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BACKGROUND. Variable response to chemotherapy in acute myeloid leukemia (AML) represents a
major treatment challenge. Clinical and genetic features incompletely predict outcome. The value
of clinical epigenetic assays for risk classification has not been extensively explored. We assess the
prognostic implications of a clinical assay for multilocus DNA methylation on adult patients with de
novo AML.

METHODS. We performed multilocus DNA methylation assessment using xMELP on samples and
calculated a methylation statistic (M-score) for 166 patients from UPENN with de novo AML who
received induction chemotherapy. The association of M-score with complete remission (CR) and
overall survival (0S) was evaluated. The optimal M-score cut-point for identifying groups with
differing survival was used to define a binary M-score classifier. This classifier was validated in an
independent cohort of 383 patients from the Eastern Cooperative Oncology Group Trial 1900 (E1900;
NCT00049517).

RESULTS. A higher mean M-score was associated with death and failure to achieve CR.
Multivariable analysis confirmed that a higher M-score was associated with death (P = 0.011) and
failure to achieve CR (P = 0.034). Median survival was 26.6 months versus 10.6 months for low and
high M-score groups. The ability of the M-score to perform as a classifier was confirmed in patients
< 60 years with intermediate cytogenetics and patients who achieved CR, as well as in the E1900
validation cohort.

CONCLUSION. The M-score represents a valid binary prognostic classifier for patients with de novo
AML. The xMELP assay and associated M-score can be used for prognosis and should be further
investigated for clinical decision making in AML patients.

Introduction

The ability to predict therapeutic response is essential for improving care of patients with acute myeloid

leukemia (AML). Recent efforts to understand AML variability have focused on the relationship between

epigenetic abnormalities — including changes in DNA cytosine methylation — and AML phenotype (1-3).
While the mechanism by which aberrant methylation contributes to neoplasia remains incompletely

understood, epigenetic alterations show significant correlation with patient outcome in several hematologic

doi:10.1172/jci.insight.87323 1


http://dx.doi.org/10.1172/jci.insight.87323
http://dx.doi.org/10.1172/jci.insight.87323

CLINICAL MEDICINE

Table 1. UPENN cohort: M-score by patient and AML characteristics

All Subjects
Age (years), diagnosis
<60
> 60
Sex
Male
Female
WABC (x 10%/1), diagnosis
<100
2100
Cytogenetic risk group?
Favorable

Intermediate
Unfavorable
FLT3-ITD
Mutant
WT
NPM1
Mutant
WT
NPM1* FLT3-ITD"
Yes
No

Total Cohort (n = 166) Age < 60, Intermediate Cytogenetics (n = 82)

% M-score 95% CI P n % M-score 95% CI P
(Mean) (Mean)

166 100 92.3 87.4-97.2 - 82 100 94.2 87.0-101.5 -
14 68.7 90.6 84.6-96.5 297 - - - - -
52 31.3 96.2 874-105.0 - - = - -
98 59.0 90.8 84.2-97.5 476 46 56.1 921 81.9-102.3 .516
68 41.0 944 871-101.8 36 43.9 96.9 86.3-107.5
131 78.9 93.5 87.7-99.4 .262 59 72.0 95.4 86.3-104.6 .604
35 211 87.8 79.3-96.2 23 28.0 91.2 79.5-102.9
21 12.7 66.1 57.0-75.2 .0002 - = = - -
118 711 95.4 89.6-101.3 - - - - -
27 16.3 991 86.9-111.3 = = = = =
56 33.7 93.4 86.5-100.2 742 37 451 92.9 83.5-102.3 744
110 66.3 91.8 85.2-984 45 54.9 95.3 84.3-106.3
58 34.9 93.3 84.0-96.9 .549 38 46.3 89.5 81.1-97.9 212
108 65.1 90.5 86.5-100.1 44 53.7 98.4 86.8-109.9
25 15.1 84.3 74.9-93.7 .084 17 20.7 831 741-92.1 .025
141 84.9 93.7 88.2-99.3 65 79.3 971 86.4-105.9

AMedical Research Council criteria (26). Bold numbers indicate P values that are considered to be significant. AML, acute myeloid leukemia; FLT3-ITD, FMS-

like kinase 3-internal tandem duplication; NPM1, nucleophosmin.
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malignancies, including AML (2, 4-9). Despite the recognized relationship between DNA methylation
and AML prognosis, clinical methylation assessment is not routine due to lack of a rapid, reliable assay
that provides validated prognostic information. Recently, our group developed a microsphere-based assay
for simultaneous assessment of DNA methylation status at multiple loci using commonplace clinical lab-
oratory techniques (10, 11). This assay — xMELP — is an adaptation of the well-established Hpall tiny
fragment enrichment by ligation mediated PCR (HELP) assay (12). We have shown that the technical
parameters of xXMELP — including precision, locus specificity, analytic sensitivity, and turn-around time
— are appropriate for clinical use (10, 11).

In conjunction with a 17-locus XMELP assay, we developed a methylation-based risk score (M-score)
for AML using random forest classification and demonstrated the association between M-score and overall
survival (OS) on a limited cohort of AML patients (11). We hypothesized that M-score would indepen-
dently predict clinical outcome in patients with de novo AML treated with intensive induction chemother-
apy controlling for other prognostic markers.

Results

M-score is not associated with patient or sample characteristic. In total, 166 patients with de novo AML seen at
UPENN were studied (Table 1). In response to 1 or 2 cycles of induction chemotherapy, 71% achieved
complete remission (CR) and 38% were alive at 2 years (Supplemental Table 1; supplemental material
available online with this article; doi:10.1172/jci.insight.87323DS1).

DNA methylation status at 17 previously identified prognostic loci was assessed by xXMELP on a diag-
nostic sample from each patient (described in Supplemental Table 2), and the M-score statistic was calculated
using our previously trained algorithm (11). The mean and median M-score for the UPENN cohort was
92.3 (95% CI, 87.4-97.2) and 91.4 (range, 30.8-197.3), respectively (Supplemental Figure 1). M-score was
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Figure 1. Overall survival by M-score. (A) Distribution of M-score
by survival status at 2 years in the UPENN cohort (n =163, n =

3 with unknown survival status at 2 years excluded). (B and C)
Kaplan-Meier curves of overall survival in UPENN cohort. Sub-
groups are determined by the optimal M-score. Curves for the
total cohort (B, n = 166) and patients < 60 years with intermediate
cytogenetics (C, n = 82; log-rank P = 0.001) are shown.

not significantly associated with patient age or sex (Table 1),
specimen type (P = 0.809), or blast percentage (P = 0.415,
Supplemental Figure 2).

M-score is significantly associated with AML clinical response.
We next examined the relationship between M-score and
both survival at 2 years and ability to achieve remission. The
mean M-score for surviving patients was significantly lower
than for deceased patients (81.8; 95% CI, 74.3-89.2, vs.
99.5; 95% CI 93.2-105.8, P = 0.0005, Figure 1A). Patients
achieving CR also had a lower mean M-score compared
with those who failed to achieve CR (86.8; 95% CI, 81.3—
92.4, vs. 105.8; 95% CI, 96.5-115.0, P = 0.0005). Addition-
ally, a univariate Cox survival analysis demonstrated that a
10-unit increase in the M-score was associated with a 10%
increase in the hazard of death (P < 0.0001, Table 2) and a
20% increase in the odds of failing to achieve CR (Table 3).

M-score is associated with OS and failure to achieve CR in
multivariable models. Given the relationship of genetic char-
acteristics and outcome in AML, we assessed the associa-
tion of M-score with AML genetic characteristics (Table 1).
M-score was associated with cytogenetic risk; those with
favorable cytogenetics had a lower mean M-score than both
the intermediate and unfavorable cytogenetics (P < 0.0001
and P = 0.001, respectively) but there was no difference
in mean M-score between intermediate and unfavorable
groups (P = 1.0).

The M-score was not associated with established molec-
ular markers of AML risk (NPM1 and FLT3-ITD, Table 1)
but was associated with mutations in DNMT3A4 and IDHI,
genes involved in regulation of DNA methylation. M-score
was not, however, associated with mutations in other meth-
ylation regulators, including IDH2, TET2, or WTI (refs. 13,
14, and Supplemental Table 3).

In multivariable Cox analysis, higher M-score and older
age were associated with increased hazard of death, while
NPM1* FLT3-ITD- status was associated with decreased
hazard of death (Table 2). Interestingly, the reduced mul-
tivariable model for survival included only age and NPMI*
FLT3-ITD- status in addition to M-score, and did not include
cytogenetics (Table 2). Similarly, in a multivariable logistic
analysis, M-score was associated with increased odds of fail-

ing to achieve CR. The reduced multivariable model for failure to achieve CR included M-score, age, and
cytogenetics (Table 3). The association between M-score and hazard of death and odds of achieving CR

was not significantly different between younger (<60 years) and older (>60 years) patients.

Additional multivariable Cox and logistic regression analyses including DNMT3A4 and IDHI conducted on

the subset of patients with extended molecular data (n = 136) confirmed that M-score remained significantly
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Table 2. UPENN cohort: Cox model for overall survival (n = 166, events = 128)

Univariate Multivariable Reduced

Parameter HR P Adj HR P Adj HR 95% Cl P
M-score® 11 <.0001 11 .01 11 1.0-1.2 .002
Age® 13 <.0001 13 .001 13 11-1.5 <.0001
Female 11 461 11 .579 - - -
WBC, diagnosis* 1.0 .856 1.0 .210 - - -
Cytogenetic Risk® (reference unfavorable)

Intermediate 0.7 .085 0.7 .226 - - -

Favorable 0.3 .002 0.5 .067 - - -

FLT3-ITD* 14 .099 11 733 - - -
NPM7T* FLT3-1TD" 0.5 .017 0.5 .031 0.5 0.3-0.8 0N

ADivided by 10; #10-year increase; “Medical Research Council criteria (2010). Hazard ratio, HR; FLT3-ITD, FMS-like kinase 3-internal tandem duplication;
NPMT1, nucleophosmin?. Bold numbers indicate P values that are considered to be significant.

associated with survival and achievement of CR (Supplemental Tables 4 and 5). Notably, NPM1* FLT3-ITD~
was the only genetic marker included in both reduced Cox models, suggesting that M-score is more strongly
associated with AML outcome than most individual genetic markers used in current clinical practice.

Risk classification using the M-score. After confirming the independent association of M-score with clin-
ical outcome in AML, we designed a risk classifier for clinical application. Based on the maximization of
the log-rank statistic, we determined the optimal binary M-score cut-point (Supplemental Figure 3). The
Kaplan-Meier curves for the low and high M-score groups are shown in Figure 1B (characteristics of the
2 groups described in Supplemental Table 6). A high M-score was associated with an increased hazard
of death alone (hazard ratio [HR] 2.5, P < 0.0001) and after adjustment for all other factors (HR 1.9, P =
0.003). Median survival for the low and high M-score groups was 26.6 and 10.6 months; 2-year OS was
56% (95% CI, 43.8—-67.3) and 24% (95% CI, 15.2-33.1). The CR rate for low and high M-score group was
84% (95% CI, 75.2-92.4) and 61% (95% CI, 50.7-71.0; P = 0.001), respectively (Table 4). The M-score
classifier identified groups with different outcome, regardless of whether patients did or did not receive
allogeneic stem cell transplant (log-rank P = 0.01 and P < 0.00001, respectively).

AML patients aged < 60 years with intermediate cytogenetics are in particular need of new tools for
risk stratification; therefore, the binary M-score classifier was evaluated in this subgroup (described in Table
1). Standard prognostic factors were not different between patients with low and high M-scores within this
subgroup (Supplemental Table 6). The M-score classifier defined groups with significantly different OS
(log-rank P = 0.001; HR = 2.4, P = 0.001; Figure 1C and Table 4). Another major group in need of risk
stratification is the group of patients with intermediate cytogenetics and FLT3-ITD mutation. Remarkably,

Table 3. UPENN cohort: Logistic model for failure to achieve complete remission (n = 166, events = 48)

Univariate Multivariable Reduced
Parameter OR P AdjOR P Adj OR 95% Cl P
M-score® 1.2 .001 11 .034 1.2 1.0-1.3 .012
Age® 1.5 .002 1.5 .007 1.5 11-2.0 .012
Female 1.2 .642 13 .551 - - -
WABC, diagnosis” 1.0 .798 1.0 .329 - - -
Cytogenetic Risk® (reference unfavorable)
Intermediate 04 .057 0.6 .236 0.5 0.1-11 .087
Favorable 01 .008 01 .030 01 0.0-1.0 .047
FLT3-ITD* 0.9 .666 0.5 168 - - -
NPMT* FLT3-1TD" 04 131 0.3 .081 - - -

ADivided by 10; ®10-year increase; “Medical Research Council criteria (2010). OR, odds ratio; FLT3-ITD, FMS-like kinase 3-internal tandem duplication; NPM1,
nucleophosmint; Adj, adjusted. Bold numbers indicate P values that are considered to be significant.
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Table 4. UPENN cohort: Clinical outcome by high versus low M-score

Median 0S (months) 2-Year 0S (%) CR Rate (%)

Total Cohort (n = 166)

Low M-score 26.6 56% 84%

High M-score 10.6 24% 61%
Age < 60 years, Intermediate Cytogenetics (n = 82)

Low M-score 36.4 62% 91%

High M-score 14.9 30% 70%
Achieved CR (n = 118)

Low M-score 43.9 67% -

High M-score 17.2 36% =

0S, overall survival; CR, complete remission.

Bold numbers indicate P values that are considered to be significant.

1.00
I

0.75
1

Estimated Probability of Survival
0.25 0.50
1 1

the M-score classifier defined sub-groups with significantly different OS within this traditionally high-risk
subgroup (log-rank P =0.001; HR = 3.1, P = 0.002; Supplemental Figure 4)

Finally, to investigate whether the ability of the M-score classifier to define groups with different OS was
merely a reflection of achievement of CR, we restricted analysis to the 118 patients who had achieved CR.
The M-score classifier continued to identify patients with significantly different OS (log-rank P < 0.00001;
Supplemental Figure 5) with median survival 43.9 versus 17.2 months in low- and high-risk groups, respec-
tively (Table 4). Additionally, we noted that patients with high M-score were more likely to need 2 cycles
of induction chemotherapy than those with a low M-score in order to achieve CR (29% vs. 6%, P = 0.001).

Validation of the M-score classifier in the E1900 cohort. We sought to validate the M-score prognostic clas-
sifier for OS in the independent Eastern Cooperative Oncology Group Trial 1900 (E1900) cohort (Supple-
mental Tables 7-9). For these patients, the mean and median M-score were similar to the UPENN cohort:
98.2 (95% CI, 94.1-102.3) and 91.8 (range, 20.0-204.6), respectively (Supplemental Figure 1). Also similar
to the UPENN cohort, the M-score was associated with survival on multivariable analysis (P < 0.0001),
while the association with achievement of CR was marginally significant (P = 0.076).

The binary prognostic classifier derived in the UPENN cohort identified E1900 subgroups with dif-
ferent OS (log-rank P < 0.00001, Figure 2). The median OS in patients in the low M-score group was 29.5
months versus 12.6 months for those with high M-score. Among patients with intermediate cytogenetics
(n = 249), OS was also significantly different (log-rank P = 0.0003), with median OS of 32.3 months ver-
sus 14.1 months in the low and high M-score groups, respectively. Additionally, we found that patients

with low M-scores had better OS compared with those
with high M-scores in the following subgroups: patients
who had intermediate cytogenetics with a FLT3-ITD
mutation (log-rank P = 0.003), younger and older
patients (<50 years, log-rank P = 0.0015; =50 years, log-
rank P = 0.0015), and in recipients of both standard and
high dose anthracycline induction (standard-dose, log-
rank P < 0.00001; high-dose, log-rank P = 0.015).

Since a primary objective of E1900 was to assess
the impact of daunorubicin dose on AML outcome,
the impact of treatment on patients with low and high
M-scores was assessed. We found that high-dose dauno-
rubicin was beneficial for patients with high M-scores

0.00
L

MNumber at risk
Low M-score 166

0 20 40 60 80 100 (logrank P = 0.001) but not for thos.e with low M-scores
Time (months) From Induction (log-rank P = 0.328; Supplemental Figure 6).
96 71 57 39 17
7 54 38 19 4 Figure 2. Kaplan-Meier curves of overall survival in E1900 cohort.

High M-score 217

Subgroups are determined by the optimal M-score (n = 383; log-

Low M-score rank P < 0.00001).

High M-score
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Discussion

Multivariable models incorporating standard AML prognostic characteristics have only a modest ability
to predict clinical outcome, and the addition of molecular markers adds little to these models (15-17).
To improve AML prognostication, we developed a clinically applicable assay for multilocus methyla-
tion assessment (xMELP), along with a corresponding M-score (10, 11). We now demonstrate that the
M-score is robustly associated with CR and OS in both univariate and multivariable models in multiple
independent AML cohorts. Remarkably, in the UPENN cohort, a reduced model for OS is based solely
on the M-score, patient age, and NPM1* FLT3-ITD- status; other information, including cytogenetics
and presence of a FLT3-ITD mutation, provided little additional prognostic value. We also explored the
association between M-score and recurrent intragenic mutations in the subgroup of UPENN patients
with available extended mutation profiles obtained by next-generation sequencing. Mean M-score was
higher in DNMT3A mutant patients and in the small group of /DHI mutant patients, but multivariable
analyses that included DNM T34 and IDH1 confirmed the independent association of M-score and clin-
ical outcomes.

Determining the mutational profile in AML will remain important to clinical care, particularly in set-
tings where mutations are able to predict response to targeted agents; however, clinical use of the xMELP
assay and associated M-score may decrease the need for comprehensive genetic testing for risk stratification
at diagnosis (18-20). Our reduced multivariable models indicate that the M-score has a stronger association
with clinical outcome than many established prognostic factors, including cytogenetics and FLT3-ITD sta-
tus, as well as other genetic lesions assessed by next-generation sequencing analysis.

Cox regression analyses showed strong association between the M-score and clinical outcomes; how-
ever, it is difficult to apply continuous measures of association in clinical practice. The binary M-score clas-
sifier, which we validated in multiple clinically important subgroups and a large independent cohort, clearly
enhances the usefulness of the M-score for practicing clinicians. Additionally, the different responses to
daunorubicin seen in M-score—defined groups suggests that M-score may correlate with chemoresistance
and identify patients that could benefit from high-dose chemotherapy.

It is important to recognize that the loci contributing to the M-score do not account for all sites subject
to aberrant methylation in AML. These specific loci in combination represent a marker of prognosis rather
than an explanatory model of AML biology. Previous studies have indicated that epigenetic dysregulation
of multiple cellular activities, such as repression of tumor suppressors and DNA repair enzymes by DNA
methylation, contribute to therapy response (21-23). Thus, M-score may reflect the overall epigenetic state
of the leukemic cells, and tumors with high M-scores may be epigenetically predisposed to chemoresis-
tance. Importantly, we showed that M-score is not correlated to blast percentage, suggesting that the assay
reflects abnormal methylation in both blasts and more differentiated myeloid cells derived from leukemic
precursors. This finding is consistent with our previous studies demonstrating that Ficoll centrifugation
does not alter M-score (11), and it shows that M-score provides representative prognostic information
regardless of the blast percentage in the specific sample submitted to the clinical lab.

The studied cohorts include only patients with de novo AML treated with induction chemotherapy, so
our conclusions are currently limited to similarly treated patients. The prognostic value of the M-score for
patients with AML arising in the setting of prior chemotherapy or myelodysplasia, or those treated with
nonintensive regimens including hypomethylating agents, are areas of further research. Additionally, we
have no information regarding the association between M-score and other prognostic markers, including
minimal residual disease status (24). Of note, we do not have sufficient power in our cohort to assess
whether allogeneic stem cell transplant alters M-score-based risk, which is clearly an essential area of
future investigation.

In summary, the M-score provides valuable information in the clinical setting regarding the likelihood
of long-term survival after AML induction. Those patients predicted to have poor outcomes based on
M-score may be better served with more intensive postremission treatment or enrollment on a clinical trial.

Methods

Study population and patient samples
UPENN cohort. We performed xMELP (described below) on 166 AML samples collected at UPENN.
Samples were selected from consecutive patients with de novo AML (25) who consented to donation

doi:10.1172/jci.insight.87323 6


http://dx.doi.org/10.1172/jci.insight.87323

. CLINICAL MEDICINE

insight.jci.org

of a diagnostic sample to the Hematologic Malignancies Tissue Bank of the University of Pennsylvania
between 2001 and 2012 and who consented to review of their medical records; whose banked sample
yielded adequate quality DNA for XMELP analysis, for whom standard molecular (FLT3-ITD and NPM1)
and cytogenetic studies were performed; and who had undergone induction with an anthracycline and
cytarabine (see below). Of these patients, 66 had been included in a preliminary report describing the
association of M-score with clinical outcome (11). Cytogenetic risk was classified according to the Med-
ical Research Council criteria (26). FLT3-ITD and NPMI status was assessed in a CLIA-certified lab and
classified as mutant or WT. For 136 patients, extensive molecular information was available from next-gen-
eration sequencing of 33 genes associated with hematologic malignancies (27, 28). Average read depth
was 3,000x, minimal depth was 250%, and reporting frequency cutoff for variants was 5%. Mutations
were classified as pathogenic, likely disease-associated, variant of uncertain significance (VUS), or likely
benign based on review of publically available data. Only pathogenic or likely disease-associated mutations
were considered abnormal. Patient and disease characteristics, treatment, and outcomes were obtained
from medical records. Median follow-up was 68.1 months (range, 1.4-150.2) among 38 survivors and 10.5
months (range, 0.1-95.2) among those (# = 128) deceased.

E1900 cohort. The validation cohort was composed of 383 patients who enrolled on E1900 between
2002 and 2008 who had available DNA methylation, genetic, and clinical data. Methylation data is pub-
lically available (Gene Expression Omnibus [GEO] repository accession number GSE24505 [http://
www.ncbi.nlm.nih.gov/geo]) (13). Patients with indeterminate cytogenetics were analyzed with interme-
diate-risk patients. Median follow-up was 83.2 months (range, 0.8-120.4) among 108 survivors and 11.0
months (range, 0.2—-77.5) among those (n = 275) deceased.

Samples, xMELP, and the M-score

The xMELP assay was performed on UPENN samples as described (10, 11). Briefly, JHpall 12XXXX
primer (diluted to 3 optical density [260] units [OD] per ml, CGCCTGTTCAT) and JHpall 24XXXX
primer (6 OD/ml, CGACGTCGACTATCCATGAACAGG) were annealed by heating to 95°C for 3 min-
utes and slowly cooling to 25°C. Approximately 1-3 million cryopreserved cells from AML patients were
thawed and washed once with PBS. Genomic DNA was extracted with Qiagen Gentra Puregene DNA
isolation kit. Genomic DNA (500 ng) was then digested with either Hpall or MsplI restriction enzymes and
simultaneously ligated to the annealed primers by mixing genomic DNA with 7.5 pl of annealed primers,
2U T4 DNA ligase (Invitrogen), 0.5 ul ATP (100 mmol/L, pH 7.0, New England Biolabs), or either 4U of
Mspl (New England Biolabs) or 2U of Hpall (New England Biolabs) in a total reaction volume of 50 pl.
After overnight incubation at 25°C, the reaction was diluted with 450 ul of ddH,0, and 10 ul of the diluted
DNA was subjected to PCR using 1 pl of JHpall 24XXXX primer (6 OD/ml) and 1 ul Native Taq poly-
merase (ThermoFisher) in 50 pl total volume. Cycling conditions were 72°C for 10 minutes once, followed
by 20 cycles of 95°C for 30 seconds and 72°C for 3 minutes, and a final 72°C extension for 10 minutes. PCR
products (8 ul) were then hybridized to specific fluorescent microspheres following manufacturer’s protocol
(Quantigene Plex 2.0 Assay, Affymetrix). Following hybridization, microspheres were analyzed on a Flex-
MAP 3D instrument running XPONENT software (Luminex). As our studies have shown, xMELP is not
significantly affected by freezing samples or Ficoll centrifugation; these variables were not standardized in
the assay (11).

M-score of each sample was determined using the random forest classification algorithm previously
trained on an independent cohort of 344 AML samples collected by the Dutch-Belgian Hemato-Oncology
Cooperative Group (HOVON) (R-scripts for M-score derivation are described and publicly available) (11).
For E1900 samples, HELP-derived methylation data from BM samples were transformed to MELP-associ-
ated values using previously described regression coefficients (10).

Treatment and definitions

UPENN cohort. The induction chemotherapy regimen in all cases included an anthracycline and cytarabine
(Supplemental Table 1). Patients with residual leukemia at nadir BM assessment were frequently retreated
with an anthracycline-based regimen or high-dose cytarabine at clinician discretion. Endpoints were OS
and CR. OS was time from induction chemotherapy to death from any cause. For living patients, OS times
were censored at last follow-up. CR was defined as morphologic leukemic-free state on BM examination
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after 1 or 2 cycles of induction chemotherapy (assessment required within 90 days of induction) (25).

E1900 cohort. The treatment schema and endpoint definitions for the E1900 cohort have been previ-
ously described (29). E1900 was a randomized trial of high-dose versus standard-dose daunorubicin that
accrued patients aged < 60 from 2002-2008 (NCT00049517).

Statistics

Continuous variables were summarized by median and range, and categorical variables by count and rel-
ative frequency. Comparisons of M-score between groups of AML patients was done by the parametric
unpaired 2-sample ¢ test (adjusted using Satterthwaite’s method when variances unequal) and ANOVA
test (for comparing = 2 groups). The association between M-score and blast percentage was assessed by
Pearson’s correlation coefficient.

Univariate and multivariable logistic models were used to assess the association of M-score with response
to induction chemotherapy (failure to achieve CR) alone and controlling for age, sex, WBC count at diagno-
sis, cytogenetics, and molecular status. Survival distributions for OS were computed using the Kaplan-Meier
method and were compared using the log-rank statistic. Univariate and multivariable Cox regression analy-
ses were used to examine the association between M-score and OS controlling for the same covariates. Back-
ward selection was used in multivariable logistic and Cox models to develop the most parsimonious model.

An optimal cut-point for M-score was determined by identifying the cut-point that maximized the log-
rank statistic between high and low M-score groups. P values were considered significant when P < 0.05
(2-sided). Analyses were performed using Stata 12.1 (StataCorp LP).

Study approval
IRB approval was obtained from UPENN and the Eastern Cooperative Oncology Group.
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