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Purpose: CPX-351 is dual-drug liposomal encapsulation of daunorubicin and cytarabine at 
a fixed synergistic 1:5 molar ratio. This study determined current real-world use of CPX-351 
versus conventional 7+3 (cytarabine+daunorubicin) therapy and evaluated hospital length of 
stay (LOS) and supportive care utilization in t-AML and AML-MRC.
Patients and Methods: This retrospective, observational study utilized the Premier 
Healthcare Database and included patients who were aged ≥18 years with t-AML or AML- 
MRC and treated with CPX-351 or 7+3 between August 1, 2017 and February 28, 2019. All 
patients treated with 7+3 were required to be eligible for CPX-351 based on its FDA- 
approved indication. Outcome variables were annualized and adjusted for patient, hospital, 
and clinical confounding factors. The primary outcome was inpatient LOS. Secondary out
comes included use of blood products and use of anti-infectives.
Results: The study included 195 qualifying patients treated with CPX-351 and 160 patients treated 
with 7+3 who were eligible for CPX-351. Approximately one-third of the patients treated with 
CPX-351 were administered therapy in a hospital-based outpatient setting, and all patients treated 
with 7+3 received it in the inpatient setting. The regression-adjusted annualized inpatient LOS was 
shorter with CPX-351 than 7+3 (mean of 183.7 vs 197.1 days, p<0.001). The difference in mean- 
adjusted LOS was most pronounced for t-AML, with a mean-adjusted LOS of 168.9 versus 192.5 
days for CPX-351 versus 7+3, respectively (nominal p<0.001). Supportive care utilization, includ
ing the number of administrations of red blood cells, the number of administrations of platelets, and 
the number of days on anti-infectives, was similar between treatment groups.
Conclusion: CPX-351 was associated with a shorter inpatient LOS than 7+3. Supportive 
care use, including blood products and anti-infectives, was similar for CPX-351 and 7+3. 
These findings suggest CPX-351 conveys resource advantages over 7+3 in patients with 
newly diagnosed t-AML and AML-MRC.
Keywords: acute myeloid leukemia, chemotherapy, cytarabine, daunorubicin, anthracycline, 
healthcare resource utilization

Introduction
Acute myeloid leukemia (AML) is one of the most common types of leukemia in 
adults. The number of new AML cases and deaths in the United States in 2020 was 
estimated to be 19,940 and 11,180, respectively.1 Secondary AML, an AML 
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subtype with distinct cytogenetics, evolves from early or 
late complications of prior chemotherapy or ionizing 
radiation, or from an antecedent hematologic disorder 
such as myelodysplastic syndrome (MDS).2 Secondary 
AML, including therapy-related AML (t-AML) and AML 
with myelodysplasia-related changes (AML-MRC), 
accounts for 10% to 30% of all AML cases,2,3 occurs 
more frequently with advancing age, and is associated 
with a poorer prognosis compared to de novo AML.3

Intensive chemotherapy using the 7+3 regimen, which 
consists of cytarabine administered by 7-day continuous 
infusion and short infusions of an anthracycline, such as 
daunorubicin or idarubicin on each of the first 3 days, has 
been the standard of care for AML for decades. Treatment 
of AML is associated with significant health care resource 
utilization (HRU). A study of newly diagnosed AML 
patients found that hospital inpatient costs account for 
>85% of total expenditures,4 with intensive care unit 
stays accounting for >40% of overall hospital costs.5

In August 2017, the US Food and Drug Administration 
(FDA) approved CPX-351 (Vyxeos®, daunorubicin and 
cytarabine liposome for injection; Jazz Pharmaceuticals, 
Inc., Palo Alto, CA) for the treatment of adults with newly 
diagnosed t-AML or AML-MRC. CPX-351 is a fixed 
combination of daunorubicin and cytarabine with 
a synergistic 1:5 molar ratio encapsulated in a liposome. 
In clinical trials, CPX-351 has been found to have longer 
overall survival (OS) and higher complete remission rates 
versus 7+3 with a similar safety profile,6–11 with signifi
cant improvements in OS and remission rates noted in 
a phase 3 randomized study of older patients with newly 
diagnosed t-AML and AML-MRC.6

Due to its relatively recent approval, there is limited 
literature on the HRU of AML patients receiving CPX-351. 
A study using data from the phase 3 randomized clinical trial 
assessed the HRU in patients between the ages of 60 and 75 
years with newly diagnosed t-AML and AML-MRC,12 but 
real-world evidence of HRU in AML patients receiving 
CPX-351 is lacking. This study sought to evaluate real- 
world resource utilization of CPX-351 versus conventional 
7+3 in adults with t-AML and AML-MRC based on evidence 
from a US hospital administrative database.

Methods
Study Design and Data Source
A retrospective cohort study was conducted utilizing the 
Premier Healthcare Database (PHD). The study assessed 

the length of stay (LOS) and supportive care utilization in 
t-AML and AML-MRC patients treated with CPX-351 
versus 7+3.

The PHD is a large geographically diverse hospital- 
based, service-level, all-payer database containing dis
charge information from inpatient and hospital-based 
outpatient visits.13 It represents ~25% of all inpatient 
admissions in the United States. Patients can be tracked 
across the inpatient and hospital-based outpatient set
tings, as well as across visits, through a unique identi
fier. During the study period, more than 146 million 
inpatient and outpatient encounters were reported by 
813 hospitals. The PHD contains data from standard 
hospital discharge files, including patient demographics 
and disease states. A day of service–stamped log of 
billed items, including procedures, medications, labora
tory evaluations, and diagnostic and therapeutic services 
can be captured at the individual patient level. Drug 
utilization information is available by day of stay and 
includes quantity, dosing, strength, and cost. In addition, 
information on hospital characteristics of geographic 
location, rural/urban populations served, teaching status, 
and bed capacity are available. All data are statistically 
de-identified and compliant with the Health Insurance 
Portability and Accountability Act according to 45 CRF 
46.101(b)(4) and 45 CRF 164.506(d)(2)(ii)(B). This 
study is secondary research using a de-identified data
base. It is not human subjects research and is exempt 
from Institutional Review Board review.

Study Population
Patients aged ≥18 years with at least one inpatient or 
hospital-based outpatient visit with a principal or second
ary discharge diagnosis of AML (International 
Classification of Diseases, 10th revision, Clinical 
Modification [ICD-10-CM] diagnosis codes C92.0x, 
C92.5x, or C92.x) and who had received either CPX-351 
or 7+3 treatment between August 1, 2017 and 
February 28, 2019 were identified for inclusion in this 
study (Figures 1 and 2). Patients treated with CPX-351 
were identified from the PHD using the hospital charge 
master description. Patients treated with 7+3 were identi
fied as those with a charge master description indicating 
cytarabine use for 5 to 9 days, with no more than 4 days 
between uses, and evidence of 2 or more days of anthra
cycline (daunorubicin, idarubicin, or mitoxantrone) use 
within 3 days prior to or 4 days following the first day 
on cytarabine. Patients receiving adjunct therapy with 
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gemtuzumab ozogamicin, midostaurin, sorafenib, veneto
clax, quizartinib, or gilteritinib, and patients with <30 days 
of follow-up were excluded.

According to the FDA indications at the time of this 
study, CPX-351 should be used for the treatment of adults 
with newly diagnosed t-AML or AML-MRC. Therefore, all 

CPX-351–eligible patients

1. Newly diagnosed t-AML: C92.0x, C92.5x, C92.6x,
or C92.Ax and other cancer diagnosis or chemotherapy/

radiotherapy with no AML diagnosis within 12 months prior 
to first admission/visit date with AML diagnosis

2. AML-MRC: C92.Ax during 8/1/2017 - 9/30/2018 or
AML diagnosis during 8/1/2017 - 9/30/2018 with

MDS (D46.x) or MPN (D47.1x) history within 12 months 
prior to first admission/visit date with AML diagnosis

Patients aged ≥18 years with an AML diagnosis (C92.0x, C92.5x, C92.6x, or C92.Ax)
August 1, 2017 - February 28, 2019

N=19,241 patients

Treated with 7+3 during
August 1, 2017 - February 28, 2019

N=390 patients

Treated with CPX-351 during 
August 1, 2017 - February 28, 2019

N=275 patients

Treated with 7+3 alone without use of
CPX-351, gemtuzumab ozogamicin, 
midostaurin, sorafenib, venetoclax, 

quizartinib, or gilteritinib
N=212 patients

Treated with CPX-351 alone without 
use of gemtuzumab ozogamicin, 

midostaurin, sorafenib, venetoclax, 
quizartinib, or gilteritinib

N=228 patients

Length of folllow-up ≥30 days
N=160 patients

Length of folllow-up ≥30 days
N=195 patients

Figure 1 Patient attrition. 
Abbreviations: AML, acute myeloid leukemia; t-AML, therapy-related acute myeloid leukemia; AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; 
MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm.

Study period (August 1, 2016 - February 28, 2019) 

Patient identification period (August 1, 2017 - February 28, 2019) 

First treatment
by CPX-351

or 7+3

Treatment 
cycle 1 

Treatment 
cycle 2

Index
date

1-year
pre-index
period

August 1, 2016
February 28, 2019

Variable-length follow-up period ends
at last observed inpatient discharge/death,

completion of last outpatient treatment
cycle initiated prior to February 28, 2019, 

or end of study period

Last
inpatient
treatment

cycle
allowed

Last
outpatient
treatment

cycle
allowed

Figure 2 Study period.
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patients treated with CPX-351 were assumed to have newly 
diagnosed t-AML or AML-MRC. However, since 7+3 could 
be used in the treatment of other AML subtypes, 7+3–treated 
patients who had no evidence of newly diagnosed t-AML or 
AML-MRC in the 12-month pre-index period were excluded 
from the control cohort. Patients in the 7+3 cohort who 
received CPX-351 in the 12-month pre-index period were 
also excluded. The index visit date was defined as the first 
hospital admission/outpatient visit with CPX-351 or 7+3 use. 
A variable-length follow-up period was defined as the num
ber of days between the index admission date and the last 
available inpatient discharge date on or before February 28, 
2019, whichever occurred first. As an exception, for patients 
treated in the hospital-based outpatient setting who had 
a treatment cycle that started before February 28, 2019 and 
extended beyond February 28, 2019, the last day of the 
treatment cycle was used as the end date of the follow-up 
period.

Definition and Identification of t-AML and 
AML-MRC
As stated above, it was assumed that all CPX-351–treated 
patients had newly diagnosed t-AML or AML-MRC, 
based on the FDA-approved treatment indication. For 
7+3–treated patients, the cohort was restricted to those 
with evidence of t-AML or AML-MRC.

The World Health Organization (WHO) defines t-AML 
as AML caused by previous treatment with chemotherapy 
or radiation therapy.14 The definition of newly diagnosed 
t-AML was based on the following three conditions: (1) 
with an ICD-10-CM diagnosis code of C92.0x, C92.5x, 
C92.6x, or C92.Ax; (2) with any diagnosis of another type 
of cancer (ICD-10-CM diagnosis C00-D49, except for 
C92.0x, C92.5x, C92.6x, or C92.Ax) or received che
motherapy/radiation therapy within 12 months prior to 
the first date of the hospitalization/visit with an AML 
diagnosis; (3) without a previous diagnosis of AML 
(C92.0x, C92.5x, C92.6x, or C92.Ax) within the 12- 
month period prior to the first hospital admission/visit 
date with the diagnosis of AML. The WHO defines AML- 
MRC as AML with ≥20% blasts and additionally one of 
the following three criteria: (1) history of MDS or MDS/ 
myeloproliferative neoplasm (MPN); (2) MDS-related 
cytogenetic abnormalities; or (3) multilineage dysplasia 
(≥50% dysplastic cells in two or more hematopoietic 
lineages) in the absence of Nucleophosmin (NPM1) or 
biallelic CCAAT/enhancer-binding protein alpha 

(CEBPA) mutations.14 In this study, AML-MRC patients 
included those with a principal or secondary diagnosis of 
C92.Ax (AML with multilineage dysplasia), or with any 
diagnosis of AML and evidence of MDS (ICD-10-CM 
diagnosis code D46x) or MPN (ICD-10-CM D47.1x), 
within 12 months prior to the first AML diagnosis. Based 
on the definitions and inherent code limitations, newly 
diagnosed t-AML and AML-MRC were not mutually 
exclusive.

Study Variables
Demographics, Hospital, and Clinical Characteristics
Patient, hospital, cancer history, and clinical characteristics 
were examined at the time of the index visit for the first 
chemotherapy treatment. Patient demographics included 
age, sex, race, ethnicity, and health care coverage. Hospital 
characteristics included urban and rural populations served, 
teaching status, US census geographic divisions, and bed 
size. Patient history of prior MDS, type of AML (newly 
diagnosed t-AML, AML-MRC, or undetermined), and fac
tors that were likely to contribute to longer LOS or higher 
supportive care utilization, such as pre-index and concomi
tant treatment with any hypomethylating agent (HMA; aza
citidine and decitabine)15 or anthracycline, were also 
reported. The Charlson-Deyo Comorbidity Index (CCI) was 
determined at the time of first treatment to assess overall 
health status of AML patients.16,17 Each individual chronic 
comorbidity was captured.

Outcomes
The primary outcome of the study was total inpatient LOS. 
Other outcomes included supportive care utilization, such 
as the total number of administrations of platelets and/or 
red blood cell (RBC) transfusions and the number of days 
on anti-infectives and/or white blood cell colony- 
stimulating factors (WBC-CSF). All outcomes were eval
uated from the index admission date through the end of the 
follow-up period. As the length of follow-up varied across 
patients, all outcomes were annualized18 in the analyses. 
Using standard methodology from studies with similar 
designs to annualize the data,19–23 the actual outcomes 
were divided by the length of follow-up, in days, and 
multiplied by 365.

Statistical Methods
Descriptive statistics were performed on each treatment 
cohort. Continuous data were expressed as mean (with 
standard deviation) or median (with 25th and 75th 
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percentiles) values. Categorical variables were expressed 
as counts and percentages. A bivariate analysis compared 
the treatment cohorts. Since LOS and number of days were 
not normally distributed, the Wilcoxon rank-sum test was 
used to compare the distribution of outcomes between the 
treatment cohorts. Chi-square tests were used for dichot
omous or categorical variables. The analysis was powered 
for inpatient LOS using a Wilcoxon test at α=0.05. The 
p-values for all outcomes except LOS were nominal. 
A data analysis was implemented using SAS software 
version 9.4 (©SAS Institute Inc.).

An adjusted analysis was performed on LOS and sup
portive care utilization outcomes. Multivariable regression 
models were used to adjust for differences in patient, 
hospital, and clinical characteristics. For the outcomes of 
annualized total inpatient LOS and total number of days 
on anti-infectives, generalized linear models (GLMs) with 
Poisson variance and log link functions were used. For 
outcomes with significant proportion of zero values, such 
as annualized total numbers of administrations of platelets 
or RBC transfusions, and annualized number of days on 
WBC-CSF, zero-inflated Poisson regressions were applied. 
The key independent variable was a dichotomous variable 
indicating the receipt of CPX-351 versus 7+3. The list of 
covariates started from an extensive list of variables, 
including patient demographics (age group, sex, race, and 
ethnicity); health insurance primary payer; admission type; 
hospital characteristics (urbanicity, region, bed size, and 
teaching status); and clinical conditions (CCI and indivi
dual chronic comorbidities, newly diagnosed t-AML, 
AML-MRC, any pre-index HMA use, and any pre-index 
anthracycline use). In addition, the number of days from 
index admission to the end of the study period was used as 
a covariate, since annualization may not completely 
remove the effect of time.22 The final list of covariates 
was determined based on backward selection methods 
with a Bonferroni adjustment; therefore, covariates 
included in the regression of different outcomes could 
vary.

Recycled prediction24,25 was used to calculate the 
adjusted outcomes for each of the treatment groups follow
ing the regressions. The recycled prediction method calcu
lates the predicted outcomes based on regression estimates 
and facilitates interpretation of regression results. First, all 
patients were assumed to receive CPX-351, and the 
adjusted outcomes were predicted based on the regression 
coefficients, holding all covariates at their actual values. 
Second, a prediction was made assuming all patients 

received 7+3. The means for the predicted values for the 
two hypothetical groups (CPX-351 vs 7+3) were exam
ined, and the 95% confidence intervals (CIs) were calcu
lated using a bootstrap method for 1000 iterations.

Exploratory Analysis of Treatment Cycles
Treatment cycles were examined as part of an exploratory 
analysis. The number of induction-strength treatment 
cycles were examined for CPX-351 and 7+3, respectively. 
An induction-strength CPX-351 treatment cycle was 
defined by the evidence for 2 or more days with CPX- 
351 use, with no more than 4 days between uses. An 
induction-strength 7+3 treatment cycle was defined by 
cytarabine use for 5 to 9 days, with no more than 4 days 
between uses, and evidence of 2 or more days of anthra
cycline (daunorubicin, idarubicin, or mitoxantrone) use 
within 3 days prior to or 4 days following the first day 
on cytarabine. In addition, consolidation-strength treat
ment cycles were also examined. A consolidation- 
strength cycle included CPX-351 use for at least 1 day, 
or cytarabine use for at least 5 days. However, some 
patients may have received an alternate consolidation 
regimen.

Results
Descriptive Analysis
The study assessed 195 patients (55%) who received CPX-351 
alone without any adjunct therapy and with a length of follow- 
up of ≥30 days, and 160 patients (45%) who received 7+3 
alone without CPX-351 or any adjunct therapy and with 
a length of follow-up of ≥30 days (Figure 1). The median 
(25th–75th percentiles) length of follow-up was 136 days 
(68–232) and 126 days (54.5–241.5) for patients who received 
CPX-351 and 7+3 (p=0.648), respectively.

The median (25th–75th percentiles) age was 68 (61– 
71) years for patients receiving CPX-351 versus 61 (52.5– 
81) years for those receiving 7+3 (nominal p<0.001; 
Table 1). While Medicare was the primary payer for both 
cohorts, there was a higher proportion of patients enrolled 
in Medicare in the CPX-351 cohort (59.0%) versus the 
7+3 cohort (45.6%; nominal p=0.012).

The proportions of patients served by urban hospitals 
were over 90% in both cohorts (nominal p=0.086; 
Table 2). In the CPX-351 cohort, 87.7% of patients were 
treated in teaching hospitals versus 70.6% in the 7+3 
cohort (nominal p<0.001). In both cohorts, most patients 
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were treated in large hospitals with bed capacities of ≥500 
(CPX-351: 80.5%; 7+3: 71.3%; nominal p=0.054).

The percentage of patients with evidence of prior MDS 
was 20.0% in the CPX-351 cohort and 40.0% in the 7+3 
cohort (nominal p<0.001; Table 3). In the CPX-351 
cohort, although all patients should have newly diagnosed 
t-AML and/or AML-MRC per the FDA indications, only 
32.8% of patients had identifiable t-AML and 20.5% had 

Table 1 Patient and Visit Characteristics

CPX-351 
(N=195)

7+3 (CPX-351 
Eligible) 
(N=160)

Nominal 
p-value

N % N %

Age, years

Median 
(25th–75th 

percentiles)

68 (61–71) 61 (52.5–81) <0.001

Age group, years

18–44 5 2.6 23 14.4 <0.001

45–64 66 33.8 76 47.5

65–74 99 50.8 44 27.5

≥75 25 12.8 17 10.6

Sex

Female 73 37.4 72 45.0 0.149

Male 122 62.6 88 55.0

Race

Black 13 6.7 11 6.9 0.792

White 141 72.3 120 75.0

Other 41 21.0 29 18.1

Ethnicity

Hispanic 19 9.7 18 11.3 0.460

Non- 
Hispanic

133 68.2 115 71.9

Unknown 43 22.1 27 16.9

Primary payer

Commercial 55 28.2 46 28.8 0.012

Medicaid 18 9.2 27 16.9

Medicare 115 59.0 73 45.6

Other 7 3.6 14 8.8

Admission type

Elective 73 37.4 55 34.4 0.203

Emergency 49 25.1 40 25.0

Other, 

unknown

11 5.6 3 1.9

Urgent 62 31.8 62 38.8

Table 2 Hospital Characteristics

CPX-351 
(N=195)

7+3  
(CPX-351 
Eligible) 
(N=160)

Nominal 
p-value

N % N %

Number of hospitals 52 – 71 –

Populations served

Rural 5 2.6 10 6.3 0.086

Urban 190 97.4 150 93.8

Teaching status

Non-teaching 24 12.3 47 29.4 <0.001

Teaching 171 87.7 113 70.6

US geographic divisions

East North Central 20 10.3 28 17.5 <0.001

East South Central 5 2.6 12 7.5

Middle Atlantic 52 26.7 22 13.8

Mountain 2 1.0 4 2.5

New England 2 1.0 1 0.6

Pacific 7 3.6 11 6.9

South Atlantic 90 46.2 37 23.1

West North Central 7 3.6 9 5.6

West South Central 10 5.1 36 22.5

Bed size

<100 0 0 0 0 0.054

100–199 3 1.5 9 5.6

200–299 5 2.6 9 5.6

300–499 30 15.4 28 17.5

≥500 157 80.5 114 71.3
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Table 3 Clinical Characteristics

CPX-351 
(N=195)

7+3  
(CPX-351 
Eligible) 
(N=160)

Nominal p-value

N % N %

Cancer characteristics

Prior MDS 39 20.0 64 40.0 <0.001

Type of AMLa

Newly diagnosed t-AML 64 32.8 144 90.0 <0.001

AML-MRC 40 20.5 68 42.5 <0.001

Undetermined 127 65.1 0 0 <0.001

Treatments within 12-month pre-index period

HMA 25 12.8 22 13.8 0.875

Anthracycline 5 2.6 16 10.1 0.005

Charlson-Deyo comorbidities

Charlson Comorbidity Index

0 0 0 0 0 0.075

1–3 146 74.9 106 66.3

≥4 49 25.1 54 33.8

Charlson chronic comorbidities

Myocardial infarction 11 5.6 6 3.8 0.406

Congestive heart failure 24 12.3 14 8.8 0.281

Peripheral vascular disease 13 6.7 11 6.9 0.938

Cerebrovascular disease 1 0.5 3 1.9 0.226

Dementia 1 0.5 1 0.6 0.888

Chronic pulmonary disease 36 18.5 32 20.0 0.714

Rheumatic disease 3 1.5 2 1.3 0.819

Peptic ulcer disease 1 0.5 0 0.0 0.364

Mild liver disease 9 4.6 7 4.4 0.914

Diabetes without chronic complication 28 14.4 38 23.8 0.024

Diabetes with chronic complication 6 3.1 17 10.6 0.004

Hemiplegia or paraplegia 1 0.5 3 1.9 0.226

Moderate or severe renal disease 16 8.2 17 10.6 0.435

Any malignancy, including lymphoma and leukemia, except malignant neoplasm of skin 195 100.0 160 100.0

(Continued)
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identifiable AML-MRC, while the AML subtype was 
undetermined for 65.1% of patients due to a lack of 
diagnosis codes for AML-MRC in the pre-index period. 
Since patients could have evidence of both newly diag
nosed t-AML and AML-MRC, the percentages in each 
treatment cohort exceed 100%. In the 7+3 cohort, since 
additional selection criteria were applied requiring that all 
patients must have evidence of t-AML and/or AML-MRC, 
90.0% of patients had evidence of newly diagnosed 
t-AML and 42.5% had evidence of AML-MRC. Prior 
HMA exposure in the pre-index period was reported for 
12.8% of patients in the CPX-351 cohort and 13.8% in the 
7+3 cohort (nominal p=0.875). Prior anthracycline use was 
reported for 2.6% of patients in the CPX-351 cohort versus 
10.0% in the 7+3 cohort (nominal p=0.005), which could 
be related to the lower frequency of t-AML in the CPX- 
351 cohort. Most patients had a CCI of 1 to 3 (CPX-351: 
74.9%; 7+3: 66.3%; nominal p=0.075).

As shown in Table 4, unadjusted and unannualized 
median LOS was 49 days (25th–75th percentiles: 35–69; 
mean: 54.0; SD: 29.6) in the CPX-351 cohort versus 51.5 
days in the 7+3 cohort (25th–75th percentiles: 37–73; 
mean: 60.7; SD: 32.9; nominal p=0.170). The median 
numbers of platelet administrations, RBC transfusion 
administrations, days on anti-infectives, and days on 
WBC-CSFs were similar for patients treated with CPX- 
351 versus 7+3, with nominal p-values >0.05.

Exploratory Analysis of Treatment Cycles
On average, 1.5 induction-strength CPX-351 treatment cycles 
were captured per patient in the CPX-351 cohort, with 36.3% 
(107/295) of treatment cycles occurring in the hospital-based 

outpatient setting and 63.7% (188/295) in the inpatient set
ting. The 7+3 cohort had an average of 1.2 induction-strength 
7+3 treatment cycles per patient, with 100% of treatment 
cycles performed in the inpatient setting. When consolida
tion-strength treatment cycles were included, the median 
number of total treatment cycles received was 1 (25th–75th 
percentiles: 1–2) for both the CPX-351 and 7+3 cohorts.

Adjusted LOS and Supportive Care 
Utilization Outcomes
The regression-adjusted outcomes are reported in Table 5. As 
backward selection was used, the final list of covariates dif
fered across different outcomes and are appropriately 
footnoted.

LOS: After backward selection, the final GLM regres
sion model for annualized LOS included the key indepen
dent variables of treatment (CPX-351 vs 7+3), newly 
diagnosed t-AML, and the interaction term between 
newly diagnosed t-AML and treatment. The covariates 
included in the final models are: age, gender, race, ethni
city, primary payer, hospital census division, hospital bed 
size, type of admission (emergent, urgent, or elective), 
CCI, AML-MRC, prior HMA use, and number of days 
from the index admission date to the end of the study 
period. The adjusted annualized inpatient LOS per patient 
was 13.4 days shorter for patients treated with CPX-351 
versus 7+3 (183.7 [95% CI: 180.1–187.1] vs 197.1 [95% 
CI: 193.3–200.8] days; p<0.001). Patients with identifiable 
newly diagnosed t-AML had an adjusted annualized inpa
tient LOS that was 23.6 days shorter if treated with CPX- 
351 versus 7+3 (168.9 vs 192.5 days; p<0.001). For 
patients without evidence of newly diagnosed t-AML, the 

Table 3 (Continued). 

CPX-351 
(N=195)

7+3  
(CPX-351 
Eligible) 
(N=160)

Nominal p-value

N % N %

Moderate or severe liver disease 0 0 1 0.6 0.269

Metastatic solid tumor 2 1.0 6 3.8 0.085

AIDS/HIV 7 3.6 9 5.6 0.358

Notes: aSince patients could have evidence of both newly diagnosed t-AML and AML-MRC, the percentages in each treatment cohort exceed 100%. CPX-351 patients who 
could not be identified with t-AML and AML-MRC due to limitations of the data source were grouped as undetermined; all CPX-351 patients were assumed to have newly 
diagnosed t-AML or AML-MRC in accordance with its FDA-approved treatment indications. 
Abbreviations: MDS, myelodysplastic syndrome; AML, acute myeloid leukemia; t-AML, therapy-related acute myeloid leukemia; AML-MRC, acute myeloid leukemia with 
myelodysplasia-related changes; HMA, hypomethylating agent; AIDS/HIV, acquired immunodeficiency syndrome/human immunodeficiency virus.
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adjusted annualized inpatient LOS was 9.1 days longer for 
CPX-351 versus 7+3 (190.4 vs 181.3 days; p=0.025).

Platelets: The covariates list in the final zero-inflated 
Poisson regression of the annualized number of administra
tions of platelets included: race, ethnicity, hospital census 
division, hospital bed size, type of admission, AML-MRC, 
and prior HMA use. The adjusted annualized number of 
administrations of platelets was 4.8 and 4.5 in the CPX-351 
and 7+3 cohorts, respectively (nominal p=0.368).

RBC transfusions: The zero-inflated Poisson regression of 
the annualized number of RBC transfusion administrations 
included race, ethnicity, hospital census division, hospital 
bed size, type of admission, AML-MRC, and newly diagnosed 
t-AML as covariates. The adjusted annualized number of RBC 
transfusion administrations was 5.0 and 4.9 in the CPX-351 
and 7+3 cohorts, respectively (nominal p=0.512).

Anti-infectives: Race, ethnicity, primary payer, hospital 
census division, hospital bed size, type of admission, CCI, 

prior HMA use, and prior anthracycline use were included 
as covariates in the final regression model for the annual
ized number of days on anti-infectives. The adjusted 
annualized number of days on anti-infectives was 22.4 
and 22.9 days for the CPX-351 and 7+3 cohorts, respec
tively (nominal p=0.408).

WBC-CSF: The final zero-inflated Poisson regression 
model for number of days on WBC-CSF included covari
ates of primary payer, hospital census division, teaching 
hospital, and number of days from the index admission 
date to the end of the study period. The adjusted annual
ized number of days on WBC-CSF was 2.0 and 3.0 for the 
CPX-351 and 7+3 cohorts, respectively (nominal 
p=0.053).

Discussion
This study primarily focused on the LOS and supportive 
care utilization associated with real-world use of CPX-351 

Table 4 Unadjusted LOS and Supportive Care Utilization Before Annualization

CPX-351  
(N=195)

7+3 (CPX-351 Eligible)  
(N=160)

p-value

Length of follow-up, days 0.648

Mean (SD) 171.7 (133.0) 169.8 (138.9)

Median (25th–75th percentiles) 136.0 (68–232) 126.0 (54.5–241.5)

Total inpatient LOS, days 0.170

Mean (SD) 54.0 (29.6) 60.7 (32.9)

Median (25th–75th percentiles) 49.0 (35–69) 51.5 (37–73)

Total number of administrations of platelets 0.325

Mean (SD) 3.0 (3.6) 2.8 (3.1)

Median (25th–75th percentiles) 2.0 (1–3) 2.0 (1–3)

Total number of administrations of RBC 0.224

Mean (SD) 3.0 (3) 2.6 (2.5)

Median (25th–75th percentiles) 2.0 (1–3) 2.0 (1–3)

Total number of days on anti-infectives 0.304

Mean (SD) 6.6 (3.6) 6.3 (3.8)

Median (25th–75th percentiles) 6.0 (4–9) 5.5 (4–7.5)

Total number of days on WBC-CSF 0.360

Mean (SD) 1.4 (0.8) 1.5 (0.8)

Median (25th–75th percentiles) 1.0 (1–2) 1.0 (1–2)

Abbreviations: LOS, length of stay; SD, standard deviation; RBC, red blood cells; WBC-CSF, white blood cell colony-stimulating factor.
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immediately following its approval to treat adults with 
newly diagnosed t-AML and AML-MRC. The key finding 
of the study was patients treated with CPX-351 had 
a shorter adjusted annualized inpatient LOS (183.7 vs 
197.1 days for 7+3), despite patients treated with CPX- 
351 being older than those treated with 7+3. In an open- 
label, multicenter, randomized, phase 3 trial, the estimated 
duration of hospitalization per patient-year was 198.4 days 
with CPX-351 (n=153) and 240.5 days with 7+3 
(n=151).12 Both the clinical trial and this observational 
database study demonstrated reduced LOS for the CPX- 
351 cohort (by 13.4 days and 42.1 days, respectively). 
Noted differences in LOS may, at least in part, reflect 
patients’ demographics and clinical characteristics, includ
ing age, comorbid conditions, and disease severity; how
ever, although the difference in LOS was smaller in this 
study after adjustment for patient, hospital, and clinical 
characteristics, it remained significant (p<0.001). The dif
ferences in LOS likely also reflect the study design and 
treatment administration schedules. Whereas 7+3 is admi
nistered as a 7-day continuous infusion of cytarabine with 

individual intravenous bolus doses of daunorubicin over 
the first 3 days of the first induction cycle, CPX-351 is 
administered as a 90-minute infusion on Days 1, 3, and 5 
for the first induction and Days 1 and 3 for the second 
induction and consolidation, allowing for outpatient 
administration in appropriate patients particularly during 
consolidation, which may shorten the overall LOS with 
CPX-351.26

As demonstrated by Lancet et al,6 CPX-351 treatment led 
to better median OS in patients with t-AML (12.17 months) 
versus AML with antecedent MDS or chronic myelomono
cytic leukemia (CMML; 7.38 months). In comparison, 
among patients receiving 7+3, the median OS was the same 
(5.95 months) between t-AML and AML with antecedent 
MDS or CMML subgroups.6 The current study, which 
focuses on HRU outcomes of patients with secondary 
AML, found that, while CPX-351 treatment was associated 
with shorter inpatient LOS overall, the effect of treatment 
varied across different AML subtypes. In particular, patients 
with newly diagnosed t-AML treated with CPX-351 had 
significantly shorter LOS versus those treated with 7+3. 

Table 5 Regression-Adjusted LOS and Supportive Care Utilization

CPX-351  
(N=195)

7+3 (CPX-351 
Eligible)  
(N=160)

Mean Estimates 
(95% CI)a

Mean Estimates 
(95% CI)a

p-valuea

Overall annualized inpatient LOS, daysb 183.7 (180.1–187.1) 197.1 (193.3–200.8) <0.001

Annualized inpatient LOS in patients with newly diagnosed t-AML, 

daysb

168.9 (164.5–172.8) 192.5 (187.6–197.0) <0.001

Annualized inpatient LOS in patients without evidence of newly 

diagnosed t-AML, daysb

190.4 (185.5–194.8) 181.3 (176.7–185.5) 0.025

Annualized number of administrations of plateletsc 4.8 (4.6–5.1) 4.5 (4.3–4.8) 0.368

Annualized number of administrations of RBCd 5.0 (4.8–5.3) 4.9 (4.6–5.2) 0.512

Annualized number of days on anti-infectivese 22.4 (21.7–23.3) 22.9 (22.1–23.7) 0.408

Annualized number of days on WBC-CSFf 2.0 (2.0–2.1) 3.0 (2.9–3.1) 0.053

Notes: aAll p-values nominal except for LOS. bThe key independent variables were treatment (CPX-351 vs 7+3), t-AML interaction term between t-AML, and treatment. 
The following covariates were included in the final regression model after backward selection: age, gender, race, ethnicity, primary payer, hospital census region, hospital bed 
size, type of admission (emergent, urgent, or elective), Charlson-Deyo Comorbidity Index, AML-MRC, prior HMA use, and number of days from the start of follow-up to 
the end of the study period. cThe key independent variable was treatment (CPX-351 vs 7+3). Covariates included: race, ethnicity, hospital census region, hospital bed size, 
type of admission, AML-MRC, and prior HMA use. dThe key independent variable was treatment (CPX-351 vs 7+3). Covariates included: race, ethnicity, hospital census 
region, hospital bed size, type of admission, AML-MRC, and t-AML. eThe key independent variable was treatment (CPX-351 vs 7+3). Covariates included: race, ethnicity, 
primary payer, hospital census region, hospital bed size, type of admission, Charlson-Deyo Comorbidity Index, prior HMA use, and prior anthracycline use. fThe key 
independent variable was treatment (CPX-351 vs 7+3). Covariates included: primary payer, hospital census region, teaching hospital, number of days from the start of follow- 
up to the end of the study period. 
Abbreviations: LOS, length of stay; CI, confidence interval; t-AML, therapy-related acute myeloid leukemia; RBC, red blood cells; WBC-CSF, white blood cell colony- 
stimulating factor; AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; HMA, hypomethylating agent.
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However, among patients without evidence of newly diag
nosed t-AML, CPX-351 treatment was associated with 
a longer inpatient LOS versus those treated with 7+3. 
Findings from this study and Lancet et al6 comparing CPX- 
351 to 7+3 suggest CPX-351 may have a more favorable 
effect on both clinical and HRU outcomes when used for the 
treatment of t-AML. However, further studies are needed to 
confirm this finding, especially given limitations in identify
ing clinical characteristics of patients in the Premier database 
and, in particular, the AML-MRC population.

An additional HRU analysis assessed hematologic sup
port and the need for anti-infectives. Hematologic and 
oncologic adverse events associated with CPX-351 include 
anemia, thrombocytopenia, hemorrhage, neutropenia, and 
febrile neutropenia.27 CPX-351 also can be associated 
with more frequent bleeding in the elderly.27 Safety eva
luation from the phase 3 clinical study comparing CPX- 
351 to 7+3 demonstrated that the adverse event profiles of 
CPX-351 and 7+3 were similar except for more prolonged 
myelosuppression with CPX-351.6,28 Persistence of CPX- 
351 liposomes in the plasma prolongs drug exposure, 
which can result in bone marrow suppression with longer 
recovery times for platelets and neutrophils,6 necessitating 
the use of supportive care for the management of some 
patients. Despite the prolonged myelosuppression pre
viously reported with CPX-351, the utilization of platelets, 
RBCs, and anti-infectives was similar between CPX-351 
and 7+3 in this study. The mean adjusted number of days 
on WBC-CSF was slightly numerically less with the CPX- 
351 versus 7+3 cohorts in this study (nominal p=0.053). 
Our findings thus demonstrated that the use of CPX-351 is 
associated with shorter LOS without increasing the need 
for supportive care. In Villa et al,12 respective utilization 
of RBC and platelet transfusions, usage of anti-infective 
agents, and administrations of WBC-CSF were also simi
lar between the CPX-351 and 7+3 cohorts.

Although costs of the 7+3 drugs are relatively low, 
there are significant additional costs associated with the 
required inpatient hospital stay.29,30 In the current study, 
the estimated reduction of inpatient stay by 13.4 days for 
the CPX-351 cohort could potentially translate to savings 
to hospitals. In the literature, using patient data from the 
phase 3 trial, a budget impact analysis revealed that, in 
a hypothetical 1 million member health plan, adoption of 
CPX-351 would result in an estimated increase in the 
number of patients with a complete response, resulting in 
a 3-year incremental cost decrease of almost $180,000 per 
responding patient versus 7+3.31

Based on findings in Villa et al,12 the median number 
of cycles administered was 2 (25th–75th percentiles: 1–4 
cycles) in the CPX-351 cohort versus 1 (25th–75th per
centiles: 1–4 cycles) in the 7+3 cohort. In comparison, the 
median number of treatment cycles was 1 (25th–75th 
percentiles: 1–2 cycles) for both the CPX-351 and 7+3 
cohorts in the current study. The difference in median 
number of treatment cycles between Villa et al and this 
study may reflect the treatment decisions made regarding 
consolidation cycles.

The treatment paradigm of AML for older patients is 
rapidly evolving. In recent years, a plethora of new agents 
have emerged, expanding the therapeutic landscape for 
this difficult-to-treat population. In addition to CPX-351, 
agents recently approved in the United States include 
lower-intensity regimens, such as venetoclax in combina
tion with HMAs or low-dose cytarabine, and targeted 
agents, such as midostaurin (FLT3 inhibitor), gilteritinib 
(FLT3 inhibitor), ivosidenib (IDH1 inhibitor), enasidenib 
(IDH2 inhibitor), glasdegib (Hedgehog signaling pathway 
inhibitor), or gemtuzumab ozogamicin (anti-CD33 anti
body conjugate).32,33 Together, these newer agents are 
associated with good tolerability profiles and/or improved 
efficacy for segments of the AML population and permit 
more personalized treatment plans. Additional clinical data 
are needed to further refine the optimal treatment 
paradigm.

Recently, 3 large real-world evidence studies have eval
uated the safety and efficacy of CPX-351.34–36 In an Italian 
compassionate use program of CPX-351 in older adults 
with newly diagnosed t-AML or AML-MRC, treatment 
with CPX-351 resulted in a median OS of 16.1 months.34 

In a French retrospective, multicenter analysis in patients 
with newly diagnosed t-AML or AML-MRC, median OS 
was not reached with CPX-351 treatment, with a 1-year OS 
rate of 69%.35 In a German retrospective, multicenter ana
lysis in patients with newly diagnosed t-AML or AML- 
MRC, treatment with CPX-351 resulted in a median OS 
of 21 months.36 In all 3 studies, CPX-351 was associated 
with an acceptable safety profile, consistent with results 
from the phase 3 trial. However, these studies did not 
address the issue of HRU.

Several limitations of this real-world study warrant 
mention. As in all retrospective observational studies, 
patients were not randomly assigned into treatment 
cohorts; therefore, there could be selection bias in the 
estimated treatment effects. Nonetheless, the multivariable 
regressions were used to control for differences in patient, 
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hospital, and clinical characteristics and to offset potential 
bias. Patients could be tracked across inpatient visits as 
well as outpatient and follow-up visits in hospital-affiliated 
centers; however, if a patient transferred out of the hospital 
system during treatment or follow-up, they may have been 
subsequently lost to follow-up, resulting in incomplete 
data for that patient. Also, when a patient was treated in 
a different hospital before index admission, previous diag
noses were not captured. The respective designations of 
t-AML and AML-MRC were defined according to the 
National Cancer Institute and WHO. Due to limitations 
of clinical data from the PHD, such as the lack of labora
tory findings (ie, complete blood counts, bone marrow 
aspirations), identification of AML relied solely on diag
nosis codes reported by the hospitals. The lack of this 
clinical detail, in combination with not all previous diag
noses being captured in the database, resulted in an “unde
termined” cohort of AML patients who could not be 
assigned to t-AML or AML-MRC. Since patients in the 
7+3 cohort were required to have an identifiable diagnosis 
of t-AML or AML-MRC, not all CPX-351–eligible 
patients treated with 7+3 could be identified and included 
in this study. In addition, given the limited sample size of 
patients in the CPX-351 cohort with evidence of newly 
diagnosed t-AML or AML-MRC captured in the database, 
it was assumed all CPX-351–treated patients had on-label 
use of the medication even if their AML subtype could not 
be specifically determined.

Conclusions
This study provided a real-world assessment of the current 
use of CPX-351 for the treatment of t-AML and AML-MRC 
in clinical oncology practice in the immediate 19 months 
following FDA approval. LOS and supportive care utiliza
tion from real-world data were consistent with the pivotal 
clinical trial data for patients treated with CPX-351. Inpatient 
LOS associated with the treatment of t-AML and AML- 
MRC was favorable for CPX-351, with 36.3% of the CPX- 
351 induction-strength treatment cycles occurring in the 
hospital-based outpatient setting. Regression analyses that 
were adjusted for patient, hospital, and clinical covariates 
revealed that treatment with CPX-351 compared to conven
tional 7+3 was associated with shorter inpatient days and 
comparable supportive care utilization. Future health eco
nomics and outcomes research should further investigate the 
clinical details and characterize the patients who received 
CPX-351 in the outpatient setting, as well as the 

effectiveness of CPX-351 treatment in the outpatient setting 
for both induction and consolidation cycles, specifically.
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