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Abstract

Treatment options for patients with secondary acute myeloid leukemia (sAML) and AML with myeloid-related changes (AML-
MRC) aged 60 to 75 years are scarce and unsuitable. A pivotal trial showed that CPX-351 improved complete remission
with/without incomplete recovery (CR/CRi) and overall survival (OS) as compared with standard "3+7" regimens. We
retrospectively analyze outcomes of 765 patients with sAML and AML-MRC aged 60 to 75 years treated with intensive
chemotherapy, reported to the PETHEMA registry before CPX-351 became available. The CR/CRi rate was 48%, median OS was
7.6 months (95% confidence interval [CI]: 6.7-8.5) and event-free survival (EFS) 2.7 months (95% Cl: 2-3.3), without differences
between intensive chemotherapy regimens and AML type. Multivariate analyses identified age =70 years, Eastern Cooperative
Oncology Group performance status 21 as independent adverse prognostic factors for CR/CRi and O0S, while
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favorable/intermediate cytogenetic risk and NPM1 were favorable prognostic factors. Patients receiving allogeneic stem cell
transplant (HSCT), autologous HSCT, and those who completed more consolidation cycles showed improved OS. This large
study suggests that classical intensive chemotherapy could lead to similar CR/CRi rates with slightly shorter median OS than

CPX-351.

Introduction

Treatment approaches in patients aged over 60 years di-
agnosed with acute myeloid leukemia (AML) are still
showing unsatisfactory results.®> Many studies have
shown poor prognosis features in this setting, as com-
pared to younger patients, such as more adverse cytogen-
etics, worse performance status or higher rate of
secondary AML (sAML).?2 Frequency of sAML varies be-
tween 20-30% of all cases, showing dismal prognosis
across different study cohorts.*®

Several treatment options are now available for older sAML
patients, such as hypomethylating agents (HMA) with or
without venetoclax for those considered unfit for intensive
therapy, and intensive chemotherapy (3+7 regimens or
CPX-351) followed by an allogeneic hematopoietic stem
cell transplant (allo-HSCT) for those considered fit enough.
CPX-351 is a liposomal encapsulation of cytarabine and
daunorubicin indicated for the treatment of patients diag-
nosed with AML after receiving cytotoxic, radiation or im-
munosuppressive treatments (t-AML) and those patients
diagnosed with AML with myelodysplasia-related changes
(AML-MRC),* including this therapeutic indication a slightly
different population than that enrolled in the pivotal phase
[l trial leading to its regulatory approval.?® In that study,
CPX-351 showed improved complete remission with or
without incomplete recovery (CR/CRIi) rate and median
overall survival (0S) compared with standard “3+7”
regimens (47% vs. 33%, and 9.6 vs. 5.9 months, respect-
ively). However, there is limited evidence regarding efficacy
of classical intensive chemotherapy regimens in a similar
real-life cohort of sAML and AML-MRC patients aged 60 to
75 years.

This study aims to analyze the main characteristics and
therapeutic results of SAML and AML-MRC patients receiv-
ing classical intensive chemotherapy (before CPX-351 be-
came available) in a large epidemiological registry of the
“Programa Espafiol para el Tratamiento de las Hemopatias
Malignas” (PETHEMA) (clinicaltrials gov. Identifier:
NCT02607059).

Methods

Eligibility

All patients with diagnosis of sAML or AML-MRC aged be-
tween 60 and 75 years who were treated with intensive
chemotherapy (excluding CPX-351) and reported to the

multinational PETHEMA AML registry until May, 31t 2020
were included in the study.' Informed consent was a
requisite for patients and the corresponding Research
Ethics Board approved the study according to the Declar-
ation of Helsinki.

Induction treatment

Patients receiving standard-dose cytarabine (100-200
mg/m?/day, days 1 to 7) with idarubicin (10-12 mg/m?/day,
days 1 to 3) or daunorubicin (60 mg/m?/day, days 1 to 3)
were classified in the “3+7” cohort. When the 3+7 regimen
was dose-reduced or another drug was added to the in-
duction schedule, therapy was considered not standard,
and patients were considered as “other intensive therapy”
group (Online Supplementary Table S7).

Study definitions and endpoints

According to the 2016 World Health Organization (WHO)
classification,”* AML-MRC diagnosis includes AML with
MDS-related cytogenetic abnormalities, those previously
diagnosed with MDS (MDS-AML) or chronic myelomono-
cytic leukemia (CMML-AML) and AML with morphological
multilineage dysplasia. Patients without information re-
lated to previous neoplastic antecedents but with MDS-
related cytogenetic abnormalities were assessed in a
different type of AML group (unknown). Similarly, those
patients with dysplasia but without information regarding
previous therapy, neoplastic antecedents or lack of cyto-
genetic diagnosis were also analyzed in the unknown
group.® MDS-AML, CMML-AML and t-AML were grouped
as sAML. Cytogenetic results were stratified as per the
Medical Research Council (MRC) classification.?
Complete remission (CR) and CR with incomplete recovery
(CRi) required the absence of extramedullary disease, no
blast cells in the peripheral blood (PB) and <5% of them
in the bone marrow (BM).?2 Neutrophil and platelet counts
in PB should be >1x10%/L and >100x10°/L, respectively to
achieve CR. Patients not achieving these neutrophil or pla-
telet counts in PB after chemotherapy were considered
CRi.%2 Reduction of BM blasts >50% compared to the basal
value and a total count between 5-25% were necessary
to reach partial remission (PR). Induction death was de-
fined as death before the patient was assessed for re-
sponse after starting the first cycle of induction.
Resistance was the result if patients did not meet the
aforementioned criteria. Relapse required an increase of
>5% in BM blast cells or their resurgence in PB or as
extramedullary AML after having achieved CR/CRIi.
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The main objective was to analyze the baseline character-
istics in a real-life population and the response to inten-
sive therapy in terms of CR/CRi rate, OS and event-free
survival (EFS) in all registered patients. Other secondary
endpoints were to compare different therapeutic ap-
proaches (“3+7” vs. “other intensive therapies”) and type
of AML (sAML subgroups, de novo AML with MDS-related
cytogenetic abnormalities or solely multilineage dyspla-
sia). Causes to stop the intensive treatment cycles were
also recorded, during induction and after remission. Post-
remission therapy was considered as completed when
hemtopoietic stem cell transplantation (HSCT) was per-
formed or when treatment was discontinued because of
relapse before transplantation.

Statistical analysis

Patients’ baseline characteristics and response to induc-
tion therapy were expressed with the median and the in-
terquartile range (IQR) and were analyzed with X2 with
Yates’ correction, ANOVA, Wilcoxon, Kruskal-Wallis, ANOVA
or Student’s t test, determined by the type of variable.
OS and EFS prediction were computed from the date of
AML diagnosis until the date of death for the first time-to-
event element, whereas EFS was assessed until the date
of treatment failure, relapse or death, depending on which
occured first. These lifetime variables were estimated by
the Kaplan-Meier estimator®*® and they were compared
with the log-rank test.? In order to calculate medians and
confidence intervals (Cl), the corrected method of
Kalbfleisch and Prentice was seleted.?® Multivariate analy-
sis for OS was performed through a Cox proportional ha-
zards model. Characteristics with clinically and
statistically significant association in the univariate analy-
sis (P<0.1) and those available variables with a possible re-
lationship in previous studies were included in the
analysis. Allogeneic HSCT (allo-HSCT) and autologous
HSCT (auto-HSCT) were included as time-dependent vari-
ables, in a Cox proportional hazards regression with time-
dependent covariates. Afterwards, the Mantel-Byar test
was performed and a Simon-Makuch plot was the method
to represent them.?®?” Living patients were censored the
last day they were alive before October, 31t 2021, when
patients’ follow-up was updated. All mentioned P values
are two-sided. Statistical computing and graphics were
conducted using the R software.

Results

Accrual and patient characteristics

Until May 2020, 12,426 patients were registered and 5,090
(41%) were aged between 60 and 75 years. Of them, 2,376
(47%) had received intensive schedules as front-line ther-
apy and 765 (15%) were sAML or AML-MRC as previously
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defined. A Consolidated Standards of Reporting Trials
(CONSORT) diagram is detailed in Figure 1.

Among the 765 included patients, median age was 66
years (IQR, 63-69), median Eastern Cooperative Oncology
Group performance status (ECOG PS) was 1 (IQR, 0-1) and
61% were male. White blood cell (WBC) count was
>20x10°%/L in 25% of patients and median blast cells in BM
at diagnosis was 48% (IQR, 31-70). Karyotype was not
available in 102 (13%) patients, and it was normal in 174
(23%). When available, cytogenetic risk was adverse in 358
(55%) patients and favorable in ten (2%), NPM1 mutation
was present in 30 (8%) patients, and 32 (8%) were positive
for FLT3-internal tandem duplication (ITD) mutation.

Characteristics of “3+7” versus other intensive-therapy

cohorts

Overall, 389 (51%) received 3+7 and 376 (49%) other in-
tensive therapy (Online Supplementary Table ST), being the
“3+7” cohort older (P<0.001) and with more t-AML
(P<0.001) (Table 1; Online Supplementary Table S2).

Front-line therapy

BM assessments were performed after every cycle of
treatment. From 753 (98%) patients with available re-
sponse assessment, 95 (13%) died during induction,
CR/CRi was achieved after cycle 1in 337 (45%), partial re-
sponse (PR) in 78 (10%) and resistance in 243 (38%) (Figure
2). A second identical induction cycle was administered in
64 (8%) subjects, increasing the CR/CRi rate up to 49%.
No differences in CR/CRi were observed between “3+7”
and other intensive regimens (P=0.65) (Table 2). Factors
associated with induction response and P<0.05 included
age (P=0.02), ECOG PS (P<0.001), white blood cells (WBC)
count (P=0.04), creatinine (P=0.04), uric acid (P=0.003),
which were negative predictors, and albumin Llevels
(P<0.001), MRC cytogenetic risk (P=0.002), and NPMT1 mu-
tation status (P<0.001), which were positively associated
with response. No differences were found according to
type of AML (therapy-related AML [t-AML] vs. secondary
to MDS/CMML vs. de novo AML with MDS-cytogenetic vs
de novo AML with dysplasia) or FLT3-ITD mutation status
(P=0.37 and P=0.68, respectively; Table 3, Online Supple-
mentary Table S3).

When patients were included in a multinomial logistic re-
gression, older age (P=0.004), and higher ECOG PS
(P<0.001) were independent adverse prognostic factors for
CR/CRi; while presence of NPM1 mutation (P<0.001), and
favorable (P=0.03) and intermediate cytogenetic risk
(P<0.001) were favorable prognostic factors.

Post-remission treatment

Data on HSCT was available in 350 of 367 patients who
achieved CR/CRi after induction. Of them, 28 (8%) re-
ceived autologous HSCT (auto-HSCT) and 73 (21%) allo-
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HSCT (Table 2). More patients in the “3+7” cohort received
subsequent HSCT in first CR/CRi (statistical trend P=0.08).
The total number of cycles of intensive chemotherapy
during front-line therapy was available in 719 patients,
with a mean number of 1.69 cycles (median: 1 cycle; IQR,
1-2). One cycle was administered in 399 (55%) patients,
two cycles in 166 (23%), three cycles in 130 (18%) patients,
four cycles in 20 (3%), five cycles in two (0.3%) and six
cycles in one (0.1%) (Figure 2). Detailed information re-
garding second induction and consolidation regimens are
shown in Online Supplementary Tables S4 and S5.

Causes of front-line treatment withdrawal

Overall, 143 patients completed post-remission therapy,
224 had incomplete post-remission schedule, and in-
formation on schedule completeness was not available in
30 patients. Causes of withdrawal were: 37 patients (11%)
died in CR/CRi because of treatment complications, five
(1%) rejected further intensive treatment, five (1%) failed
to perform a planned auto-HSCT due to mobilization fail-
ure, 147 (44%) were considered unfit to receive further
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cycles (20 [6%] because of serious events during prior
cycles, and 126 [38%] due to concomitant comorbidities,
age or any other reason according to physicians’ criteria).
In addition, three patients achieving PR after one cycle of
induction therapy had no further information and 32 did
not receive a second identical cycle: three died before
starting it, 23 switched to alternative schedules, two suf-
fered serious complications during the first cycle, and four
were considered unfit to receive more therapies.

Overall survival

The median OS of the 765 patients included in the study
was 7.6 months (95% Cl: 6.7-8.5), 8.3 months (95% ClI: 6.9-
10.1) in the “3+7” cohort versus 6.8 months (95% Cl: 5.6-8.1)
in other intensive therapies group (P=0.05; Figure 3A; Table
2). In univariate analyses, prognostic factors for prolonged
OS were: age <70 years (Figure 3B; P=0.003), female (Figure
3C; P=0.009), ECOG PS <2 (Figure 3D; P<0.001), WBC count
<20x10°%/L (Figure 3E; P=0.048), platelet count >20x10°/L
(P=0.01), creatinine levels £1.3 mg/dL (P=0.001), uric acid <7
mg/dL (P=0.001), albumin >3.5 g/dL (P=0.003), lower per-
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram for adult patients aged between 60 and 75 years with
secondary acute myeloid leukemia and acute myeloid leukemia with myeloid-related changes. AML: acute myeloid leukemia;
SAML: secondary AML; MRC-AML: AML with myeloid-related changes; MDS: myelodisplastic syndrome; CMML: chronic myelo-
monocytic leukemia; t-AML: therapy-related AML; BSC: best supportive care.
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centage of blast cells in BM (P=0.04), intermediate and fa-
vorable cytogenetic risk (Figure 3F; P=0.009) and mutated
NPM1 (Figure 3G; P<0.001). No statistical differences were
found as per FLT3-ITD mutational status, type of AML (Figure
3H), CR/CRi after one or two cycles of induction (Figure 3lI;
P=0.75), or prior treatment with anthracyclines or HMA (Table
3; Online Supplementary Table S3).

Multivariate Cox regression showed that age =70 years
(P=0.007), ECOG PS 21 (P=0.046) and higher WBC counts
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(P=0.04) were independent adverse prognostic factors for
OS. Intermediate cytogenetic risk (P=0.016), and NPM71 mu-
tation (P=0.007) were favorable prognostic factors (Online
Supplementary Table S6). The Cox proportional hazard re-
gression with time-dependent covariates showed ECOG
PS 3 (hazard ratio [HR] =2.27; 95% Cl: 1.50-3.42; P<0.001),
ECOG PS 4 (HR=3.83; 95% CI: 1.42-10.38; P=0.008) and no
allo- or auto-HSCT (HR=17.26; 95% CI: 7.74-38.47; P<0.001)
as independent adverse prognostic factors.

Table 1. Demographic and baseline characteristics of the study population (“3+7” vs. other intensive therapy).

Overall “3+7” Other intensive therapy

Characteristic Median o Median o Median o p

(IQR) 62 (IQR) 62 (IQR) 02

Total 765 (100) 389 (100) 376 (100)

Age in years 66 (63-69) 765 (100) 64 (62-67) 389 (100) 67(64-70) 376 (100) <0.001*
<70 592 (77) 335 (86) 257 (68) <0.001
=70 173 (23) 54 (14) 119 (32)

Sex 765 (100) 389 (100) 376 (100)

Male 466 (61) 232 (60) 234 (62) 0.51
Female 299 (39) 157 (40) 142 (38)

ECOG PS 1 (0-1) 676 (100) 1 (0-1) 342 (100) 1 (0-1) 334 (100) 0.80*
0 214 (32) 115 (34) 29 (30) 0.34
1 317 (47) 149 (44) 168 (50)

2 112 (17) 59 (17) 53 (16)
3 28 (4) 15 (4) 13 (4)
4 5(1) 4 (1) 1(0)

WBC, x10°%L 4.3 (2-20) 728 (100) 4.7 (2-20.8) 359 (100) 4.1 (1.8-17.3) 369 (100) 0.60*
<20 545 (75) 263 (73) 282 (76) 0.37
=20 183 (25) 96 (27) 87 (24)

MRC cytogenetic risk 654 (100) 332 (100) 322 (100) 0.83
Favorable 10 (2) 6 (2) 4 (1)

Intermediate 286 (44) 144 (43) 142 (44)
Adverse 358 (55) 182 (55) 176 (55)

FLT3-ITD 412 (100) 240 (100) 172 (100)

Positive 32 (8) 21 (9) 11 (6) 0.49
Negative 380 (92) 219 (91) 161 (94)

NPM1 375 (100) 227 (100) 148 (100)

Positive 30 (8) 20 (9) 10 (7) 0.60
Negative 345 (92) 207 (91) 138 (93)

Type of AML 765 (100) 389 (100) 376 (100)

t-AML 155 (20) 4 (22) 1(19) <0.001
Previous anthracycline 40 (26) 0 (24) 0 (28) 0.167
No previous anthracycline 82 (53) 0 (60) 2 (45)
NA 33 (21) 4 (17) 9 (27)

Previous MDS/CMML 235 (31) 9 (23) 146 (39)
Previous HMA 39 (17) 5(17) 4 (16) 0.991
No previous HMA 119 (51) 5 (51) 4 (51)
NA 77 (33) 9 (33) 8 (33)

MDS cytogentics 242 (32) 145 (37) 7 (26)

Dysplastic changes only 82 (11) 47 (12) 5(9)

Unknown? 51 (7) 24 (6) 7 (7)

IQR: interquartile range; ECOG PS: Eastern Cooperative Oncology Group performance status; sAML: secondary acute myeloid leukemia; WBC:
white blood cells; BM: bone marrow; MRC: Medical Research Council; FLT3: FMS-like tyrosine kinase 3; ITD: internal tandem duplication;
NPM1: Nucleophosmin1; HMA: hypomethylating agents; MDS: myelodisplastic syndrome; t-AML: therpay-related AML; CMML: chronic myelo-
monocytic leukemia; NA: not applicable; *P compares continuous variables; TP compares previous treatment; “this group includes patients
with dysplasia but no information regarding previous therapy, neoplastic antecedents or cytogenetics and patients with MDS/CMML-related
cytogenetics but no information regarding previous therapy or neoplastic antecedents.
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Impact of post-remission therapy on overall survival

We analyzed the impact of post-remission schedule on
OS (Table 4). Among 176 patients withdrawing post-re-
mission schedule as per physicians’/patient decision or
mobilization failure, statistical differences were found
after stratifying between one cycle and >1 cycle, with
longer OS in the later group in comparison to the former
one i.e., 1 cycle: median and 5 years OS of 13.6 months;
95% Cl: 8.9-23 and 5%; 95% CI: 0.8-30.4 versus >1 cycle:
18.3 months; 95% ClI: 15.2-23.7 and 14%; 95% CI: 8.9-23;
P=0.01, respectively (Figure 4A).

Median and 5 years OS of patients undergoing allo-HSCT
after achieving first CR/CRi were 27 months (95% CI: 20.5-
not applicable [NA]) and 34.2% (95% Cl: 21.8-53.5) versus
37 months (95% ClI: 27.3-NA) and 31.4% (95% Cl: 18.0-54.7)
in those receiving auto-HSCT, and 12.1 months (95% CI:
10.1-14.1) and 8.8% (95% Cl: 5.5-14.1) in those not consoli-
dated with HSCT (P<0.001), respectively. According to the
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Mantel-Byar test, patients receiving HSCT in first CR/CRi
had better OS in comparison with those who did not
(P<0.001), with a significant difference both allo-HSCT and
auto-HSCT versus no HSCT (P=0.003 and P=0.008, re-
spectively) (Figure 4B). No differences were observed in
OS between allo-HSCT and auto-HSCT i.e., the median OS
from the date of HSCT was 18.9 months (95% CI: 9.9-81.7)
and 25.2 (95% ClI: 13-54.1), respectively (P=0.97).

Event-free survival

The median EFS of the 715 AML patients with available
data for this analysis was 2.7 months (95% ClI: 2-3.3), with
1- and 5-year EFS of 22.8% (95% CI: 19.9-26.2) and 6.8%
(95% ClI: 5-9.3), respectively. No significant differences
were observed between “3+7” and other intensive sched-
ules cohorts, with 1- and 5-year EFS of 23.5% (95% CI:
19.4-28.4) and 7.9 (95% CI: 5.3-11.9) versus 22.2% (95% CI:
18.1-27.1) and 5.7 (95% CI: 3.5-9.3), respectively (P=0.31)
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Figure 2. Induction response and post-remission therapy. Auto-HSCT: autologous stem cell transplant; Allo-HSCT: allogeneic
HSCT; HMA: hypomethylating agent; CR: complete remission; CRi: complete remission with incomplete recovery.
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(Online Supplementary Figure S1; Table 2). The median EFS
according to HSCT in first CR/CRi from the 698 patients
with available data (allo-HSCT vs. auto-HSCT vs. no HSCT)
were 251 months (95% CI: 16.0-NA) versus 28.3 (95% CI:
15.2-94.1) versus 1.6 (95% CI: 1.5-1.9), respectively. From
the date of diagnosis, the 5-year EFS were 35.3% (95% ClI:
23.1-54.1) in the allo-HSCT group, 28.6% (95% ClI: 15.9-51.3)
in the auto-HSCT, and 2.9% (95% CI: 1.7-4.8) in the no-
HSCT group (P<0.001). According to the Mantel-Byar test,
patients receiving HSCT in first CR/CRi had better EFS in
comparison with those who did not (P<0.001), with sig-
nificant difference both allo-HSCT and auto-HSCT versus
no HSCT (P<0.001 and P=0.02, respectively) (Figure 4C). No
differences were observed in EFS between allo-HSCT and
auto-HSCT (P=0.81).

CPX-351-like cohort

The so called “CPX-351-like” cohort included 673 patients,
after removing 92 patients who did not fulfill disease
characteristics for inclusion in the pivotal phase Il trial
leading to CPX-351 approval (i.e., those patients with
multilineage dysplasia-AML as sole criterion for AML-MRC
classification). Median age of this cohort was 66 years
(IQR, 63-69), 264 (39%) patients were female, 28 (5%) had
an ECOG PS >2, 466 (73%) had a WBC count <20x10°/L,

D. Martinez-Cuadron et al.

and 356 (62%) had an adverse MRC cytogenetic risk. From
661 with available data, 293 (44%) achieved CR/CRi after
one cycle of induction cycle and 27 (4%) after two cycles
with the same schedule (CR/CRi rate of 48%). Eighty-two
patients (12%) died before assessment, 44 (7%) achieved
partial response (PR) and 215 (33%) were considered re-
sistant. Median OS was 7.6 months (95% Cl: 6.5-8.4), with-
out differences in CR/CRi rate and OS between “3+7” and
other intensive therapy cohorts (P=0.6 and P=0.2, respect-
ively). Median EFS was 2.0 months (95% ClI: 1.9-3.3) and
no differences were observed regarding induction therapy
i.e., the median EFS in “3+7” cohort was 2.7 months (95%
Cl: 2.0-3.8) versus 2.0 (95% CI: 1.6-3.6) in the other group
(Online Supplementary Figure S2A; P=0.66) or other type
of AML i.e., 3.3 months in t-AML group (95% CI: 1.9-5.1)
versus 2.5 in MDS/CMML-AML (95% CI: 1.9-4.5) versus 1.8
(95% CI: 1.5-3.2) in the MDS cytogenetics (Online Supple-
mentary Figure S2B; P=0.38). Among those patients
achieving CR/CRi, there were data related to HSCT in
front-line therapy in 305 (64 underwent an allo-HSCT, 21
auto-HSCT, and 220 did not receive HSCT). Median OS
was higher in patients receiving an auto-HSCT or an allo-
HSCT versus no HSCT i.e., 35.8 months (95% CI: 14-NA)
versus 27.0 (95% CI: 20.5-NA) versus 12.7 (95% ClI: 10.3-
14.6), with 1-year OS of 81% (95% Cl: 65.8-99.6), 74.6%

Table 2. Induction response, hematopoietic stem cell transplantation rates in first complete remission/complete remission
with incomplete recovery, overall survival and event-free survival according to therapeutic group.

. Overall
Variable N (%)
All patients 753 (100)

ORR (CR + CRi) 367 (49)

CR + CRi after first induction 337 (45)

CR + CRi after second induction 30 (4)

PR 53 (7)
Resistance 238 (32)
Death 95 (13)
HSCT in first CR/CRIi 350 (100)*
Allogeneic HSCT rate 73 (21)*
Autologous HSCT rate 28 (8)
No HSCT 249 (71)
oS 765 (100)
Median, months (95% CI) 7.6 (6.7-8.6)

1 year, % (95% CI)
3 years, % (95% ClI)

35.1 (31.7-38.8)
13.8 (11.0-16.5)

5 years, % (95% ClI) 7.9 (5.9-10.6)
EFS 715 (100)*
Median, months (95% CI) 2.7 (2-3.3)

1 year, % (95% CI)
3 years, % (95% ClI)
5 years, % (95% CI)

22.8 (19.9-26.2)
10.2 (7.8-12.6)
6.8 (5-9.3)

"3+7" Other

N (%) N (%) F
385 (100) 303 (100)
193 (50) 174 (47) 0.65
176 (46) 161 (44)
17 (4) 13 (4)
30 (8) 23 (16)
113 (29) 125 (34)
49 (13) 46 (12)
182 (100) 168 (100)
44 (24) 29 (17) 0.08
18 (10) 10 (6)
120 (66) 129 (77)
389 (100) 376 (100)
8.3 (6.9-10.1) 6.8 (5.6-8.1) 0.05
37.4 (32.6-42.9) 32.8 (28.3-38.0)
15.8 (12.1-20.5) 11.8 (8.7-15.9)
10.8 (7.6-15.4) 5.6 (3.4-9.0)
364 (100)* 351 (100)*
2.9 (2.2-3.8) 2.2 (1.7-3.6) 0.31
23.5 (19.4-28.4) 22.2 (18.1-27.1)
11.6 (8.5-15.8) 8.8 (6.1-12.6)
7.9 (5.3-11.9) 5.7 (3.5-9.3)

PR: partial response; CR: complete remission; CRi: CR with incomplete recovery; HSCT: hematopoietic stem cell transplantation; OS: overall
survival; Cl: confidence interval; EFS: event-free survival; *1 patient who received allogeneic HSCT as first cycle and 2 patients without in-
formation regarding consolidation cycles, but underwent allogeneic HSCT, were included in this analysis; #patients with available data for

EFS analysis.
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(95% Cl: 64.2-86.6) and 52.1 (95% CI: 45.7-59.3), respect-
ively (P<0.001). According to the Mantel-Byar test, patients
receiving HSCT in first CR/CRi had better OS in compari-
son with those who did not (P=0.018), with a significant
difference between allo-HSCT and no HSCT (P=0.029), and
a trend between auto-HSCT and no HSCT (P=0.08) (Figure
4D). No differences were observed in OS between allo-
HSCT and auto-HSCT i.e., the median OS from the date of
HSCT were 18.9 months (95% Cl: 9.9-81.7) and 29.4 (95%
Cl: 7.3-149.5), respectively (P=0.83). After selecting pa-
tients with ECOG PS 0-2, serum creatinine <2.0 mg/dL and
serum total bilirubin <2.0 mg/dL, 368 were analyzed.
Median age was 66 years (IQR, 63-69) and baseline char-
acteristics were similar to patients included in the CPX-

Table 3. Induction response and overall survival according to bas

MRC D. Martinez-Cuadron et al.

351-like cohort. The CR/CRi rate in this group was 51%,
with a median OS and EFS of 7.7 months (95% CI: 6.6-9.1)
and 2.8 months (95% CI: 2-3.9), respectively (Online Sup-
plementary Table S7).

Discussion

This study shows the baseline characteristics and the clini-
cal outcomes in a real-life cohort of patients aged between
60 and 75 years, who were diagnosed with t-AML or MRC-
AML and treated with intensive schedules. This cohort in-
cluded 765 patients (roughly 7% of all AML registered
patients in the study period), achieving a CR/CRi rate of 48%

eline characteristics.

Induction response, N(%) (0]
Variable Induction Median At 1 year At 3 years At 5 years P
H O,
CR/CRI \PR/RES |~ 4 oth P N(%) (95% ClI) (95% CI) (95% Cl) (95% ClI)
Age in years 765 (100)
<70 300 (51) 216 (37) 0.02 592 (77)  8.1(6.9-9.2) 37 (33.1-41.3) 16 (13-19.7) 9.4 (6.9-12.8) 0.003
=70 67 (40) 75 (44) 173 (23) 6.3 (4.6-7.7) 28.8(22.7-36.6) 6.5(3.5-11.9) = 3.6 (1.6-8.4)
Sex 765 (100)
Male 212 (46) 190 (42) 55(12) 0.12 466 (61) 6.8 (6.0-8.1) 32.4 (28.3-37.1) 10.5(7.8-14) = 5.8(3.8-9.1) 0.009
Female 155 (52) 101 (34) 40 (14) 299 (39) 8.7 (7.1-10.3) 39.3 (33.9-45.5) 19.1 (14.7-24.9) 11.3 (7.6-16.7)
ECOG PS 676 (100)
0-2 313 (49) 248 (39) 74 (12) <0.001 643 (95) 7.8(6.8-9.1) 36.5(32.9-40.6) 14.2 (11.5-17.5) 8 (5.9-11) <0.001
3-4 7((22) 13(41) 12(37) 33(5) 1.5(1.2-42) 6.2(1.6-23.9) 3.1 (0.5-21.5) -
WBC, x10°%/L 728 (100)
<20 277 (51) 196 (36) 65(12) 0.04 545 (75) 8.1(6.8-9.4) 35.8(31.8-40.3) 13.9(11-17.6) 8.5(6.1-11.9) 0.048
>20 75 (41) 83 (45) 25 (14) 183 (25) 5.4 (4.2-7.9) 32.1(25.9-39.8) 11.8(7.8-18) 5.5(2.8-10.9)
MRC cytogenetic risk 654 (100)
Favorable 8(80) 1(10) 1(10) 0.002 10(2) 11.5(3.9-NA) 45.7 (22.4-93.2) 22.9 (6.8-76.8) - 0.009
Intermediate 161 (57) 91(32) 30 (11) 286 (44) 9.2 (7.1-11.9) 42.6 (37-49) 17.7 (13.4-23.3) 8.6 (5.4-13.9)
Adverse 153 (43) 156 (44) 47 (13) 358 (55) 6.9 (5.6-8.2) 29.8 (25.3-35.1) 10.2 (7.3-14.4) 6.9 (4.4-10.7)
FLT3-ITD 412 (100)
Positive 15(47) 12(37)  5(16) | 068 328) 6.9(3.8-15.5) 34.1(21-55.4) 23.4 (12.2-44.8) 23.4 (12.2-44.8) 0.71
Negative 202 (54) 131 (35) 43 (11) 380 (92) 8.1(6.9-9.8) 37.6(32.8-43) 13.9 (10.5-18.4) 6.5 (3.8-11.2)
NPM1 375 (100)
Positive 27 (90) 3 (10) 0(0) <0.001 3088) 16.4(8.1-NA) 59.1 (43.7-79.9) 41.1(26.4-64) 27.4 (11-68.4) <0.001
Negative 170 (50) 129 (34) 42 (12) 345(92) 7.7 (6.7-9.2) 34.5(29.6-40.2) 11.8(8.5-16.4) 5 (2.6-9.4)
Type of AML 714 (100)
t-AML 83(55) 47(31) 22(14) 0.37 155(22) 6.8(5.2-8.7) 33.1(26.2-41.8) 15.7 (10.6-23.3) 9.6 (5-18.3)  0.59
Previous anthracycline 20(50) 15(37) 5(12) 0.6* 40(33) 6.1(4.2-9.8) 24.3(13.4-43.9) 15.2(6.8-33.8) 10.1 (3.3-31.4) 0.59%#
No previous anthracycline 46 (57) 23 (28) 12 (15) 82 (67) 7.1 (4.3-10.3) 35.2 (25.9-47.8) 19.1 (11.9-30.9) 10.6 (3.9-28.9)
Previous MDS/CMML 105 (46) 94 (41) 28 (12) 235 (33) 8.1(6-10.3) 38.6(32.7-45.6) 15.1 (10.9-21.1) 6.8 (3.7-12.2)
Previous HMA 15(41) 18(49) 4 (11) 0.5" 39 (25) 7.8(5.1-13.6) 38.7 (25.8-58) 15 (6.5-35) 10 (3.1-32.1) | 0.93*
No previous HMA 55 (47) 44 (38) 17 (15) 119 (75) 9.1 (5.4-12) 39.3 (31.3-49.5) 19.2 (12.9-2837) 9.2 (4.5-18.7)
MDS cytogentics 112 (46) 100 (41) 29 (12) 242 (34) 7.2(6-9.3) 32.7(27.1-39.4) 11.5(7.8-17.1) 7.7 (4.6-12.8)
Dysplastic changes only 44 (54) 27 (33) 11 (13) 82(12) 9.2(6-13.6) 37.7(28-50.8) 12.4(6.4-23.8) 6.2 (2.2-17.4)

Cl: confidence interval; CMML: chronic myelomonocytic leukemia; sAML: secondary acute myeloid leukemia; CR: complete
remission; CRi: CR with incomplete recovery; HMA: hypomethylating agents; MDS: myelodysplastic syndrome; OS: overall
survival; PR: partial response; RES: resistance; t-AML: therapy-related acute myeloid leukemia; ECOG PS: Eastern Cooperative
Oncology Group performance status; WBC: white blood cells; MRC: Medical Research Council. *P value from 121 patients with
available data regarding previous treatment with anthracyclines; #P value from 122 patients with available data regarding
previous treatment with anthracyclines; TP value from 158 patients with available data regarding previous treatment with HMA;

¥P value from 153 patients with available data regarding previous treatment with HMA.
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after one or two induction cycles, and median OS of 7.6
months (95% CI: 6.7-8.5), roughly 2 months better than ob-
served in the 3+7 control arm of the pivotal phase Il trial.?°
In this study, we have analyzed outcomes of patients with
AML and multilineage dysplasia at diagnosis according to
the CPX-351 regulatory approval, although isolated mor-
phological multilineage dysplasia was not among inclusion
criteria for the pivotal phase Il trial.?° When we take into
account the similar study population to the pivotal phase
Il trial (CPX-351-like cohort), median OS remained un-
changed at 7.6 months. We must underline that the CPX-
351 data comes from a randomized trial, which is the gold
standard to have new therapies for our patients. Thus, our
comparison should be taken with a great deal of caution.
We can speculate on reasons for non-comparable results
between our real-life series and the control arm of the pi-
votal phase Il trial: i) our cohort included patients with
worse clinical features (i.e., deteriorated ECOG PS or organ

D. Martinez-Cuadron et al.

H
1.00
= 0.75
5
®©
Q
2 050
o
%))
@)
0.25
|
0.00
0 6 12 18 24 30 36 42 48 54 60
Months after diagnosis
t-AML 156 77 46 28 23 19 16 13 9 7 5
MDS/CMML 235 125 82 60 43 31 25 20 12 10 8
MDS-cyt 242 127t 71 386 27 23 18 15 156 13 12
Dysplasia 82 45 25 20 15 9 6 4 4 3 3

Figure 3. Impact of patient’s characteristics at diagnosis and
number of cycles to achieve complete remission/complete
remission with incomplete recovery. (A) Overall survival (0OS)
in secondary acute myeloid leukemia (sAML) and AML patients
with myeloid-related changes (AML-MRC) according to thera-
peutic approach (“3+7” vs. other intensive therapy). (B) OS in
sAML and AML-MRC according to age (60-69 vs. 270 years).
(C) OS in sAML and AML-MRC according to sex. (D) OS in sAML
and AML-MRC according to Eastern Cooperative Oncology
Group performance status (ECOG PS). (E) OS in sAML and
AML-MRC according to value of white blood cell (WBC) count.
(F) OS in sAML and AML-MRC according to cytogenetic risk.
(G) OS in sAML and AML-MRC according to NPMT mutation. (H)
OS according to the type of AML (t-AML, sAML myelodysplastic
syndrome/chronic myelomonocytic leukemia [MDS/CMML],
MDS cytogenetics and multilineage dysplasia). (I) OS sAML and
AML-MRC between patients who achieved complete re-
mission/complete remission with incomplete recovery
(CR/CRI) after 1 or 2 cycles of induction; yo: years old.

function, more patients with adverse MRC cytogenetic risk
or WBC count 220x10°%/L) as compared to those enrolled
in clinical trial; ii) given the open label design of the phase
[l trial, control arm patients could withdraw earlier front-
line therapy as they were not assigned to experimental
arm; iii) although our study cohort comes from an epi-
demiologic registry, a positive or negative reporting bias
could occur; and iv) a marked variability in cytarabine plus
anthracycline induction regimens was noted in our series,
where half of the patients received upfront “3+7”, and half
received “other intensive therapies” with addition of a
third drug, dose reductions or intensive clinical trials. On
the other hand, we can also hypothesize that the adverse
effect of FLT3-ITD mutations was not observed in our
study due to: i) its association with higher WBC counts,
which was shown as an independent factor for survival,;
and ii) our cohort shows lower prevalence of FLT3-1TD
mutation (8%) in comparison with published series with
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Table 4. Overall survival according to cycles of intensive chemotherapy and post-remission approach.

Median OS
s o

Characteristic N (%) months (95% CI)
Overall* 718 (100)

1 cycle 399 (56) 3.5 (3-4.5)

2 cycles 166 (23) 9.7 (8.1-13.4)

3 cycles 130 (18) 16 (14-23.7)

>3 cycles 23 (3) 22.3 (14-NA)
Withdrawn patients* 176 (100)

After 1 cycle 43 (24) 13.6 (9.6-27.8)

After 2 cycles 40 (23) 14.6 (10.1-30)

After 3 cycles 77 (44) 18.6 (15.3-25)

After >3 cycles 16 (9) 19.4 (14-NA)
Withdrawn patients?* 176 (100)

After 1 cycle 43 (24) 13.6 (9.6-27.8)

After >1 cycle 133 (76) 18.3 (15.2-23.7)
Withdrawn patients* 176 (100)

Switch to HMA/Non-IC 40 (23) 12 (9.8-27.8)

EoT 136 (77) 17.2 (15.2-23.5)
HSCT performed in first CR/CRi = 350 (100)*

Allogeneic HSCT rate 73 (21) 27.0 (20.5-NA)

Autologous HSCT rate 28 (8) 37.0 (27.3-NA)

No HSCT 249 (71) 12.1 (10.1-14.1)

1-year OS
% (95% CI)

18.6 (15.1-23.1
43.2 (36.2-51.7
64.6 (56.7-73.6
78.3 (63.1-97.1

~— — ~— ~—

53.8 (40.5-71.4)
57.1 (43.1-75.4)
75.2 (65.8-85.8)
81.2 (64.2-100)

53.8 (40.5-71.4)
70.6 (63.1-79)

48.9 (35.4-67.4)
71.9 (64.5-80.1)

75.5 (65.7-86.7)
82.1 (69.1-97.6)
50.2 (44.2-57.0)

3-year OS
% (95% CI)

3.8 (2.1-6.8)
18.7 (13.2-26.6)
30.7 (23.4-40.2)
41.9 (25.6-68.5)

14.4 (5.7-36.3)
25.4 (14.3-45)
30.1 (21-43)
37.5 (19.9-70.6)

14.4 (5.7-36.3)
29.6 (22.5-39.1)

13.9 (5.3-36.8)
29.3 (22.3-38.7)

46.3 (34.9-61.4)
50 (34.5-72.4)
19.5 (14.8-25.6)

D. Martinez-Cuadron et al.

5-year OS p
% (95% CI)
2.9 (1.5-5.8) <0.001

11.6 (6.9-19.7)
14.8 (9.3-23.4)
28.7 (13.9-59.3)

4.8 (0.8-30.4) 0.07
17.4 (8-38)

12.2 (6.3-23.8)

20 (6.6-60.7)

4.8 (0.8-30.4) 0.01
14.2 (8.9-23)

- 0.1
13.7 (8.6-21.9)

<0.001
34.2 (21.8-53.5)
31.4 (18.0-54.7)

8.8 (5.5-14.1)

Cl: confidence interval; EoT: end of treatment; HMA: hypomethylating agents; NA: not applicable; Non-IC: non-intensive chemotherapy; OS:
overall survival; HSCT: hematopoietic stem cell trasnplantation; CR: complete remission; CRi: CR with incomplete recovery. *Overall cohort
with available data; *withdrawn patients according to physicians’ criteria, patient decision or failure of mobilization (N=176).

de novo and younger patients. Interestingly, no significant
differences in CR/CRi, OS or EFS were observed between
both treatment groups, with the exception of a trend to
better OS in the “3+7” group, probably related to older age
observed in the “other intensive therapies” group.

The main clinical outcomes in our CPX-351-like cohort were
better as compared with the “3+7” control arm of the pivo-
tal phase Il trial of CPX-351° Although similar baseline char-
acteristics were observed in both studies regarding age (66
vs. 67.8 years) and sex (39% vs. 38.6% female), some differ-
ences were observed in WBC count <20x10°%/L (73% vs.
85.6%) and ECOG PS >2 (5% vs. 0%).° Our CPX-351-like co-
hort achieved similar CR/CRi (48% vs. 47%) and EFS (2.4 vs.
2.5 months), and worse OS than experimental CPX-351 arm
(7.6 vs. 9.6 months), but our cohort showed better outcomes
than the “3+7” comparator of phase Il trial (CR/CRi 33%, EFS
1.3 months, OS 5.9 months).® Early mortality rates with CPX-
351 were 13.7% through day 60, while our cohort showed 13%
mortality during the first induction cycle.

Regarding HSCT, 29.4% received allo-HSCT in phase Il trial
(34% CPX-351 cohort vs. 25% 3+7 cohort) compared to 21%
of patients in our series. As in the Lancet et al. study™ and
a recent population-based study,?®* we show that patients
undergoing allo-HSCT after induction had significantly
better OS and EFS. Moreover, we were able to show that
performing auto-HSCT or administering more consolida-
tion cycles increased OS, highlighting the inherent favor-
able selection bias of AML patients completing their

planned consolidation and intensification schedules.
Recent real-world studies analyzed relatively small co-
horts of t-AML and AML-MRC older patients treated with
CPX-351.22-32 A German®' series showed 47% CR/CRi rate,
but Italian?® and French?®® cohorts reported higher re-
sponses (70% and 59%). Interestingly, several real-life
studies with CPX-351 have reported better median OS as
compared to the phase Ill trial (e.g., 16.1°° 21°" 1532 months
and median not reached?®). Several factors could explain
better results observed in real world evidence studies
with CPX-351: i) they included adult patients without limit
of age, and ii) they analyzed more recent periods were
allo-HSCT could be improved and more available as com-
pared with the phase Il and our historical cohort.

We found that older age, higher ECOG PS and WBC count
were independent adverse factors for CR/CRi and OS,
whereas favorable/intermediate cytogenetic risk and NPM1
mutation were favorable factors. Similarly, Lancet et al. de-
scribed ECOG PS, cytogenetic risk classification, and WBC
count as prognostic factors after multivariate analysis.?° Re-
cent series of patients treated with CPX-351 showed that
non-spliceosome,*® TP53, and PTPN11 mutations®*® were ad-
verse risk factors, but we could not analyze their impact
due to the limited information on these mutations in our
series. We revealed the favorable impact of NPM7 muta-
tions, while others failed probably due to the scarce
number of NPM7-mutated patients among the targeted
population. As expected, there were differences in age and
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Figure 4. Impact of post-remission therapy. (A) Overall survival (OS) according to cycles of intensive treatment (1 cycle vs. >1
cycle) in those patients withdrawn according to physicians’ criteria, patient decision or failure of mobilization (n=176). (B) Simon-
Makuch plot of OS according to hematopoietic stem cell transplantation (HSCT) in first complete remission/complete remission
with incomplete (CR/CRi) (allogeneic HSCT [allo-HSCT] vs. autologous HSCT [auto-HSCT] vs. no HSCT). (C) Simon-Makuch plot
of event-free survival (EFS) according to HSCT in first CR/CRi (allo-HSCT vs. auto-HSCT vs. no HSCT). (D) Simon-Makuch plot of
OS in the CPX-351-like cohort according to HSCT in first CR/CRi (allo-HSCT vs. auto-HSCT vs. no HSCT).

type of AML among patient subgroups according to HSCT
(Online Supplementary Table S8). After performing the Man-
tel-Byar test to analyze the impact of HSCT on survival,
only ECOG PS =3 and not performing a HSCT in first CR/CRi
remained as independent adverse factors for OS.

Some limitations should be addressed: i) this is a real-life
analysis with great heterogeneity and not a truly popu-
lation-based registry; ii) missing data and retrospective
analyses; and iii) secondary-AML type mutations (e.g.,
TP53, ASXL1, RUNX1, IDH) were not available. However, the

Lancet study did not show these genetic characteristics
as well, so the mutational landscape of both series cannot
justify similar results in OS between our historical cohort
and the CPX-351 phase lll.

In conclusion, this large study in older patients with t-AML
or MRC-AML suggests that classical intensive chemother-
apy could lead to similar CR/CRi rates with slightly shorter
median OS than CPX-351. We confirm improved OS after
allo-HSCT in this setting, and we suggest the role of in-
tensification cycles to improve long-term outcomes. The
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advantage of CPX-351 has been established in a phase IlI
pivotal trial, but this should be confirmed in larger registry
studies focusing on baseline mutational status, measur-
able residual disease, and toxicities.
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