VOLUME 29 -

JOURNAL OF CLINICAL ONCOLOGY

Roland B. Walter, Megan Othus, Fred-

erick R. Appelbaum, and Elihu H. Estey,

Fred Hutchinson Cancer Research
Center; Roland B. Walter, Frederick R.
Appelbaum, and Elihu H. Estey, Univer-
sity of Washington; Megan Othus,
Southwest Oncology Group Statistical
Center, Seattle, WA; and Gautam
Borthakur, Farhad Ravandi, Jorge E.
Cortes, Sherry A. Pierce, and Hagop A.
Kantarjian, The University of Texas MD
Anderson Cancer Center, Houston, TX.

Submitted March 4, 2011; accepted
July 21, 2011; published online ahead
of print at www.jco.org on October 3,
2011.

Supported by Grants No. P30-CA15704-

3556 (R.B.W.) and R0O1-CA090998-09
(M.0O.) from the National Cancer Insti-
tute/National Institutes of Health.

Presented in part at the 52nd Annual
Meeting of the American Society of
Hematology, December 4-7, 2010,
Orlando, FL.

Authors' disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Corresponding author: Roland B.
Walter, MD, PhD, Clinical Research
Division, Fred Hutchinson Cancer
Research Center, 1100 Fairview Ave N,
D2-190, Seattle, WA 98109-1024;
e-mail: rwalter@fhcrc.org.

© 2011 by American Society of Clinical
Oncology

0732-183X/11/2933-4417/$20.00
DOI: 10.1200/JC0.2011.35.7525

NUMBER 33 -

NOVEMBER 20 2011

ORIGINAL REPORT

Prediction of Early Death After Induction Therapy for
Newly Diagnosed Acute Myeloid Leukemia With
Pretreatment Risk Scores: A Novel Paradigm for
Treatment Assignment

Roland B. Walter, Megan Othus, Gautam Borthakur, Farhad Ravandi, Jorge E. Cortes, Sherry A. Pierce,
Frederick R. Appelbaum, Hagop A. Kantarjian, and Elihu H. Estey

A B 8§ T R A C T

Purpose
Outcome in acute myeloid leukemia (AML) worsens with age, at least in part because of higher

treatment-related mortality (TRM) in older patients. Eligibility for intensive AML treatment
protocols is therefore typically based on age as the implied principal predictor of TRM, although
other health- and disease-related factors modulate this age effect.

Patients and Methods

We empirically defined TRM using estimated weekly hazard rates in 3,365 adults of all ages
administered intensive chemotherapy for newly diagnosed AML. We used the area under the
receiver operator characteristic curve (AUC) to quantify the relative effects of age and other
covariates on TRM in a subset of 2,238 patients. In this approach, an AUC of 1.0 denotes perfect
prediction, whereas an AUC of 0.5 is analogous to a coin flip.

Results
Regardless of age, risk of death declined once 4 weeks had elapsed from treatment start,

suggesting that patients who die during this time comprise a qualitatively distinct group.
Performance status (PS) and age were the most important individual predictors of TRM (AUCs of
0.75 and 0.65, respectively). However, multicomponent models were significantly more accurate
in predicting TRM (AUC of 0.83) than PS or age alone. Elimination of age from such multicompo-
nent models only minimally affected their predictive accuracy (AUC of 0.82).

Conclusion
These data suggest that age is primarily a surrogate for other covariates, which themselves add

significantly to predictive accuracy, thus challenging the wisdom of using age as primary or sole
basis for assignment of intensive, curative intent treatment in AML.

J Clin Oncol 29:4417-4423. © 2011 by American Society of Clinical Oncology

Yet previous studies indicate that this age effect
is related, in part, to changes in the biology of the

Outcome in acute myeloid leukemia (AML) wo-  disease that occur with age and, in part, to the ten-

rsens with age; current 5-year survival rates are
approximately 60% for patients younger than 15
years of age but only approximately 5% and 2%
for patients age older than 65 and older than 75
years, respectively.” Recognizing this relation-
ship between age and outcome, contemporary
AML treatment protocols for adults are typically
divided into those for younger and older patients,
with an arbitrary cutoff of 55 to 60 years com-
monly used to distinguish these two groups. Im-
plicit in this practice is the assumption that age it-
self is the principal predictor of outcome of
AML therapy.

dency of older patients to present with significant
comorbidities or poor performance status (PS)*; the
latter increase the risk of treatment-related mortality
(TRM) when intensive therapy is administered with
curative intent.” Besides age and PS, other quantifi-
able factors independently affecting TRM after such
therapies include bilirubin, neutrophil count, fi-
brinogen, albumin, hemoglobin, and creatinine™*
and probably, as composite measure, the hemato-
poietic cell transplantation comorbidity index.’
These data indicate that age as sole or primary crite-
rion for allocation to intensive treatment protocols
may be suboptimal and suggest that the ability to
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predict outcome might be improved by inclusion of additional - _
covariates. This prompted us to quantify the value of incorporating Table 1. Characteristics of Study Population
various prognostic factors, rather than using age alone, to predict SWOG MDA
TRM after intensive chemotherapy for AML other than acute Parameter No. % No. %
promyelocytic leukemia. No. of patients 1127 2,238
Age, years”
Median 57 61
Range 17-88 14-89
= 60 466 41.3 1,197 53.5
Study Population Seli(/lale = .
Our analyses included 1,127 adults treated in 10 Southwest Oncology Female 45 a1
Group (SWOQ) trials from 1986 to 2009 and 2,238 adults treated on various Cytogenetic riskt
protocols at MD Anderson Cancer Center (MDA) from 1995 to 2008. Insti- Favorable 154 137 179 8.0
tuti.onal review boards of par.ticipating instituti(?ns approvej_d a]l protocols, and Intermediate 622 552 1437 642
patients were treated according to the Declaration of Helsinki. Unfavorable 430 382 605  27.0
Definitions of Outcomes Missing/unknown 186 16.5 17 0.8
TRM was empirically defined as death within 28 days after initiation WBC, x10%/uL*
of therapy (described in Results). Designation of complete remission (CR) il NA 6.2
required achievement of a morphologic leukemia-free state (bone marrow Range i ] NA 0.2-433
blasts < 5%, absence of extramedullary disease) and recovery of peripheral Hemog'(’b'”/ g/dL”
blood counts (absolute neutrophil count > 1,000/uL, platelet count Median NA 8.1
> 100,000/p,L).6’7 Range NA 2.0-15.1
Platelets, X10%/ulL*
Statistical Analysis Median NA 49
Overall survival, defined as time from initiation of therapy to death Range NA 2-2,292
with observations censored at date of last contact, was estimated using the Peripheral blasts, %™
Kaplan-Meier method. Weekly hazard rates (rate of death in specific week Median NA 17
for patients alive at beginning of week) were estimated using the life-table Range NA 0-99
method® for SWOG and MDA patient cohorts overall and by age category. Bone marrow blasts, %"
Analyses for prediction models for TRM followed published methodolo- Median NA 46.4
gies.”'? Ridge estimators for logistic regression models were calculated, Range NA 0-98
with the ridge parameter selected using the effective Akaike information Total bilirubin, mg/dL"
criterion. More parsimonious regression models were found using backward Median NA 0.6
selection. We used the area under the receiver operator characteristic curve Range NA 0-12.9
(AUC) to quantify the predictive ability of various covariates (such as age) and Creatinine, mg/dL"
the regression models containing these covariates. An AUC of 1.0 indicates Median NA 0.9
that a model (or covariate) is perfect at prediction, whereas an AUC of 0.5 Range NA 0368
indicates no prediction (ie, model is no better than a coin flip). The following Fibrinogen, mg/dL"
pretreatment covariates were included in regression modeling: age at diagno- Median NA 429
sis, sex, race/ethnicity (black, Hispanic, white, other), PS, serum creatinine, Ra”ge NA 0-1,000
bilirubin, albumin, lactate dehydrogenase (LDH), WBC count, platelet count, AIbumm, g/dL”
peripheral blood blast percentage, peripheral blood neutrophils, bone marrow Ry L S
blast percentage, bone marrow neutrophils, hemoglobin, fibrinogen, second- Range. . NA 0.7-5.3
ary AML, and cytogenetic risk (using SWOG/Eastern Cooperative Oncology LDH. u_mts/L
Group criteria'!). When possible, covariates were treated as numerical. Be- l';/led\an Eﬁ 15 §:4240
cause cytogenetic information may not be available when treatment decisions Perfaor::qeance T '
are made, models were built both including and excluding cytogenetic risk as G 975 2819 v IEE
covariate. The relative importance of predictors in regression models was ; e 6'7 cemr = 9'5
evaluated by the value of the partial Wald y” statistic minus the predictor’s 5 e : 2'5 '4 e 9' .
degrees of freedom. Bootstrapping, which has been demonstrated to bea more =5 55 4: 9 135 6: 0
efficient method f]or model validation than cross validation or splitting data ND 729 20 0 0
into two groups,”'® was used to estimate bias-corrected values of AUC, and all Patients treated with SD cytarabine 830 736 319 142
rePoned AUCs are bootsFrap—blas corrected. All analyses were performed PRI (RSt B0 L Sy A BiE 162 144 1624 726
using R (http://www.r-project.org). Patients treated without cytarabine 135 12.0 295 13.2
CR with initial therapy 499 39.1 1,263 56.4
TRM# 125 1.1 221 9.9
Abbreviations: CR, complete remission; I/HD, intermediate/high dose; LDH,
lactate dehydrogenase; MDA, MD Anderson Cancer Center; NA, data not
Empiric Definition of TRM available for all patients; ND, not determined; SD, standard dose; SWOG,
The characteristics of our study cohorts are summarized in Table ngéllgrensitngdng?lg g]ye%rfogg ;gﬁils\i/ls" treatment-related mortality.
1. With the constraint that some variables were not universally col- +SWOG/Eastern Cooperative Oncology Group criteria used to assign cyto-
lected for SWOG patients, principal differences between the SWOG genetic risk. - N
. FDeath within 28 days of therapy initiation.
and MDA cohorts were the slightly younger age and better PS of the

SWOG patients and the considerably more frequent use of higher
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Fig 1. Survival analyses. (A) Kaplan-Meier survival analyses of overall survival of 1,127 patients enrolled onto Southwest Oncology Group (SWOG) trials from 1986
to 2009 and 2,238 patients treated at MD Anderson Cancer Center (MDA) from 1995 to 2009 for newly diagnosed acute myeloid leukemia (non—-acute promyelocytic
leukemia). (B) Plots of probability of death in specific week given that patient was alive at beginning of week (weekly hazard) for patients enrolled onto SWOG trials
or treated at MDA. (C-E) Weekly hazard plots for all patients enrolled onto SWOG trials or treated at MDA, stratified by age ([C] = 60, [D] 61-70, [E] > 70 years of age).
Slopes of changes in weekly mortality tended to decrease after week 3 in SWOG and week 4 in MDA for patients age 60 years or younger and those older than age

70 years; for patients age 61 to 70 years, slopes tended to decrease after week 4 in SWOG and after week 3 in MDA, respectively.

doses of cytarabine during induction therapy at MDA. Relative
to SWOG patients, a greater variety of cytarabine-based regi-
mens that contained nonanthracycline drugs (eg, fludarabine,
topotecan) were used at MDA (data not shown). Nevertheless,
survival in both cohorts was virtually superimposable, with
maximum risk of death occurring 3 to 4 weeks after start of
treatment (Figs 1A, 1B). Although the likelihood of early death
increased with increasing age, this period of maximum risk was
similar in patients 60 years of age and younger, 61 to 70 years of age,
and 71 years of age and older (Figs 1C through 1E). We therefore
defined TRM as death within 28 days of treatment initiation. Using
this definition, the probability of TRM in our study population was
10.3% (SWOG, 11.1%; MDA, 9.9%).

www.jco.org

Composite Models to Predict TRM

The existence of a discrete cut point after which mortality rates
sharply declined after treatment initiation suggested that patients who
died early were qualitatively distinct. Consequently, we examined the
relative effect of age and other covariates on mortality within the first
28 days of treatment, our criterion for TRM. Because information on
many of the covariates was not routinely recorded for SWOG patients,
we restricted these analyses to the MDA cohort and used the AUC
method”'® to quantify the effects of individual covariates for the
prediction of TRM. PS was the most important single covariate in
predicting TRM (AUC for model with PS alone, 0.75; Fig 2A), fol-
lowed by age (AUC for model with age alone, 0.65). A maximal model
comprising all covariates investigated yielded an AUC 0f 0.83 (Table 2;

© 2011 by American Society of Clinical Oncology 4419
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Fig 2. Prediction of early death. Importance of individual covariates to predict
treatment-related mortality (TRM) using x? values with (A) inclusion or (B)
exclusion of age. Importance evaluated with Wald x? statistic minus predictor’s
degrees of freedom (df). Covariates with larger x? values considered more
important in predicting TRM. Covariates listed on y-axis in order of x? value, with
highest values at top and lowest at bottom. In both panels, performance status
(PS) is most important single variable in predicting TRM. Several variables,
including hemoglobin (HGB) and fibrinogen, were among least important for both
models. AML, acute myeloid leukemia; LDH, lactate dehydrogenase.

detailed characteristics of all models provided in Appendix Tables A1,
A2, online only). However, our analyses suggested that several covari-
ates were of lesser importance (Fig 2A). Omission of such covariates
led to a simplified model that included PS, age, platelet count, serum
albumin, secondary AML (yes/no), WBC, peripheral blood blast per-
centage, and serum creatinine, yielding an AUC of 0.82. Table 2
provides an equation for calculating TRM scores using the covariates
contained in this simplified model. Although various treatments were

4420 © 2011 by American Society of Clinical Oncology

Table 2. Calculation of Maximal and Simplified TRM Scores

Model AUC*
Maximalt 0.83
Maximal without age 0.82
Simplifiedt 0.82
Simplified without age 0.80
Basics

SWOG 0.71
MDA 0.70

Abbreviations: AHD, antecedent hematologic disorder; AML, acute myeloid
leukemia; AUC, area under receiver operator characteristic curve; LDH, lactate
dehydrogenase; MDA, MD Anderson Cancer Center; PS, performance status;
SWOG, Southwest Oncology Group; TRM, treatment-related mortality.

“ All AUCs calculated using MDA data set except for basic TRM model,
which was calculated with SWOG and tested in MDA data set.

TIncludes covariates: age at diagnosis, sex, race/ethnicity (black, Hispanic,
white, other), PS, creatinine, bilirubin, aloumin, LDH, WBC, platelet count,
peripheral blood blast percentage, peripheral blood neutrophils, bone marrow
blast percentage, bone marrow neutrophils, hemoglobin, fibrinogen, and
secondary AML (defined as documented blood count abnormality for > 1
month before diagnosis of AML [AHD] or AML after cytotoxic therapy).

FIncludes covariates: PS, age, platelet count, albumin, secondary AML,
WBC, peripheral blood blast percentage, and creatinine. This model was used
in Tables 3 and 4 with scores calculated according to the formula: 100/ (1 +
el™), where x = —4.08 + 0.89 X PS + 0.03 X age — 0.008 X platelets —
0.48 X albumin + 0.47 X (have secondary AML) + 0.007 X WBC — 0.007 X
(peripheral blood blast percentage) + 0.34 X creatinine.

8Includes covariates: PS, age, and platelet count.

employed at MDA, inclusion of a term for these treatments (without
cytarabine, with fludarabine rather than idarubicin, and so on) im-
proved the AUC only marginally (0.83), suggesting that the model was
applicable to patients receiving various types of intensive therapy.
Importantly, even though age was identified as an important pre-
dictor of TRM when covariates were analyzed individually, age was
relatively unimportant in the maximal and simplified models; in fact,
omission of age from these models only minimally affected the AUC
(AUC, 0.82 for maximal model excluding age; AUC, 0.80 for simpli-
fied model excluding age; Table 2). Of note, choosing a slightly differ-
ent cutoff for the definition of TRM did not fundamentally change the
predictive ability of our models; for example, choosing a 6-week cut-
off, the simplified model yielded an AUC of 0.80 (compared with 0.82
for model using 4-week cutoff).

Individual factors can be used to identify subgroups at high risk
of experiencing TRM. For example, patients presenting with hyper-
leukocytosis (WBC > 100,000/wL; n = 105) had a TRM of 30%,
whereas patients presenting with a PS of4 (n = 46) had a TRM of 61%.
However, exclusion of such subgroups from our analysis did not signifi-
cantly change the predictive accuracy of our models (data not shown).

We next investigated the relationship between TRM rates and
TRM scores as calculated with the simplified TRM model. As shown in
Table 3, 20% of patients had scores between 3.91 and 6.9, and 40% of
patients had scores below and 40% had scores above this interval.
Although 1% of patients with TRM scores below 3.91 experienced
TRM, 20% of patients with scores greater than 6.9 incurred TRM. The
highest TRM probability (41%) was seen in the 10% of patients with
scores above 22.8. Of particular interest were the comparative effects
of age and TRM score in predicting TRM. Given that age was a
component of the simplified TRM prediction model, only 20% of
patients age older than 60 years had scores of 3.9 or less; conversely,
only 21% of patients age older than 60 years had scores greater than

JOURNAL OF CLINICAL ONCOLOGY
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Table 3. Relationship Between TRM Probability and TRM Score

All Patients (%)

TRM Score Interval

TRM Probability

Patients Age > 60 Years (%) Patients Age = 60 Years (%)

TRM Score Below TRM TRM Above TRM TRM

Interval Below Within Above Below Within Above Score Interval Probability * Score Interval Probability
0-1.9 0 20 80 — 1 12 — — 67 10
1.91-3.9 20 20 60 1 2 16 8 0 39 15
3.91-6.9 40 20 40 1 7 20 20 1 21 18
6.91-9.2 60 10 30 3 7 24 42 2 14 26
9.21-131 70 10 20 4 12 31 55 4 9 35
13.1-22.8 80 10 10 5 20 41 70 6 5 53
22.81-100 90 10 0 6 41 — 85 9 —

NOTE. Calculations based on simplified TRM model.
Abbreviation: TRM, treatment-related mortality.

*If below TRM Score Interval.

tIf above TRM Score Interval.

6.9. Nevertheless, in both age groups, the TRM rate was 1% for pa-
tients with scores of 3.9 or less (eight of 575 patients age = 60 years and
two of 218 patients age > 60 years) but approximately 18% for pa-
tients with scores greater than 6.9 (37 of 200 patients age = 60 years
and 117 of 662 patients age > 60 years). Qualitatively identical results
were obtained when the simplified model without age was used to
estimate TRM probabilities (data not shown). These findings empha-
size the superiority of the TRM score over age as predictor of TRM,
consistent with the higher AUCs of the simplified model or simplified
model without age compared with the AUC for age alone (Table 2).

Development of a Basic TRM Model

Complex, multicomponent models may be cumbersome to use
in daily clinical practice. Therefore, we developed a more practical
basic model using the SWOG database, which contains information
readily available to the great majority of clinicians. Components of the
basic model were age, PS, and platelet count (Table 4). Reflecting its
simplicity, the AUC of the model was only 0.71. When tested in the
MDA data set, its AUC was 0.70, again suggesting that the predictive
ability of the model was not influenced by the different treatments
used in our cohorts.

Many contemporary treatment protocols for newly diagnosed
AML are age specific and typically restricted to patients either
younger or older an arbitrary age cutoff. Indeed, the recognition
that many older adults will not tolerate intensive chemotherapy
and die early as a result of excess toxicity'* has led to several
prognostic models/scoring systems aimed to identify older patients
unsuited for intensive therapy,”'*'® an approach that implies age is
the primary predictor of outcome. Although our data confirm that
increasing age unequivocally increases risk of TRM, our principal
finding is that age is rather an incomplete surrogate for other covari-
ates. Age is incomplete because addition of other covariates to age
materially improves predictive ability, and age is a surrogate because
its removal from a complex multivariable model has only a minor
effect in this regard (compare models with v without inclusion of age
in Table 2). Relative contributions of age versus age plus other covari-

Wwww.jco.org

ates, as quantified in the TRM scores, can also be appreciated by noting
that significant proportions of patients older (younger) than age 60 are
relatively unlikely (likely) to incur TRM, although the role of some
covariates contributing to TRM scores is not immediately obvious.
Although a widely accepted concept, TRM has been variably
defined, most often as death occurring within 28 to 30 days, but not
infrequently within 60 days, of initiation of treatment. Our observa-
tion that the weekly risk of death declines sharply in adults of all ages 4
weeks after initiation of intensive induction chemotherapy lends em-
pirical support to the 28- to 30-day criterion. The sharp decline also
suggests that patients who die within 28 to 30 days comprise a distinct
subgroup. Of note, a similar criterion for TRM and similar TRM rates
were reported more than two decades ago.* However, because they
were older than the earlier patients, the current patients would
have had higher TRM scores and been predicted to be more likely

Table 4. TRM Rates According to TRM Score and Age Using Basic Three-
Component Prediction Model

SWOG Patients
(years of age)*

MDA Patients (years of age)

> 60 =60 > 60 =60

TRM Score No. % No. % No. % No. %

0-31 70f68 10 250f558 4 2of96 2 280f879 3
4-6% 270f218 12 110f88 13 630f650 10 440f223 20
=78 350f 113 31 0 0 840f390 22 0 0

NOTE. Calculation of score: 0 X (age < 61 years) + 2 X (age 61 to 70

years) + 4 X (age = 71 years) + 0 X (PS =0) + 2 X (PS = 1) + 4 X (PS
> 1) + 0 X (platelets < 50) + 1 X (platelets = 50).

Abbreviations: MDA, MD Anderson Cancer Center; PS, performance status;
SWOG, Southwest Oncology Group; TRM, treatment-related mortality.

“Inclusion of only 1,045 SWOG patients in Table (rather than entire SWOG
cohort of 1,127 patients, as in Appendix Table A1, online only) reflects 82
patients with missing values for platelet counts. TRM rates were 10% for
subset of 1,045 patients and 11% for entire SWOG cohort.

TLow risk: score 0-3. Age 61 to 70 years with PS = 0; age = 60 years with
PS = 1.

FIntermediate risk: score 4-6. Age = 71 years with PS = 0, platelets < 50;
age 61 to 70 years with PS = 1; age 61 to 70 years with PS > 1 and platelets
< b0; age = 60 years with PS > 1.

§High risk: score = 7. Age = 71 years with PS = 1 and platelets = 50; age
= 71 years with PS > 1; age 61 to 70 years with PS > 1 and platelets = 50.

© 2011 by American Society of Clinical Oncology 4421
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to incur TRM. Thus, the similar TRM rates suggest that changes in
therapeutic regimens or supportive care have decreased the risk of
TRM over time, although TRM still affects 10% of patients admin-
istered intensive therapy.

TRM probabilities could nowadays readily be computed on
handheld devices. Because covariates such as those used in the simpli-
fied model can be obtained during diagnostic workup in a timely
fashion, use of TRM score should be easily implementable in clinical
practice; in fact, an ongoing clinical trial (NCT01342887) is employing
the TRM score, calculated according to the simplified model, as a
major inclusion/exclusion criterion. However, busy physicians may
be unlikely to use such programs, prompting development of a basic
model that incorporates only age, PS, and platelet count (Table 4).
This model, which seems as simple to use as the commonly employed
International Prognostic Scoring System for myelodysplasia, places
patients into three groups based on estimated TRM risk. Although the
basic model is less accurate as a predictive tool than the more complex
models (AUC of 0.70 compared with 0.82 and 0.83 in MDA cohort), it
too emphasizes the value of examining covariates other than age. For
example, the basic model identified 17% of SWOG patients age 60
years or older with a low-risk TRM score (68 of 399; Table 4) and a
similar TRM rate (10%) to that seen in SWOG patients younger than
age 60 years with low- or intermediate-risk TRM scores (TRM rate of
6%). Similarly, TRM rates were 20% in the 20% of MDA patients age
60 years or younger with high TRM scores but only 6% in the 66% of
MDA patients age older than 60 years with low- or intermediate-risk
scores. These observations make treatment assignment based on age
alone difficult to justify.

Besides death as a result of TRM, patients with AML experience
treatment failure because of resistance to therapy, most often mani-
fested as relapse. Conceptually, multicomponent models can be built
to predict failure of therapy similar to those predicting TRM. Given
that resistance is a more complex outcome, it may be intuitive that
such models would be more accurate in forecasting TRM than resis-
tance. Indeed, when defining resistance to therapy as being alive 28
days after initiation of therapy but either not achieving CR or experi-
encing relapse within 1 year of achieving CR, the single most impor-
tant individual covariates—namely, cytogenetic risk and age— only
yielded AUCs of 0.65 and 0.59, respectively (data not shown). Of note,
even multicomponent models only yielded an AUC of 0.72 (ie, pre-
dictive ability closer to coin flip than certainty; data not shown). Again,
however, removal of age as covariate from such models had no effect
on their predictive ability. Although likely to change with the incorpo-
ration of additional, recently identified genetic and molecular abnor-
malities as covariates, this limited ability to predict resistance to
therapy based on pretreatment data argues for the importance of
post-treatment data (eg, early disease clearance or assessment of min-
imal residual disease'”°) in assessing risk of resistance. Equally as
important, our inability to identify many of the covariates that lead to
resistance argues for the importance of randomization.'

Because our study cohorts exclusively consisted of newly diag-
nosed patients with AML undergoing treatment with curative intent,
our results can only be applied to such patients. Furthermore, our
models were derived from retrospective data; however, although test-
ing such predictive models in prospective studies is feasible for pa-
tients felt to be at low risk of TRM, the prospective validation of such
models for patients considered at high risk of TRM may be unethical.
Within these constraints, we believe our results have important clini-

4422 © 2011 by American Society of Clinical Oncology

cal consequences. For example, a recent randomized phase III trial
indicated that daunorubicin at the previously infrequently used dose
of 90 mg/m* improves survival in patients 60 to 65 years of age
compared with 45 mg/m?.** But what if the patient is between 66 or 70
years of age or even older? Although the risk of TRM in many such
patients might be too high to warrant use of 90 mg/m?, our results
demonstrate that this is not the case in all such patients. Indeed, our
results provide a method to estimate these patients’ risk of TRM and
may allow the identification of subgroups of patients who might be
good candidates for intensive therapy, despite advanced age. Similar
considerations apply to younger patients as well. For example, trials
randomly assigning primarily younger patients to high-dose cytara-
bine with or without cloretazine have found that the more intense
combination therapy was associated with shorter survival consequent
to high TRM, despite higher CR rates.”> However, it is plausible that
use of models to exclude patients at high risk of TRM despite younger
age might have led to improved survival with the combination regi-
men. Obviously, treatment intensity needs to be weighed against like-
lihood of therapeutic failure, and a predictably higher risk of TRM
might be more acceptable in a patient with favorable-risk cytogenetics
or normal karyotype than in a patient of similar age with mono-
somal karyotype.

The considerations presented herein may seem intuitive, but
assignment to intensive AML treatment (whether on protocol or off)
primarily based on age is commonplace; indeed, this observation
motivated our studies. Although assigning patients to curative intent
therapy solely according to age avoids complexity, our data lead us to
doubt whether this objective justifies the resultant loss in prognostic
information. Instead of assigning treatment based on arbitrary age
cutoffs, we believe it is preferable to include all adults and assign them
to treatment according to predicted risk of TRM and, possibly, resis-
tance. Regardless of age, patients with low TRM scores might indeed
be candidates for intensive standard or investigational therapy; con-
versely, regardless of age, patients with high TRM scores might be
more suitable candidates for lower-intensity regimens. The exact
TRM cutoff to be used can be tailored based on an acceptable level of
TRM (Table 3). Consistent with the tenets of personalized medicine,
age would only be used in the context of the biologic effects of aging
(eg, organ dysfunction, unfavorable cytogenetic/molecular abnormal-
ities). More fundamentally, the observation that elimination of age as
a covariate has minimal effect on the models in Table 2 suggests that
age is largely a surrogate for the other covariates examined in the
model. This possibility implicitly underlies the development of vari-
ous comorbidity indices, which to date have found primary applica-
tion in patients considered candidates for allogeneic hematopoietic
cell transplantation.** As in other areas of medicine, it seems likely that
more such covariates relevant to TRM or resistance will be discovered
in the future.
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