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Abstract

Objective:

This study evaluated the overall burden of iliness of chemotherapy-induced nausea and vomiting (CINV) and
associated all-cause costs from a hospital’s perspective (costs to the hospital) in patients with cancer treated
with-chemotherapy (CT) in the US hospital outpatient setting.

Methods:

Patients with a cancer diagnosis aged >18 years initiating CT in a hospital outpatient setting for the first time
between April 1 2007 and March 31 2009 were extracted from the Premier Perspective Database. Patients
were followed through eight CT cycles or 6 months post-index date, whichever occurred first. Within each
CT cycle, the follow-up time for CINV event estimation was from day 1 (except rescue medication use that
was identified from day 2) to cycle end. A multivariate regression model was developed to predict the CINV
event rate per CT cycle in the study follow-up period. Associated total all-cause costs of managing CINV
from a hospital’s perspective were analyzed descriptively. Event rate and associated costs were estimated
in the entire hospital setting (outpatient, inpatient, and emergency room). All-cause costs included
inpatient, hospital outpatient, and ER visit costs (identified through a primary or secondary diagnosis
code for nausea, vomiting, and/or volume depletion) and pharmacy cost (rescue medications for CINV
treatment). All physician costs and non CINV-related treatment (pharmacy) costs were excluded from
the analyses.

Results:

Among 11,495 study patients, 8,806 patients (76.6%) received prophylaxis for all cycles in the follow-up
period. The overall base population had an average age of 63.3 years, was 51.0% female, and 72.7%
White. The distribution of emetogenicity for cycle 1 CT cycle was 26.0% HEC, 46.1% MEC, and 26.4% LEC/
MinEC combined. In the follow-up period, a total of 47,988 CINV events with an associated total all-cause
treatment cost of $89 million were observed. Average daily treatment cost for all care settings was $1854.7.
The regression model predicted a 20% CINV event rate per CT cycle in the follow-up period. Study
limitations include potential lack of generalizibility, absence of data on certain confounders including
alcohol consumption and prior history of motion sickness, lack of a control analysis group to estimate
incremental use of resource utilization and associated costs, and a potential for cost under-estimation.

Conclusion:

In the current study analysis, a 20% CINV event rate per CT cycle per patient was predicted with an
associated all-cause average daily total cost of approximately $1850. Further studies on early and
appropriate antiemetic prophylaxis on CINV rates and economic outcomes are warranted.
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Introduction

Chemotherapy-induced nausea and vomiting (CINV)
remains an important clinical problem and a common,
distressing adverse event (AE) for patients undergoing
chemotherapy (CT)'~.Certain patient characteristics
known to increase the risk of a CINV event are age,
gender, and emetogenic potential of the CT regimen'. A
total of 70-80% of patients receiving CT experience a
CINV event?, with acute and delayed CINV symptoms
occurring in 36% and 59% of patients, respectively’.
Poorly controlled CINV can significantly impact
daily functioning and is associated with medical compli-
cations that may become life-threatening (e.g., weight
loss, dehydration, electrolyte imbalance,
leading to re-hospitalization, increased medical costs,
and morbidity®”’.

Antiemetic regimens for the prevention of acute and
delayed CINV (<24 hours and >24 hours up to 5 days,
respectively) include serotonin (5-HT3) receptor antago-
nists, corticosteroids, neurokinin (NK;) receptor antago-
nists, benzamide analogs, phenothiazine derivatives,
butyrophenones, benzodiazepines, and dopamine recep-
tor antagonists"®. The American Society of Clinical
Oncology (ASCO) and National Comprehensive
Cancer Network (NCCN) guidelines note that patients
receiving CT should preferentially be treated with
antiemetic regimens with the highest therapeutic
index — 5-HT3 receptor antagonists, corticosteroids,
and NK; receptor antagonists — due to the high
efficacy and safety profiles when used in the recommended
doses®®.

Despite the advances in new and more advanced
cancer treatments, CINV remains a serious complica-
tion and can also increase medical care costs and

anorexia),

resource utilization. Few studies have evaluated the inci-
dence and cost of CINV events for patients with cancer
receiving CT in a hospital outpatient setting in the
US-15.

This study evaluated the overall burden of illness
related to the number of CINV events and the associated
all-cause total cost from a hospital’s perspective in patients
with a cancer diagnosis treated across all types of CT in a
hospital outpatient setting. Even though study patients
were identified from a hospital outpatient setting,
CINV event rate and associated costs were evaluated in
the other hospital settings including inpatient and
emergency rooms (ER) as well. Factors contributing to
the risk of CINV were also evaluated. Additionally,
differences in resource utilization and associated costs
between CT cycles that received antiemetic prophylaxis
and cycles that did not receive antiemetic prophylaxis in
the follow-up period were also estimated.

88  Economic burden of CINV in patients with cancer in a hospital outpatient setting Craver et al.

Patients and methods

Data source

In this retrospective, longitudinal, observational study,
data were derived from Premier’s Perspective Database, a
hospital-service database that includes detailed patient-
level and cost data, associated with inpatient stays and
visits to outpatient facilities for participating database hos-
pitals. The Premier Perspective Database contains data
from over 600 hospitals across the US that details infor-
mation on patient demographics (age, sex, race, marital
status), hospital characteristics, principal and secondary
diagnoses, payor, cost of care, medication utilization
(name, strength, quantity dispensed, day of administra-
tion), department cost and charge details, length of stay,
and physician specialty (physician costs were not obtained
in the database). A unique patient identification number
allows linkage of visits within the same hospital outpatient
facility for a given patient. Drugs are not linked to their
specific indication for use within the database. The data
are de-identified in accordance with the Health Insurance
Portability and Accountability Act (HIPPA). This retro-
spective analysis did not involve patient intervention and
used data with masked data identifiers.

Study patients and follow-up time

The study cohort consisted of patients aged 18 years or
older with a cancer diagnosis initiating single or multi
day CT for the first time (index date) between April 1,
2007 and March 31, 2009 at an outpatient hospital facility
(Figure 1). Patients might have received radiation therapy
in addition to CT. Cancer diagnosis was defined using
appropriate International Classification of Diseases, 9th
Revision (ICD-9) codes and was recorded on an outpatient
hospital claim 60 days before or after the index date and
was classified as a primary cancer site. The primary cancer
site was identified using a hierarchy of 18 anatomical
cancer groupings based on the likelihood of each cancer
grouping being a primary versus secondary tumor'.
Patients with more than one cancer site grouping were
classified into a single primary cancer site using this hier-
archy where lower ranked cancers were assumed to be pri-
mary tumors and higher ranked cancers were assumed to be
secondary tumors. Additional inclusion criteria were
patients with no evidence of nausea and vomiting (iden-
tified through appropriate ICD-9 Clinical Modification
(CM) codes) or a hospital charge for a CT agent or antie-
metic medication in the 6-month pre-index period, and 36
consecutive months of hospital submission data (Figure 1).
Patients were followed through eight CT cycles or
6 months post-index date, whichever occurred first.
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Cancer patients on CT in study period (Q307-Q209)
n = 38,010 unique patients

J

Excluded

15,468 unique patients
(Excluded patients from facilities not continuously submitting data over 36 months)

J

Cancer patients on CT in study period (Q307-Q209)
n = 22,542 unique patients
(Only includes facilities continuously submitting data)

J

Excluded 3239 patients:
Evidence of prior CT within 6 months

{

Excluded 7808 patients:
Evidence of prior CINV treatment

Study Population
n=11495
82,508 CT events
149,675 CINV treatments

Figure 1. Hospital outpatient patient identification flow chart. Q, quarter; n, total number of patients; CT, chemotherapy; CINV, chemotherapy induced nausea

and vomiting.

Within each CT cycle, the follow-up time was from day 1
(except use of rescue medications that was identified from
day 2) to end of cycle. Chemotherapy was categorized as
highly emetogenic (HEC), moderately emetogenic
(MEC), low emetogenic (LEC), or minimal emetogenic
(MinEC) per NCCN guidelines®. In case of multiple
CT agents, the CT with the highest emetogenic potential
per NCCN guidelines was used to classify the emetogenic
risk for each CT cycle. The unit of analysis was a patient
CT cycle. A cycle length was defined as 7 days or less (i.e.,
if there was a gap of more than 7 days between any two
CT administrations, the second CT administration was
considered day 1 of cycle 2).

Since the Premier Perspective Database did not contain
information on body surface area (BSA) or patient height
and weight required to calculate BSA, values of 1.6 m?* for
adult women and 1.9 m? for adult men were assumed for
the calculation. Antiemetic prophylaxis was defined as any
of the following drug classes: 5-HT3 receptor antagonists,
corticosteroids, benzodiazepines, antihistamines, NK;
receptor antagonists, butyrophenones, phenothiazines,
and cannabinoids. An antiemetic medication was

© 2011 Informa UK Ltd  www.informahealthcare.com/JME

considered to be for prophylaxis use rather than for treat-
ment if the medication was given on the day of CT. If a
patient received more than one emetogenic risk category
CT agent (i.e., a HEC and a MEC), then the patient was
considered as prophylaxed if he or she received an antie-
metic prophylaxis medication for all the highest emeto-
genic risk CT administration days within each CT cycle.

Identification of CINV events and associated
healthcare resource utilization and costs

The primary study outcome, a CINV event in the study
follow-up period at a CT cycle level, was defined as one of
the following: any hospital visit [inpatient, hospital outpa-
tient, or emergency room (ER)] associated with a primary
or secondary ICD-9 code of 787.0 (nausea and vomiting),
787.01 (nausea with vomiting), 787.02 (nausea alone),
787.03 (vomiting alone), 276.5 (volume depletion),
276.50 (volume depletion, unspecified) from each CT
administration day 1 (index date) until the end of the
CT cycle, or use of a rescue medication a day after each
CT administration (day 2 until the end of the CT cycle).

Economic burden of CINV in patients with cancer in a hospital outpatient setting Craver et al. 89
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The CINV events per CT cycle were summed to get the
total number of CINV events across all cycles in the
follow-up period. The codes for volume depletion included
276.50 (volume depletion, unspecified), 276.51 (dehydra-
tion), and 276.52 (hypovolemia). The list of rescue
medications identified through appropriate J]-codes
included 5-HTj3 receptor antagonists, NK; receptor antag-
onists, antihistamines, benzodiazepine, dexamethasone,
butyrophenones, cannabinoids, phenothiazines, and
other steroids (non-dexamethasone).

Total all-cause healthcare costs associated with CINV
event management at a CT cycle level from a hospital’s
perspective (costs to the hospital) comprising of medical
resource utilization [inpatient, hospital outpatient, ER
visits] (identified through a primary or secondary diagnosis
code for nausea, vomiting, and/or volume depletion) and
pharmacy cost (rescue medications for CINV treatment)
were the hospital costs as reported in the database. All
physician costs and non CINV-related treatment (phar-
macy) costs were excluded from the analyses. Although
patients with a cancer diagnosis initiating CT treatment
in a hospital outpatient setting were identified and
included in the study, all-cause resource use and associated
costs of CINV management were estimated in the outpa-
tient and other hospital settings including inpatient and
ER. The costs per cycle were added to get the total all-
cause costs across all cycles in the follow-up period. The
dataset also provided the ability to further classify a hos-
pital visit into three severity categories: emergent, urgent,
or routine/elective inpatient/hospital outpatient admis-
sion (as coded in the database), except for maternity and
neonatal admissions. The appropriate admission category
depended on the clinical condition of the patient as
assessed by the receiving physician. A routine/elective
admission occurred when a patient was admitted as
planned or as a follow-up and thus not considered as emer-
gent or urgent. An urgent admission was defined as a
type of emergency admission where the admission was
delayed for hospital/patient reasons and the patient’s
condition was such that he/she was not clinically compro-
mised or disadvantaged by the short delay. An emergent
admission occurred when, for clinical reasons, a patient
was admitted at the earliest possible time after seeing
a doctor.

Statistical analysis

Descriptive statistics were calculated for continuous and
categorical variables at baseline for the study patients.
For continuous variables, means (SDs) and medians were
generated. For categorical variables, percentages were
reported. For initial grouping purposes, study patients
were classified into patients who received antiemetic
prophylaxis for the entire follow-up period and those

90  Economic burden of CINV in patients with cancer in a hospital outpatient setting Craver et al.

who did not. Demographic and clinical characteristics
between these two groups were analyzed using t-test for
means and chi-square test for frequencies. An a priori
level of significance of 0.05 was set for all of the analyses.
Patient demographics including age, gender, geographic
region, payor type, and race were tabulated. Comorbidity
burden was assessed using the Charlson Comorbidity Index
(CCI) score, based on a review of medical claims occurring
during the 6 months prior to index date'”. The CCI score
considers patient age and assigns a weight ranging from
0 to 6 corresponding to each comorbid condition, identi-
fied by ICD-9-CM codes found in medical claims.
Weights are summed for a score between 0 and 29, with
higher scores indicating greater comorbidity burden in
the patient. For this analysis, all cancer codes and weights
were removed from the CCI score to eliminate double
counting.

Descriptive statistics were also used to summarize
the total number of CINV events across all CT cycles in
the study follow-up period without controlling for patient
demographic and clinical variables. An average number of
CINV events per CT cycle for the study period was also
estimated. A generalized, linear multivariate regression
model using a negative binomial distribution was devel-
oped after adjusting for several available demographic and
clinical variables to estimate the CINV event rate per CT
cycle per patient over the study follow-up period. The
main dependent variable was any CINV event in the
follow-up period. The independent variables in the
model included age, CCI score, number of CT cycles,
gender, race, primary payor, presence of a CINV event
in the first CT cycle, primary cancer site, CT emetogeni-
city, average cycle length, cycles with antiemetic prophy-
laxis, and average number of CT days. Having tested for
under- or overdispersion of the dependent variable (i.e.,
conditional variance is greater than the mean) and finding
that the dependent variable does not have an excessive
number of zeroes, negative binomial regression was used
as an appropriate model for the study. The regression
models the log of the expected count as a linear function
of the predictor/independent variables. The interpretation
is as follows: for a one unit change in the predictor vari-
able, the difference in the logs of expected counts of the
dependent variable is expected to change by the respective
regression coefficient, given the other independent vari-
ables in the model are held constant. Multicollinearity
diagnostics were performed via assessment of variance
inflation factors for all model covariates. No significant
collinearity existed between final reported model covari-
ates. Healthcare resource utilization costs associated with
CINV were estimated descriptively without adjusting from
potential confounding demographic and clinical variables.
All analyses were conducted using SAS software, Version

9.1 (SAS Institute, Cary, NC).
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Results

Sample and treatment characteristics

Figure 1 summarizes attrition as inclusion and exclusion
criteria were applied. Among 11,495 study patients, 8806
patients (76.6%) received antiemetic prophylaxis for the
entire study follow-up period. The baseline demographic
and clinical characteristics of all patient groups are sum-
marized in Table 1. The mean age of patients was 63.3
years (SD: 13.4 years), 51.0% were female, and 72.7%
were White. The most common tumor types were lung
(19.8%), breast (15.9%), urinary tract (13.8%), and
other/unknown (35.1%). The distribution of emetogeni-
city for cycle 1 CT cycle was 26.0% HEC, 46.1%
MEC, and 26.4% LEC/MinEC combined. The majority
of patient payor status had traditional Medicare
(41.6%) and traditional non-capitated managed-care
coverage (23.9%). The average Charlson Comorbidity
Index (CCI) score was 0.2 (SD: 0.5). An average
CT cycle duration was 22.5 days (SD: 40.1 days), with
1.6 (SD: 1.5) average CT days per cycle in the study
follow-up period (Table 1).

Among patients who received antiemetic prophylaxis
for the entire study follow-up period (n=_8806) versus
those who did not (n=2,689), the prophylaxis group
patients were significantly younger versus the non-prophy-
laxis group patients [62.7 (SD: 13.1) vs. 66.1 (SD: 14.2)
years; p <0.001], comprised of less Whites (71.7 vs. 75.9%)
and more African-Americans (12.5 vs. 10.3%); p <0.0001,
had a higher percent of HEC (30.0 vs. 3.7%) and MEC
administrations (38.8 vs. 9.8%); p<0.0001 in the first CT
cycle, and consisted of more patients with lung cancer
(22.9 vs. 9.8%), gynecological cancer (7.8 vs. 3.1%), and
less breast cancer (14.3 vs. 21.3%); p<0.0001. The CCI
score for the prophylaxis group was significantly lower
versus the non-prophylaxis group: 0.1 (SD: 0.5) and 0.3
(SD: 0.7), respectively; p<0.0001 (Table 1).

Unadjusted incidence of CINV events in the
follow-up period

In 42,199 CT cycles, a total of 47,988 CINV events related
to either the ICD-9-CM codes for nausea, vomiting, and/or
volume depletion or related to rescue medications were
observed in the follow-up period for the study population.
This translated to approximately 1.1 events per CT cycle
in the follow-up period. The most common antiemetic
rescue therapies administered were 5-HT; antagonists
(51.2%) and dexamethasone (35.9%). Among patients
who were admitted due to a CINV event, most of these
patients were frequently admitted on a routine or elective
basis (49.6%) and on an emergent basis (35.9%) (Table 2).
In CT cycle 1, 86.2% of patients with a CINV event had a
delayed event (an event that occurred after 24 hours of CT

© 2011 Informa UK Ltd  www.informahealthcare.com/JME

initiation) of which 80.3% were identified through use of
rescue medication/s. This trend was consistent across all
study cycles. For cycle 8, the split up was 86.4% of patients
with a delayed CINV event of which 78.5% were identi-
fied through use of rescue medication/s.

Among CT cycles where antiemetic prophylaxis was
provided versus those cycles where antiemetic prophylaxis
was not provided, the prophylaxis cycles showed a higher
percent of CINV events identified through ICD-9 codes
(10.7 vs. 9.1%; p <0.0001), while showing a lower percent
of events identified through antiemetic rescue medication
use (90.3 vs. 91.7%; p<0.0001) (Table 2). Prophylaxis
cycles (n=37,010; 42,899 events) had a lower percent of
events classified as emergent (35.5 vs. 39.6%) and urgent
(14.2 vs. 15.8%), while a higher percent of events were
classified as routine/elective (50.3 vs. 44.5%) versus non-
prophylaxis cycles (n=5,189; 5,089 events; p<0.0001)
(Table 2).

Multivariate regression general linear model
results: adjusted risk of CINV

The regression model predicted a 20% CINV event rate
per CT cycle per patient (converted parameter estimate of
the intercept: 1.20) in the follow-up from the index date
after adjusting for baseline variable differences. In compar-
ison to patients aged <65 years, patients older than
65 years of age were at a lower risk for CINV events
(1.02; p=0.0002) (Table 3). Female patients were also
shown to have a higher risk versus male patients (1.33;
p=0.0028). Patients of African-American and Hispanic
descent were at a greater risk for CINV events (1.36;
p=0.0056 and 1.39; p=0.0379) versus White patients
(Table 3). A CINV event in CT cycle 1 (versus no
CINV event in cycle 1) and number of CT cycles in the
follow-up period were found to be significantly associ-
ated with CINV event risk (4.41; p<0.0001 and 1.42;
p<0.0001, respectively). Patients receiving lower emeto-
genic CT (LEC/MinEC combined) during cycle 1 had a
lower CINV event risk versus patients receiving HEC in
cycle 1 (1.03; p=0.0001), while patients receiving MEC
in cycle 1 showed a slightly higher risk, though statistically
non-significant (1.22; p =0.6403) (Table 3). This may be
due to the fact that patients initiating treatment on MEC
in cycle 1 might have potentially changed to a HEC reg-
imen in subsequent cycles. In comparison to patients with
lung cancer, patients who were diagnosed with non-colon
gastrointestinal cancers (1.48; p=0.0013) had a signifi-
cantly higher risk for a CINV event, while urinary tract
(0.46; p<0.0001), gynecological cancers (0.91;
p<0.0001), and breast cancer (0.86; p<0.0001) had a
significantly lower risk. Other risk factors included
change in CT emetogenicity in the study follow-up
period (1.39; p=0.0008) and average cycle length
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Table 1. Baseline demographic and clinical characteristics.

Characteristics Prophylaxis Non-prophylaxis All patients p-value
patientst (n=8806) patientsi (n=2689) (N=11,495)
Age (years), mean (SD) 62.7 (13.1) 66.1 (14.2) 63.3 (13.4) <0.0001
Age groups, n (%)
18-34 years 205 (2.3) 67 (2.5) 272 (2.4) <0.0001
35-44 years 540 (6.1) 164 (6.1) 704 (6.1)
45-54 years 1488 (16.9) 434 (16.1) 1922 (16.7)
55-64 years 2336 (26.5) 653 (24.3) 2989 (26.0)
>65 years 4237 (48.1) 1371 (51.0) 5608 (48.8)
Gender, n (%)
Female 4514 (51.3) 1345 (50.0) 5859 (51.0) <0.0001
Male 4292 (48.7) 1344 (50.0) 5636 (49.0)
Ethnicity, n (%)
White 6310 (71.7) 2042 (75.9) 8352 (72.7) <0.0001
African American 1098 (12.5) 278 (10.3) 1367 (11.9)
Hispanic 385 (4.4) 140 (5.2) 525 (4.6)
Asian 194 (2.2) 43 (1.6) 237 (2.1)
Other 819 (9.3) 186 (6.9) 1005 (8.7)
Chemotherapy in first cycle, n (%)
HEC 2917 (30.0) 66 (3.7) 2983 (26.0) <0.0001
MEC 3774 (38.8) 174 (9.8) 5302 (46.1)
LEC/MinEC 3034 (31.2) 1528 (86.3) 3034 (26.4)
Geographic region, n (%)
Northeast 741 (8.4) 209 (7.8) 678 (5.9) 0.887
Midwest 488 (5.5) 160 (6.0) 950 (8.3)
South 5824 (66.1) 1750 (65.1) 7574 (65.9)
West 1753 (19.9) 570 (21.2) 2323 (20.2)
Payor type, n (%)
Traditional Medicare 3614 (41.0) 1163 (43.3) 4777 (41.6) <0.0001
Non-capitated managed care traditional Medicaid 2085 (23.7) 667 (24.8) 2752 (23.9)
Commercial indemnity 705 (8.0) 173 (6.4) 878 (7.6)
Self-insured 539 (6.1) 184 (6.8) 723 (6.3)
Managed care non-capitated Medicare 536 (6.1) 102 (3.8) 638 (5.6)
Managed care capitated Medicare 465 (5.3) 120 (4.5) 585 (5.1)
charity 282 (3.2) 101 (3.8) 383 (3.3)
Managed care non-capitated Medicaid 127 (1.4) 24 (0.9) 171 (1.5)
Other/unknown 126 (1.4) 49 (1.8) 151 (1.3)
Other government payors 109 (1.2) 33(1.2 142 (1.2)
Indigent 99 (1.1) 37 (1.4) 136 (1.2)
Direct employee contract 45 (0.5) 18 (0.7) 63 (0.5)
Capitated managed care 38 (0.4) 7(0.3) 45 (0.4)
Managed care capitated Medicaid 17 (0.2) 6 (0.2) 23(0.2)
Workers compensation 17 (0.2) 5(0.2) 22 (0.2
2(0.0 0(0.0) 2(0)
Primary cancer site, n (%)
Lung 2018 (22.9) 263 (9.8) 2281 (19.8) <0.0001
Gynecological 683 (7.8) 84 (3.1) 767 (6.7)
Head and neck 196 (2.2) 67 (2.5) 263 (2.3)
Non-colon gastrointestinal 570 (6.5) 161 (6.0) 731 (6.4)
Breast 1259 (14.3) 574 (21.3) 1833 (15.9)
Urinary tract 947 (10.8) 637 (23.7) 1584 (13.8)
Other/unknown 3133 (35.6) 903 (33.6) 4036 (35.1)
Charlson Comorbidity Index (CCI)*
Mean (SD) 0.1 (0.5 0.3(0.7) 0.2 (0.5 <0.0001
Median 0 0
0, n (%) 8762 (90.1) 1423 (80.4) 10,185 (88.6)
1-2, n (%) 972 (10.0) 345 (19.5) 1287 (11.2)
3-4, n (%) 21(0.2) 2(0.1) 23(0.2)
5+, n (%) 0 (0.0) 0(0) 0(0)
Average cycle duration (days), mean (SD) 21.3 (32.1) 26.2 (59.3) 22.5 (40.1) <0.0001

*Charlson Comorbidity Index (CCl) was determined excluding the cancer diagnosis weight criteria.

‘Prophylaxis was for the entire follow-up period.
‘1 Non-prophylaxis was for the entire follow-up period.

SD, standard deviation; n, number from total number; N, total number; %, percentage; HEC, highly emetogenic chemotherapy; MEC, moderately emetogenic
chemotherapy; LEC/MInEC, low emetogenic chemotherapy and minimal emetogenic chemotherapy combined.
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Table 2. Overall CINV event rate during follow-up period.

Events CT cycles with CT Cycles with All CT cycles p-value*
antiemetic prophylaxis no antiemetic (n=42,199)
(n=37,010) prophylaxis (n=15,189)
CINV-related events, n (%)t
Nausea with vomiting 1205 (2.8) 115 (2.3) 1320 (2.8) <0.0001
Nausea alone 1074 (2.5) 113 (2.2) 1187 (2.5)
Vomiting alone 245 (0.6) 34 (0.7) 279 (0.6)
Volume depletion 2967 (6.9) 303 (6.0) 3720 (7.8)
Total CINV-related event (any) 4569 (10.7) 462 (9.1) 3899 (8.1)
CINV-related rescue medications, n (%)
5-HT5 antagonists 22,071 (51.4) 2495 (49.0) 24,566 (51.2) <0.0001
NK-1RA antagonists 846 (2.0) 70 (1.4) 916 (1.9)
Antihistamines 4102 (9.6) 607 (11.9) 4709 (9.8)
Benzodiazepines (lorazepam) 8978 (20.9) 938 (18.4) 9916 (20.7)
Butyrophenones 669 (1.6) 113 (2.2) 782 (1.6)
Cannabinoids 482 (1.1) 35(0.7) 517 (1.1)
Other antiemetic agents 5842 (13.6) 746 (14.7) 6588 (13.7)
Phenothiazines 1892 (4.4) 233 (4.6) 2125 (4.4)
Dexamethasone 15,705 (36.6) 1531 (30.1) 17,236 (35.9)
Total CINV-related medications (any) 38,736 (90.3) 4667 (91.7) 43,403 (90.4)
CINV event admission type
Emergent 15,224 (35.5) 2016 (39.6) 17,240 (35.9) <0.0001
Urgent 6087 (14.2) 802 (15.8) 6889 (14.4)
Routine/elective 21,561 (50.3) 2264 (44.5) 23,825 (49.6)
Unknown 27 (0.1) 7 (0.1) 34 (0.1)
Total for any event (broad CINV definition), n 42,899 5089 47,988 <0.0001
Number of CINV events per CT cycle 1.2 1.0 1.1 <0.0001

*Tests of statistical significance included chi-square.

F1CD-9 codes used were 787.0 (nausea and vomiting), 787.01 (nausea with vomiting), 787.02 (nausea alone), 787.03 (vomiting alone), 276.5 (volume depletion),

276.50 (volume depletion, unspecified).
‘Prophylaxis or non-prophylaxis for the entire study follow-up period.

CINV, chemotherapy-induced nausea and vomiting; n, number from total number; N, total number; %, percentage.

(1.21; p<0.0001). CT cycles with antiemetic prophylaxis
were found to have a higher risk of a CINV event versus
cycles with no prophylaxis (1.40; p<0.0001) (Table 3).
This might be potentially due to the fact that a higher
percent of events among the prophylaxis cycles were
classified as routine/elective and having more regular
follow-up visits to the hospital than visits for serious
events that necessitate a longer inpatient stay as seen
in Table 2.

CINV-associated resource utilization and
associated all-cause cost

In the follow-up period, a total of 47,988 CINV events
with an associated total all-cause treatment cost of
$89,000,996.4 (average cost per day: $1854.7) was
observed (Table 4). The number of CINV events treated
in an inpatient setting totaled 13,225 with an associated
total cost of $32,027,987.1 (average cost per day: $2421.8),
while the number of patients treated in the ER setting
totaled 15,306 with an associated total cost of
$30,415,735.0 (average cost per day: $1987.2). A higher
number of CINV events (19,457) were observed in the hos-
pital outpatient setting, with an associated total treatment

cost of $26,557,274.3 (average cost per day: $1364.9).
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Average daily treatment cost for all care settings was
$1854.7 (Table 4)

Among CT cycles with antiemetic prophylaxis period
versus cycles with no antiemetic prophylaxis, the prophy-
laxis cycles showed 11,468 events in the inpatient setting
with an associated total cost of $27,238,706.1 (averaging
approximately 9.3 days in the inpatient setting) as com-
pared to 1757 events amounting to $4,789,281.0 (averag-
ing approximately 9.7 days in the inpatient setting) for the
non-prophylaxis cycles. The average cost per day for the
prophylaxis cycles was significantly lower versus that of the
non-prophylaxis cycles ($2375.2 vs. 2725.8; p =0.0003)
(Table 4). Similarly, the prophylaxis cycles showed
17,872 events in the outpatient setting with an associated
total cost of $23,997,795.3 compared with 1,585 events
amounting to $2,559,479.0 for the non-prophylaxis
cycles. The average cost per day for the prophylaxis
cycles was also significantly lower versus that of the non-
prophylaxis cycles ($1342.8 vs. 1614.8; p=0.0001)
(Table 4). Additionally, the prophylaxis cycles showed
13,559 events in the ER setting with an associated total
cost of $26,581,974.2 compared with 1747 events amount-
ing to $3,833,760.8 for the non-prophylaxis cycles.
There was no statistically significant difference in the
average cost per day for the prophylaxis cycles versus
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Table 3. Multivariate regression model: predicting the CINV event rate.

Parameter Standard Wald Converted p-value
estimate error 95% Cl parameter estimate*

Intercept 0.1833 0.0841 0.0184 to 0.3482 1.20F 0.0293
Age >65 years (ref age < 65 years) —0.1609 0.0427 —0.2446 to —0.0772 1.02 0.0002
Race (ref White)

African-American 0.1213 0.0438 0.0355 to 0.2071 1.36 0.0056

Hispanic 0.1425 0.0686 0.008 t0 0.277 1.39 0.0379

Asian 0.0242 0.0992 —0.1702 t0 0.2186 1.23 0.8073

Other —0.0591 0.0512 —0.1594 t0 0.0413 1.13 0.2489
ccl —0.0269 0.026 —0.0779 10 0.0241 1.17 0.3011
Number of cycles 0.1694 0.0091 0.1516 t0 0.1872 1.42 <0.0001
Gender (ref male)

Female 0.0991 0.0332 0.0341 to 0.1641 1.33 0.0028
Primary payor (ref Medicare)

Medicaid 0.1082 0.0611 —0.0116 t0 0.228 1.34 0.0768

Commercial —0.0383 0.0441 —0.1248 t0 0.0482 1.16 0.3849

Other —0.0498 0.0586 —0.1646 t0 0.065 1.14 0.3952
CINV in CT cycle 1 (ref no CINV in CT cycle 1) 1.3005 0.0325 1.2368 to 1.3643 4.41 <0.0001
Cancer type (ref lung)

Head and neck 0.0821 0.092 —0.0981 to 0.2624 1.30 0.3719

Non—colon gastrointestinal 0.2071 0.0642 0.0812 to 0.333 1.48 0.0013

Breast —0.3354 0.0547 —0.4427 t0 —0.2282 0.86 <0.0001

Urinary tract —0.9506 0.058 —1.0642 to —0.8371 0.46 <0.0001

Gynecological —0.2738 0.065 —0.4012 to —0.1464 0.91 <0.0001

Other —0.074 0.0405 —0.1532 t0 0.0053 1.12 0.0675
Change in emetogenicity 0.1495 0.0445 0.0622 to 0.2368 1.39 0.0008
Emetogenicity (ref HEC)

MEC 0.0194 0.0415 —0.0619 to 0.1007 1.22 0.6403

LEC/MIinEC —0.156 0.0411 —0.2365 to —0.0755 1.03 0.0001
CT cycles with antiemetic prophylaxis 0.1541 0.0383 0.079 to 0.2293 1.40 <0.0001

(ref CT cycles with no antiemetic prophylaxis)

Average CT cycle length 0.007 0.0008 0.0054 to 0.0087 1.21 <0.0001
Average CT days 0.0395 0.012 0.016 t0 0.063 1.25 0.001

*Expected number of CINV events.

TWith reference to baseline (index date).

Cl, confidence interval; ref, reference; CCl, Charlson Comorbidity Index; CINV, chemotherapy-induced nausea and vomiting; HEC, highly emetogenic
chemotherapy; MEC, moderately emetogenic chemotherapy; LEC/MInEC, low emetogenic chemotherapy and minimal emetogenic chemotherapy combined;
CT, chemotherapy.

Table 4. Total direct costs associated with CINV events*.

Setting Events Total cost (US$) Cost per day (US$)
Total patients
Inpatient, n (%) 13,225 (27.6) $32,027,987.1 $2421.8
Outpatient, n (%) 19,457 (40.5) $26,557,274.3 $1364.9
Emergency room, /(%) 15,306 (31.9) $30,415,735.0 $1987.2
Total CINV events 47,988 $89,000,996.4 $1854.7
CT cycles with antiemetic prophylaxis
Inpatient, n (%) 11,468 (26.7) $27,238,706.1 $2375.27
Outpatient, n (%) 17,872 (41.7) $23,997,795.3 $1342.8%
Emergency room, n (%) 13,559 (31.6) $26,581,974.2 $1960.5
Total CINV events 42,899 $77,818,475.6 $1814.00
CT cycles with no antiemetic prophylaxis
Inpatient, n (%) 1757 (34.5) $4,789,281.0 $2725.8
Outpatient, n (%) 1585 (31.1) $2,559,479.0 $1614.8
Emergency room, n (%) 1747 (34.3) $3,833,760.8 $2194.5
Total CINV events 5089 $11,182,520.8 $2197.4
*These data include non-CINV treatment pharmacy costs.
+p=0.0003.
+p=0.0001.

US, United States; n, number from total number; %, percentage; CINV, chemotherapy-induced nausea and vomiting.
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that of the non-prophylaxis cycles ($1960.5 vs. 2194.5;
p=0.2383) (Table 4).

Discussion

In this retrospective, longitudinal, hospital outpatient
study, CINV was found to be a significant clinical and
economic burden among patients with cancer initiating
CT in a hospital outpatient setting. There was a predicted
CINV rate of 20% in the study follow-up period from the
index date with an associated total all-cause treatment cost
of $89,000,996.4 (average cost per day: $1854.7). Despite
the fact that approximately 75% of the study patients
received some form of antiemetic prophylaxis on the day
of CT, the study findings can be attributed to two factors:
(1) a high percent of patients who did not receive antie-
metic prophylaxis for the entire study follow-up period and
(2) the potential for inappropriate/suboptimal antiemetic
prophylaxis among the patients who received prophylaxis.
The most significant observation from this study was the
high percent (23.4%) of study patients who were not pro-
vided antiemetic prophylaxis for the entire follow-up
period. Even though CINV is considered to be the most
undesirable adverse event among CT treated patients, a
considerable percent of patients in the present study did
not get any form of antiemetic prophylaxis. Additionally,
patients who receive some form of prophylaxis might not
be receiving the appropriate medications per national
guidelines. Even though the present study did not deter-
mine the appropriateness of antiemetic prophylaxis among
patients who received prophylaxis, it seems that an unde-
sirably high percent of patients get no prophylaxis that
might be considered sub-optimal. In a study determining
the prevalence of sub-standard antiemetic therapy among
published trials involving patients receiving some form of
emetogenic CT (from January2000 to July 2004), it was
estimated that the percent of patients receiving sub-stan-
dard antiemetic prophylaxis was 30.0% for acute CINV
and 33.0% for delayed CINV'®, It seems that inappropriate
antiemetic prophylaxis would occur more in patients
receiving LEC or MinEC, as observed in an Italian
study'®. In this study, it was estimated that patients with
cancer receiving low or minimal emetogenic CT receive
over treatment with antiemetics (89.1% for preventing
acute emesis and 15.4% for prevent delayed emesis).
According to Aapro M, there is a prevalent underuse of
5-HTj5 receptor antagonists in patients receiving both
radiotherapy and CT and some commonly used doses
might be considered sub-optimal®®. Considering the fact
that providing no antiemetic prophylaxis especially to
patients receiving higher emetogenic CT can be assumed
to be inappropriate or sub-standard, the present study find-
ings almost mirror the findings by Holdsworth MT*S.
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Less attention has been given to the total cost of CINV
events and the administration of antiemetic prophylaxis in
a hospital outpatient setting. Some of the published data
are international studies examining indirect and direct
costs associated with CINV; however, it is difficult to com-
pare these data for the healthcare systems in these coun-
tries are different than the US healthcare system!'®'#141%,
Burke and associates (2010) performed a retrospective
cohort study of 19,139 patients who received their first
HEC or MEC and at least one antiemetic agent from
2003 to 2007 at US hospital-based outpatient facilities.
They found that CINV visits are frequent and costly,
with mean cost of outpatient visits at $1494 per day. In
this study CINV-related costs for ER visits were $576 more
than outpatient visits and CINV-associated costs for inpa-
tient visits were $5955 more than outpatient hospital
visits’. Additionally, Tina Shih and colleagues (2007) per-
formed a retrospective database study of indirect and direct
costs due to CINV in US patients who were treated from
1997 to 2002 on HEC or MEC"’. They found that the total
costs of patients with uncontrolled CINV, defined as at
least one office visit, ER visit, inpatient visit with ICD-9
codes for nausea and/or vomiting or dehydration, were on
average $1383 higher per month than patients with con-
trolled CINV. The costs associated with managing an
uncontrolled CINV event was however much higher,
$10,720 per month. This incremental cost was obtained
after excluding CT related costs and other CT adverse
event-related costs including neutropenia and use of gran-
ulocyte colony stimulating factor'®. The present study pre-
sents a higher average cost estimate per day ($1854.7)
because all CINV related costs upon admission were
included in the analysis. Another study by Haiderali and
associates (2010) reported total costs due to CINV were
approximately $780 on average per patient from the day of
CT administration through 5 days following the first CT
cycle’. In the present study, outpatient visits related to a
CINV event were the most frequent type of visit and the
least costly. Inpatient and ER costs were $1056.9 and
$622.3 more per day than outpatient visits ($1364.9).
Chemotherapy cycles with no prophylaxis in the entire
study follow-up period had a higher rate of emergent and
urgent visits combined than cycles with prophylaxis (55.4
vs. 49.7%; p<0.0001). The regression model (Table 3)
predicts an increased CINV event rate per CT cycle
among CT cycles that received prophylaxis in the study
follow-up period versus cycles that did not. However, this
increased CINV rate was found to be for routine/elective
hospital visits that are for regular follow-up visits rather
than for the more expensive emergent/urgent visits that
potentially require an inpatient stay and thus incur more
resource spending. The differences in visits may be attrib-
uted to the severity of the event, hence, needing re-hospi-
talization among non-prophylaxis patients. This is
reflected in the present study findings that show the
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increase in CINV event rate for the prophylaxis group did
not reflect in a higher average cost per day ($1814.0 vs.
$2197.4), highlighting the fact that the incremental
CINV events were of less severity and thus were less
expensive to manage. The increased number of emer-
gent/urgent visits in the non-prophylaxis group may be
also reflective of the absence of antiemetic prophylaxis
throughout the follow-up period.

Apart from other key risk factors for CINV including
age, gender, and CT emetogenicity, the present study also
established the associations between occurrence of a
CINV event in the first CT cycle (4.41; p<0.0001),
number of CT cycles (1.42; p<0.0001), patients of
African American and Hispanic descent (versus White
patients) (1.36; p=0.0056 and 1.39; p=0.0379), and
patients who were diagnosed with non-colon gastrointes-
tinal cancers (versus patients with lung cancer) (1.48;
p=0.0013) and CINV risk. Many of these factors are sup-
portive of the findings from the literature””*"*%. Most
patients receiving CT experience a CINV event during
the first cycle of CT treatment. The NCCN Antiemesis
Panel established that the goal of antiemetic therapy is to
prevent CINV throughout the entire period of emetic
risk®. Another suggested treatment goal is the prevention
of CINV following the first cycle of CT, hence, lessening
the risk of CINV events during additional CT cycles®*~°.
In the present study, of the 11,495 study patients, 84.6%
(n=9725) received some sort of antiemetic prophylaxis
during CT cycle 1. Despite the fact that a high percent of
patients received antiemetic prophylaxis in CT cycle 1,
the present study findings suggest that CINV still remains
a serious problem for patients with cancer who receive CT,
confirming results from other prospective observational
2351421 preventing a CINV event in the first
CT cycle by providing the best antiemetic prophylaxis
would be potentially beneficial in reducing the risk of sub-
sequent events as has been observed in other studies’**~%°.
The current data also suggest that patients of African-
American and Hispanic descent experience an increased
CINV event rate (relative to baseline) in comparison to
White patients. A higher percent of African Americans
received antiemetic prophylaxis for the entire study dura-
tion versus those who did not (12.5 vs. 10.3%). Less
Hispanic patients, however, received prophylaxis for the
entire study period (4.4 vs. 5.2%) versus those who did not.
Although not much data exist in the literature showing
racial differences in the incidence of CINV events, there
are many studies that have shown differences in outcomes
among various types of cancer patients with African-
Americans at a higher risk for certain cancers including
breast, prostate, colorectal, and lungzz’27_29. More research
on the associations of antiemetic prophylaxis and CINV
risk among these subpopulations with cancer risk should be
conducted to provide stronger conclusions.

studies
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Considering that preventing a CINV event in the first
CT cycle has been shown to prevent subsequent CINV
events, it would be meaningful to initiate antiemetic pro-
phylaxis with the most efficacious drugs available per CT
emetogenic risk. It is well known that 5-HT5 antagonists
have shown to be safe and effective for the prevention of
CINV. Most 5-HT; antagonists (ondansetron, dolasetron,
granisetron) are indicated for the prevention of acute
CINV?%32 however, one of the newer 5-HT3 antagonists,
palonosetron is also approved for the prevention of delayed
CINV?. A recent study by Yeh and associates (2010)
reported the occurrence of CINV-related hospital readmis-
sions, emergency department visits, and outpatient visits
within 7 days after cisplatin administration and adminis-
tration of ondansetron and palonosetron for the control of
CINV events. After limiting to CINV-related events, the
researchers found no statistically significant difference in
CINV-related hospitalizations (though numerically
higher) with ondansetron versus palonosetron (5.1 vs.
0% p=0.09)34. Another study used electronic medical
record database and billing records to retrospectively com-
pare patients on CT initiating palonosetron versus ondan-
setron on the incidence of severe CINV events and the
impact of these events on community practice costs>". The
authors found that the incidence of severe CINV events
among patients initiating palonosetron was 76% lower in
MEC patients and 54% lower in HEC patients versus those
initiating ondansetron, thereby resulting with an esti-
mated reduction in staff management time of approxi-
mately 4 work months>. An earlier study using the same
definitions of severe or extreme CINV events as in the
Feinberg study (2009) showed similar cost reductions in
terms of community practice resource use’®. More con-
crete conclusions might be drawn after further research
related to healthcare resource use and associated cost in
patients administered various types of CT and antiemetic
prophylaxis.

This study has certain limitations worth noting. First,
although multivariate analyses were used to adjust for dif-
ferences in demographic and clinical characteristics, no
data were available on certain important variables includ-
ing use of alcohol that may have altered our estimates.
Also, the CINV costs were estimated on a descriptive
basis without controlling for baseline differences in poten-
tial confounders. Physician costs were also excluded from
the study analysis, thus the study estimates can be consid-
ered conservative. Additionally, as hospital costs were
considered for the analysis, the economic burden of
CINV estimated could be considered conservative as
costs (paid by the payer) are generally lower than hospital
charges. Second, although the database used in the present
analysis contained a nationally representative sample,
caution should be exercised in generalizing the results to
individuals in other populations or geographic regions, as
potentially confounding differences in treatment patterns
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may have been unobserved or missed. The dataset used
(Premier Perspective Database) restricted resource use to
hospitals within the Premier system, and thus, could have
led to an underestimation of the incidence of CINV events
and associated costs. Also, this dataset might capture a
possibly higher rate of hospitalizations/ER visits related
to CINV events as compared to other datasets that capture
all the office-based events, thereby introducing a bias. In
addition, the study did not capture the costs of prescrip-
tions filled at non-hospital pharmacies including orally
administered drugs that could have led to an underestima-
tion of the overall direct costs. Third, there was no appro-
priate control group identified and analyzed in the present
study. The overall objective was to estimate the clinical
and economic burden of CINV among patients with
cancer receiving CT treatment initiated in a hospital out-
patient setting. However, the overall population in terms
of patients who received prophylaxis throughout the study
follow-up period was analyzed versus those who did not.
The present study demonstrates the economic burden of
managing CINV events and also provides incremental cost
estimates of patients not receiving antiemetic prophylaxis
in all cycles in the follow-up period. Providing appropriate
antiemetic prophylaxis to patients receiving CT must be
given priority. Antiemetic medications were classified as
prophylaxis (if given of day of CT) or rescue medications if
provided after 24 hours post CT initiation till end of cycle.
This might have potentially misclassified these medica-
tions as rescue medications even though they might have
been prescribed as multi-day prophylaxis for multi-day CT.
Fourth, clinical and economic consequences of CINV
were estimated on a cycle level in the present study. The
end of one CT cycle in the present study was until a day
before the start of next CT administration (if the gap was
>7 days). As with clinical studies, the follow-up time for
identifying CINV events and associated costs within a
cycle was not limited to the first 5 days following CT
administration, similar to the reality that patients can
experience CINV for a longer time after CT administra-
tion. (Molassiotis A. 2008) Finally, the present study find-
ings pertain to observations from real-world practice rather
than from a clinical trial. Although the retrospective
nature of the study limits the ability to draw conclusions
regarding cause and effect, the study findings draw atten-
tion to important relationships whose causal and interme-
diary factors warrant further exploration. There may be
some selection bias as a result of the observational nature
of the study.

Conclusions

The clinical and economic burden of CINV is substantial.
In this retrospective hospital database analysis, a 20%
predicted rate of CINV events per CT cycle across the
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follow-up period was observed after controlling for various
demographic and clinical confounders including CT eme-
togenicity, and with an associated total all-cause treatment
cost of approximately US $89 million (with an average
cost per day of $1854.7). The study findings demonstrate
the need for appropriate and efficient prophylactic CINV
management thereby having the potential of reducing the
use of costly healthcare resources and more importantly
improving the quality of life of the patient on CT treat-
ment. Apart from other known risk factors, preventing or
controlling the onset of CINV in the first CT cycle
appeared to lead to fewer events in subsequent cycles.
Further research on the impact of early and appropriate
CINV prophylaxis on clinical and economic outcomes
and impact on CT adherence and overall mortality is
warranted.
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