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Background.Themost common chemotherapies in metastatic soft tissue sarcoma (mSTS) require intravenous (IV) administration.
This often requires patients to make multiple outpatient visits per chemotherapy cycle, possibly impeding patients’ daily activities
and increasing caregiver burden and medical costs. This study investigated costs associated with IV cancer therapy administration
in mSTS from the payer perspective of the health care system. Patients and Methods. From the Experian Healthcare database, 1,228
mSTS patients were selected. Data were analyzed on outpatient visits during 2005–2012 involving IV cancer therapy administration.
Costs were estimated on a per patient per visit (PPPV) and per patient per month (PPPM) basis.Results.Themean (median) cost of
IV therapy was $2,427 ($1,532) PPPV and $5,468 ($4,310) PPPM, of which approximately 60%was IV drug costs. IV administration
costs averaged $399 PPPV and $900 PPPM, representing 16.5% of total visit costs. Anthracycline and alkylating-agents-based
therapies had the highest PPPV and PPPM IV administration costs, respectively (mean $479 and $1,336, resp.). Patients with
managed care insurance had the highest IV administration costs (mean $504 PPPV; $1,120 PPPM). Conclusions. IV administration
costs constitute a considerable proportion of the total costs of receiving an IV cancer therapy to treat mSTS.

1. Introduction

Soft tissue sarcomas (STS) are a rare, complex group of
childhood and adult neoplasms with differentiation towards
mesenchymal tissue, which may arise almost anywhere in
the body [1]. STS account for approximately 1% of malignant
tumours in adults and 2% of total cancer mortality [2].
It is estimated that in 2012 approximately 10,280 people
were diagnosed with STS in the United States (USA) [3].
STS exhibit remarkable histologic diversity and consist of a
heterogeneous group of tumours with over 50 subtypes [2]. In
a recent study of 17,364 cases of STS, malignant fibrous histi-
ocytoma (24.1%), leiomyosarcoma (14.8%), sarcoma (12.8%),
and myxoid liposarcoma (5.9%) were the most prevalent his-
tological subtypes [4]. Although local control can be obtained

through the use of surgery and radiotherapy, in patients who
experience recurrence at distant sites (∼50% of all patients),
>90% will ultimately die of this malignancy [5].The five-year
survival rate for patients with advanced/metastatic disease is
also low (e.g., 8% in patients with lung metastasis [6]).

The most commonly used chemotherapies in metastatic
soft tissue sarcoma (mSTS) are intravenously (IV) admin-
istered agents [7]. Although the cost burden of IV cancer
therapy (e.g., cost of IV administration and the cost of IV
drugs) has been studied for specific cancer types (e.g., breast
and small cell lung cancer) [8, 9] and other conditions, such
as rheumatoid arthritis [10], no study to date has assessed the
costs associated with IV cancer therapy administration in a
mSTS population.
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This study reports estimates of the total and component
costs associated with IV cancer therapy administration in
patients with mSTS from the payer perspective of the US
health care system, based on an analysis of claims data from
a large contract and claims management system.

2. Methods

2.1. Data Sources. Data for this study were obtained from the
Experian Healthcare (Experian) database, which maintains a
contract and claims management system that supports 350
general/oncology clinics in the US. The database contains
a complete history of diagnoses (ICD-9-CM codes), pro-
cedures, and drug therapies received by both publicly and
privately insured patients within the clinics, as well as patient
demographics (e.g., age, gender, and geographic region) and
insurance type (e.g., managed care, indemnity, Medicare, and
Medicaid). For every patient clinic visit, Experian records the
service dates, total charged, total contracted payments, and
total allowed, with individual services, procedures, and drugs
broken out by line item (Current Procedural Terminology,
Fourth Edition [CPT-4] and Healthcare Common Procedure
Coding System [HCPCS] codes). The Experian dataset used
in this study covers the period from January 1, 2005, to April
30, 2012.

2.2. StudyDesign. This study employed a retrospective, longi-
tudinal cohort design. The index date was defined as the date
of the first IV cancer therapy infusion for mSTS treatment.
Therapy windows were calculated as a patient-drug combi-
nation for the purposes of reporting study outcomes on a per
month basis. The observation period for each patient-drug
window begins at the index date and ends with either the last
IV cancer therapy administration (if the patient only remains
on one therapy) or the last visit of that IV cancer therapy
before a patient switches to a different IV cancer therapy,
plus a therapeutic effect. The therapeutic effect for patients
that do not switch therapies is the average interval between
administrations across the entire dataset for that particular IV
cancer therapy. For patients who received a single IV therapy,
the observation period length was calculated as the length of
the therapy plus the average interval across the entire dataset
for that particular IV cancer therapy. For patients that switch
IV cancer therapies, the therapeutic effect is defined as the
minimum of either the time between the last visit of that
therapy and the start of the new therapy or average therapy
interval across the entire dataset.

2.3. Study Population. The selection of patients in the study
sample is depicted in Figure 1. The population of patients
with mSTS receiving IV therapy was determined by a claims
algorithm [11] that required patients to have (1) at least one
diagnosis of a distant secondarymalignant neoplasm (ICD-9-
CM 196.XX-199.0); (2) a diagnosis of mSTS between January
1, 2005, and April 30, 2012; and (3) at least one claim of an
IV cancer therapy used to treat mSTS (defined according to
NCCN treatment guidelines [7]) following mSTS diagnosis.
(For the purposes of this study, IV cancer therapies used

to treat mSTS included actinomycinD, bevacizumab, carbo-
platin, cisplatin, cyclophosphamide, dacarbazine, docetaxel,
doxorubicin, epirubicin, etoposide, gemcitabine, ifosfamide,
interferon, irinotecan, mesna, oxaliplatin, paclitaxel, temo-
zolomide, topotecan, vincristine, and vinorelbine.) Diagnosis
of mSTS was defined as at least two medical claims with an
ICD-9-CM diagnosis code of 171, or the following combi-
nation of IV cancer therapies and other selected ICD-9-CM
diagnoses:

(i) a combination therapy of ifosfamide (HCPCS: J9208,
J9209, C9427) and doxorubicin or liposomal doxoru-
bicin (HCPCS: J9000, J9001, C9415) (both agents to be
administeredwithin 30 days), except if also diagnosed
with osteosarcoma (ICD-9-CM: 170), nasopharyngeal
carcinoma (ICD-9-CM: 147), lung cancer (ICD-9-
CM:162.3-162.9), uterine cancer (ICD-9-CM: 179, 180,
182), breast cancer (ICD-9-CM:174), prostate cancer
(ICD-9-CM: 185), renal cancer (ICD-9-CM: 189), or
malignant neoplasm of lymphatic and hematopoietic
tissue (ICD-9-CM: 200-208) at any time, or

(ii) at least 1 medical claim for retroperitoneal or peri-
toneal cancer (ICD-9-CM: 158), except if also diag-
nosed with renal cell carcinoma (ICD-9-CM: 189.0,
198.0), transitional cell carcinoma (ICD-9-CM: 189.1,
189.2), mesothelioma (ICD-9-CM: 163), gastrointesti-
nal stromal tumors (ICD-9-CM: 159.0, 159.8, 159.9),
uterine cancer (ICD-9-CM: 179, 180, 182), ovarian
cancer (ICD-9-CM: 183), or other and unspecified
female genital-organ cancer (ICD-9-CM: 184) at any
time.

2.4. Treatment Costs and IV Administration Related Costs.
Treatment costs were estimated using the contracted allowed
payment for a claim rather than the practice charges, based
on adjudication of the claim by the patient’s third-party
insurance plan. A contracted payment is defined as the
amount that the provider is eligible to receive from all parties,
including primary and secondary payers and the patient,
based on the contractual agreement with the payer. Because
the contracted payment represents the actual payment to
providers from payers, it depicts amore accurate and detailed
view of the true economic burden to payers of IV cancer
therapy administration in mSTS patients.

Treatment costs included all costs incurred on eligible
IV cancer therapy dates of service. Costs were categorized as
(i) IV cancer therapy administration procedure costs, (ii) IV
cancer therapy drug costs for mSTS, and (iii) costs associated
with other visit-related drugs and services provided on the
day of the IV cancer therapy visit. Claim codes used to
identify IV infusion administration costs are consistent with
those used in previous research [8–10].

Treatment costs were calculated per patient per IV visit
(PPPV) and per patient permonth (PPPM). PPPMcosts were
calculated by first computing average per month treatment
costs for each patient, defined as the sum of all costs on days
with IV cancer therapy administrations during the observa-
tion period divided by the length of the observation period
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Patients with ICD-9 diagnosis codes of 171 or 158; or HCPCS

codes of J9208, J9209, C9427, J9000, J9001, or C9415
N = 95,622

Diagnosis of mSTS between January 1, 2005, and April 30, 2012
N = 15,080

Patients with at least one diagnosis of a distant secondary
malignant neoplasm (ICD-9-CM 196.XX-199.0)

N = 30,828

At least one claim of an IV cancer therapy used to treat mSTS following mSTS diagnosis
N = 1,228

Total patient lives in the database
N = 29,5 million

Figure 1: Sample selection.

for each patient in person-months. Average PPPM treatment
costs for the overall samplewere then calculated as aweighted
average of the average per month cost, using the length of the
observation period as the weight. Reporting PPPM costs is an
approach commonly used in nonexperimental study settings
to account for different lengths of observation periods among
study patients.

2.5. Statistical Analyses. Patient characteristics as of the index
date were obtained from the Experian dataset. Age was
standardized as patient age in 2009 and divided into five
categories: less than 25, from 25 to 39, from 40 to 54, from 55
to 64, and greater than 64 years. Insurance typewas defined at
the time of the index mSTS diagnosis and was held constant
during the study period. Patient characteristics were reported
as frequencies and percentages for categorical variables and
sample size, means, standard deviations, medians, and ranges
for continuous variables.

Medians, means, standard deviations, and quartile ranges
of PPPV and PPPM treatment costs were reported for the
overall mSTS patient sample. The total and component IV
administration costs were further stratified by patient cohorts
based on age, gender, region, insurance status, IV drugs, and
number of administered drugs during the visit. Cost data
was adjusted based on the medical consumer price index
(CPI) [12] and reported in 2011 in US dollars. Two sensitivity
analyses were performed to assess potential biases arising
from patient selection and outliers: (i) analyses were repeated
based on an alternative definition ofmSTS diagnosis inwhich
patients were only required to have at least two medical
claims with an ICD-9-CM diagnosis code of 171; (ii) analyses
were repeated after excluding IV administration visits with
administration costs in the top 1%. Analyses were performed
using SAS 9.3 (SAS Institute, Inc., Cary, NC, USA).

3. Results

A total of 1,228 patients with mSTS were identified. Baseline
patient characteristics are presented in Table 1. The sample
included a broad range of the patient age groups with almost
a quarter of patients with ages greater than 64 years. Gender
was not consistently recorded on all claims; only about half
(48%) of patients had gender recorded. The numbers of
reportedmale and female patients in the sample were similar.
About half (50.7%) of the patients were insured by managed
care, and another quarter (25.0%) were covered by Medicare
(either traditional FFS or Medicare HMOs). The South was
the most represented region which contained about half
(49.7%) of the patient sample, with fewer patients residing in
the Northeast (3.3%) and Southwest (8.7%).

3.1. PPPV Costs. Per patient per IV visit costs (PPPV) in
which an IV cancer therapy was administered, subdivided
into IV drug costs, IV administration costs, and other visit-
related service costs, are presented in Table 2. The mean
(median) cost per IV visit across the entire mSTS patient
sample was $2,427 ($1,532). IV administration costs repre-
sented 16.5% of these costs with a mean of $399 per visit.
About three-quarters (74.5%) of the IV administration costs
were associated with direct administration of the cancer
therapy (infusion time), with the remaining quarter of costs
associated with therapeutic, diagnostic, and prophylactic
administration (24.1%) and hydration administration (1.4%).

Mean IV drug costs were $1,450 and represented 59.7%
of the total cost of the visit. The remaining 23.8% of
the visit costs ($578) were attributed to other visit-related
services. Evaluation and management office visits, supplies
and equipment, and other miscellaneous administration
comprised a small part of these costs with a mean of $22
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Table 1: Patient characteristics for mSTS sample.

Patient characteristic Count (N = 1,228) Percent
Age1

Less than 25 117 9.5%
25 to 39 152 12.4%
40 to 54 316 25.7%
55 to 64 345 28.1%
Greater than 64 298 24.3%

Gender2

Female 289 23.5%
Male 295 24.0%

Insurance type3

Managed care 622 50.7%
Medicare 283 23.0%
Medicare HMO 24 2.0%
Medicaid 67 5.5%
Medicaid HMO 10 0.8%
Indemnity 68 5.5%
Other4 154 12.5%

Region
Midwest 240 19.5%
Northeast 41 3.3%
South 610 49.7%
Southwest 107 8.7%
West 230 18.7%

1: Age of the patient in 2009.
2: 644 patients were missing gender information.
3: Insurance type is defined at the time of the index mSTS diagnosis.
4: Other includes workers’ compensation, Tricare, and self-pay.

(3.7% of other visit-related services). The remaining 96.2%
of other visit-related costs were other IV drugs and specially
administered oral drugs. Drugs to treat the symptoms of
the disease and side effects comprised the largest part of
these other drugs: colony-stimulating factors mean cost of
$160 per visit, antiemetic agents mean cost of $171 per visit,
and antihypercalcemic agents mean cost of $30 per visit.
The other large cost categories were off-label chemotherapy
agents (mean cost of $50 PPPV) and monoclonal antibody
agents (mean cost of $84 PPPV).

IV visit costs on a PPPV basis, broken down by age,
gender, region, type of insurance, IV drug used to treatmSTS,
and number of IV drugs administered per visit, are presented
in Table 3(a). IV administration costs ranged from $311 to
$457 (13.9% to 28.1% of total IV visit costs) across age groups.
Patients with ages less than 25 years and greater than 64
years had the lowest administration costs. IV administration
costs and costs of other visit-related serviceswere very similar
between females and males. Patients in the Southwest region
reported the lowest IV administration costs ($308) and other
visit-related services ($341), and patients in theWest reported
the highest IV administration costs ($489) and other visit-
related services ($646).

The largest differences in IV administration costs were
found by insurance status. Managed care patients had the

highest IV administration costs (mean $504 per visit) while
Medicaid patients had the lowest (mean $92 per visit). The
most expensive IV drugs in terms of IV administration costs
were anthracycline-based therapies at $479 per visit and the
cheapest were angiogenesis-based therapies at $301 per visit.
Finally, costs of IV administration tended to increase with the
number of IV drugs administered in a visit. Administering a
single therapy cost an average of $304, increasing to $693 for
three therapies and $936 for four therapies.

3.2. PPPM Costs. Total mean PPPM costs, subdivided into
IV drug costs, IV administration costs, and other visit-
related service costs, are presented in Table 2. Total mean
(median) PPPM cost for the entire sample was $5,468
($4,310) with quartile ranges from $2,066 to $7,431. Mean
IV administration costs were $900 PPPM, of which $671
was due to chemotherapy administration, $217 was due
to therapeutic, diagnostic, and prophylactic administration,
and $12 was due to hydration administration. Mean PPPM
cost per IV drug was $3,268 with quartile ranges between
$427 and $4,704. Other visit-related costs were $1,300 PPPM.
Supplies/equipment, evaluation and management office vis-
its, and miscellaneous administration costs accounted for
about $50 PPPM. Among other (i.e., non-mSTS) IV drugs
administered during the visits, the costliest were those
used to control side effects, including antiemetic agents
($384 PPPM) and colony-stimulating factors ($359 PPPM).
Other high-cost categories include monoclonal antibody
agents ($190 PPPM), off-label chemotherapy ($111 PPPM),
and other miscellaneous agents ($113 PPPM).

IV visit costs on a PPPM basis, broken down by age,
gender, region, type of insurance, IV drug used to treatmSTS,
and number of IV drugs administered per visit, are presented
in Table 3(b). Administration costs were similar across most
age groups except for patients greater than 64 years, who had
average administration costs about two-thirds ($623 PPPM)
the size of the other age categories. Similar to the trend in
total costs, patients in the Midwest and the West reported
much higher IV administration costs PPPM at $1,080 and
$1,030, respectively. Patients in the Northeast and Southwest
reported much lower other visit-related costs than other
regions.

Large variations in PPPM IV administration and other
visit-related service costs were observed by insurance status.
The highest IV administration PPPM costs were found in
managed care patients and indemnity patients at $1,121 and
$1,052, respectively. These patients also experienced higher
other visit-related service costs compared to other insurance
types. As with the PPPV results, other visit-related service
costs were highest among patients with workers’ compensa-
tion, Tricare, or self-pay insurance. In contrast to the PPPV
where anthracycline-based agents were reported to have
higher IV administration costs, the alkylating-based agents
hadmuch higher PPPM IV administration costs compared to
the other therapies. Finally, the step-like trend of increasing
IV administration costs based on the number of administered
IV drugs during the visit was also observed in the PPPM
analysis.
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3.3. Sensitivity Analyses. Tables 4(a) and 4(b) report the
results of two sensitivity analyses undertaken to assess the
extent of any potential biases in the results arising from
patient selection and outliers. In Table 4(a), total and sub-
divided PPPV costs were based on an alternative definition
of mSTS diagnosis in which patients were only required to
have at least twomedical claimswith an ICD-9-CMdiagnosis
code of 171. IV administration costs were generally similar
and in fact represented a slightly larger percentage of total IV
visit costs (17.1%), compared to those based on the primary
definition of mSTS diagnosis presented in Table 3(a).

In Table 4(b), total and subdivided PPPV costs are
reported after excluding visits with administration costs in
the top 1%. Again, results were generally similar to those
based on all IV administration visits, presented in Table 3(a).
In particular, IV administration costs represented 15.9% of
total IV visit costs.

4. Discussion

This retrospective analysis assessed costs associated with the
administration of IV cancer therapies in mSTS patients from
2005 to 2012 using Experian data. IV administration costs
accounted for about 16.5%of costs per IV visit among patients
with mSTS. Other visit-related service costs accounted for
about 23.8% of the cost PPPV.These results indicate that non-
IV drug costs represent a considerable proportion of the total
costs when receiving an IV cancer therapy to treat mSTS.

Cost estimates stratified by patient characteristics indi-
cate that some of the largest differences in IV administration
costs across patients exist between patients with different
types of insurance. Patients with managed care had the high-
est IV administration costs ($504 PPPV), while Medicaid
patients had the lowest ($92 PPPV). IV administration costs
also varied widely across regions, as well as by the type of IV
cancer drug and number of IV cancer drugs administered.

The share of total treatment costs related to IV admin-
istration reported in this study of mSTS patients is similar
to estimates reported in both malignant and nonmalignant
diseases where drugs are administered by IV infusion. A 2008
study of treatment costs in patients with metastatic breast
cancer reported average total treatment costs of $2,477 PPPV,
10.2% of which were IV administration costs [9]. In a separate
2008 study of patientswith small cell lung cancer, IV adminis-
tration costs were estimated to be 11.8% of average total costs
[8]. Finally, in a 2011 study of costs in rheumatoid arthritis
patients, IV administration costs were 7.9% of average total
costs [10].

This study did not account for indirect costs, such as
those associated with patient and caregiver time (e.g., travel
time) and lost productivity, which by their nature are more
difficult to collect and suffer from greater variability. By
only examining direct healthcare-system-related costs of IV
cancer therapy administration in an mSTS sample, this study
likely understates the true total cost of IV therapy to society.

As with all retrospective studies using claims data,
identification of mSTS patients relies on the accuracy of
diagnosis coding. No clinical information was available to

ascertain stage. Advanced STS was identified based on a
claims algorithm that has not been validated. To address this
concern, a sensitivity analysis was performed where costs
were calculated using an alternative claims algorithm. Results
of this sensitivity analysis were similar to those reported here.
In addition, costs related to IV cancer therapy administration
were determined only from clinic claims and were limited to
services identified on the claim as an infusion administration
cost. This method may underestimate true medical infusion
costs since it does not capture costs related to late infusion
reactions and complications that require medical care on
days following the infusion. Clinic claims also exclude any
additional costs of oral drugs or drugs administered in an
inpatient setting.

Other study limitations included limited information
about patient enrollment and disease progression. Patients
appear in the dataset through clinic visits, but the date
of initial diagnosis of mSTS may have occurred earlier. In
addition, it was not possible to determine why patients may
have stopped visiting the clinic. It was also not possible to
assess disease progression. To address these limitations, costs
were estimated on the basis of actual clinic visits and reported
both PPPV and PPPM.

5. Conclusion

Using data from the Experian database, this study found that
the mean cost of receiving IV cancer therapy in an mSTS
patient population was $2,427 PPPV and $5,468 PPPM. IV
administration costs accounted for 16.5% of these costs and
other visit-related services accounted for 23.8% of these costs.
Thus, nonstudy drug related costs are about 40% of the costs
associatedwith administration of IV cancer therapy formSTS
patients. There was substantial variation in the cost of IV
administration by insurance type, region, type of anticancer
drug, and the number of anticancer drugs administered in a
single visit.

This study contributes to the understanding of IV therapy
administration costs in mSTS patients. Further research is
needed to investigate the association between IV adminis-
tration costs and mSTS cancer stage and to estimate indirect
costs of IV administration associated with mSTS patient and
caregiver time.
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