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Patients with hematological malignancies such as acute mye-
loid leukemia (AML), acute lymphoid leukemia (ALL) and
multiple myeloma (MM) have historically required lengthy
inpatient hospitalizations for administration of intensive
chemotherapy regimens. However, new treatment options
and improved supportive measures have led to less treat-
ment-related mortality and safer outpatient administration
of treatment regimens [1, 2].

Using the National Inpatient Sample (NIS), we aimed to
systematically analyze trends over time of hospitalizations
for chemotherapy administration in patients with AML, ALL
and MM. We hypothesized there would be a decrease in
inpatient chemotherapy for acute leukemia and MM patients
due to increased utilization of newer regimens delivered as
an outpatient. We hypothesized there would be a decline
in mortality for patients admitted for chemotherapy due to
improvements in supportive care. Additionally, we aimed to
explore inflation-adjusted costs for these hospitalizations.

The NIS is a database compiled by the Agency for
Healthcare Research and Quality that contains data from
more than 7 million annual hospitalizations including patient
demographics, primary and secondary diagnoses, proce-
dures, length of stay (LOS), and disposition. Each observa-
tion within the database comprises a unique hospitalization.
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Recurrent hospitalizations are recorded as distinct observa-
tions [3].

Weighted national estimates were obtained from the NIS
using internal weighting from each state’s inpatient data-
base. The two-sample ¢ test was used to assess changes in
inpatient mortality, length of stay, and total charges between
the years 2002 and 2017. The years 2002 and 2017 were
chosen for comparative analysis as they represented the first
and last year of our study time period. We excluded hospi-
talizations for stem cell transplantation from our analysis.

Hospital charges were converted to costs using Health-
care Cost and Utilization Project cost-to-charge ratios [4].
Inflation adjustments for costs were done as per official US
Department of Labor statistics. SPSS (Version 26, IBM Wat-
son) was used for statistical calculations.

There were 136,839 hospitalizations from 2002 to 2017
for AML chemotherapy administration. The number of
hospitalizations for AML chemotherapy administration
decreased from 2008 onward. As a representative sample,
there was a total of 3.74 hospitalizations per 100,000 popu-
lation in 2008 compared to 1.72 per 100,000 population in
2017 (p=0.003) (Fig. 1). Additionally, there was a decrease
in inpatient mortality rates, from 6.9% in 2002 to 2.4% in
2017 (p<0.0001). Mean LOS was 14.92 days in 2002 and
13.44 days in 2017 (p =0.0054). Mean inflation-adjusted
hospitalization costs increased from $83,890 in 2002 to
$140,360 in 2017 (p <0.001).

There were 82,730 hospitalizations from 2002 to 2017 for
ALL chemotherapy administration. The number of hospitali-
zations for ALL chemotherapy administration did not change
significantly over time. As a representative sample, there
were 1.42 admissions per 100,000 population in 2002 and
1.83 admissions per 100,000 population in 2017 (p=0.87)
(Figure S1). There was a decrease in the inpatient mortal-
ity rate from 1.6% in 2002 to 0.8% in 2017 (p =0.0007).
Mean LOS did not change significantly during this time
period at 7.70 days in 2002 to 7.63 days in 2017 (»p =0.06).
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Mean inflation-adjusted hospitalization costs increased from
$49,283 in 2002 to $94,787 in 2017 (p <0.0001).

There were 48,062 hospitalizations from 2002 to 2017 for
MM chemotherapy administration. The number of hospi-
talizations for MM chemotherapy administration decreased
significantly from 2.61 per 100,000 population in 2002 to
0.56 per 100,000 population in 2017 (»p=0.002) (Fig. 2).
Inpatient mortality rates showed no significant change
(0.7% in 2002 to 0.5% in 2017 (p =0.15)). Mean LOS for
these hospitalizations increased from 4.69 days in 2002 to
5.91 days in 2017 (p <0.0001). Mean inflation-adjusted hos-
pitalization costs increased from $18,781 in 2002 to $78,670
in 2017 (p<0.0001).

In this study, we utilized national data spanning 15 years
to analyze trends of inpatient chemotherapy administration,
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inpatient mortality, and hospitalization costs in adult patients
with AML, ALL, and MM. We observed a steady decline
over time in the number of hospitalizations for inpatient
chemotherapy administration for patients with MM and
AML, but not ALL. Inpatient mortality rates in AML and
ALL patients admitted for chemotherapy administration
decreased, however the inpatient mortality rate in MM
patients did not significantly change. Furthermore, we found
that inflation-adjusted hospitalization costs increased over
time in patients with AML, ALL, and MM, despite the LOS
remaining the same or only modestly increasing.

Our study reaffirms existing literature demonstrating an
improvement in outcomes with chemotherapy administration
for both AML and ALL [5, 6]. However, this is the first study
to use a nationwide dataset capturing hospitalization-related
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data to establish trends in hospitalization volumes, out-
comes, and costs for inpatient chemotherapy.

The reductions in inpatient mortality in AML and ALL
are multifactorial with improvements in supportive care
emerging from availability of efficacious antimicrobials [7],
enhanced recognition of at-risk patients, and safer delivery
of chemotherapeutic agents with recognition of their toxici-
ties [8]. We found that the mortality rate of MM patients
receiving inpatient chemotherapy has not significantly
improved. We hypothesize this lack of improvement rep-
resents a shift towards a higher-acuity patient population
receiving inpatient chemotherapy administration for MM,
although the database limitations prevent us from specifi-
cally addressing this hypothesis.

Historically, LOS has been the largest determinant of
the overall cost of hospitalization [9]. We show that despite
the length of stay remaining relatively consistent over
time, costs of hospitalizations have dramatically increased.
Previous work shows that costs of hospitalizations across
the United States (US) are going up, driven primarily by
increased charges billed from the hospital for services
delivered inpatient [10]. This is particularly relevant, as the
chemotherapeutic agents used inpatient for these malignan-
cies such as 743 for AML or cisplatin, doxorubicin, cyclo-
phosphamide, and etoposide (PACE) for MM would not
have been expected to get more expensive during our study
time period. Newer, supportive care interventions such as
contemporary antifungals may account for a small fraction
of these costs, but do not explain the dramatic increase alone
[11]. Newer agents for MM are primarily delivered outpa-
tient, and contemporary inpatient chemotherapy agents for
AML such as liposomal daunorubicin/cytarabine were not
approved by the FDA until August 2017 [12]. The increase
in costs cannot be attributed solely to increased complica-
tions during hospitalizations either, as we demonstrate that
for acute leukemias the mortality rate has gone down signifi-
cantly, and for MM has remained stable. There is an urgent
need for further work in this regard, with particular focus
on the exact mechanisms of what has driven these inpatient
costs up, and what can be done to mitigate them.

There are several inherent limitations in all studies uti-
lizing the NIS database. Data regarding leukemia or MM-
specific patient characteristics is not available from the NIS
database. This is compounded by lack of information pro-
vided by the NIS on comorbid factors which might increase
costs and duration of hospital stays. Billing practices have
also evolved since the transition to ICD-10-CM, therefore
similar patients may have been coded differently before and
after this transition. Furthermore, billing practices vary
widely between institutions, and inaccurate documentation
of ICD codes may affect the integrity of the information.
Unfortunately admissions specifically for hospice cannot be
tracked using this database, and disposition at discharge has
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also been removed from collected data and is not available
for the years included in this study.

Despite those limitations, our results indicate there has
been a steady decline in the number of hospitalizations for
inpatient chemotherapy for patients with MM and AML in
the US over time. We postulate this is due to increased utili-
zation of effective outpatient agents for these diseases over
time [13]. There has also been a steady decline in inpatient
mortality for chemotherapy for AML and ALL. Hospitali-
zation costs have gone up dramatically necessitating fur-
ther work to elucidate factors driving inpatient healthcare
expenditures.
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