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Abstract

Acute leukemias are complax diseases on multiple levels, and laboratory efforts over the past 3 decades have fo-
cused on better understanding of the molecular underpinnings and thair stern cell biclogy. We now have a panoply
of technologic advances that allow us to characterize individual leukemias by molecular profiles that relate directly to
clinical behavior, to detect minimal residual disease, and to begin to develop “targeted” therapeutic strategies based
on molecular considerations. There are a number of challenges surrounding this task: first, how to combine these
agents with traditional chemotherapeutics and/or with each other to maximize leukemic cell kill and increase the cure
rate; second, how to use these targeted agents in the minimal residuat disease with potential curative intent; third, for
patients unable to tolerate or unlikely to banefit from aggressive approaches, how to use one or more of these agents
to reduce tumor bulk and either permit some restoration of normal mamow function or induce morphologic and func-
tional differentiation of the leukemic clone to overcome the leukemia-associated bone marrow failure; and lastly, how
to measure the effects of these agents on the molecular and cellular biologic levels in ways that correlate with and
might even predict overall clinical outcome. These challenges are further complicated by the inherent heterogeneity
in host biology; disease etiology and biology; and interactions among host, disease, and treatment that uitimately
determing individual clinical outcomes. Toward this end, we will discuss selected issues surrounding new clinical trial
designs and the development of clinically relevant melecular endpoints that might facilitate the development of new
treatment approaches that will improve the outlook for adults with acute leukemias.
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Introduction

Acuie leukemias are complex diseases on muliple levels, and lab-
oratory efforts over the past 3 decades have focused on betrer under-
standing of the molecular underpinnings and their stem cell biology.
The diversity of these malignancies is manifest by a wide variety of
morphelogic subclasses, highly varied clinical presentadons, and
significant variation in the responses seen clinically. Unformunaeely,
acute leukemias have a generally poer overall dinical outcome in
adults. Thirty years ago, the achievement of complete remission
(CR) was determined by merphologic assessment of the individual
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marrow and in itself considered to be a victory. Clinically, it was real-
ized very early on that while morphologic CR remained the first goal
post of response, it provided little prognostic information and was
cleatly insufficient to determine a cure, Technologic advancements
in marking and measuring the leukemic population have provided
a clearer determination of minimal residual disease (MRID)I-3 and
offer 2 first-order assessment to discriminate between patients with
drug-sensitive disease who might be cared with traditional cytotoxic
chemotherapy, possibly use lower total doses, and those with inher-
ent drug-resistant leukemia who will not be cured.

In addirion, technologic advancements allow us to characterize
individual leukemias by molecular profiles that not only relate to
clinical behavior®1? but also provide potential targets to direct
therapeutic strategies that include blocking upstream!:12 and
downstream13-17 signal transduction intermediaries, reversing epi-
genetic gene sllencing,!8 and evoking potential immunomodula-
tory approaches.1%20 Fach of these targets provides the potential to
circumvent traditional drug resistance, and each might held prom-
ise ro improve therapeutc outcomes for our patients. However,
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Issues Surrounding Clinical Endpoints and
Drug Develapment

« How do we define the target population?
- Need to undessiand biology of hest and blology of treatment

¢ Do we need randomized trhals?
- What is the proper comparator arm in 1hg absence of an adequate
“slandard of care"?

» What clinical endpoints are meaningful?
- Which endpoints should be used for patients with incurable acute
mysloid keukemia (g, older aduits): compiete response, overall
survival, quality of life?

*» How do we discriminate toxicity of the treatment regimen from toxicity
of the underlying disease, especially given inhereat host and disease
heterogensity?

the clinical effect of such strategies might not be easily measured
using traditional respense criteria, and the development of ctiteria
to better assess biclogic activity and early efficacy endpoints will
be critical to advancing novel agents and clinical trial designs.
Moreover, our abifity to define surrogate endpoints that reflect
clinical response is complicated by the inherent heterogeneity in
host biology; disease eticlogy and biology; and interactions among
host, disease, and treatment that ultimately determine individual
clinical outcomes. Below and as summarized in Table 1, we will
discuss some critical issues surrounding our current ability to mea-
sure net clinical drug effect and accurately compare the results of
these new approaches wiih the resuts being achieved with current
treatment or supportive interventions,

Clinical Endpoints

The overarching endpoint by which we judge the relative success
or failure of new treatment strategies is the overall duration of sur-
vival. Yet, the actual quality of the noted survival, often considered
a surrogate for therapy-related toxicity, must also be evaluared and
integrated into the evaluation of a treatment’s success, It would
seem intuitive that the effect of a treatment on duration of overall
survival (OS) should directly relate to the specific measurements
of treatment success such as achievement and duration of CR,
Unfortunately, this is not always the case. As an example, CRs of
short duration have little to no effect on OS despite achieving the
time-honored endpoint of normalization of peripheral blood counts
and < 5% marrow blasts by morphology. Such responses are more
consistent with primary refractory disease. Moreover, the price to
be paid for an intensive regimen is often significant and directly
effects the patient’s quality of life (QOL), partcularly in the case
of older adults with acute myeloid leukemia (AML). Alternatively,
an exclusive endpoint of CR mighe not assess the full potential of
an experimental agent or regimen to induce hemarologic improve-
ment that, in turn, might translate into survival advantage and/or
enhancement of QOL.

To begin to define and address these burgeoning challenges 1o
assessment and development of antileukemia agents, the US Food
and Drug Administradon (FDA) and the American Society of
Hemarology held a joint workshop on endpoints to establish effi-
cacy of new agents in the treatment of acute leukemia.2! Among
the central issues are patient heterogeneity, the ability to detect and

Traditional Clinical Endpoints to Assess Drug Effect

» Survival (overall, event-free, disease-fres)

* ‘Tumor-defined responses (comytete or partial remisslon, hematologic
Improvement)

* [mproved end-organ function
- Tumor clearance {marow, blood, extramaduiary sites)
- Increased production of differentiated lineages
- Decreased transfuslon needs
~ Imprevement in clinical symptoms {eg, fever, bone paln)

* Quality of life

measure MRE) as 3 surrogate of drug resistance, the clinical impli-
cations of 4 “less-than-CR” response or a stabilization that affords
the pattent a chance to move to allogeneic stem cell transplantation
{a so-called bridge to transplantation) or another potential dlinical
intervention (ie, maintenance strategies, immunotherapy}, and the
individual parient’s QOL assessment.

In our current configurations, it tzkes a long time to determine
whether a new agent is a worthwhile addition to the treatment arse-
nal for acute leukemias and can jump the hurdles of FDA approval.
Indeed, the proper selection of 4 “comparator” or control arm is
made especially difficult by the tack of effective “standard of care”
given that the current 5-year survival rates for the “best” patients
subgroups is < 40% and drops to < 20% for the remaining patients.
The goal of achieving 2 CR in order to improve OS is further
confounded by the toxicity traditionally seen with the “CR-driver”
intensive chemotherapy-based induction and consolidation. In
addition, our ability to understand if a new agent or approach can
actually improve overall clinical outcome without increased toxicity
(or possibly with less toxicity) is challenged by the hererogeneity of
the biology of acute leakemias and the heterogeneity of the patients
with the disease.21-23

In this regard, we need to embrace trial designs that will hasten the
drug development process and, at the same time, allow for treatment
of more patients at optimal doses and fewer patients at suboptimal or
toxic doses® To allow for the treatment of more patients at or near
a clinically predicted optimal dosing and fewer at suboptimal dosing,
Estey and Thall have proposed the concept of adaptive randomiza-
tion according to “real-time” clinical results to allow for faster and
perhaps more accurate assessment of the effect of a particular thera-
peutic manipulation for definable subsets of parients within a heter-
ogenous disease population23 This type of Bayesian design allows
more patients to be randomized to the therapeutic arm that stands
the greatest chance for benefit {or the least chance for harm) and can
be applied to both phase T and phase IT exials, especially in the setting
where multiple new agents or combinations are being compared.
Moreover, the confounding effects of the inherent biologic heteroge-
neity of AML may be minimized by using a “biologically relevant”
stratificaion within the randomized arms according to combinations
of critical host and disease features such as patient age, underlying
myelodysplasia (MDS) or treayment-related AML, and genetics.

Cure Versus Complete Response Versus Clinical Benefit

It is unforrunate that “cure” remains an ephemeral concept for
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most adults with acute leukemias and others with primitive “stem
cell” leukemias that are characterized by genetic complexity and
inherent drug resistance. These diseases not only are considered
incurable outside of the allogeneic transplantation setting but are
also clearly less responsive to traditional induction approaches, with
less than 50% achieving CR in most series,

This is not to say that individuals with such leukemias may not
reap benefits from treatments, and in fact, it is this population that
may benefit from diverse therapentic interventions (Table 2). In
this regard, responses that are “less than CR” on both morphologic
and molecular grounds may transfate into improvements in survival
duration and/or QOL but may do so in a nonlinear fashion, The
ability to both recognize and define such “less-than-cure” cutcomes
dinically and molecularly would greatly benefit clinicians and
could easily be enlisted to kelp determine the eady efficacy for new
agents under development and may help sort out the best clinical
situations to use them, Ideally, such data should be available to
those tasked with the arduous responsibility of determining FDA
approval of such new agents. To date, quantifying “less-than-CR”
responses and thelr effect on OS and quality of survival is a work in
progress. The effect of “less-than-CR” responses has been followed
most closely using gemtuzumab ozogamicin for relapsed AML in
patients over the age of 60 years where CR without full recovery of
the platelet count {CRp) appears to result in simifar OS compared
with a traditional CR.2526 A similar “equivalency” for CR and
incomplete CR, of which CRp is a subclass, has been noted for
relapsed/refractory AML patients treated with clofarabine2? Such
is not the case, however, for newly diagnosed patients undergoing
initfal induction therapy, where survival is longer for those achiev-
ing true CR.28,29

On the other hand, CR may not be required for clinical sur-
vival benefir when determining the effect of epigenetic modulatory
therapies such as DNA methyltransferase (DNMT)-1 inhibitors
(5-azacytidine and decitabine}3%:3! or histone deacetylase (HDAC)
inhibitors, 3233 and the immunomodulatory thalidomide deriva-
tive lenalidomide3435 on disease progression and OS in myeloid
malignancies, especially myelodysplastic syndromes (MDS). In
these settings, the enhancement of both OS and QOL may relate
to an improvement in blood counts that result in decreased transfu-
ston requirements and an attendant decrease in complications such
as iron overload and development of anti-red blood cell andfor
platelet antibodies. This success might be in part because of the
ability of MDS cells’ ability to setain differentiation pathways that
in turn can fead 1o mulilineage hematopoiests, which is eypically
fost in full-scale AML.

Molecular Activity

Many of the Issues surrounding clinical endpoints apply to
maolecufar endpoints, as well. The ultimate endpoints of cell dif-
ferentiation and/or death can be described more specifically by
the effect of an agent on the net expression or activity of a single
molecule, or one or more integrated molecalar pathways (with
modulation of downstream inrermediaries),”s11:13 or an even more
global effect such as modulation of gene or protein expression
profiles in response to drug exposure.12 Ulimarely, however, for
mofecular measurements to have clinical significance, they must
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reflece and/for predict clinical outcome in terms of both efficacy
and toxicity. As such, specific molecular targers and the results of
their modulation must be relevant to the overall cellular biology;
not only for the malignant cell itself but also for the ceff in the
context of its microenvironment.36-38 ‘This consideration might
lead 0 2 measurement that differs from the more conventional
approach that we use for cytotoxic agents, namely, a “biologically
effective dose,” which may not be the highest dose of a particular
agent in terms of dose-limiting toxicities or maximal tolerated
dose but rather a dose that modufates the activity of molecule{s)
or pathway(s) that are critical to net celhilar and clinical responses,
This concept might be particularly imporrant in epigenetic thera-
pies, as exemplified in landmark trials of combination therapy
with DNMT-1 inhibitors 5-azacytidine or decitabine and HDAC
inhibicors phenylbutyrate,39 valproic acid,#0:4! or the benzamide
HDAC inhibitor entinostae (SNDX-275, formerly MS-275),42
and therapies aimed as inducing differentiation rather than direct
apoptosis of the malignant clone.43

The elinical tials of DINMT-1 inhibitors in combination with
HDAC inhibitors have been accompanied by elegant correlative
studies examining baseline levels and postereatment changes in the
expression of one or more sefected “eumeor suppressor” genes whose
dysregulation might be involved in leukemogenesis and/or per-
petuation of the malignant clone, including p13, p73, E-cadherin,
DAPK, CEBP-¢, and SOCS1.394244 Though changes in the
expression of these diverse genes can be documented in response
to treatment, the relatfonship of changes (either qualitative or
quantisative) 1o clinical response has been inconsistent. Indeed,
Fandy et al measured changes in the methylation of several tumaor
suppressor genes in CD34+ bone marrow cells from patients with
MDS or poor-risk AML undergoing treatment with 5-azacyridine
plus entinostat and was unable to demonstrate differences in day-0,
day-15, or day-29 gene expression in responders versus nonre-
sponders.4 The relevance of changes in specific gene expression is
further complicated by seemingly contradictory findings regarding
the relationship of DNA methylation to overall outcome,45:46 a
Hnding tha likely reflects the inherent heterogeneity in molecular
pathogenesis and pathophysielogy of this complex disease plus an
incomplete understanding of the full spectrum of gene expression
before and after therapy.

Addressing the Challenges
of Drug Development: New
Paradigms in Clinical Trials Design
"There is no question that all phases of clinical dmg development
would be well-served by the availability of motecular endpoints, or
so-called biomarkers, that reflect disease activity and serve as reli-
able surrogate markers for drug effects (both efficacy and toxicity)
on an individual patient basis. 4749 Ideally, these markers could be
used in carly-phase trials to guide the selection of optimal doses
and schedules of investigational drugs for further studies and nlti-
mately might even guide appropriate patient selection. Delineared
in Table 3 are several requirements for using such biomarkers in
an optimally informative fashion: (1) defining the full spectrum
of molecules and parhways that are being rargered by a specific
agent; (2) understanding how the agent in question modulates the




net expression and activity of the molecular targer; (3) being able
to define a dose-response relationship in tumor tissue or a reliable
surrogate tissue between “target modulfation” and the agent under
study; and (4) being able to correlate the presence and magnitude
of biomarker modulation with clinical response. Tdentification of
a surrogate tissue with biologic parameters similar 1o the mmor
might be limited to skin or buccal mucosa for epithelial malignan-
cles but is much lfess of a problem for leukemias, where the target
tissue {eself is easily obrained in a longitudinal fashion throughout
all stages of therapy.

Phase 0 Clinical Trials: A New Concept in Drug
Developuient

The abiliry w0 measure drug efficacy at least in part by defining
the molecular consequences of drug exposure in a dose-related fash-
ion, ie, pharmacodynamic endpoints, forms the basis for the new
phase 0 trial design that integrates moleculer pharmacelogy with
traditfonal pharmacokinetics and offers a potentially more rapid
approach to the clinical testing of novel combinations and move-
ment of targeted agents toward FDA approval 48-50 Indeed, one of
the major goals of the phase 0 “first-in-human” stedy is to establish
the validity of one or more molecular endpoints whese hehaviors
are modulated by the snidy drug in target tumor and surrogare
tissues. 48 The phase 0 approach involves limited drug exposure in
terms of both dose and time with the intent of obtaining longirudi-
nal tumor biopsies to measure drug effect. Te date, this erial design
has been applied to the development of veliparib (ABT-888), an
inhibitor of the DNA repair enzyme poly(ADP-ribose} polymerase
(PARP) which, by itself, is not expected to have significant roxic-
ity unless it is combined with DNA-damaging agents. 49,5152 The
PARP inhibitor is well suited to the phase O design, where the
primary objectives are to define the interaction of the seudy drug
with its putative molecular target in human tissue in vivo and to
characterize and validate the assay of that interaction in a clinically
reproducible and useful fashion.

Measuring Toxicity: Is It the Drug or Is It the Lenkemia
Finally, drug development in the acute leukemias is complicated
by the baseline morbidity of these diseases that refates directly to
leukemia-associated bone marrow failure with an expectedly high
tisk for overwhelming infection and attendant muldorgan dysfunc-
tion, These complications do not accompany solid tumors without
bone marrow involvement, and if such complications arise during a
clinical trial, it is logical to atwibute them to the study drug. Such
atribution, however, is nor the case for the acute leukemias, Thus,
the current definitions of serfous adverse events and dose-limiting
toxicities (DLT5) that are customary for solid mumors may preclude
full dose-escalation of new agents in the acute leukemias. To address
this situation, Atallah and colleagues have proposed the establish-
ment of 2 baseline toxicity rating for patients with acute leukemias
that rakes into account the inherent organ dysfuncrions associated
with feukemia and the expected toxicities superimposed by indue-
tion therapy with cytosine arabinoside and anthrecyclines.53 In the
phase I serting, this type of baseline might permit a clearer picture of
what toxicities are truly refated to the study drug and where DLTs
actually occur. In the phase IT and I serting, the ability to “subtract®
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Requirements for Blomarkers to Serve as Clinically
Usefut Surrogate Endpoints of Drug Effect

* Ability to understand how the agent!s) under study modutate the net
expression and activity of specific molecular targels

* Changes in biomarker activity reprasent the ret effects of study agentis)
on the pulative targeted pathways

* Molecutar changes In hiomarker activity exhibit & dose-response
relationship In target tissue

* Ablitity to measure the molecular effect of study agents directly in tumar
o7 a representative Bssue with simifar bivlogic properties in "real time”
during and after drug exposure

* Ablitity to correlate the presence and magnituds of blomarker modulation
with the observed clinicat response

the expected toxicities from those observed during the addition of a
new agent to chemotherapy might decrease the obligatory reporting
of so-called serious adverse events and therefore decrease some of the
tremendous cost associated with regutatory oversight by institutional,
governmental, and pharmaceutical agencies.

Future Perspectives

Our continuing challenge is to define the spectrum of clinical
and molecular endpoinis by which we can judge net drag efficacy
and determine the aprimal role of new agents in the therapentic
armamentariem for acute leukemias. The ability to recognize the
heterogeneity of AML with respect to its malignant stem cell biol-
ogy compared with normal hematopoietic stem cells, its cell kinet-
ics, and its aberrant molecular pathophysio!ogy may lead to specific
curative strategies for most if not all of the AML subtypes. There
are a panoply of new agents designed to targer sclected compo-
nents of key signal transduction pathways, for instance, inhibitors
of FLT-3, vascular endothelial growth factor, farnesyltransferases,
compenents of the PI3K/Akt/mTOR pathway, or components
of pathways aimed at repairing DNA damage such as CHK-1 or
PARPI16,17.54-59 Moreover, there are agents that have been devel-
oped to rarget molecules, for instance, the epidermal growth factor
recepter (EGFR) involved in “epithelfal carcinogenesis” that might
exhibit off-target effects in hematopoietic cells even though those
cells lack EGFR receprors, as has been detected with erlotinib60
and gefitinib.4" There are a number of crucial fssues surrounding
the optimal incorporation of these molecularly targeted agents into
the therapeutic armamentarium: firse, how to combine these agents
with traditional chemotherapeutics and/or with each other 1o
rmaximize leukemic cell kill and increase the cure rate; second, how
1o use these rargeted agents in the MRD with potential curative
intent; third, for patienss unable to tolerate ar unlikely to benefir
from aggressive approaches, how to use one or more of these agents
to reduce tumor bulk and either permit some restoration of normal
marrow function or induce morphologic and functional differen-
tiation of the leukemic clone to overcome the leukemia-associated
bone marrow failure; and Jastly, how to measure the effects of these
agents on the molecular and cellular biologic levels in ways that cor-
relate with and might even predict overall clinical outcome.

An ideal MRD approach would be able to discriminate normal
from feukemic stem cells and thereby permit the selective destruc-
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tion of the fatter, This can only arise from current efforts to identify
the unique characteristics that characterize each myeloid leukemia
subtype stem cell on molecular and biologic levels. It is in this MRD
setting that epigenetic modulatory approaches might prevent recur-
rence by promoting apoptosis or by reversing the silencing of genes
involved in differentiation, and that immunomodulatoryapproaches,
including vaccines directed against one or more aberrandy expressed
proteins might find their greatest efficacy. Along these lines, the
finding that aberrant methylation of selected genes in AME mighe
be heightened at relapse relative to initial diagnosis provides an
intrigning rationale for the use of DNMT-1 inhibitars in the MRD
setting, aimed at preventing disease recurrence or progression, 52

Ultimately, as we come to deepen our understanding of the
molecular pathogenesis of AML, particularly on the fevel of the
leukemia-susceprible stem eell, we may be able to prevent the
occurrence of AML oceurring as a consequence of genomic toxicity,
as in treatment-related AML. The lessons learned from treatment of
patients in remissionS3 and in preleukemtc states and the molecu-
larly vargeied approaches being tested in those settings might be
directly applicable to the primary prevention setting, especially if
we are able o define individuals at high risk for leukemogenesis.
A all stages of disease and treatment, patdents with acute leukemias
should be considered for clinical trials accompanied by studies of
leukemia cell biology in order to permit the fluent translation of
molecular discoveries into clinical advances. It is only through such
scientifically sound translation that we will be able to move the field
forward in a clinically meaningfitl way.
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