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Abstract
Purpose: Neutropenic complications (NCs) after myelosup-
pressive chemotherapy are associated with significant morbidity
and mortality. We described NC rates by using US hospital dis-
charge data.

Materials and Methods: This cross-sectional analysis
used data from the US National Inpatient Sample database.
Hospital discharges with cancer diagnoses (International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]
code) from 1989 to 2007 were analyzed for the ICD-9-CM neutro-
penia code. NC rates per 10,000 discharges were calculated for all
adult discharges without radiation therapy (study population, all
cancers); lung cancer, breast cancer, and non-Hodgkin’s lym-
phoma (NHL); and all three combined. The use of growth factors
and myelosuppressive chemotherapy from 1994 to 2008 was esti-
mated by using the IMS Health Drug Distribution Database.

Results: Estimated lung cancer and breast cancer dis-
charges remained relatively steady, whereas NHL discharges
increased. NC rates for each study cancer increased two-fold
until the late 1990s before stabilizing and/or declining. The
average hospital stay for all three cancers decreased from
10.4 days to 7.1 days. The mortality rates for NCs for the three
cancers combined decreased at a fairly constant rate from
10% in 1989 to 5.4% in 2007. Estimated discharges for NCs
from 1989 to 2007 ranged from 111,000 to 169,000 for the
study population, from 57,000 to 103,000 for all cancers, and
from 21,000 to 40,000 for the three study cancers. The use of
growth factors and myelosuppressive chemotherapy in-
creased from 1994 to 2008.

Conclusion: Whereas the number of hospitalizations with
cancer diagnoses has remained steady since 1989, hospitaliza-
tions for NCs increased approximately two-fold from 1989 to
1997 and then stabilized.

Introduction
Although chemotherapy offers improved survival for many
cancers, numerous chemotherapeutic regimens have narrow
therapeutic indexes, which may result in serious and often
life-threatening events, such as infection as manifested by
febrile neutropenia (fever and grade 3/4 neutropenia).1 The
risk of neutropenic complications (NCs) is related to the
specific chemotherapeutic regimen, individual patient fac-
tors (eg, age and comorbidities), and the use of supportive
care therapies which mitigate that risk (eg, granulocyte col-
ony-stimulating factors [G-CSFs]).2 There are few published
data that report national trends for NCs, despite their rela-
tive frequency and the efforts made to prevent them.

The objective of this study was to estimate NCs on the
basis of the number of hospital discharges for which cancer
and neutropenia diagnoses occurred together, by using data
from 1989 to 2007 from the US Agency for Healthcare
Research and Quality Healthcare Cost and Utilization Proj-
ect Nationwide Inpatient Sample (NIS) database. NC rates
were examined for the study population (ie, all discharges
minus study exclusions); all cancer discharges (ie, not only
the study cancers); separately for lung cancer, breast cancer
in women, and non-Hodgkin’s lymphoma (NHL); and for
the three cancers combined (ie, study cancers). Because
changes in NC trends may reflect changes in the use of
G-CSFs and myelosuppressive chemotherapy, the numbers
of doses of selected G-CSFs and common chemotherapeutic

agents administered in the United States from 1994 to 2008
were estimated.

Materials and Methods

Data Sources
Data for the primary analyses were from the Agency for Healthcare
Research and Quality NIS all-payer inpatient care database,3 a
probability-weighted sample designed to allow estimation of the
total number of US hospitalization discharges. The NIS data-
base is composed of approximately 1,000 randomly selected
community hospitals drawn from eight to 42 states depending
on the survey year to provide an approximately 20% stratified
sample of US community hospitals (defined as nonfederal,
short-term hospitals, including academic medical centers). The
number of hospitals in the sample ranged from 758 (1988) to
1,044 (2007). The sample contained data from 5 to 8 million
hospital discharges each year, which represented approximately
90% of the US population in each study year. Data for the
secondary analysis of chemotherapy trends (ie, the number of
doses of chemotherapeutic agents and G-CSFs) were estimated
by using the IMS Health Drug Distribution Database, which
reflects 94% of all US sales of these agents.

Study Population
The total study population included all hospital discharge re-
cords for patients aged � 18 years who had no evidence of
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radiation therapy (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-CM]: proce-
dure codes 92.2, 92.3). Radiation-related hospitalizations were
excluded to avoid inclusion of radiation-induced neutropenia
that could occur with radiation monotherapy. Because radia-
tion monotherapy (as opposed to combined chemoradiother-
apy) could not be separately excluded, all hospital discharges of
patients who received radiation therapy were excluded. The
study population was further narrowed to hospitalizations that
contained ICD-9-CM codes for any malignant cancer (ICD-9-
CM: 140-208). Finally, cohorts evaluated within the cancer
population included lung cancer (ICD-9-CM: 162), breast
cancer in women (ICD-9-CM: 174), and NHL (ICD-9-CM:
200, 202).

Variable Definitions
Neutropenic complication was defined by a broad definition of
neutropenia (ICD-9-CM: 288.0) and a narrow definition of
neutropenia (ICD-9-CM: 288.0 and selective infection codes
possibly associated with febrile neutropenia, as listed in Appen-
dix Table A1, online only). Hospital discharge-level variables in
the NIS included demographics (eg, age and sex) and hospital
discharge-specific criteria (eg, type of admission, diagnosis
codes, procedure codes, hospital discharge status, expected pri-
mary and secondary payers, and total charges). Hospital-related
variables included location and whether a hospital was a teach-
ing institution.

Statistical Analyses
We reported the estimated absolute number of national hospi-
talization discharges and the annual number and rate of hospital
discharges with NCs per 10,000 hospital discharges represented
in the NIS database by year from 1989 through 2007 for the
study population, all cancers; NHL, lung, and female breast
cancer separately; and for all three cancers combined (the
study cancers). Estimation was done using SAS/STAT soft-
ware, Version 9.2 of the SAS System for Windows, specifi-
cally PROC SURVEYMEANS (continuous variables) and
PROC SURVEYFREQ (categorical variables) with appro-
priate weights and sample design variables included in the
NIS database, including hospital (or cluster) and stratum
variables identified (ie, as defined by region, ownership, lo-
cation/teaching function, and bed size) to ensure design con-
sistency of variance estimators. Given the goals of the
analysis, the cross-sectional annualized data (ie, multiple
time points), and the large sample sizes at each time point,
we constructed CIs rather than performing statistical tests.

The number of doses of G-CSFs and myelosuppressive che-
motherapeutic agents used from 1994 to 2008 was estimated by
using the IMS Health Drug Distribution Database and dosing
data. Dosing for chemotherapeutic agents was obtained from
drug package insert dosing recommendations. For filgrastim
and pegfilgrastim, the WHO-defined daily dose (pegfilgrastim,
0.30 mg; filgrastim, 0.35 mg)4 was used to obtain an estimate of
the number of doses used for each product. The numbers of
defined daily doses of therapy divided by the average number

of doses sold in a given year were plotted for G-CSFs and
selected myelosuppressive chemotherapeutic agents to provide
a common scale for the average percentage of doses that were
sold in any given year during the 1994 to 2008 analysis period
(ie, an estimate of growth rate).

Results

Study Attrition
The total number of estimated discharges in the United States
during the analysis period ranged from approximately 35 mil-
lion to 39 million. Using only discharges for patients who were
aged � 18 years and had no evidence of radiation therapy (ie,
study population), the estimates ranged from 28 to 32 million
discharges, with 111,000 to 169,000 discharges for NCs. When
further restricted to all cancer discharges, the estimates were
approximately 2.5 million discharges per year, with approxi-
mately 57,000 to 103,000 discharges for NCs per year. Subse-
quently, the cancer discharges were analyzed by the three study
cancers. The remaining analyses focus on the rates of NCs
within these subgroups.

Hospital Discharges for Cancer
The estimated numbers of lung cancer and breast cancer hospital
discharges per year in the United States were approximately
400,000 for lung cancer (Figure 1A, right panel; ranging from
346,000 to 419,000 per year) and approximately 200,000 for
breast cancer (Figure 1B, right panel; ranging from 170,000 to
223,000 per year). NHL hospital discharges nearly doubled from
1989 to 2007, increasing from 119,000 to 206,000 per year (Fig-
ure 1C, right panel). For the three study cancers combined, the
number of hospital discharges was relatively stable (Figure 1D,
right panel; ranging from 671,000 to 808,000 per year). All cancer
hospital discharges (including but not limited to the three cancer
types) remained fairly steady over time at approximately 2.5 mil-
lion per year from 1989 to 2007 (ranging from 2.3 to 2.7 million/
yr). For all cancer hospital discharges, the mean (SE) patient age
ranged from 65.2 (0.41) years to 66.4 (0.25) years, whereas the
proportion of females changed from 50.8% (1993) to 48.6%
(2007).

Demographics Among Study Cancer Hospital
Discharges With NCs
We further examined the three study cancers with NCs sepa-
rately and combined. Over the course of the study (1989-
2007), roughly half of the discharged patients were female
(ranging from 51.3% to 59.0%; Figure 2A), with mean age in
the early 60s (ranging from mean [SE] 59.5 [0.46] years to 62.5
[0.31] years; Figure 2B). For lung cancer hospital discharges,
less than half of patients discharged were female (ranging from
42.7%–47.4%), with mean age in the mid-60s (ranging from
mean [SE] 64.6 [0.31] to 66.6 [0.26] years]), whereas for female
breast cancer hospital discharges, the mean (SE) age was lower,
ranging from 52.9 (0.63) years to 57.9 (0.33) years. For NHL,
the proportion of females was less than half (ranging from
42.4% to 49.8%), and mean (SE) age increased over time,
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Figure 1. Absolute number and rate per 10,000 hospital discharges with neutropenic complications (left panels) and absolute number of hospital
discharges (International Classification of Diseases, Ninth Revision, Clinical Modification code: 288; right panels) for (A) lung cancer, (B) breast cancer,
(C) non-Hodgkin’s lymphoma (NHL), and (D) the three cancers combined, from the Nationwide Inpatient Sample (1989-2007).
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ranging from mean 56.9 (0.91) years to 62.2 (0.64) years. For
lung cancer, breast cancer, and NHL, 83% to 88% of hospital
discharges with NCs occurred in urban settings.

Study Cancer NCs
We examined the annual number of NC-related discharges and
the rate of hospital discharges with NCs (ie, number of NCs per
10,000 hospital discharges) for the study cancers. The estimate of
the absolute number of hospital discharges with NCs for lung
cancer rose until 1995, after which the results remained fairly con-
stant, whereas the adjusted rate of lung cancer NC discharges per
10,000 declined after 1995 (Figure 1A, left panel). For breast can-
cer, the absolute number of NCs hospital discharges and rate per
10,000 breast cancer hospital discharges rose steeply until 1998,
after which both appeared to stabilize (Figure 1B, left panel). For
NHL, there was a fairly consistent rise in the absolute number of
NC hospital discharges, whereas the adjusted rate of NC discharges
per 10,000 peaked in 1997 and declined thereafter (Figure 1C, left
panel). For the three study cancers combined, the absolute number
of hospitalization discharges with NCs increased almost two-fold
until 1997 and remained relatively stable thereafter (Figure 1D, left
panel). After increasing almost two-fold until 1997, the rate per
10,000 discharges for the three study cancers decreased in 1999
and remained relatively stable thereafter (Figure 1D, left panel).
When the hospital discharge records were examined by a narrower
definition for NCs (ie, containing ICD-9-CM codes for both neu-

tropenia and infection), similar results were seen for the individual
specific cancer types and the three combined (data not shown).

Length of Stay and Outcome for Study Cancer
Hospital Discharges With NCs
Regarding the length of stay for hospital discharges, a similar
decrease over time was seen (Figure 2C), with longer hospital
stays for NHL and shorter hospital stays for lung cancer and
breast cancer. Breast cancer hospital discharge length of stay
showed the most dramatic change, ranging from a peak of 10.2
days in 1990 to a low of 5.0 days in 2007. Hospitalization
length of stay for NCs decreased from 10.4 days in 1990 and
steadily improved to 7.1 days in 2007.

Themortalityrates forNCsassociatedwithlungcanceradmissions
had some variation, rather than a steady decline, although the rates did
decreaseover this time span (13%to9.7%;Figure2D).Themortality
rates for NCs decreased more steadily over the study period for breast
cancer (6.9% to 2.1%) and NHL (from 8.4% to 4.3%). Overall, the
mortality rates for NCs in the three cancers combined decreased from
10% in 1989 to 5.4% in 2007 at a fairly constant rate (Figure 2D).

Use of G-CSF and Myelosuppressive Chemotherapy
Over Time
Using annual drug sales data obtained from the IMS Health
Drug Distribution Database, package insert dosing data, and
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Figure 2. (A) Sex, (B) age, (C) length of stay, and (D) mortality as a discharge status among hospital discharges with neutropenic complications
(International Classification of Diseases, Ninth Revision, Clinical Modification code: 288) for lung cancer, breast cancer, and non-Hodgkin’s lymphoma
(NHL), by individual cancer type and for all three types combined, from the Nationwide Inpatient Sample (1989-2007).
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WHO-defined daily doses, we estimated the annual number
of medication doses and standardized them by the average
number of doses sold over the analysis period (1994-2008).
G-CSF use increased after the approval of filgrastim in 1991
and again after the approval of pegfilgrastim in 2002 (Figure
3). This trend in growth factor use paralleled the increased
use of several commonly prescribed myelosuppressive che-
motherapeutic agents associated with febrile neutropenia,
such as taxanes (eg, docetaxel, paclitaxel), topoisomerase I
inhibitors (eg, irinotecan), platinum-based agents (eg, car-
boplatin), and antimetabolites (eg, methotrexate; Figure 3).
However, the estimated proportion of doxorubicin doses
administered was stable.

Discussion
To our knowledge, NC rates thus far have been reported for
single clinical studies or large observational studies but not lon-
gitudinally or at the national level in the United States.5,6 NC
rates are of special interest, as key clinical studies and guidelines
have indicated that treatment patterns, particularly for lung
cancer and breast cancer, have evolved to include increasingly
myelosuppressive chemotherapy over the past 20 years. Current
estimates of NC rates in the United States are thus likely un-
derestimated as a result of the use of radiation therapy in com-
bination with myelosuppressive chemotherapy in lung cancer.
Treatment for NHL has been primarily based on cyclophos-
phamide, doxorubicin, vincristine, and prednisolone or cy-
clophosphamide, doxorubicin, vincristine, and prednisolone
plus rituximab over this time span.7 During the study pe-
riod, there was the important clinical development of dose-
dense chemotherapy for breast cancer that incorporates the
use of G-CSF prophylaxis.8 To examine these trends, we
performed a descriptive cross-sectional analysis of NCs using
NIS hospital discharge data from 1989 to 2007. Key findings
showed that after excluding patients who received radiation
therapy, on average, the estimated number of NCs in the
total study population increased by approximately 30,000
cases per year. Furthermore, although the rate of discharges
for the three study cancers combined remained relatively
steady over time from 1989 to 2007, the rate of hospital
discharges with NCs increased almost two-fold from 1989 to
1997. The use of G-CSF, especially after 2002, paralleled the
clinical use of increasingly myelosuppressive chemotherapy
regimens (dose-dense regimens, the use of taxanes, etc)9-11

and may well have mitigated the steeply rising annual inci-
dence of hospitalizations from NCs from 1990 to 2000.
However, the results of this analysis were derived from a
combination of disparate data sources, which is a potential
limitation of the assessment of the use of these agents.

The length of stay for hospital discharges with NCs de-
creased over time from 10.4 days in 1990 to 7.1 day in 2007.
Of note, the length of stay for lung cancer may have been
affected by changes in mortality rates. This change in length
of stay may also be related to the advent of the diagnosis-
related group payment system in the 1980s, and increased
reimbursement restrictions put on the system since its intro-

duction in 1983. In-hospital mortality rates with NCs for all
study cancers fell from 10% in 1989 to 5.4% in 2007 at a
fairly constant rate. Recent studies have suggested that G-
CSF may influence mortality and may be one factor in re-
ducing in-hospital mortality,12-14 although better inpatient
treatment of patients with neutropenic infections could have
contributed to this result.

There are several caveats that must be considered in inter-
preting these study findings. One fundamental source of bias is
that this study relies on coded data and, hence, incorporates any
coding errors that may have occurred. In a previous study, the
sensitivity for defining neutropenia from ICD-9-CM coding
was reported to be 80% when compared with other data
sources.15 These data also reflect billing decisions, which may
not always completely correlate with clinical assessments. In
addition, the unit of analysis was the hospital discharge, not the
patient; therefore, patient-level conclusions are out of scope for
this study. Given the nature of the database, no adjustments
could be made for cancer stage, treatment intent (curative v
palliative), or chemotherapy regimen. Also of note, the NC data
were not adjusted for changes in chemotherapy use; shifts in
care from one treatment modality to another (surgery, radia-
tion, chemotherapy, or targeted therapy); or changes in popu-
lation growth, cancer incidence, prevalence, or survival. These
data are not easily accessible because the majority of NCs still
require hospitalization,16,17 and large hospital discharge data-
bases are often are not linkable to outpatient databases that
would contain many of these treatment-related and patient-
related data.

We sought to examine outpatient data using both the Na-
tional Ambulatory Care Survey and National Hospital Ambu-
latory Care Survey databases to capture NCs observed in
freestanding outpatient clinics and in clinics that are part of
hospitals, respectively. However, the data obtained from these
databases were not reliable because the number of cases was
small and the SEs large. It may be that the study design did not
permit sampling of an adequate number of oncologists, thus
resulting in the number of NC cases being too low to report.
Regardless, there was not a detectable trend in outpatient treat-
ment of neutropenia in these data sets. This could be because
most treatment of NCs occurs in hospitals.16,17 It is possible
that other efforts to ameliorate NCs, such as dose-reduction
strategies or other changes in chemotherapy regimens (espe-
cially in patients with metastatic disease or other factors predic-
tive of poor outcome), may have affected the incidence of
NCs.1,12,18-20 Our results indicate that the increased use of com-
monly prescribed myelosuppressive chemotherapies during this
period is also of interest because increased absolute NC events
would not be unexpected with some of these regimens.20 Al-
though the analysis of the IMS Health Drug Distribution Da-
tabase indicated increased use of most myelosuppressive
chemotherapies, it is important to note that methotrexate is
often prescribed for nononcology indications such as autoim-
mune diseases.21,22

To provide a broader context, we calculated 5-year cancer
survival and prevalence rates from 1990 to 2001 based on data
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published in the Surveillance, Epidemiology and End Results
Cancer Statistics Review, 1975 to 2006.23 These analyses
showed that 5-year survival rates for all cancers, breast cancer,
lung cancer, and NHL all increased from 1990 to 2001, with
the smallest increase occurring with lung cancer and the greatest
increase occurring with NHL. Specifically, survival for all can-
cers was up by 9.4% from 1990 to 2001, with the largest sur-
vival gains for NHL, which had a 16.6% increase, representing
a 32.4% increase in survival. We likewise examined 5-year prev-
alence rates for all three study cancers over the time frame
examined. The prevalence of lung cancer was unchanged from
1989 to 2006, whereas breast cancer increased by 18.2% and
NHL increased by 50.0% compared with the 1989 rate. These
data indicate that any decreases in NC hospital discharges over
time were not due to a decrease in the number of patients with
cancer.

In conclusion, our analyses demonstrated an increase in the
number of hospitalizations for NCs from 1990 to 2000 with
subsequent stabilization. This likely reflects the integrated ef-
fects of multiple factors considered by oncologists when making
treatment decisions regarding neutropenia. These factors in-
clude the availability of increasingly myelosuppressive chemo-
therapy regimens, which may affect survival rates; widespread
use of G-CSFs, such as pegfilgrastim and filgrastim, both pro-
phylactically and therapeutically; and consideration of individ-
ual patient characteristics such as age and comorbid conditions.
The relatively constant rate of NCs over the past several years
indicates that it remains a significant clinical problem for pa-
tients. Additional research into how to optimize the balance of
aggressive chemotherapy and prevention of febrile neutropenia
may aid efforts to increase survival while minimizing the effects
of febrile neutropenia.
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doses. The numbers of doses of chemotherapeutic agents were calculated by using recommended dosing data from the package inserts.
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How Can I Deal With Emotional Issues Related to Patient Care?

For insights into this and other challenges, be sure to read the new content (volume 2) in Art of Oncology:
Honest and Compassionate Responses to the Daily Struggles of People Living with Cancer.
This collection of 34 brief articles addresses end-of-life care, symptom control, ethics, and
communication with patients. Purchase your copy now in the Kindle store at
jco.org/kindle2.
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