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CPX-351 (United States: Vyxeos; Europe: Vyxeos liposomal) is a dual-drug liposomal encapsulation of
daunorubicin and cytarabine in a synergistic 1:5 molar ratio.1 CPX-351 is approved for newly diagnosed,
therapy-related acute myeloid leukemia (AML) or AML with myelodysplasia-related changes in adults and
pediatric patients aged $1 year in the United States and in adults in Europe.2,3 In a phase 3 study in
older adults with newly diagnosed, high-risk/secondary AML, CPX-351 improved overall survival (OS),
complete remission (CR) rate, allogeneic hematopoietic cell transplantation (alloHCT) rate, and OS land-
marked from the alloHCT date vs conventional 713 (cytarabine/daunorubicin).4

In older adults and high-risk AML, alloHCT is the preferred postremission strategy, owing to high relapse
and poor OS with conventional chemotherapy.5,6 Here, we performed detailed analyses of outcomes
after alloHCT following CPX-351 vs 713 in the phase 3 study, with 5 years of follow-up.

Details of this multicenter, randomized, open-label, phase 3 study have been described previously.4

Briefly, patients aged 60 to 75 years with newly diagnosed, high-risk/secondary AML were randomized
1:1 to receive up to 2 induction cycles of CPX-351 (100 U/m2 [daunorubicin 44 mg/m2 plus cytarabine
100 mg/m2] via 90-minute infusion on days 1, 3, and 5 [second induction: days 1 and 3]) or 713
(cytarabine 100 mg/m2 per day continuous infusion for 7 days plus daunorubicin 60 mg/m2 on days 1-3
[second induction: 512 schedule]) followed by up to 2 postremission consolidation cycles with CPX-
351 65 U/m2 or 512, respectively. Patients were stratified by age and AML subtype (Table 1) and fol-
lowed until death or up to 5 years after randomization. alloHCT was allowed at the physician’s discretion.
The protocol was amended to collect additional alloHCT-specific information and outcomes, including
cumulative incidence of relapse, nonrelapse mortality (NRM), and acute and chronic graft-versus-host
disease (GVHD).

The distribution of time-to-event end points was estimated using the Kaplan-Meier method. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were estimated using a Cox proportional hazards regression
model stratified by age and AML subtype. OS was estimated by the Kaplan-Meier method. Relapse and
GVHD were estimated using the cumulative incidence with competing risk method (death as a compet-
ing event). All P values are nominal and do not imply statistical significance.

The study protocol and all amendments were approved by the institutional review board/ethics commit-
tee at each site. All patients provided written informed consent before study participation. This trial was
registered at clinicaltrials.gov as #NCT01696084.

Of 309 randomized patients, 92 (30%) underwent alloHCT (CPX-351: 53 of 153 [35%]; 713: 39 of
156 [25%]; Table 1). Patient characteristics were generally balanced between arms except a greater
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proportion of patients receiving CPX-351 were aged .70 years
(30% vs 15%). Numerically more patients who achieved CR or CR
with incomplete neutrophil or platelet recovery (CRi) with CPX-351
than 713 proceeded to alloHCT (41 of 73 [56%] vs 24 of 52
[46%]).

At a median follow-up of 61 months with CPX-351 and 60 months
with 713, median OS landmarked from the alloHCT date was not
reached with CPX-351 vs 10.3 months with 713 (HR 5 0.51;
95% CI: 0.28, 0.90), and 3-year OS was 56% vs 23%, respectively
(Figure 1A). Subgroup analyses indicated the OS difference consis-
tently favored CPX-351 across age groups, AML subtypes, disease
status, donor types, and conditioning intensities (Figure 1B). The
Kaplan-Meier–estimated 5-year OS from randomization was also
higher for CPX-351 vs 713 and was .50% at 5 years for patients
treated with CPX-351. The most common causes of death were
progressive leukemia (CPX-351: 9 of 53 [17%]; 713: 9 of 38
[24%]), GVHD complications (5 of 53 [9%]; 3 of 38 [8%]), and
sepsis (3 of 53 [9%]; 2 of 38 [5%]).

The cumulative incidence of relapse was 0.30 vs 0.41 with
CPX-351 vs 713, respectively (HR 5 0.72; 95% CI: 0.40,
1.30; Figure 1C). The difference in OS was primarily because of
lower post-alloHCT NRM in the CPX-351 arm (HR 5 0.42; 95%
CI: 0.21, 0.86; Figure 1D). Among patients who were nonrespond-
ers or relapsed before alloHCT, additional treatment ($second line)
after completion of study treatment and before alloHCT was
received by 8 of 13 (62%) patients in the CPX-351 arm and 12 of
14 (86%) in the 713 arm. Median time from the most recent ther-
apy to alloHCT was 104 days (range: 6, 645 days) for CPX-351
and 92 days (range: 22, 312 days) for 713.

The cumulative incidence of acute GVHD (death as a competing
event) was .49 with CPX-351 vs 0.38 with 713 at 6 months from
the alloHCT date and 0.55 vs 0.44 overall (HR 5 1.35 95% CI:
0.74, 2.44). The cumulative incidence of chronic GVHD was similar
between arms (0.12 vs 0.08, respectively; HR 5 1.47; 95% CI:
0.37, 5.88; supplemental Figure S1).

Table 1. Baseline patient characteristics

Characteristic, n (%)

CPX-351

(n 5 53)

713

(n 5 39)

Nominal

P value*

Age, y

60-69 37 (70) 33 (85) .10

70-75 16 (30) 6 (15)

Male 34 (64) 23 (59) .61

ECOG performance status

0 18 (34) 17 (44) .35

1 31 (58) 20 (51) .49

2 4 (8) 2 (5) .30

AML subtype

Therapy-related AML 11 (21) 9 (23) .79

AML with antecedent MDS

With prior HMA 14 (26) 14 (36) .33

Without prior HMA 8 (15) 5 (13) .23

AML with antecedent CMML 3 (6) 0 .19

de novo AML with MDS
karyotype

17 (32) 11 (28) .69

Cytogenetic risk by NCCN

Favorable 3/49 (6) 0 .18

Intermediate 25/49 (51) 18/37 (49) .83

Poor 21/49 (43) 19/37 (51) .43

Genetic risk by ELN 2017

Favorable 5/51 (10) 0 .06

Intermediate 14/51 (27) 14/38 (37) .35

Adverse 32/51 (63) 24/38 (63) .97

Median bone marrow blasts
(range), %

30 (4.5, 87) 28 (7, 68) .24

WBC count ,20000/mL 48 (91) 35 (90) .80

Last response prior

to alloHCT

CR 1 CRi 40 (75) 24 (62) .15

CR 30 (57) 19 (49) .45

CRi 10 (19) 5 (13) .17

No response 13 (25) 15 (38) .15

Median HCT comorbidity index
(range)

4 (0, 8) 3 (0, 8) .65

Transplant donor

HLA-identical sibling 11 (21) 3 (8) .06

Haploidentical 4 (8) 5 (13) .19

Matched unrelated 26 (49) 19 (49) .97

Mismatched unrelated 2 (4) 2 (5) .37

Unknown/missing 7 (13) 9 (23) .22

Graft source

Bone marrow 4 (8) 1 (3) .23

Cord blood 1 (2) 1 (3) .49

Peripheral blood 40 (75) 27 (69) .51

Unknown/missing 8 (15) 10 (26) .21

Conditioning regimen†

Myeloablative 9/45 (20) 5/31 (16) .22

Reduced intensity 23/45 (51) 18/31 (58) .55

Table 1. (continued)

Characteristic, n (%)

CPX-351

(n 5 53)

713

(n 5 39)

Nominal

P value*

Total lines of treatment for

patients who were

nonresponders or

relapsed before alloHCT‡

13 14 .24

1 5 2

2 3 6

3 4 2

4 1 3

5 0 0

6 0 1

CIBMTR, Center for International Blood and Marrow Transplant Research; CMML, chronic
myelomonocytic leukemia; ECOG, Eastern Cooperative Oncology Group; HMA,
hypomethylating agent; NCCN, National Comprehensive Cancer Network; WBC, white
blood cell.
*All P values are nominal and do not imply statistical significance.
†Conditioning regimen intensity classified by CIBMTR criteria.21

‡Total lines of treatment, including study treatment and additional treatment
($second line) received after completion of study treatment and before alloHCT.
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Age category
   60-69 years
   70-75 years

AML subtype
   Therapy-related AML
   AML with antecedent MDS with prior HMA
   AML with antecedent MDS without prior HMA
   AML with antecedent CMML

de novo AML with MDS karyotype

Last response before alloHCT
   CR + CRi
   CR
   CRi
   No response 

Conditioning regimen
   Reduced intensity 
   Myeloablative

Transplant donor
   HLA-identical sibling
   Haploidentical
   Matched unrelated
   Mismatched unrelated

19/37 (51)
9/16 (56)

7/11 (64)
7/14 (50)
4/8 (50)
2/3 (67)

8/17 (47)

22/40 (55)
15/30 (50)
7/10 (70)
6/13 (46)

10/23 (43)
3/9 (33)

7/11 (64)
3/4 (75)

12/26 (46)
1/2 (50)

9/33 (27)
0/6 (0)

2/9 (22)
3/14 (21)

0/5 (0)
0/0 (0)

4/11 (36)

7/24 (29)
5/19 (26)
2/5 (40)

2/15 (13)

3/18 (17)
2/5 (40)

1/3 (33)
0/5 (0)

5/19 (26)
0/2 (0)

7 + 3CPX-351

Events/N (%)

12.19
6.67

6.60
11.88
2.00
NE

12.19

11.65
10.25
14.09
7.13

9.03
7.13

12.19
10.25
7.03
6.87

45.70
NE

NE
43.14

NE
NE

45.70

NE
45.70

NE
23.26

43.14
4.80

NE
NE

29.44
NE

Median OS,
monthsEvents/N (%)

Median OS,
months

Nominal
P valueHR (95% CI)

NE

.058

.005

.072

.168

.053
—

.726

.030

.052

.347

.137

.016

.709

.306

.085

.095

.698

7.56.5 7.06.05.55.0
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Figure 1. Post-alloHCT Outcomes. (A) OS landmarked from the alloHCT date. Reprinted from Lancet Hematology7 with permission from Elsevier. (B) Subgroup analyses

of OS landmarked from the alloHCT date. “N” denotes the number of patients who proceeded to alloHCT. One patient who achieved a best response of CR relapsed

before alloHCT. (C) Cumulative incidence of relapse. (D) Cumulative incidence of NRM. CMML, chronic myelomonocytic leukemia; HMA, hypomethylating agent.

13 SEPTEMBER 2022 • VOLUME 6, NUMBER 17 RESEARCH LETTER 4991



In this randomized phase 3 study in older adults with newly diag-
nosed, high-risk/secondary AML, the OS benefit with CPX-351 vs
713 in the overall study cohort was maintained after 5 years of
follow-up (median OS: 9.33 vs 5.95 months; HR 5 0.70; 95% CI:
0.55, 0.91).7 In this report, we show CPX-351 treatment resulted in
greater proportions of patients undergoing alloHCT overall and in
CR 1 CRi vs 713, as well as improved post-alloHCT OS. It is
notable that among transplanted patients, a reduction in NRM was
observed with CPX-351 despite a higher proportion of patients
aged .70 years in the CPX-351 arm, potentially indicating the
importance of treatment tolerability and better overall health in this
older population. The difference in NRM did not appear to be driven
by differences in GVHD; however, patients in the CPX-351 arm
received fewer subsequent therapy lines before alloHCT and had a
longer interval after their most recent therapy, allowing more time for
recovery before alloHCT.

The long-term OS rates landmarked from the alloHCT date with
CPX-351 in this study (.50%) compare favorably with historical
rates for intensive chemotherapy.8,9 Furthermore, few studies have
demonstrated an impact of pre-HCT therapy on alloHCT outcomes
in AML. In the RATIFY study in FLT3-mutated AML, patients ran-
domized to midostaurin plus chemotherapy had higher alloHCT
rates than those randomized to placebo plus chemotherapy, with
the best outcomes in patients receiving midostaurin followed by an
alloHCT in first CR.10 Although gemtuzumab ozogamicin is associ-
ated with veno-occlusive disease after alloHCT when combined
with myeloablative conditioning, recent data suggest no impact on
survival after alloHCT.11,12 Analysis of alloHCT outcomes in patients
with AML or myelodysplastic syndrome found comparable outcomes
after induction with standard chemotherapy vs hypomethylating
agents.13,14 In an analysis from the European Society for Blood and
Marrow Transplantation, the addition of postremission chemotherapy
did not impact alloHCT outcomes after reduced-intensity condition-
ing in AML.15

The lack of a standardized assessment of measurable residual
disease (MRD) was a limitation in this analysis. MRD positivity
before alloHCT has a powerful negative impact on alloHCT out-
comes, primarily by identifying individuals at high risk of relapse
after RIC, and likely influences the choice of conditioning regimen
or decision to perform alloHCT.16,17 Unfortunately, at the time our
study was initiated (2012), MRD testing in AML was limited and
used disparate platforms, precluding formal analysis. Two recent
real-world studies of CPX-351 have reported MRD-negative CR
rates of 64% and 57%,18,19 which appear higher than what has
been reported for 713 in similar patient populations.20 Addition-
ally, because of the post hoc nature of this analysis, chronic
GVHD was likely underreported.

The pattern of alloHCT outcomes in this study suggests improved
disease control with CPX-351, allowing for higher alloHCT rates
and, importantly, improved tolerability with lower NRM. These data
provide the basis for planned randomized studies with CPX-351 in
high-risk AML populations in which alloHCT is the preferred postre-
mission strategy.
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