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Abstract The development and approval of novel, effective
therapies for acute myeloid leukemia (AML) has lagged be-
hind other malignancies. Judging success of therapy with
meaningful endpoints is critical to development of new treat-
ments. Overall survival (OS) has typically been the parameter
necessary for regulatory approval of experimental therapy in
AML. Herein, we discuss different strategies to define out-
comes for patients with AML and their relative challenges.
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Introduction

Of all the products of bone marrow production, granulocyto-
poiesis is perhaps the most important in the immediate clinical
sense. Unlike erythrocytes and platelets, no long-term effec-
tive replacement for these cells exists, and unlike cells of the

B-lymphocyte lineage, long-term survival in the absence of
neutrophils is not realistic. Thus, when a patient presents with
a malignancy of the myeloid lineage, effective therapies must
impair the abnormal myeloid lineage cells while attempting to
spare the normal counterparts. Even with detailed molecular
knowledge currently available for the study of malignancy,
achieving this degree of specificity has been elusive, despite
the high numbers of therapies in development with significant
promise [1••]. While breakthroughs for treatment of other ma-
lignancies of the blood and bone marrow have advanced and
the US Food and Drug Administration (FDA) has granted
many approvals in recent years, new approvals for acute my-
eloid leukemia (AML) are conspicuously absent. One expla-
nation is the high bar for success that biology demands.
However, due to the complexity of variables involved, it
may be that the definition of success in this disease requires
a reappraisal.

To grant approval for new drugs, the US FDA has defined
two main regulatory pathways: regular and various expedited
programs for serious conditions [2]. The regular pathway re-
quires proof of clinical benefit, generally defined as improve-
ment in length of life and/or increased quality of life (QoL), or
through validated surrogates for these end points [2]. The
FDA instituted the Accelerated Approval Program to decrease
the time to approval for drugs that fill an unmet medical need
based on a surrogate endpoint, with the understanding that
after meeting this surrogate endpoint, evidence of benefit
would later be demonstrated by the Sponsor. Expedited pro-
grams include fast track, breakthrough therapy, accelerated
approval, and priority review. Overall survival (OS) is typical-
ly the endpoint used when evaluating benefit for new cancer
drugs. A surrogate endpoint is an alternative test, such as a
laboratory measurement, radiographic image, or other evalu-
ation that is closely tied to, and can reliably predict clinical
benefit, but is not itself a measure of clinical benefit. The main
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potential advantages of these endpoints are faster results and,
in some cases, more reliable assessment of drug effects than
survival. In this article, we will discuss the merits and pitfalls
of various measures of success when treating AML.
Unfortunately, there is no ideal endpoint for evaluating benefit
in AML.

Overall Survival

The goal for any therapy for a malignancy is ultimately to
extend life, and overall survival (OS) is the most straightfor-
ward way of evaluating that goal. There are two main draw-
backs to using OS in AML. Firstly, generating data requires a
sufficiently large trial with enough deaths occurring to show a
difference. It can take 3 years or more [3•, 4] to gather suffi-
cient survival data, especially in younger patients with AML,
and this might constitute an unacceptably long delay.
Secondly, confounding variables are quite common and might
dissociate the effect of pharmacologic management of AML
from survival attributed to other interventions, sufficient to
dilute any benefit of the novel pharmacologic agent.

If a drug were able to durably eradicate all AML and pre-
leukemia subclones from a substantial proportion of patients
with AMLwithout affecting normal hematopoiesis or causing
other significant toxicities, there is no doubt that this therapy
would prolong survival in a measurable way. But is this the
bar that should be set or that can be reasonably achieved?
Without a doubt, any therapy with an enormous improvement
in efficacy without imposing additional risk would improve
OS, but the opposite is not necessarily true. If an intervention
does not measurably prolong survival in a population-based
study, it might still have meaningful benefit as a means to
achieve that survival endpoint.

To address this question, we must address a different issue
first, namely, the causes of death in patients with AML. Most
people with an epithelial malignancy (the majority of people
with malignancies in general) die from progressive disease
that directly causes organ failure by mass effect. Although
extramedullary AML with organ infiltration can occur, the
majority of patients with leukemia have disease limited prin-
cipally to the blood and bone marrow. More commonly, the
malignant clone is controllable, but at the expense of bone
marrow failure and loss of normal hematopoiesis. Given the
advances in transfusion medicine, death from uncontrolled
bleeding or high-output heart failure is now less common.
So, in general, people with progressive AML die from infec-
tions secondary to bone marrow failure. This adds a variable
with intrinsic inconsistency into the mix; after all, some peo-
ple with bone marrow failure succumb quickly to lethal infec-
tion while others can persist for many months without func-
tional granulopoiesis. As antibiotic therapy has improved, this
adds to the complexity in the interpretation of what it means to

survive longer with AML. These interventions are often not
delineated in trial design and as a direct consequence, used in
non-random ways, even in randomized trials, which essential-
ly converts the trial into an observational study of many un-
controlled variables [5]. Predicting survival in AML is a com-
plex mixture of anti-AML therapy, supportive care, biology of
the disease, and patient characteristics.

Another aspect of treatment that can be a source of con-
founding is post-remission therapy, namely allogeneic hema-
topoietic transplant (allo-HCT). Due to advances in donor
selection, advancement in haploidentical transplants, and in-
creasingly effective supportive care, this therapy is expanding
as fewer patients are ineligible due to advanced patient age or
lack of a donor. While this is an advance for transplant, it also
increasingly complicates the interpretation of survival data
since treatment-related mortality (TRM) or non-relapse mor-
tality (NRM) of the procedure will inevitably dilute the effects
of investigational therapy. If lack of OS benefit is confirmed in
that setting, it might be challenging to parse out the etiology,
since it could be due to transplant effects or due to true lack of
clinical benefit. One potential example of the impact of trans-
plant on interpretation of study results comes from the ran-
domized trial of vosaroxin, the VALOR trial [6]. Overall, there
was a significant benefit in the rate of remission induction,
though no OS difference; but on subgroup analysis, patients
older than age 60 had a survival benefit (median OS 7.1 vs
5.0 months in the placebo arm) with a relatively lower allo-
HCT rate (20 vs 46 %). Importantly, transplant rates between
placebo and study groups were not significantly different.
Perhaps the survival benefit induced by achieving CR in the
younger patients was diluted to insignificance by the higher
rates of allo-HCT in the younger population, or, alternatively,
the drug might just be more efficacious for older patients ow-
ing to different disease biology. Use of other endpoints can be
occasionally helpful in answering a question like this, but are
no less problematic, as discussed later. For example, in the
VALOR trial, the remission difference from placebo group
was slightly higher in the older cohort, but whether this can
fully explain the OS difference seen with older patients is
unclear given the multiplicity of variables and the lack of a
straightforward correlation between remission rates and OS in
general.

Another drawback to using survival in any trial, AML or
otherwise, is the difficulty in incorporating crossover design in
late-phase studies, something important in recruitment to clin-
ical trials. Allowing patients initially in the control group to
cross over will dilute the survival benefit, if any. Add to this
list the fact that AML is a biologically heterogeneous disease
and that survival data is usually presented as a median. If
fewer than half of the patients benefit, the median is un-
changed. Given the biological heterogeneity of AML
[7–10], the possibility of only a subpopulation gaining benefit
is realistic. With these variables in mind, it is clear why
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clinicians may believe that survival data are insufficient to
define success of therapy for AML. But are other surrogates
more useful?

Event-Free Survival

Event-free survival (EFS) is a composite endpoint measuring
the time between treatment and a major event which includes
death or relapse, but could also include other serious antici-
pated complications. In this respect, it captures progression-
free survival and is often identical to that endpoint, but could
include other events. This highlights a weakness of using EFS:
the inherent non-uniformity. The definition of events is impor-
tant and might differ in relevant ways across trials. EFS in the
setting of AML often includes failure to obtain a CR. Given
the fact that therapy for other cancers has been approved based
on improvements in progression-free survival [11, 12], it
might be reasonable to extend this approach to AML.
However, while EFS is correlated with OS in AML, the cor-
relation is not tight, and its usefulness as a surrogate has been
called into question [13]. One recent study [14] showed only a
moderate correlation of EFS with OS. Other studies have sug-
gested that the correlation is not always reliable enough to
justify replacement as a surrogate endpoint [13]. The correla-
tion of EFS with OS may also vary with intensity of therapy.
For intense therapies, the events might actually worsen in the
immediate period due to the therapy; but if a substantial por-
tion of patients have long-lasting control of AML, this could
be ultimately beneficial. However, the EFS might not reflect
this. EFS also highlights the importance of patient selection.
Patients who do not respond to the therapy but also have
toxicity will counterbalance the results of patients who re-
spond favorably. Also, cumulative toxicity of a drug might
not be evident until later on and this could be a way for EFS
to improve but if those who do not respond to the therapy do
worse than the control arm overall, the EFS might not reflect
it. One potential example of this effect is the addition of
gemtuzumab ozogamicin (GO) to low-dose cytarabine
(LDAC) in older patients with AML [15]. In this trial that
compared LDAC to the same plus GO, among patients who
did not achieve remission, survival was significantly better
with LDAC alone (15 vs 9 %; HR 1.27 (1.03–1.56),
P = 0.03). There was no difference in 30-day mortality to ac-
count for the difference so this could suggest that added cu-
mulative toxicity of the drug with lack of disease control was a
contributor, but this is unclear. Additionally, among patients
who initially responded to treatment but relapsed, survival
time following relapse was better in the LDAC arm (37 %)
than the LDAC + GO arm (11 %; HR 1.49 (0.93–2.48),
P = 0.09). GO improved the remission rate from 11 to 21 %
(OR 0.46 (0.29–0.75) P = 0.002) but taken together, possibly

owing to the effects above, there was no overall survival dif-
ference noted.

The definition of the events is important in EFS, and pa-
tients may have an improvement in QoL despite having an
event such as lack of achieving CR. For example, CR may
be achieved after the time-point specified in the study due to
another line of therapy, and this next line of therapy might
only have been possible because the disease was controlled
or modified by the investigational therapy. Also, CR will only
be seen in the minority of patients treated with a
hypomethylating agent, but they may have sufficient hemato-
logic recovery to have an improved QoL while being spared
the QoL decrement imposed by standard induction chemo-
therapy [16, 17]. Thus, increasing quality of life could actually
come at the expense of other endpoints like CR and EFS. In
this tug-of-war for endpoints, predetermination of endpoints
based on experience with the drug and expected outcome is
pivotal in trial design.

Complete Remission

Bone marrow blasts <5 % with predetermined definitions of
normal bonemarrow function has been the standard definition
for defining remission in AML and achievement of complete
remission (CR) is associated with a better outcome [18–20].
CR has formed the basis for regulatory approval in other ma-
lignancies of the bone marrow [2, 21]. Achieving a CR was
originally associated with OS and the prolongation of survival
was proportional to the interval of CR [22]. This is consistent
with a theme that runs throughout AML literature, higher bur-
den of disease is associated with risk of relapse, and although
intensification of therapy can modify this risk, all other things
being equal, higher leukemia burden is a risk of progression,
relapse, and death. This also holds true if allo-HCT is per-
formed [23]. Allo-HCT during remission is associated with a
lower likelihood of relapse compared to allo-HCTwith active
disease (especially if the bone marrow blasts are >25 % or
circulating) [23]. Despite that, encouraging results have been
observed using myeloablative allo-HCT to treat highly select-
ed patients who have active refractory disease with a good
performance status, no circulating blasts, a prior CR duration
of >6 months, and no poor-risk cytogenetics. The 3-year OS
was 42 % with matched-sibling transplants [24] in this popu-
lation. More sensitive ways of detecting disease would not
address the problem of transplant selection in patients with
active disease, but given the high numbers of patients who
relapse despite being in a morphologic CR, this is clearly a
problematic way of assessing response. More sensitive mea-
sures are required to subdivide patients in a CR into separate
risk groups. Moreover, several trials have now shown a
decoupling of CR from OS (Table 1), casting doubt on its
value as a surrogate endpoint.

530 Curr Hematol Malig Rep (2016) 11:528–536



Minimal Residual Disease by Flow Cytometry

Molecular and cytogenetic abnormalities are one way to
risk-stratify patients with AML, but increasingly, mini-
mal residual disease (MRD) assessment by flow cyto-
metric methods is recognized as a complementary tool.
The ideal time to assess for MRD is not clear and the
degree of minimal residual disease by flow cytometry
(flow-MRD) to be considered Bpositive^ is not yet de-
fined in a standard way, but the level of detectable
disease correlates with relapse risk [25]. Pre-transplant
flow-MRD has been associated with risk for relapse
after myeloablative allo-HCT [26] and non-myelo
ablative allo-HCT [27], and the risk of relapse is similar
for each [27]. Flow-MRD might be useful for informing
decisions of whether to proceed with allo-HCT in some
settings, particularly with patients that have inte
rmediate-risk disease by other criteria, although this is
not done routinely [25]. Some reasons for the lack of
widespread adoption of MRD assessment include the
technically challenging nature of the test and the non-
uniform thresholds for risk-stratification, along with the
heterogeneity in assessment-timing reported in the liter-
ature [28]. Despite these limitations, flow-MRD has
widespread applicability and can be used in >90 % of
persons with AML [29]. Although it has now been
established that flow-MRD is independent from cytoge-
netics, it has not yet been clear if the modality of in-
tensification therapy (chemotherapy or transplant) mod-
ifies the influence of the MRD level assessed after

induction therapy. These questions have yet to be ad-
dressed in a prospective fashion.

However, despite the challenges associated with flow-
MRD, a few striking conclusions can be made. First, patients
undergoing allo-HCTwhile in morphologic CRwith any level
of detectable flow-MRD have a substantially higher relapse
rate, on the order of 65 to 70 % at 3 years, and 3-year OS
estimates of only 25 %, with MRD being the dominant risk
factor for adverse outcome [30]. Interestingly, the outcomes
for adults with pre-transplant morphologically detectable dis-
ease mirror those for patients in morphologic CR with any
level of disease detected by flow-MRD, suggesting that
flow-MRD is a better tool for prediction of transplant outcome
thanmorphologic CR [30]. If a patient has disease that is flow-
MRD positive prior to transplant, checking for clearance of
flow-MRD again post-transplant is not useful since only pre-
transplant flow-MRD is a predictor of relapse [31]. Flow-
MRD at various time points during and after induction and
consolidation therapy as a marker for relapse has been con-
firmed in many studies [32–36].

Many questions surround flow-MRD in the evaluation of
AML.One counterintuitive aspect of flow-MRD testing is that
a substantial proportion of patients with detectable disease
(20–30 %) do not relapse sometimes despite lack of further
therapy, pointing to an unexpectedly and unacceptably high
rate of false positives (the rate is variable depending on the
conditions and study, but almost never zero). This limitation is
one of the key challenges of trial design, since assigning in-
terventions to a population that includes many already cured
of their disease is problematic. Prospective studies are

Table 1 Strategies that increase rates of remission without affecting overall survival in AML

Therapy Patients Study design CR OS

Gemtuzumab
ozogamicin [53]

495 patients with AML, unfit
for standard induction

LDAC+GO vs. LDAC 30 % with LDAC+GO vs.
17 % with LDAC
(P < 0.006)

27 % LDAC +GO vs 25 %
with LDAC at 12 months
(P = 0.9)

Clofarabine [54] 406 older patients, AML or
high-risk MDS, unfit for
standard induction

Clofarabine + LDAC vs
LDAC

22 % with clofarabine vs.
11 % LDAC (P < 0.005)

13 % with clofarabine vs
12 % with LDAC at
2 years surviving (P = 0.7)

Clofarabine [55] 320 patients with relapse/
refractory AML, median age
67

Clofarabine +Ara-C vs. Ara-
C + placebo

35.2 % with
clofarabine + Ara-C versus
17.8 % with Ara-
C + placebo (P < 0.01)

Median OS 6.6 months with
clofarabine + Ara-C vs 6.3
with Ara-C + placebo
(P = 1.0)

Vosaroxin [6] 711 patients, relapsed/refractory
AML, age >18

Phase III, vosaroxin + Ara-C
vs. Ara-C + placebo

30 % with
vosaroxin + cytarabine vs.
16 % with
cytarabine + placebo
(P < 0.0001)

Median OS 7.5 months with
vosaroxin vs. 6.1 with Ara-
C + placebo (P = 0.06)

Pre-specified subgroup analyses
of the original 711 patients
with the 451 age >60 only
with relapsed/refractory
AML

32 % with
vosaroxin + cytarabine vs.
14 % with
cytarabine + placebo
(P < 0.0001)

Median OS 7.1 months with
vosaroxin vs. 5.0 months
placebo (P = 0.003)

Ara-C cytarabine, LDAC low-dose cytarabine, GO gemtuzumab ozogamicin
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required to determine whether driving flow-MRD positive
patients to negativity is a strategy that will improve outcome,
but if so, this endpoint would allow for much faster response
assessment with a direct, quantifiable means to evaluate treat-
ment response. Unfortunately, doing an allo-HCT and driving
a flow-MRD-positive patient to negative post-transplant does
not seem to be a promising strategy [31]. In one study [31],
patient’s flow-MRD positive pre-transplant had similarly poor
relapse rates regardless of whether they became flow-MRD
negative post-transplant. Because of this, only pre-transplant
but not post-transplant flow-MRD was independently associ-
ated with OS and relapse risk.

Real-Time Quantitative Polymerase Chain Reaction

The appeal of PCR-based MRD testing is the higher sensitiv-
ity and the greater ease of standardized testing. But it shares a
disadvantage with flow-MRD: both immunophenotype and
mutational composition can be altered from diagnosis to eval-
uation of treatment response, so a search for the initial abnor-
malities could be wasted effort. As next-generation sequenc-
ing becomes more widespread, the dynamic nature of the mu-
tational landscape in AML is more apparent [9, 37–39]. It is
entirely possible to see one subclone disappear, only for an-
other to re-emerge in a game of clonal whack-a-mole. And
gene selection makes a Bpositive vs. negative^ interpretation
fraught with difficulty, owing to the hierarchical structure of
the mutational landscape in AML. For example, the discovery
of molecular MRD by real-time quantitative polymerase chain
reaction (RT-PCR) of mutations that is typically a late-
occurring genomic event in the progression of AML (e.g.,
FLT3-ITD, NPM1) would likely be a more ominous finding
than a mutation that could be indicative of a pre-leukemic
stem cell (e.g., DNMT3A) [40, 41]. Patients can have disease
that persists with readily detectable pre-leukemia stem cells
for prolonged periods, but certain mutations are only found at
the time of relapse or shortly preceding relapse [39, 40]. It has
also been established that pre-leukemia clones can expand
greatly after induction therapy and herald relapse [39, 40,
42].Therefore, when a patient is MRD-positive by mutation
analysis, the situation is not simply a yes or a no; it must be
interpreted within the context of the AML biology.
Unfortunately, only a fraction of all potential individual mu-
tations are known that can signify a pre-leukemia stem cell or
overt disease.

It is also worth noting that the mutation-detection technol-
ogy is heterogeneous in many respects, but importantly, with
respect to detection limit. Next-generation sequencing typical-
ly has a defined limit of 1–10% allele frequency [43] and may
not capture mutations present while a patient is in remission.
In a recent study [44], persistently detectable NPM1mutations
in the blood by RT-PCR using a mutation-specific primer with

a common primer and probe were found to be associated with
risk for relapse. Patients with persistently detectable circulat-
ing NPM1 mutant cells after the second chemotherapy cycle
represented 15 % of the group and their 3-year risk of relapse
was significantly higher (82 vs. 30%; hazard ratio, 4.80; 95%
confidence interval (CI), 2.95 to 7.80; P < 0.001), with a lower
rate of survival (24 vs. 75%; hazard ratio for death, 4.38; 95%
CI, 2.57 to 7.47; P < 0.001). Interestingly, there were higher
rates of detection of MRD in the bone marrow than in periph-
eral blood, but after taking into account blood MRD status
following the second chemotherapy cycle, no other measure-
ment of MRD provided additional prognostic value, and this
was the only independent prognostic factor for death in a
multivariate analysis (hazard ratio, 4.84; 95 % CI, 2.57 to
9.15; P < 0.001). These results were validated in an indepen-
dent cohort. NPM1 mutations were detected in 69 of 70 pa-
tients at the time of relapse. Of note, even in patients with
concomitant higher-risk mutations, such as FLT3-ITD and
DNMT3A mutations, a negative result on the NPM1 RT-
qPCR assay of peripheral blood after the second chemothera-
py cycle was associated with a 3-year survival rate of 70 %.
Conversely, slow clearance of MRD in patients with cytoge-
netically normal AML and NPM1 mutation without higher-
risk features, normally a favorable-risk group, had a very poor
outcome as evidenced by the vast majority relapsing within
2 years. It is tempting to use this data to predict who might
benefit from allo-HCT; but in this study, patients with MRD-
positive disease did not enjoy improved survival with trans-
plant, with the caveat that the number of patients in the anal-
ysis was small. This study corroborated an earlier one show-
ing NPM1 qRT-PCR mutation MRD after two induction cy-
cles prognosticated remission duration and OS [45] and an-
other that demonstrated a worsened risk of relapse and OS
associated with detection of persistent leukemia-associated
mutations in at least 5 % of bone marrow cells in day 30
remission samples [46].

Despite the advances in increasing the detection limit, even
in a disease such as chronic myeloid leukemia with a highly
reliable marker of the leukemia clone (BCR/ABL), there is a
still a >50 % rate of false-negative PCR tests when used to
predict eradication [47]. And in AML, founder mutations in
DNMT3A and IDH genes can often persist for prolonged
periods even in patients with long-term remissions, indicating
that elimination of pre-leukemia stem cells may not be neces-
sary for disease control [39–41], even though it is associated
with increased relapse risk. These data suggest that caution is
warranted in the interpretation of results of MRD by RT-PCR,
despite the promising results.

Quality of Life

Precedent exists for drug approval for management of other
myeloid neoplasms on the basis of substantial improvements
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in quality of life (QoL) and ruxolitinib is a good example. The
COMFORT-I and COMFORT-II trials using ruxolitinib [48,
49] showed a significant decrease in disease related symptoms
in patients with myelofibrosis. The RESPONSE trial showed
similar results with symptom improvement when used treating
patients with polycythemia vera [50]. The increase in QoL
was largely due to reduction in symptomatic splenomegaly
and cytokine-mediated symptoms that are frequently a direct
consequence of the disease process. While patients with AML
certainly have decreased QoL as a result of their disease, these
are distinct in that the disease itself typically does not cause
symptoms, rather, the result of immune dysfunction and iat-
rogenic complications (typically in the form of allo-HCT) are
the culprits.

Replacing or restoring bone marrow function is an active
area of research and if successful, could lead to significant
decreases in infectious complications and transfusion require-
ments. The short lifespan of granulocytes and lack of ability to
culture hematopoietic stem and progenitor cells ex vivo are
major barriers to success. Other strategies to replace the innate
immune system have had conflicting or disappointing results,
such as the use of G-CSF [51–53] or prophylactic granulocyte
transfusions [54]. Antibiotic, antiviral, and antifungal prophy-
laxis has been evaluated with a wide spectrum of results
[55–59], but the emphasis in these trials has typically leaned
on infectious endpoints without primarily focusing on QoL
directly. This is a rational approach since an increase in QoL
without a decrease in Bharder^ endpoints like infections would
be difficult to explain. Considering infectious complications
represent a major reason for hospital admissions, pain, and
reduction in quality and quantity of life, this is an area that
might have untapped potential.

Alleviating transfusion dependence (platelets and red blood
cells) is another area of active investigation, but is limiting in
the setting of uncontrolled AML. The vast majority of drugs
studied to treat AML target leukemia cells with the goal of
inducing death specifically in that population, yet, for reasons
previously discussed, they almost always cause collateral
damage to normal hematopoietic stem and progenitor cells.
More and more, evidence suggests that the leukemia cells
can alter the bone marrow stem cell niche to their advantage
[60–67], and this could be targetable. If the environment were
tipped to favor normal hematopoietic stem and progenitor
populations, one could imagine an improvement in functional
bonemarrow output without achieving remission status. None
of our current endpoints would capture this improvement ex-
cept survival and potentially QoL, although there is a chance
neither would be significantly prolonged due to reasons pre-
viously discussed.

The need for transfusion of red blood cells could potential-
ly be decreased by the use of longer lasting oxygen-carrying
blood substitutes, long-lasting recombinant hemoglobin, and
many other techniques. Many academic centers and for-profit

medical research companies are working to produce safe and
effective means to synthetically replace red blood cells, which
would be particularly useful in combat or emergency situa-
tions, among others. However, after a meta-analysis of 13
trials demonstrated an increased risk for death and myocardial
infarction with some of these agents [68], the safety of these
blood substitutes was more critically evaluated, and it is un-
clear what the future holds for this field. Bypassing the need
for platelets seems amuch taller order, but nanoparticles might
be able to provide a partial substitute. Animal data exists
showing nanoparticles that can mimic key attributes of plate-
lets and potentially decrease bleeding [69, 70]. The safety and
efficacy have not yet been tested on humans, but given the
problem of platelet alloimmunization, this could be a very
useful adjunct.

Bone pain associated with active AML is evident in a mi-
nority of patients, but can be quite debilitating and difficult to
treat when present. There are groups that have made headway
tackling this difficult issue, but as of yet, no therapy has been
evaluated in a clinical setting for this purpose. Since bone pain
is a feature of many malignancies that might share a common
mechanism, a QoL improvement might be feasible without
resorting to opioids and their side effects.

It is worth noting that QoL could also be significantly
changed by other factors outside of a regulatory approval pro-
cess. A Bneutropenic diet^ is commonplace in many centers
on the hypothetical basis that uncooked foods might increase
rates of infection, but clinical trial data have not entirely en-
dorsed this idea [71]. The extent to which we should restrict
the lifestyle of our patients is an area that can have significant
effects on QoL, but suffers from lack of robust data (and
funding for research) to back it.

Extending the quantity of life of our patients with AML has
been challenging; improving the quality of life should be an-
other important goal. It is probably not commonly used as an
endpoint due to difficulties in assessment caused by heteroge-
neity in disease course (one infection can change everything)
and the fact that the quality of life decrease imposed by AML
is mainly due to non-uniform, secondary effects that are large-
ly unpredictable on an individual patient level. The unpredict-
able nature requires a large population to demonstrate a ben-
efit in a study. Most of the investigational drugs we use inhibit
the normal bone marrow progenitors as well, so using trans-
fusion need as a surrogate for QoL is challenging until we
have different targets and mechanisms in trials that rely on
bypassing bone marrow function or restoring it.

Is There an Ideal Endpoint?

Interventions that improve quality of life would be quite valu-
able, but measurement difficulties and large changes in each
patient course due to different, largely unpredictable events
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(on an individual level) make this challenging. Most of the
issues with QoL in AML, besides transfusions, do not lend
themselves well to investigational therapeutic intervention,
apart from dealing with the AML itself. Nevertheless, many
patients with AML spent countless days hospitalized receiv-
ing intensive remission induction strategies. Even if a new
therapy did not improve survival, if an oral therapy could
control AML equally well while allowing a patient to spend
their time outside the hospital or decreased transfusion needs,
it might dramatically improve QoL. Although EFS is not a
perfect correlate with survival, it may be a better assessment of
a new drug’s efficacy since the endpoint is less affected by
subsequent uncontrolled, potentially biased variables and in-
terventions. EFS is an endpoint hampered by non-uniform
definitions of events and often inadequate correlation with
OS. CR, EFS, or both may correlate with better with quality
of life given their tighter correlation with bone marrow func-
tion. MRD by flow cytometry and/or by high-resolution mu-
tational evaluation is likely the best way we currently have to
measure the depth of response to a therapy and hopefully
future studies will continue to make this a priority. MRD im-
provements must also be taken together with safety data for a
more complete evaluation of efficacy. One could also imagine
using EFS and defining Bfailure to achieve MRD^ as an event
for a combined approach, and this might represent an endpoint
that is more reflective of a therapies immediate potential.

Overall survival data is the ultimate goal of any therapy and
a sufficiently safe and effective therapy for AMLwill increase
survival. A large OS benefit is typically sufficient to conclude
benefit in a well-controlled trial, but the lack of OS increase
does not exclude benefit. Using this as the bar for approval
will have the fallout of excluding potentially helpful therapies
where the benefit was later diluted by confounders. In addi-
tion, if, optimistically, a very clear benefit was seen in an early
stage trial, designing a later phase trial that does not allow
crossover might have serious ethical implications. But
allowing crossover would likely make interpretation of the
survival data difficult or impossible.

Taken together, there is no ideal endpoint and probably not
even a Bbest^ endpoint, considering all the factors at work. For
now, we would recommend induction of remission with nor-
malization of hematologic parameters over a pre-specified
time period as the best marker for regulatory approval of
new drugs. Ideally, new drugs will advance to the point of
obviously and immediately improving every endpoint, mak-
ing our quibbles of endpoint selection obsolete in the pages of
history.
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