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Introduction:  During  induction  daunorubicin  intensification  from  45  mg/m2/day  to 90  mg/m2/day  has
shown  improved  response  and  survival  rates  in  AML  patients.  We  retrospectively  reviewed  outcomes  of
daunorubicin  60  mg/m2/day  (DNR60)  versus  daunorubicin  90  mg/m2/day  (DNR90)  in adult  AML  patients.
Material  and  methods:  Newly  diagnosed  AML  patients  ≥18  years  who  received  7  +  3  with  or  without
etoposide  as  frontline  therapy  from  1/1/2006  to 5/1/2013  were  identified.  Chi-square  and  Wilcoxon
rank  sum  tests  were  used  to  compare  characteristics.  Kaplan–Meier  curves  were  estimated  for  overall
survival  (OS).  Univariate  and multivariate  Cox  proportional  hazard  regression  models  were  developed  to
determine  independent  predictors  for survival.
Results: A  total  of 128  patients  were  included  (DNR90  = 48  patients,  DNR60  =  80  patients).  The  estimated
3-year  OS  rate  in the DNR90  group  was  56%  (95%  CI 38–70%),  while  in  the  DNR60  group  was  34%
(95% CI  23–44%).  Multivariate  analysis  (MVA)  in non-allotransplanted  patients  showed  that  unfavorable
cytogenetics  and  worse  performance  status  were  associated  with  decreased  OS  while  DNR  intensifi-

cation,  etoposide  use and  site  were  associated  with  improved  OS.  In MVA  of allotransplanted  patients
re-induction  based  on  day-14  marrow  was  associated  with  worse  OS.
Conclusions:  Based  on our  retrospective  study,  initial  DNR  based  induction  chemotherapy  intensification
improved  OS  in  non-allotransplanted  patients.  Prospective  studies  are  needed  to  confirm  this  preliminary
finding.

©  2015  Elsevier  Ltd.  All  rights  reserved.
. Introduction

The standard therapy for acute myelogenous leukemia (AML)
ver the past 30 years has been centered on the traditional
7 + 3′′ regimen consisting of daunorubicin (DNR), an anthracy-
line, administer over three days alongside cytarabine, a nucleoside
nalog, administered over 7 days [1]. With 7 + 3 induction, com-
lete remission (CR) rates of 40–80% have been reported [1,2]. One

xplanation for this variation is that leukemic resistance to upfront
herapy is centered on many individual patient characteristics such

∗ Corresponding author at: Rhode Island Hospital, George 3, Providence, RI 02903,
SA. Tel.: +1 401 444 5391; fax: +1 401 444 4184.

E-mail address: jreagan@lifespan.org (J.L. Reagan).

ttp://dx.doi.org/10.1016/j.leukres.2015.04.015
145-2126/© 2015 Elsevier Ltd. All rights reserved.
as older age as well as poor performance status, which portends one
of the most adverse prognostic features [3].

Recent randomized studies have reported significant improve-
ments in CR and overall survival (OS) rates with intensification of
DNR dose in patients with AML  who are younger than 60, and in a
subgroup of patients aged 60–65 years [2,4,5]. The standard-dose
DNR used in these reports was  45 mg/m2/day (DNR45), which was
compared to a higher dose of 90 mg/m2/day (DNR90). Thus far,
there have been three studies showing improved efficacy of DNR90
compared to the DNR45. Each study was  run by a large cooperative
group; one based in the United States [4], another based in Western
Europe [5], and the third based in South Korea [2]. Prior to the data

supporting DNR90, the standard dose of DNR at many institutions,
including our own, was 60 mg/m2/day (DNR60), based on previous
studies showing improved response rates compared to DNR45 with
similar reported toxicity profiles [1,6–10].

dx.doi.org/10.1016/j.leukres.2015.04.015
http://www.sciencedirect.com/science/journal/01452126
http://www.elsevier.com/locate/leukres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.leukres.2015.04.015&domain=pdf
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To date, there has been no prospective study evaluating the effi-
acy and toxicity profiles of DNR60 in comparison with DNR90
s part of the 7 + 3 regimen for single planned induction treat-
ent of AML. Of particular importance to this question is that as

ge increases, especially for those patients over 50, the benefit of
igh-dose DNR decreases when compared to standard-dose DNR
hile the toxicity also appears to increase [4,5]. We  conducted a
ulticenter retrospective chart review to determine differences in

linical outcomes between DNR60 and DNR90.

. Materials and methods

Consecutive newly diagnosed AML  patients 18 years or older who received
nduction therapy with DNR and cytarabine from January 1st, 2006 to May  1st,
013 were identified through the Rhode Island Hospital (RIH), The Miriam Hospi-
al  (TMH), and Dartmouth Hitchcock Medical Center (DHMC) cancer center medical
ecords. Acute promyelocytic leukemia patients were excluded. Patients received
ither DNR60 or DNR90 on days 1–3 as an IV bolus along with concurrent cytara-
ine 100–200 mg/m2/day administered as a 24-hour infusion on days 1–7. A subset
f  patients in each DNR cohort also received etoposide 100 mg/m2/day on days 1–3
ver  2 h. Inclusion of etoposide to DNR-based induction chemotherapy had become

 frequent practice at our sites during the study time period based on involvement
n  a recent cooperative group trial [11]. The study was  approved by the Institutional
eview Boards of all participating sites.

Demographic data (age, sex, ECOG performance status, site of treatment de-
dentified as site 1, 2, or 3) as well as AML specific data (initial white blood cell count
WBC], initial bone marrow [BM] blast count, cytogenetic risk stratification, CR rate,
nd OS) were recorded. Cytogenetic risk was categorized as favorable, intermedi-
te and unfavorable based on the National Comprehensive Cancer Network (NCCN)
uidelines [12]. CR was  defined by International Working Group (IWG) in AML cri-
eria [13]. Day-14 BM biopsies were obtained per attending physician discretion, as
as  the clinical decision regarding re-induction based on day-14 BM biopsy results.

atients were determined to be in CR from initial chemotherapy if they attained IWG
ML CR criteria after either first or second induction with DNR-based chemother-
py.  OS was defined as the time in months elapsed from diagnosis until death or
nd  of follow-up.

Clinical characteristics of the patients are presented using descriptive statis-

ics. Chi-square and Wilcoxon rank-sum tests were used to determine differences
n  categorical and continuous variables, respectively, between the standard and
igh-dose DNR groups. Logistic regression models were fitted to investigate the
elation between clinical variables and attainment of CR. The outcome of interest
or  the logistic regression analyses was odds ratio (OR) of attaining CR with 95%

able 1
elect patient characteristics of the DNR60 and DNR90 cohorts.

Variable All patients DNR

Median or N Range or % Med

Median age (years) 58 18–78 61.5

Sex
Women 64 50% 39 

Men  64 50% 41 

ECOG
0  72 56% 37 

1  49 38% 37 

2  7 5% 6 

Median BM blasts 53.5% 16–98 56% 

Median WBC  at diagnosis (cells/�L) 7.25 0.3–279 7.8

Risk  category
Favorable 15 12 9 

Intermediate 70 56 41 

Unfavorable 39 31 27 

Etoposide
No  94 73 64 

Yes  34 27 16 

Re-induction
No  97 76 55 

Yes  31 24 25 

Site
Site  1 50 39 38 

Site  2 26 20 17 

Site  3 52 41 25 

COG: Eastern Cooperative Oncology Group; BM:  bone marrow; WBC: white blood cells;
earch 39 (2015) 812–817 813

confidence interval (CI). OS curves were estimated using the Kaplan–Meier method
[14], and compared using the log-rank test [15]. Univariate and multivariate Cox
proportional-hazard regression models were fitted to evaluate the relation between
clinical variables and OS [16]. The outcome of interest for the Cox regression anal-
yses was hazard ratio (HR) of death from any cause with 95% CI. For OS analysis
patients were divided into two groups, those that did not receive allogeneic stem cell
transplantation (allo-SCT) and those that did receive allo-SCT. In the multivariable
models, p-values <0.05 were considered statistically significant. All calculations and
graphs were obtained using Stata/SE 13.1 (StataCorp LP, College Station, TX, USA).

3. Results

Our study included 128 patients with newly diagnosed AML,
80 (62.5%) received DNR60 and 48 (37.5%) received DNR90 as part
of induction therapy. Selected characteristics of the patients are
shown in Table 1. The DNR90 cohort was younger than the DNR60
cohort. Also, patients in the DNR90 cohort, had better ECOG perfor-
mance status and were more likely to have received etoposide than
their DNR60 counterparts. Overall, 31 patients (27%) required a sec-
ond course of induction chemotherapy based on residual disease on
day-14 bone marrow biopsy. DNR60 patients were more likely to
have required a second course of induction than DNR90 patients.
There was  no difference in median white blood cell (WBC) or WBC
counts over 50,000/�L, although there was a trend toward hyper-
leukocytosis in the DNR60 group. There were no differences in
sex, initial median bone marrow blast percent and cytogenetic risk
categorical distribution between the DNR90 and DNR60 cohorts.
Inter-site comparison between sites 1 and 3 revealed greater use
of etoposide (42% at site 1, 19% at site 3, p = 0.01) and older patients
(site 1 median age = 61, site 3 median age = 57, p = 0.02) at site 1
while patients at site 3 were more likely to receive DNR90 (site
1 = 24%, site 3 = 52%, p = 0.004). Furthermore, although not statis-
tically significant there were fewer patients with favorable risk

cytogenetics at site 1 compared to site 3 (site 1 = 6%, site 3 = 21%,
p = 0.07).

At the end of induction, 87 patients (68%) obtained pathologi-
cal CR, 29 (23%) did not obtain CR, and 12 (9%) were not evaluable.

60 (n = 80) DNR90 (n = 48) p-Value

ian or N Range or % Median or N Range or %

 18–78 53.5 26–75 <0.001

49% 25 52% 0.72
51% 23 48%

46% 35 73% 0.01
46% 12 25%

8% 1 12%
20–98 50% 16–93 0.29

5 0.3–210 6.3 1.1–279 0.82

12 6 13 0.54
53 29 62
35 12 26

80 30 63 0.03
20 18 38

69 25 87 0.02
31 6 13

48 12 25 0.01
22 9 19
31 27 56

 DNR60: daunorubicin 60 mg/m2/day; DNR90: daunorubicin 90 mg/m2/day.
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Table 2
Univariate and multivariate regression analyses results for overall CR.

Variable Univariate p-Value Multivariate p-Value
OR  (95% CI) OR (95% CI)

Age 0.99 (0.96–1.02) 0.46 1.00 (0.96–1.04) 0.94

ECOG
0  1.00 (Ref) 1.00 (Ref)
1  0.97 (0.45–2.10) 0.94 1.00 (0.38–2.62) 1.00
2  1.17 (0.21–6.51) 0.86 1.30 (0.11–15.83) 0.84

Risk  category
Favorable 1.00 (Ref) 1.00 (Ref)
Intermediate 0.58 (0.15–2.28) 0.44 0.79 (0.15–4.04) 0.78
Unfavorable 0.32 (0.08–1.33) 0.12 0.48 (0.09–2.55) 0.39

Etoposide
No  1.00 (Ref) 1.00 (Ref)
Yes  0.98 (0.42–2.27) 0.96 1.02 (0.37–2.83) 0.97

Re-induction at day 14
No 1.00 (Ref) 1.00 (Ref)
Yes  0.65 (0.28–1.52) 0.32 0.67 (0.23–1.91) 0.45

Site
Site  1 1.00 (Ref) 1.00 (Ref)
Site  2 0.99 (0.38–2.58) 0.98 0.97 (0.33–2.83) 0.96
Site  3 3.46 (1.39–8.61) 0.008 3.94 (1.25–12.40) 0.02

Dose
DNR60 1.00 (Ref) 1.00 (Ref)

.04 
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S
a
t
D
t
C
t
a
n
2
w
i

e
(
m
m
i
g

a
I
a
a
u
s
g
a
a
a
o
u
w
w
r
c

b

DNR90 2.40 (1.05–5.51) 0

R: odds ratio; CI: confidence interval; ECOG: Eastern Cooperative Oncology Group

ince most of the non-evaluable patients died before CR could be
ssessed, they were considered as not having achieved a CR for
he regression analysis (worse-case scenario). The CR rate in the
NR90 and DNR60 groups were 79% and 61%, respectively. Nei-

her initial WBC  count nor BM blast count were associated with
R attainment. Logistic regression analysis showed DNR dose and
reatment at site 3 to be associated with improved CR in univari-
te analysis. However, in the multivariate analysis, DNR dose did
ot retain significance although it was associated with an almost
-fold increased likelihood of attaining CR. Only treatment site 3
as associated with higher rates of CR. Detailed results are shown

n Table 2.
With a median follow-up of 47 months, the median OS for the

ntire cohort was 18 months with estimated 3-year OS rate of 42%
95% CI 32–51%). Kaplan–Meier OS curves are shown in Fig. 1. The

edian follow-up times for the DNR90 and DNR60 groups were 37
onths and 52 months, respectively. The estimated 3-year OS rate

n the DNR90 group was 56% (95% CI 38–70%), while in the DNR60
roup was 34% (95% CI 23–44%).

Out of 87 patients who achieved CR, 42 (48%) went on to receive
llo-SCT. Five patients went on to allo-SCT without attaining CR.
n order to determine the effects of initial induction chemother-
py on OS, patients were stratified into those who did not receive
llo-SCT (Table 3) and those that did receive allo-SCT (Table 4). The
nivariate analysis (UVA) in patients who did not receive allo-SCT
howed that age as well as intermediate and unfavorable risk cyto-
enetics was associated with decreased OS while treatment at site 3
nd DNR90 dose was associated with increased OS. In multivariate
nalysis (MVA), ECOG PS of 2 and unfavorable cytogenetics were
ssociated with decreased OS while treatment at site 3 and use
f DNR90 retained their association with increased OS. Etoposide
se also correlated with better OS (p = 0.02). In the UVA of patients
ho underwent allo-SCT, no patient characteristic was associated
ith OS. However, in MVA  of transplanted patients the need for
e-induction based on disease persistence on day-14 bone marrow
onferred decreased OS.

In terms of 30-day mortality, 11/80 DNR60 patients had died
y day 30 while 5/48 DNR90 patients had died by day 30. The Odds
1.74 (0.63–4.84) 0.29

60: daunorubicin 60 mg/m2/day; DNR90: daunorubicin 90 mg/m2/day.

Ratio (OR) of 30-day mortality for DNR90 versus DNR60 is 0.73 (95%
CI 0.19–2.48; p = 0.58). For 90-day mortality, 17/80 DNR60 had died
by day 90 while 6/48 DNR90 had died. The OR of 90-day mortality
for DNR90 versus DNR60 is 0.53 (95% CI 0.16–1.56; p = 0.21).

4. Discussion

In this retrospective study, we show a statistically significant
improvement in OS for adults with newly diagnosed AML  treated
with an intensified daunorubicin based induction chemotherapy
regimen (DNR90) who do not proceed to allo-SCT. Within our study,
the estimated 3-year OS rate in the DNR90 group was  56%, while in
the DNR60 group was  34%. In univariate analysis of patients who  did
not undergo allo-SCT, DNR90 was associated with a 68% reduction
in the risk of death from any cause (HR 0.32) when compared with
DNR60. This benefit retained its significance in MVA  after adjusting
for important prognostic factors such as age, performance status,
cytogenetic risk, etoposide use, re-induction chemotherapy and
site of treatment (HR 0.42). Etoposide use showed a 59% reduc-
tion in risk of death from any cause (HR 0.41) in non-transplant
patients within this MVA. In patients who received allo-SCT, only
re-induction based on day-14 BM biopsy influenced OS.

Interestingly, within our study there was a difference in CR
and non-allo SCT OS within MVA  between the sites 1 and 3. The
improved outcomes associated with site 3 may be attributed to
greater use of DNR90, younger patients and more cases of favorable
risk cytogenetics at site 3 compared to site 1.

To the best of our knowledge, the only other retrospective stud-
ies to directly compare DNR60 to DNR90 in adult AML  patients
have shown a mixed response to DNR dose intensification based
on whether the leukemia was classified as core binding factor (CBF)
AML  or not. Initially, in non-CBF AML  patients ≤60 years Devillier
and colleagues reported no improvement in overall response or
relapse-free survival (RFS) with DNR90 versus DNR60 [17]. In this

study, 300 consecutive AML  patients were reviewed; 225 patients
received DNR60 while 75 patients received DNR90. Of note, the
median follow up in the DNR90 group was 31 months while the
DNR60 group had a median follow up of 58 months. This same



J.L. Reagan et al. / Leukemia Research 39 (2015) 812–817 815

Fig. 1. Patient Kaplan Meier overall survival curves stratified based on age (A), ECOG PS (B), cytogenetic risk (C), and daunorubicin dose (D).

Table 3
Cox proportional-hazard regression analyses results for overall survival in patients who did not proceed to allogeneic transplant.

Variable Univariate p-Value Multivariate p-Value
HR  (95% CI) HR (95% CI)

Age 1.03 (1.00–1.06) 0.02 0.98 (0.94–1.02) 0.28

ECOG
0  1.00 (Ref) 1.00 (Ref)
1  1.61 (0.92–2.83) 0.10 1.83 (0.81–4.12) 0.15
2  1.69 (0.64–4.46) 0.29 4.77 (1.21–18.9) 0.03

Risk  category
Favorable 1.00 (Ref) 1.00 (Ref)
Intermediate 3.36 (1.02–11.1) 0.05 2.29 (0.62–8.39) 0.21
Unfavorable 7.05 (2.03–24.5) 0.002 5.27 (1.39–20.0) 0.02

Etoposide
No  1.00 (Ref) 1.00 (Ref)
Yes  0.70 (0.37–1.33) 0.27 0.41 (0.19–0.86) 0.02

Re-induction on day 14
No 1.00 (Ref) 1.00 (Ref)
Yes  1.06 (0.58–1.95) 0.84 0.73 (0.32–1.66) 0.45

Site
Site  1 1.00 (Ref) 1.00 (Ref)
Site  2 0.88 (0.45–1.70) 0.70 0.63 (0.29–1.40) 0.73
Site  3 0.36 (0.19–0.68) 0.002 0.20 (0.08–0.51) 0.001

Dose
DNR60 1.00 (Ref) 1.00 (Ref)
DNR90 0.32 (0.16–0.65) 0.002 0.42 (0.19–0.92) 0.03

HR: hazard ratio; CI: confidence interval; ECOG: Eastern Cooperative Oncology Group; DNR60: daunorubicin 60 mg/m2/day; DNR90: daunorubicin 90 mg/m2/day.
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Table 4
Cox proportional-hazard regression analyses results for overall survival in patients who proceeded to allogeneic transplant.

Variable Univariate p-Value Multivariate p-Value
HR  (95% CI) HR (95% CI)

Age 0.99 (0.96–1.03) 0.71 0.97 (0.92–1.02) 0.22

ECOG*

0 1.00 (Ref) 1.00 (Ref)
1  1.70 (0.66–4.33) 0.27 1.36 (0.39–4.77) 0.64

Risk  category**

Intermediate 1.00 (Ref) 1.00 (Ref)
Unfavorable 1.89 (0.72–4.93) 0.19 0.82 (0.22–3.11) 0.78

Etoposide
No  1.00 (Ref) 1.00 (Ref)
Yes  1.93 (0.76–4.86) 0.17 0.83 (0.20–3.45) 0.80

Re-induction on day 14
No 1.00 (Ref) 1.00 (Ref)
Yes  1.57 (0.61–4.08) 0.35 4.36 (1.12–17.0) 0.03

Site
Site  1 1.00 (Ref) 1.00 (Ref)
Site  2 0.57 (0.11–2.96) 0.51 0.22 (0.03–1.67) 0.14
Site  3 2.22 (0.77–6.50) 0.14 3.13 (0.68–14.4) 0.14

Dose
DNR60  1.00 (Ref) 1.00 (Ref)
DNR90 1.37 (0.54–3.47) 0.51 0.37 (0.08–1.71) 0.20

HR: hazard ratio; CI: confidence interval; ECOG: Eastern Cooperative Oncology Group; DNR60: daunorubicin 60 mg/m2/day; DNR90: daunorubicin 90 mg/m2/day.
*
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roup has reviewed outcomes following anthracycline intensifi-
ation in previously untreated CBF AML  patients ages 16–65 [18].
ighty-six patients are included; 57 were treated with DRN60 and
9 with DNR90. Interestingly, all patients attained a CR while there
as a trend toward improved OS and a statistically significant

mprovement in RFS for the DNR90 group compared to the DNR60
roup. DNR90 retained its superiority over DNR60 for RFS in mul-
ivariate analysis.

In comparison, in our study the most pronounced effect of
hemotherapy intensification was seen in those patients with inter-
ediate risk cytogenetics with no improvement seen in the survival

f favorable risk patients, i.e. CBF AML. A possible rationale for the
ack of improvement in CBF AML  is the relatively small sample size
f our study as only 15 patients had favorable risk AML. In terms of
ntermediate risk cytogenetic AML, our study results differed from
hat reported by Devillier and colleagues in two main respects. First,
ur CR rate of 61% with DNR60 was less than the CR rate of 72% Dev-
llier reported, although both are in line with reported CR rates in
istorical controls of 52–68% [19,20]. Meanwhile, our CR rate with
NR90 was 79% compared to their CR rate of 69%, which also com-
are favorably to the historical control CR rate of 64–83% [2,4,5]. The
ther possible rationale for this discrepancy is that in our study the
edian follow up time of the DNR90 cohort was longer than that

eported by Devillier et al. (37 months vs. 31 months), and did not
tatistically differ between the DNR60 and DNR90 groups in our
tudy (p = 0.21) as it did in their study (p < 0.001).

A recent prospective study has shown no difference in response
ates or survival for DNR90 compared to DNR60 [21]. The main
ifference, however, between this prospective study and our own

s how DNR was administered. In our series, patients underwent
nitial induction therapy with either DNR60 or DNR90 and then
nly received additional DNR if the day-14 bone marrow biopsy
id not show CR, which occurred in 31 patients (27%). In Burnett

t al.’s prospective study, a double induction was planned in which
atients were randomized to either DNR60 or DNR90 then received

 second induction course with daunorubicin 50 mg/m2/day for 3
ays. This additional DNR dosing likely mitigated any response and
survival benefit seen with DNR intensification as evident by their
CR rate of 84% with DNR60, which far exceeds that reported by
historical controls [19,20].

The primary limitation of our study is that it is retrospective
in nature and, by virtue of its design, prone to confounding bias.
We attempted to deal with this bias by performing multivariate
analysis with clinically relevant variables such as age, performance
status, cytogenetic risk, etoposide use, need for re-induction and
site of treatment in addition to daunorubicin dose. Classification
bias was minimized in our study as all patients were diagnosed with
AML  by an expert hematopathologist at each center. Selection bias
was limited in this study as all consecutive patients induced with
7 + 3 at each institution were included. The small sample size of our
study limits conclusions from subgroup analyses. In addition, the
lack of molecular studies that are now routinely available in the care
of AML  limits this dataset, particularly in terms of risk stratification
of those patients with intermediate risk cytogenetics.

5. Conclusion

Our results suggest a role for upfront daunorubicin-based induc-
tion chemotherapy dose intensification in patients with AML.
Standard clinical practice often calls for induction chemotherapy
to be administered prior to the decision of whether or not to pro-
ceed to a consolidative allo-SCT. Therefore, our results support the
continued use of daunorubicin 90 mg/m2/day for 3 days in newly
diagnosed AML  patients provided a single initial induction strat-
egy is planned. Confirmation of these findings in a randomized,
prospective study is required.
JLR is supported by a Leukemia & Lymphoma Society Special Fel-
low in Clinical Research Grant Number CDA 4298-14. The authors
report no other conflicts of interest.
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