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Daunorubicin-60 versus daunorubicin-90 versus

idarubicin-12 for induction chemotherapy in acute

myeloid leukemia: a retrospective analysis of the Mayo

Clinic experience

Acute myeloid leukemia (AML) remains incurable in most
cases, despite decades of clinical trials and new drug en-
tries.? The standard induction chemotherapy in AML con-
sists of an anthracycline, including daunorubicin (DNR) or
idarubicin (IDA), and cytarabine given together, typically
for 3 and 7 consecutive days, respectively. However, the
choice of anthracycline (DNR vs. IDA) and dose of DNR
(45-90 mg/m?) are not standardized and have been the
subject of multiple clinical trials and meta-analyses.>® The
pivotal study regarding DNR dosing suggested the su-
periority of DNR 90 mg/m? versus 45 mg/m? for young (age
<60 years) AML patients in terms of both complete re-
mission (CR) rate (71% vs. 57%) and overall survival
(median 24 months vs. 16 months);® follow-up information
on the particular study suggested the advantage from
DNR-90 to extend across younger age groups, cytogenetic
and mutational risk categories, including NPM1, DNMT3A,
and FLT3-1TD."® These observations were confirmed in a
similar study from South Korea.® In another randomized
trial of AML patients 60 years or older, DNR-90, compared
to DNR-45, induced a higher CR rate but did not improve
survival, except in those ages 60-65 years.” On the other
hand, comparison of DNR-90 to DNR-60 did not show dif-
ferences in CR or survival, save for a subset of FLT3-mu-
tated cases.” Many other studies have also compared IDA
to DNR;* in one such study, IDA-12 was compared to DNR-
90 in AML patients age <60 years with no difference in CR
rate, survival or toxicity; however, DNR-90 resulted in su-
perior overall and event-free survival in FLT3-mutated pa-
tients.” Over the last several decades, we at the Mayo
Clinic have serially utilized IDA and DNR at different doses
for the treatment of AML based on information from exist-
ing literature at the time of diagnosis; the objective for
the current study was to retrospectively review these
cases and compare outcome in terms of CR and survival.
The current study population was recruited from Mayo
Clinic institutional databases, after Institutional Review
Board approval and based on documentation of newly di-
agnosed AML and induction chemotherapy with DNR or
IDA, in combination with cytarabine. Patients were typi-
cally prescribed “7+3” induction chemotherapy that in-
cluded 3 days of DNR at a daily dose of either 60 mg/m?
(DNR-60) or 90 mg/m?2 (DNR-90), or IDA 12 mg/m? (IDA-12).
All patients were treated in the context of participation in

clinical trials or routine clinical practice; for the purposes
of the current study, patients receiving DNR at <60 mg/m?,
those receiving a third drug (e.g., midostaurin) for induc-
tion, and patients with myeloid sarcoma were excluded.
Treatment period spanned from January 2004 through
May 2021 and follow-up information was updated as of
March 2022. Conventional criteria were used to diagnose
AML, assign cytogenetic risk category, and classify treat-
ment responses.® CR was assessed after the completion
of one or two induction courses, as indicated from day 14
bone marrow assessment, which might have required re-
induction for presence of residual leukemic blasts. Pa-
tients receiving allogeneic hematopoietic stem cell
transplant (AHSCT) were censored at time of AHSCT, dur-
ing survival analysis. The current study focused on treat-
ment efficacy and survival and details on treatment
toxicity were not abstracted. Conventional methods were
used for cytogenetic and molecular studies, including
next- generation sequencing. Statistical analysis was per-
formed using JMP Pro 14.0.0 software package, SAS Insti-
tute, Cary, NC.

The current study included 632 newly diagnosed AML pa-
tients (median age 60 years; range, 18-82 years; 56%
males): 460 (73%) patients received IDA-12, 132 (21%)
DNR-60, and 40 (6%) DNR-90. All patients in addition re-
ceived 7 days of continuous intravenous cytarabine (100-
200 mg/m?2/day). Consolidation chemotherapy utilized
high-dose cytarabine 3 gm/m? days 1, 3, and 5 for patients
age <60 years and 1.5 g/m? days 1, 3, and 5 every 28 days
for three to four cycles, for patients age =60 years. Table
1 outlines baseline disease features stratified by the three
treatment groups and highlights significant differences
only in age distribution (P<0.001); median (range) age was
60 (18-82), 63 (20-82), and 53 (22-70) years, for IDA-12,
DNR-60, and DNR-90 treatment groups, respectively. Pri-
mary, secondary, and therapy-related AML accounted for
66%, 25% and 9% of all study patients: 64%, 26%, and 10%
of IDA-12; 67%, 23% and 10% of DNR-60; and 75%, 23%,
3% of DNR-90 (P=0.4). The corresponding frequencies for
adverse karyotype were 35%, 29% and 28% (P=0.5)
whereas FLT3-ITD (P=0.9) and NPM1 (P=0.17) mutation fre-
quencies were similar between the treatment groups.
CR/CRi was documented in 79% (498/632) of all evaluable
patients: IDA-12 80% (370/460), DNR-60 70% (93/132), and
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Table 1. Presenting features and response patterns among 632 consecutive Mayo Clinic patients with newly diagnosed acute
myeloid leukemia (AML), stratified by anthracycline choice for induction chemotherapy: daunorubicin 60 mg/m? (DNR-60) versus
idarubicin 12 mg/m? (IDA-12) versus daunorubicin 90 mg/m? (DNR-90), each given for 3 days along with 7-day course of

cytarabine.

. All patients
Variables N=632 (100%)
Age at diagnosis in years, median (range) 60 (18-82)
Age group, N (%)

<60 years 307 (49)

>=60 years 325 (51)
Males, N (%) 357 (56)
AML subtype, N (%)

Primary 414 (66)

Secondary 159 (25)

Therapy-related 59 (9)

ELN cytogenetic risk group, N (%)

Favorable 54 (8)

Intermediate 365 (58)

Adverse 213 (34)
FLT3-ITD, mutated/evaluated, N (%) 61/323 (18)
NPM1, mutated/evaluated, N (%) 86/280 (31)
Hemoglobin gr/dL, median (range) 9 (3-18)
Hemoglobin <10 gr/dL, N in % [N=605] 67
Leukocytes x 10%/L, median (range) 8.0 (0.2-350)
Platelets x 10°%/L, median (range) 56 (3-943)
Peripheral blood blast, N (%), median (range) 24 (0-99)
Bone marrow blast, N (%), median (range) 55 (15-99)
Response, N (%)

CR/CR 498 (79)

No CR/CR 134 (21)
Documented re-induction based 227 (36)

on day-14 marrow residual blasts, N (%)
Relapses, N (%) [N=465]

AHSCT, N (%)

Deaths, N (%)

227/465 (49)
209 (33)
429 (68)

IDA-12 DNR-60 DNR-90 b ual
N=460 (73%) N=132 (21%)  N=40 (6%) vatue
60 (18-82) 63 (20-82) 53 (22-70) <0.001
224 (49) 49 (37) 34 (85) <0.001

236 (51) 83 (63) 6 (15)

268 (75) 71 (20) 18 (5) 0.2
296 (64) 88 (67) 30 (75) 04
119 (26) 31 (23) 9 (23) '

45 (10) 13 (10) 1(3)

39 (9) 10 (8) 5 (13) 05
258(56) 83 (63) 24 (60) '
163 (35) 39 (29) 11 (28)

40/218 (18) 16/81 (20) 5/24 (21) 0.9
63/187 (34) 20174 (27) 3/19 (16) 0.17
[N=441] [N=127] [N=37]
9 (5-18) 9(42-13.2) 89 (3.1-13.2) AL
66 69 73 0.6
[N=442] [N=126] [N=38] 05
7.8(0.2-292) 7.6 (0.4-350)  10.4 (0.8-240) '
[N=438] [N=115] [N=37] 09
55 (3-943) 55 (7-471) 62 (12-361) '
[N=421] [N=127] [N=32] 08
22 (0-99) 26 (0-98) 32 (0-97) '
[N=422] [N=132] [N=36] 05
55 (1-99) 54 (8-98) 50 (10-97) '
370 (80) 93 (70) 35 (88) 0.01

90 (20) 39 (30) 5(12)

159 (35) 52 (39) 16 (40) 0.4
175/348 (50) 38/83 (46) 18/34 (42) 05

143 (31) 38 (29) 28 (70) <0.0001

314 (68) 89 (67) 26 (65) 0.9

In case not all patients have been examined for the parameter under evaluation, the number of subjects investigate for that aspect is reported
in square brackets. ALL: Acute myeloid leukemia; IDA-12: idarubicin 12 mg/m?; DNR-60: daunorubicin 60 mg/m?; DNR-90: 90 mg/m? ; ELN;
European LeukemiaNet; CR: complete remission; Cri: CR with incomplete count recovery; AHSCT: allogeneic hematopoietic stem cell trans-

plantation.

DNR-90 88% (35/40) (P=0.01); there was no difference in
the proportion of patients in each treatment group with
documentation of a second induction course based on
day 14 bone marrow assessment of residual disease (48%
vs. 56% vs. 57%, respectively; P=0.38). In univariate analy-
sis (Table 2), significant predictors of CR/CRi were age <60
years (85% vs. 73%; P<0.001); absence of ELN adverse ka-
ryotype (96% in favorable and 85% in intermediate vs. 63%
in adverse risk; P<0.001), primary (84%) versus secondary

(67%) versus therapy-related (75%) (P=0.01), presence of
NPM1 mutation (93% vs. 79%; P=0.002), and treatment
group other than DNR-60 (88% for DNR-90, 80% for IDA-
12 vs. 70% for DNR-60; P=0.01); no significant interaction
was noted between FLT3-ITD mutation and CR/CRI
(P=0.9). In multivariable analysis of CR/CRi prediction
(Table 2), IDA-12 vs. DNR-60 (P=0.005), adverse versus fa-
vorable karyotype (P=0.03), adverse versus intermediate-
risk karyotype (P=0.005), and NPMT mutation (P=0.04)
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Table 2. Predictors of response and survival among 632 Mayo Clinic patients with newly diagnosed acute myeloid leukemia
(AML), including the impact of anthracycline choice for induction chemotherapy: daunorubicin 60 mg/m? (DNR-60) vs. idarubicin
12 mg/m? (IDA-12) vs. daunorubicin 90 mg/m? (DNR-90), each given for 3 days along with 7-day course of cytarabine.

CR/CRi prediction

Variables Univariate P
<0.001

Age, years Favor <60

KarvonDe <0.001

yotyp Favor non-adverse

<0.001

AML subtype Favor primary
0.002

NPM1 Favor NPM1 mutated

FLT3-ITD 0.9

0.02

DNR-90 vs. IDA-12 vs. DNR-60 NI g

CR: complete remission; Cri: CR with incomplete count recovery; AML:

remained significant while DNR-90 versus DNR-60 be-
came borderline significant (P=0.09); there was no signifi-
cant difference in the rate of CR/CRi between IDA-12 and
DNR-90 (P=0.64) or between favorable and intermediate
risk karyotype (P=0.23).

After a median follow-up of 22 months (71 months for
alive patients; range 3.6-212), 227 (49%) relapses among
465 evaluable cases were documented and similarly dis-
tributed among IDA-12 (n=175/348; 50%), DNR-60
(n=38/83; 46%), and DNR-90 (n=18/34; 42%) treatment
groups (P=0.5). During the same period, AHSCT was docu-
mented in 209 (33%) patients, including 143 (31%), 38 (29%)
and 28 (70%) patients, in the IDA-12, DNR-60 and DNR-90
treatment groups, respectively (P<0.001). At the time of
this report, 429 (68%) deaths were documented and
equally distributed among IDA-12 (68%), DNR-60 (67%),
and DNR-90 (65%) treatment groups; median survivals for
IDA-12, DNR-60 and DNR-90 treatment groups were 24, 15,
and 86 months, respectively (P=0.05; Figure 1A with sur-
vival data that is censored for AHSCT); 36 early deaths (i.e.,
within 60 days of induction) were documented, including
21 (4.6%) in IDA-12, 15 (11.4%) in DNR-60, and zero in DNR-
90 groups (P=0.002); the difference remained significant
after adjusting for age (P=0.007) but might have been in-
fluenced by the difference in level of fitness that was not
systematically measured in the current retrospective
study. The respective 3-year OS rates were 42%, 36%, and
55%; the apparent survival advantage favoring DNR-90 was
no longer apparent during age-adjusted analysis (P=0.37),
including individual comparisons of one treatment group
with another (Figure 1A). Similar results were obtained dur-
ing analysis restricted to patients 60 years or younger (Fig-
ure 1B with survival data that is censored for AHSCT), or

CR/CRi prediction

Survival prediction
Univariate P

<0.001
Favor <60

Survival prediction
Multivariate P

<0.001

Multivariate P

0.002 <0.001

Favor non-adverse

<0.001

<0.001
Favor primary

0.04 0.01

Favor NPM1 mutated

0.79 0.004

0.01 0.09

acute myeloid leukemia..

when survival analysis was performed without censoring
patients undergoing AHSCT (all age groups P=0.17, age-ad-
justed P=0.8; for patients <60 years old P=0.14, age-ad-
justed P=0.2). We did note, however, the near-significant
survival advantage for DNR-90 and IDA-12, in the younger
age group, even after adjusting for age and karyotype (Fig-
ure 1B). In transplant-censored multivariable analysis that
did not include mutations (n=632), independent risk fac-
tors for survival included younger age and non-adverse
cytogenetic risk profile (Table 2); in the subset of patients
in whom FLT3-1TD and NPM1 mutation information for both
was available (n=280), FLT3-ITD (P=0.004), but not NPM1
(P=0.4) provided additional prognostic information (Table
2); the type or dose of anthracycline used during induction
chemotherapy had no additional impact on survival, re-
gardless of mutational or cytogenetic status; specifically,
there was no interaction between FLT3-ITD mutation
status and the impact of anthracycline choice on survival
(P=0.27 in FLT3-ITD-mutated and 0.69 in unmutated).
Among the 280 patients who were informative for FLT3-
ITD/NPM1 co-mutation profile: 30 were FLT3-ITD+/NPM1+;
176 FLT3-1TD-/NPM1-; 18 FLT3-ITD+/NPM1-; and 56 FLT3-
ITD-/NPM1+; the respective CR/CRi rates were 97%, 91%,
81%, and 61%. Survival comparisons between the three an-
thracycline induction groups, analyzed separately in each
FLT3-1TD/NPM1 profile did not reveal significant differences
with respective P values of 0.83, 0.42, 0.28, and 0.64.

Mayo Clinic AML practice over the last two decades in-
cluded patients who participated in cooperative group
trials and those managed according to institutional prac-
tice protocols that were influenced by changing views over
time. Accordingly, the anthracycline component of our
“T+3” induction regimens typically included DNR at 45-90
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A 1.0 Figure 1. Overall Survival of Mayo Clinic
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mg/m? doses or IDA at 12 mg/m?. Current information
strongly supports the superiority of DNR-90 over DNR-45,
in young patients with AML,%®° but the choice between
DNR-90, DNR-60 and IDA-12 remains in flux.""? In the cur-
rent study, we retrospectively reviewed CR/CRi rates and
overall survival corresponding to adult patients, across all
age groups, whose induction regimen included one of
three anthracycline choices: DNR-90, DNR-60, and IDA-12.
We documented significantly higher CR/CRi rates with
both DNR-90 and IDA-12, compared to DNR-60, even after
accounting for other independent predictors of CR/CRi, in-

cluding younger age, non-adverse karyotype and NPM1
mutation. However, overall survival was not significantly
different between the three treatment groups, especially
after accounting for the younger age distribution in pa-
tients treated with DNR-90, although we cannot discard
the favorable survival trend for DNR-90 and IDA-12, com-
pared to DNR-60. At the same time, it should be noted
that patients treated on the higher potency anthracycline
choices (i.e., DNR-90 or IDA-12) might have been not only
younger but also fitter in their performance score, thus
partly explaining their apparent survival advantage. We
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compared our findings with those of two other previously
published clinical trials that employed similar induction
regimens.™? In the study by Lee et al.,” the authors com-
pared IDA-12 with DNR-90 in AML patients 65 years of age
or younger and, as was the case in our study, reported
similar CR/CRi rates and overall survival. Unlike the par-
ticular study,” however, we did not find a survival advan-
tage for DNR-90, in FLT3-ITD-mutated cases. The second
study by Burnett et al." compared DNR-90 with DNR-60
and reported similar CR/CRi rates and overall survival, and
with inconclusive interaction between DNR dose and FLT3-
ITD mutation; however, it should be noted that the par-
ticular study employed a different re-induction and
consolidation schedule that might have had an impact on
overall outcome.

We are acutely aware of the substantial limitations to our
retrospective study, including the lack of additional in-
formation that might have influenced treatment choices
and thus indirectly impacted overall survival. The marked
imbalance in the number of patients in each treatment
group and the significant difference in age distribution
should also be noted. The objective for our communication
is simply to share experience and not influence current
thinking on the subject matter, which is best inferred from
properly designed controlled studies.®""? Similarly, we ac-
knowledge the possibility of benefit from a specific an-
thracycline choice/dose for narrower molecular subsets
that might not be accounted for by the ELN-2017 genetic
risk stratification. Regardless, we are encouraged by the
fact that the findings from the current study are mostly in
line with those of previously published work and suggest
equivalent value for DNR-60, DNR-90 and IDA-12, in terms
of survival in older patients with AML, while confirming su-
perior performance for higher intensity anthracycline in in-
ducing CR/CRIi, and possibly survival in younger patients.
In our practice, individual treatment decision is often
based on patient frailty and recognition of the higher gas-
trointestinal, but not necessarily cardiac, toxicity associ-
ated with DNR-90 and IDA-12;"™* among the 40 cases that
received DNR-90 in our patient cohort, we were able to
document four cases (10%) with echocardiogram evidence
for cardiomyopathy, all of which were late incidents oc-
curring at 12 months, 15 months, 19 months, and 7 years,
after induction. Going forward, the ever-changing treat-
ment landscape in mutation-specified patient groups
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