
small molecules, and also hypomethylating agents and immunothera-
peutic approaches.*34°

Conclusion

We are entering an exciting new phase in AML therapy. Rather than
sounding the death knell of allo-HSCT, the emerging access to a
raft of highly active agents to induce deep molecular remissions
with reduced toxicity will facilitate greater access of older patients
to curative allo-HSCT. Prospective studies will be required to test
the outcomes of allo-HSCT after novel low-intensity approaches vs
standard induction chemotherapy. Age increases the likelihood of
adverse disease biology and transplant-related complications; how-
ever, these therapeutic developments, coupled by the broader avail-
ability of molecular MRD monitoring both before and after
transplantation, can be leveraged to further improve transplant out-
come by informing patient selection, choice of conditioning, and
posttransplant optimization of graft-versus-leukemia effect. We antic-
ipate that older patients are the most likely to benefit, and it may be
that improved upfront therapy will drive broader access to allo-
HSCT and improve long-term survival for patients >60-years-old
with AML.
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