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ABSTRACT

Introduction: Ovarian cancer (OC) is one of the
leading causes of cancer mortality among
women in the United States. With the approval
of first-line maintenance therapies, patients
with OC experienced prolonged first-line pro-
gression-free survival. While the literature
addresses some costs associated with OC, fur-
ther research is needed on the costs of progres-
sion that are potentially deferred or prevented
by early maintenance. The objective of this
study was to capture the health care resource
utilization and costs of patients with advanced
OC who never received poly(ADP ribose) poly-
merase (PARP) inhibitor maintenance.
Methods: We conducted a descriptive retro-
spective analysis of treatment patterns and the

consequences of progression through several
lines of therapy (LOTs) in patients with OC,
using claims from commercial and Medicare
Advantage health plan members in the United
States from the Optum Research Database
between January 1, 2010, and April 30, 2019.
Patients were required to have an index OC
diagnosis (C 2 non-diagnostic claims). We
examined up to 4 LOTs and the time between
treatments.
Results: A total of 5498 women met the eligi-
bility criteria. As the number of LOTs increased,
the median duration of each line decreased
from 137 days in LOT1 to 94 days in LOT4, and
the time between lines also decreased from 245
to 0 days. Ambulatory care visits were a major
driver of health care resource utilization, with a
median of about 6 monthly visits during active
treatment. The mean total monthly health care
costs for patients with at least 2 LOTs were
US$8588 (SD: $8533) before LOT2 and
increased to $15,358 (SD: $21,460) during or
after LOT2.
Conclusions: Prolonging progression-free sur-
vival after first-line treatment in patients with
OC may provide the opportunity to delay or
prevent later treatment, the financial toxicity
felt by patients, and the economic burden to the
health care system associated with progression.
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PLAIN LANGUAGE SUMMARY

Ovarian cancer is a complex disease in
which[70% of patients are diagnosed with
advanced disease, and one of the leading causes
of cancer mortality among women in the
United States. A variety of maintenance therapy
options, including bevacizumab, PARP inhibi-
tors, and PARP plus bevacizumab combination
therapies, have demonstrated improvements in
progression-free survival. By delaying disease
progression after completion of first-line ther-
apy, a simultaneous decrease in post-progres-
sion health care costs may be seen. The
objective of this study was to capture the health
care resource utilization and costs of patients
with advanced ovarian cancer who did not
receive a PARP inhibitor at any time in their
treatment

In patients never receiving a PARP inhibitor,
this study documented substantial health care
resource usage and costs associated with pro-
gression beyond the first line of treatment
(surgery and/or chemotherapy) in ovarian can-
cer. These were largely driven by the number of
ambulatory care visits. When these visits are
combined with emergency department visits
and inpatient stays, high costs are incurred by
both patients and third-party payers

Prolonging progression-free survival after
first-line treatment in patients with ovarian
cancer may delay or prevent the need for later
treatment, the financial burden felt by patients,
and the economic burden to the health care
system associated with subsequent disease
progressions

Keywords: Gynecologic cancers; Financial
burden; Financial toxicity; Health care
resource utilization; Health care cost; Ovarian
cancer

Key Summary

Emerging therapies have demonstrated
the ability to delay first progression in
advanced ovarian cancer

There has been limited research on the
health care resource utilization and costs
associated with the long-term treatment
of ovarian cancer

Monthly treatment costs for ovarian
cancer increase substantially after first
progression, largely driven by the number
of ambulatory care visits

Prolonging the time to first recurrence in
ovarian cancer can delay or prevent the
high costs associated with progression

INTRODUCTION

Ovarian cancer is a complex disease and one of
the leading causes of cancer mortality among
women in the United States. Epithelial ovarian
carcinomas, which include ovarian, fallopian
tube, and primary peritoneal carcinomas, com-
prise approximately 90% of ovarian cancers
[1, 2]. In 2021, approximately 24,410 new cases
of ovarian cancer with 13,770 deaths will have
occurred [3]. Notably, most women ([70%) are
diagnosed with advanced stages of the disease
[1, 4, 5].

Treatment of advanced ovarian cancer gen-
erally consists of cytoreductive surgery and
platinum- and taxane-based chemotherapy.
Approximately 80% of patients’ tumors are
initially responsive to this treatment [6].
Unfortunately, the majority of women with
advanced-stage ovarian cancer will relapse and
require additional treatment. Due to the high
rate of recurrence, which is typically metastatic,
5-year survival rates are 49% [3].

The management of recurrent ovarian cancer
is largely directed by the time elapsed between
the completion of platinum-based treatment
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and the detection of relapse, known as the
platinum-free interval (PFI) [7, 8]. Those
patients with a PFI of 6 months or longer are
considered platinum-sensitive, and are also
considered to have a much better prognosis
than those that have a recurrence sooner.
Responses to subsequent platinum-based ther-
apy range between 30 and 90% [9–11]. Patients
with a PFI of less than 6 months or who progress
on upfront platinum therapy or within 1 month
of completing therapy are considered platinum-
resistant or platinum-refractory, respectively. In
this population, response rates to subsequent
therapies are typically\15% [12].

When treating advanced and recurrent
ovarian cancer, a patient’s somatic and genomic
profiles are critical, specifically BRCA and
markers of genomic instability. Patients har-
boring these mutations and phenotypic chan-
ges are considered to have homologous
recombination-deficient (HRD) tumors. These
tumors are unable to repair double-strand DNA
breaks and are particularly sensitive to poly(-
ADP ribose) polymerase (PARP) inhibitors,
which inhibit DNA repair of single-strand
breaks. This dual inhibition results in synthetic
lethality [13].

Several therapies have been developed to
help delay the time to recurrence in patients
with advanced ovarian cancer after surgery and
chemotherapy. Two PARP inhibitors are cur-
rently approved for use as first-line mainte-
nance therapy in patients who have a complete
or partial response to first-line platinum
chemotherapy. Olaparib is approved as first-line
maintenance monotherapy for patients with a
deleterious or suspected deleterious germline or
somatic BRCA mutation or in combination with
bevacizumab for patients with a positive HRD
status (determined to have a BRCA mutation or
genomic instability on a companion diagnostic)
[14]. Niraparib is approved for first-line main-
tenance regardless of biomarker status [15]. In
addition to use in first-line maintenance, sev-
eral PARP inhibitors are indicated for use in a
relapsed setting [14–16]. Bevacizumab
monotherapy has also demonstrated efficacy as
another option to delay progression [17].

Although a significant body of literature has
addressed the costs of maintenance treatment

and the cost effectiveness of various pharma-
cologic and surgical treatments in ovarian can-
cer, some costs have not been captured in these
studies. There has been a relative paucity of
literature on initial care costs, and little has
been published on the costs related to the pro-
gression of ovarian cancer. Urban et al. reported
that the initial US cost of surgery and adjuvant
chemotherapy was US$83,915 per patient [18].
Another US study indicated that the median
cost of primary debulking surgery was $89,228
and neoadjuvant chemotherapy was $92,770,
with patients facing median adjusted out-of-
pocket costs of $2977 and $2519 [19]. Although
these studies provide some information on the
costs of ovarian cancer treatment, they do not
include detailed health care resource utilization
(HCRU) information, such as the number of
ambulatory care visits, and do not provide
information on the costs incurred after the first
line of therapy (LOT1).

Because maintenance therapy options such
as PARP inhibitors or bevacizumab can, in many
cases, delay progression for a significant period
of time even after patients discontinue therapy,
further research is needed on the costs of pro-
gression that are potentially deferred or even
prevented. In addition, to fully understand the
cost of ovarian cancer treatment, more detailed
information is needed on the costs of first-line
treatments before a patient experiences recur-
rence. Beyond the clinical and emotional
impact of disease relapse and associated treat-
ment, these costs contribute to the financial
toxicity felt by many patients with cancer. In a
recent study of gynecologic patients (n = 121;
mean age, 59 years), over half reported financial
distress. Those with financial distress, measured
on a validated questionnaire, were significantly
more likely to report mental hardship, lost
wages, the inability to pay bills on time, and the
need to borrow money. Patients aged younger
than 65 years and with an income of less than
$40,000 had increased risk of financial distress
[20].

The goal of this study is to understand the
potential burden and costs that may be offset by
delaying progression through capturing the
HCRU and costs of patients with commercial
and Medicare Advantage health insurance who
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had advanced ovarian cancer and did not
receive a PARP inhibitor at any point during
their treatment.

METHODS

Study Design

We conducted a descriptive retrospective anal-
ysis of treatment patterns and the consequences
of progression (treatment beyond LOT1)
through several LOTs in patients with ovarian
cancer using claims from commercial and
Medicare Advantage health plan members in
the United States from the Optum Research
Database (ORD) between January 1, 2010, and
April 30, 2019 (identification period).

Data Sources

The ORD, Optum’s proprietary administrative
claims research database, is one of the largest
and most complete insurance claims research
databases in the United States. The ORD is fully
de-identified and Health Insurance Portability
and Accountability Act (HIPAA)-compliant, and
comprises medical and pharmacy claims data
(including linked enrollment) from 1993 to the
present for more than 84 million patients [21].
Features include eligibility control (complete
member information with enrollment dates),
medical and pharmacy claims (delivers insight
into all health care services), and cost informa-
tion (measures resource utilization plus paid
amounts that reflect the intensity of the service
provided). In 2016, approximately 19% of the
US commercially enrolled population, plus 17%
of the Medicare Advantage and 23% of the
Medicare prescription drug plan population,
were represented in the ORD.

Medical and pharmacy claims data have
been available for approximately 8.9 million
Medicare Part C (Medicare Advantage) enrollees
since 2006. Beginning in 2006, complete med-
ical and pharmacy information became avail-
able for Medicare enrollees with medical and
Part D coverage. Costs represent paid claims to
providers including patient copays. Pharmacy

claims contain sufficient information to trace
patients’ pharmacy expenditures through the
multiple phases of the Part D plans, which are
structured to change over time, with a gradual
elimination of the gap in coverage.

Claims for pharmacy services were typically
submitted electronically by the pharmacy at the
time prescriptions were filled. The claims his-
tory is a profile of all outpatient prescription
pharmacy services provided and covered by the
health plan. Pharmacy claims data include
National Drug Code (NDC), fill date, quantity
supplied, drug strength, days of supply, finan-
cial information, and de-identified patient and
prescriber codes, allowing for longitudinal
tracking of medication refill patterns and
changes in medications. Pharmacy claims were
typically added to the research database within
6 weeks of dispensing.

Data on the occurrence of death were
derived from the Social Security Administration
Death Master files, as well as from records with
codes indicating death within hospital dis-
charge status. By including external mortality
data in this study, it was possible to determine
the timing of deaths that were not otherwise
captured in the claims. After subjects were
linked, these data were used to inform sample
selection. Subjects who might otherwise be
removed from the study owing to insufficient
continuous enrollment may be included if they
were enrolled until death. If included, mortality
data can also be used to modify outcomes and
other study endpoints.

Study Population

Patients were required to have an index ovarian
cancer diagnosis [C 2 non-diagnostic claims for
ovarian cancer (International Classification of
Diseases, Ninth Revision, Clinical Modification:
183.0*, 183.2*; International Classification of
Diseases, Tenth Revision, Clinical Modification:
C56*, C570*) C 30 days apart during the iden-
tification period, January 1, 2010, through April
30, 2019] and to have received systemic therapy
that included both National Comprehensive
Cancer Network-recommended agents as well as
other systemic chemotherapies between the
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index date and the end of the identification
period [22, 23].

Diagnostic claims are those claim lines that
have codes dealing with laboratory tests, vari-
ous imaging services (magnetic resonance
imaging, X-ray, etc.), or other processes that fall
under the realm of ‘‘testing’’. These claims were
not used for identification purposes because the
diagnosis on the claim may not represent a
definitive diagnosis, but rather a screening for a
disease. Patients were required to have at least
6 months of baseline claims data before the
index date and data from at least 6 months after
(including the index date) or until the first
claim for chemotherapy on or after the index
date. They were further required to be aged
18 years or older, with no evidence of receiving
a PARP inhibitor at any time during the study
period. Patients with evidence of chemotherapy
or ovarian cancer in the baseline period were
excluded.

Patients were followed for a variable amount
of time after the index date. We examined up to
4 lines of active therapy and also subsequent
maintenance LOTs. Since claims data do not
contain actual LOTs, we applied an algorithm
that used infusion date (for infused medica-
tions) and fill date/day supply (oral medica-
tions) to identify active and maintenance LOTs.
Patients with any record of receiving a PARP
inhibitor were excluded. The study team then
met to review the initial study output to

determine if revisions needed to be made to the
LOT algorithm and the active versus mainte-
nance classification (Fig. 1).

Line of Therapy Algorithm

An algorithm was used to identify the start and
end of the LOT. The date the patient first
received systemic chemotherapy was the start of
the first LOT. All anticancer agents filled/in-
fused within the first 30 days following the start
of the first LOT defined the regimen. The end
was identified as the earliest of any of the fol-
lowing: initiation of a new agent not included
in the regimen; discontinuation of all agents in
the regimen; death; disenrollment; or end of
the study period. If an episode contained beva-
cizumab plus other medications and all medi-
cations besides maintenance were
discontinued, then the end of the LOT with
monotherapy bevacizumab was classified as
maintenance treatment. Maintenance lines
were grouped with the preceding active LOT.

Statistical Analysis

All study variables were analyzed descriptively.
The number of patients and percentages were
provided for categorical variables. Medians with
interquartile ranges (IQRs) were used to describe
demographics, clinical characteristics, and

Fig. 1 Observation period. The index date and LOTs represent the treatment sequence for an example patient. CE
continuous enrollment, index date date of first claim with a diagnosis of ovarian cancer, LOT line of therapy
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health care resource use. Means with standard
deviation were used to describe costs in order to
better inform payers and policymakers about
the expected costs of treatment. All costs were
adjusted to 2019 dollars. Descriptive techniques
that account for length of observation time
[e.g., per-patient-per-month (PPPM) amounts]
were used where appropriate. No adjustment for
multiple comparisons was made.

Protection of Human Subjects

Data were de-identified in compliance with the
HIPAA Privacy Rule when disclosed for this
research. The appropriate review was performed
for the use of discharge status (death status and
month/year of death) from hospital discharge
claims. The review request was submitted
because the study design supports the use of the
mortality information of the patients. The full
date of death was not used in the study data;
rather, date of death was established as the 15th
day of the month in which the patient died
(only month and year of death were disclosed).

Compliance with Ethics Guidelines

This article does not contain data from any
studies with human participants or animals
performed by the authors.

RESULTS

Patient Characteristics

Patient characteristics and attrition are con-
tained in Fig. 2. For all patients not receiving a
PARP inhibitor (n = 5498), the median (IQR)
age was 64 years (55, 72); 56.8% of patients had
commercial insurance and 43.2% had Medicare
(Table 1) [22, 23]. During the study period, 1652
patients received second-line therapy (LOT2),
884 received third-line therapy (LOT3), and 447
received fourth-line therapy (LOT4; Table 2).
Median time in or between LOT decreased
between LOT1 and LOT4. Patients spent a
median (IQR) of 137 (95.0–167.0), 119
(73.0–178.0), 103 (62.0–164.5), and 94

(58.0–157.0) days in LOT1 through LOT4,
respectively. Median time between LOT1 and
LOT2, LOT2 and LOT3, and LOT3 and LOT4
decreased and were 245 (137.0–439.0), 10
(0.0–137.0), and 0 (0.0–54.0) days, respectively.
All patients received systemic therapy per the
inclusion criteria, and the majority of patients
(58.8%) had at least one surgery during the
follow-up period post-ovarian cancer diagnosis
(Table 1).

Health Care Resource Utilization Prior
to First Progression

Nearly all patients (99.9%) had an ambulatory
care visit prior to progression. The monthly
median number of visits was 6.5 from diagnosis
to start of LOT1, 6.4 during LOT1, and 3.6
between LOT1 and LOT2 (Table 3); these visits
included those for chemotherapy or drug
administration, monitoring, and routine care,
as well as visits to routine providers including
oncologists. About one in three patients had an
emergency department visit before, during, or
after LOT1 (30.9%, 34.8%, and 37.2%, respec-
tively). A large percentage (72.6%) had an
inpatient stay prior to starting therapy, likely
due to surgery, but this declined during and
after LOT1 (25.7% and 34.5%).

Health Care Costs Prior to First Progression

Mean total health care costs during the initial
phases of treatment and surveillance were sim-
ilar: $45,469 from diagnosis to start of LOT1,
$49,184 during LOT1, and $47,348 between
LOT1 and LOT2 (Table 4) [24]. Mean PPPM
health care costs prior to progression varied
during this same time period: $26,172 from
diagnosis to start of LOT1, $10,820 during
LOT1, and $5011 between LOT1 and LOT2.

Health Care Resource Utilization After
First Progression

Nearly all patients had at least one ambulatory
care visit (99.7–99.8%), and median all-cause
ambulatory visits after first progression were
similar during each LOT (24.0, 20.0, and 19.0
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during LOT2, LOT3, and LOT4, respectively).
This is equivalent to a median of 5.9, 6.1, and
6.0 visits per month. Median ambulatory care
visits were infrequent between LOTs (Table 5).
For patients with 4 LOTs, median total ambu-
latory visits were 97.0 after first progression.
Similar to before progression, about one-third of

patients experienced an emergency department
visit during each additional LOT (38.8%, 39.1%,
and 38.0%). Rates for inpatient stays were sim-
ilar between LOTs (29.2%, 32.7%, and 35.4%).
For patients who had 4 LOTs, 69.6% had at least
one emergency department visit and 59.5% had
at least one inpatient stay after progression.

Fig. 2 Patient identification and attrition. LOT line of therapy, PARP poly(ADP-ribose) polymerase
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Health Care Costs After First Progression

Mean total health care costs for each additional
LOT ranged from $53,158 to $60,217, with an
additional $12,899 to $13,326 between lines.
This is equivalent to a monthly per patient cost
of between $15,417 and $20,654 during active
treatment and $2928 to $3080 between treat-
ments. Mean total health care costs after first

Table 1 Characteristics of all patients [22, 23]

All patients not receiving
PARP inhibitor
(n5 5498)

Age, years

Median (IQR) 64.0 (55.0, 72.0)

Age group, n (%)

18–44 years 436 (7.9)

45–64 years 2400 (43.7)

C 65 years 2662 (48.4)

Baseline Quan–Charlson comorbidity index (continuous)

Median (IQR) 2.0 (0.0, 6.0)

Baseline Quan–Charlson comorbidity index (categorical), n (%)

0 2165 (39.4)

1–2 1394 (25.4)

3–4 423 (7.7)

5 ? 1516 (27.6)

Most common AHRQ comorbidities (top 10), n (%)(CCS

ICD-9-CM; CCS ICD-10-CM)

Other gastrointestinal

disorders

4025 (73.2)

Diseases of female genital

organs

3442 (62.6)

Hypertension 2601 (47.3)

Diseases of the urinary

system

2543 (46.3)

Disorders of lipid

metabolism

2283 (41.5)

Other lower respiratory

disease

1856 (33.8)

Cardiac disease 1821 (33.1)

Benign neoplasms 1620 (29.5)

Liver disease 1610 (29.3)

Other nutritional,

endocrine, and metabolic

disorders

1573 (28.6)

Table 1 continued

All patients not receiving
PARP inhibitor
(n5 5498)

Coverage type, n (%)

Commercial 3121 (56.8)

Aged\65 years 2679 (85.8)

Aged C 65 years 442 (14.2)

Medicare 2377 (43.2)

Year of study index date, n (%)

2010 604 (11.0)

2011 595 (10.8)

2012 655 (11.9)

2013 611 (11.1)

2014 495 (9.0)

2015 497 (9.0)

2016 562 (10.2)

2017 648 (11.8)

2018 673 (12.2)

2019 158 (2.9)

Ovarian cancer-related
surgery during 6-month
baseline, n (%)

80 (1.5)

Ovarian cancer-related surgery
during follow-up, n (%)

3235 (58.8)

AHRQ Agency for Healthcare Research and Quality, IQR
interquartile range, PARP poly(ADP-ribose) polymerase,
POS point of service, PPO preferred provider organization
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progression for patients with 4 LOTs were
$186,713 (Table 6) [24].

Monthly Total Pre- and Post-LOT2
Progression for Patients with at Least 2
Lines of Therapy

Importantly, the mean total PPPM health care
cost for patients with at least 2 LOTs was $8588
(SD: $8533) before LOT2 which increased to
$15,358 (SD: $21,460) (Table 7) during or after
LOT2 [24].

DISCUSSION

Summary of Findings

This study documented substantial HCRU and
costs associated with progression beyond LOT1
in ovarian cancer, which were largely driven by
the number of ambulatory care visits. These
visits, combined with the burden of emergency
department and inpatient stays, present a large
impact to patients’ lives and high costs to both
patients and third-party payers. The average
cost of cancer care reimbursed by payers and
patient copays during each active line of ther-
apy was substantial, and increased as patients
progressed in their treatments. Yue et al. iden-
tified annual costs of $13,566 for patients with
ovarian cancer [25]. While observed costs in this
study were higher, the difference may be due to

the study sample. Patients included in this
study were actively being treated for ovarian
cancer, and may have progressed through mul-
tiple LOTs. Patients with neoadjuvant therapy
only were excluded from the study. In addition,
costs after first LOT were only examined in the
subset of patients who progressed to a second
LOT.

In addition to the burden on the healthcare
system, high costs impact patients as this study
includes copays and coinsurance borne by
individuals. In a review of Washington state
cancer patients, cancer patients were 2.5 times
more likely to file for bankruptcy after a cancer
diagnosis compared to those without a cancer
diagnosis [26], and filing of bankruptcy was
associated with increased mortality among
evaluated cancer types (hazard ratio 1.79; 95%
confidence interval, 1.64–1.96) [27].

Prolonging progression-free survival (PFS) in
patients with ovarian cancer has the potential
to delay cancer-directed treatment and the
economic burden and financial toxicity associ-
ated with progression. Liang et al. found that
proactive intervention early in the treatment
course reduced financial stress in patients [20].
Our results indicate that there is the least
amount of variation in costs during LOT1. The
greatest variability in costs was between LOT1
and LOT2 when most patients, though not all,
often progress.

This variability in costs may be due to clear
and standardized treatment in the upfront

Table 2 Number of LOTs and duration between LOTs

Diagnosis to Start of LOT1
(N5 5498)

During LOT1
(n5 5498)

Between LOT1 and LOT2
(n5 1652)

During LOT2
(n5 1652)

Time within LOT, days

Median

(IQR)

43.0 (28.0–84.0) 137.0 (95.0–167.0) 245.0 (137.0–439.0) 119.0 (73.0–178.0)

Between LOT2 and
LOT3 (n5 884)

During LOT3
(n 5 884)

Between LOT3 and
LOT4 (n5 447)

During LOT4
(n5 447)

Time within LOT, days

Median (IQR) 10.0 (0.0–137.0) 103.0 (62.0–164.5) 0.0 (0.0–54.0) 94.0 (58.0–157.0)

IQR interquartile range, LOT line of therapy
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Table 3 HCRU prior to progression

Diagnosis to start of LOT1
(n5 5498)

During LOT1
(n5 5498)

Between LOT1 and LOT2
(n 5 1652)

All-cause counts

Surgery

n (%) 3165 (57.6) 93 (5.6)

Biomarker test (occurrence of first

test), n (%)

811 (14.8) 985 (17.9) 234 (14.2)

Ambulatory visits (includes office/outpatient)

n (%) 5283 (96.1) 5492 (99.9) 1647 (99.7)

Median (IQR) 10.0 (5.0, 20.0) 28.0 (17.0, 43.0) 31.0 (16.0, 56.0)

Office visits

Median (IQR) 3.0 (1.0, 7.0) 11.0 (6.0, 22.0) 14.0 (7.0, 28.0)

Hospital outpatient visits

Median (IQR) 6.0 (3.0, 12.0) 12.0 (4.0, 24.0) 14.0 (6.0, 27.0)

ED visits

n (%) 1700 (30.9) 1912 (34.8) 615 (37.2)

Median (IQR) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0)

Inpatient stays

n (%) 3994 (72.6) 1414 (25.7) 570 (34.5)

Median (IQR) 1.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0)

Number of inpatient days

Median (IQR) 5.0 (0.0, 9.0) 0.0 (0.0, 2.0) 0.0 (0.0, 4.0)

PPPM counts

Ambulatory visits (includes office/outpatient)

Median (IQR) 6.5 (3.9, 10.0) 6.4 (4.5, 8.8) 3.6 (2.5, 5.2)

Office visits

Median (IQR) 2.0 (1.0, 3.6) 2.7 (1.5, 4.7) 1.7 (1.0, 2.6)

Hospital outpatient visits

Median (IQR) 3.9 (1.7, 6.8) 2.9 (1.1, 5.4) 1.7 (0.8, 3.0)

ED visits

Median (IQR) 0.0 (0.0, 0.3) 0.0 (0.0, 0.2) 0.0 (0.0, 0.1)

Inpatient stays
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management of patients with ovarian cancer.
For patients that recur, treatment is less stan-
dardized, as there is no one evidence-based best
treatment option. In a meta-analysis of three
phase 3 randomized control trials, median PFSs
after first, second, third, fourth, and fifth relapse
were 10.2, 6.4, 5.6, 4.4, and 4.1 months,
respectively (306, 192, 168, 132, and 123 days)
[28]. Along with the decreasing PFS, variability
in treatment increased, and at least 20% of
platinum-resistant and 46% of platinum-sensi-
tive patients did not receive a ‘‘state-of-the-art’’
therapy. While our study was not designed to
assess PFS, the median time between LOT1 and
LOT2 (or first relapse), LOT2 and LOT3, and
LOT3 and LOT4 similarly decreased, and was
245, 10, and 0 days, respectively, not including
the time on treatment. We also observed a
58.8% rate of surgery during the study follow-
up period, which likely accounts for the high
rate of inpatient stays early in the treatment
pathway. This rate is in line with the 60% sur-
gery rate reported by physician surveys for
patients with Stage IV disease, but lower than
the 81%–91% rate for earlier stages of disease
[29], and may reflect that patients undergoing
upfront debulking prior to diagnosis were not
entirely captured by our algorithm.

Methods to Minimize Bias

We included methods to minimize bias. For
studies involving retrospective health care data,
the most common sources of bias included
missing data, incorrect classification of diag-
noses, procedures, and medications, and unob-
servable differences in patient characteristics.
Missing data could introduce bias into the study

if the data were systematically missing for
selected samples. However, health care claims
were generally required to contain the relevant
pieces of information for the claim to be pro-
cessed. All medical claims were required to have
a diagnosis code, and all pharmacy claims had a
corresponding NDC code. Lastly, we anticipated
that\1% of the sample would be excluded
because of missing demographic information.

Another possible source of bias was the
incorrect classification of diagnoses, procedures,
and medications. To limit this bias, the study
team determined the study code list and study
algorithm in consultation with the team’s
medical directors. Although it was possible that
incorrect codes were used, the team did not
expect that the rate of inaccurate coding would
be high, based on a review of billing audits, or
that it would be distributed systematically
among only one cohort of the patients in this
study.

Unobservable differences in patient charac-
teristics could have influenced findings. The
goal of this study was to examine the real-world
treatment patterns associated with ovarian
cancer. Therefore, although there were unob-
servable differences, these were expected to be
reflective of the populations outside the con-
trolled setting of a clinical trial. This study used
all patients who were diagnosed with ovarian
cancer in the ORD, which used data from a large
US health care database that was geographically
diverse.

Strengths and Limitations

The study population represented both com-
mercial insurance and Medicare Advantage

Table 3 continued

Diagnosis to start of LOT1
(n5 5498)

During LOT1
(n5 5498)

Between LOT1 and LOT2
(n 5 1652)

Median (IQR) 0.5 (0.0, 0.9) 0.0 (0.0, 0.1) 0.0 (0.0, 0.1)

ED emergency department, HCRU health care resource utilization, IQR interquartile range, LOT line of therapy, NA not
applicable, PARP poly(ADP-ribose) polymerase, PPPM per-patient-per-month
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Table 4 Health care costs prior to progressiona [24]

Diagnosis to start of LOT1 (n 5 5498) During LOT1 (n 5 5498) Between LOT1 and LOT2 (n 5 1652)

Total costs

Total health care costs

Mean (SD) $45,469 ($51,287) $49,184 ($59,105) $47,348 ($95,153)

Medical costs

Mean (SD) $44,435 ($50,444) $46,735 ($56,770) $44,441 ($89,825)

Ambulatory costs

Mean (SD) $11,987 ($18,808) $35,865 ($44,700) $24,636 ($52,253)

ED visit costs

Mean (SD) $333 ($1016) $458 ($1918) $537 ($1511)

Inpatient stay costs

Mean (SD) $29,131 ($40,175) $8005 ($26,799) $13,387 ($37,373)

Other medical costs

Mean (SD) $2985 ($9682) $2407 ($6874) $5881 ($45,671)

Pharmacy costs

Mean (SD) $1034 ($3502) $2449 ($11,781) $2907 ($10,558)

PPPM costs

Total health care costs

Mean (SD) $26,172 ($27,472) $10,820 ($13,313) $5011 ($8659)

Medical costs

Mean (SD) $25,778 ($27,367) $10,337 ($13,098) $4747 ($8518)

Ambulatory costs

Mean (SD) $6504 ($12,480) $7677 ($8379) $2555 ($4749)

ED visit costs

Mean (SD) $173 ($728) $107 ($411) $54 ($161)

Inpatient stay costs

Mean (SD) $17,450 ($24,422) $2034 ($9335) $1540 ($4727)

Other medical costs

Mean (SD) $1651 ($5922) $519 ($1454) $598 ($3864)

Pharmacy costs

Mean (SD) $395 ($859) $483 ($1366) $265 ($628)

ED emergency department, LOT line of therapy, PPPM per-patient-per-month
aCosts are adjusted using the annual medical care component of the Consumer Price Index to reflect inflation to year 2019
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Table 5 Health care resource utilization after first progression

During
LOT2
(n5 1652)

Between LOT2
and LOT3
(n5 884)

During
LOT3
(n5 884)

Between LOT3
and LOT4
(n 5 447)

During
LOT4
(n5 447)

Total for patients
with 4 LOTs
(n5 447)

All-cause counts

Surgery

n (%) 35 (2.1) 20 (4.5)

Biomarker test

(occurrence of first

test), n (%)

86 (5.2) 22 (2.5) 39 (4.4) 9 (2.0) 16 (3.6) 77 (17.2)

Ambulatory visits

n (%) 1649 (99.8) 456 (51.6) 881 (99.7) 190 (42.5) 446 (99.8) 447 (100.0)

Median (IQR) 24.0 (13.0,

39.0)

1.0 (0.0, 16.0) 20.0 (11.0,

37.0)

0.0 (0.0, 9.0) 19.0 (11.0,

34.0)

97.0 (67.0, 137.0)

Office visits

n (%) 1565 (94.7) 417 (47.2) 817 (92.4) 171 (38.3) 412 (92.2) 444 (99.3)

Median (IQR) 9.0 (4.0,

19.0)

0.0 (0.0, 8.0) 8.0 (3.0,

16.5)

0.0 (0.0, 3.0) 8.0 (3.0,

16.0)

45.0 (23.0, 74.0)

Hospital outpatient visits

n (%) 1481 (89.7) 411 (46.5) 807 (91.3) 164 (36.7) 410 (91.7) 443 (99.1)

Median (IQR) 10.0 (4.0,

21.0)

0.0 (0.0, 7.0) 9.0 (3.0,

19.5)

0.0 (0.0, 5.0) 8.0 (3.0,

16.0)

41.0 (20.0, 77.0)

ED visits

n (%) 641 (38.8) 140 (15.8) 346 (39.1) 50 (11.2) 170 (38.0) 311 (69.6)

Median (IQR) 0.0 (0.0,

1.0)

0.0 (0.0, 0.0) 0.0 (0.0,

1.0)

0.0 (0.0, 0.0) 0.0 (0.0,

1.0)

1.0 (0.0, 4.0)

Inpatient stays

n (%) 482 (29.2) 97 (11.0) 289 (32.7) 40 (9.0) 158 (35.4) 266 (59.5)

Median (IQR) 0.0 (0.0,

1.0)

0.0 (0.0, 0.0) 0.0 (0.0,

1.0)

0.0 (0.0, 0.0) 0.0 (0.0,

1.0)

1.0 (0.0, 2.0)

Number of inpatient days

Median (IQR) 0.0 (0.0,

3.0)

0.0 (0.0, 0.0) 0.0 (0.0,

4.0)

0.0 (0.0, 0.0) 0.0 (0.0,

5.0)

4.0 (0.0, 14.0)

PPPM counts

Ambulatory visits

Median (IQR) 5.9 (4.1,

8.2)

1.3 (0.0, 4.3) 6.1 (4.3,

8.6)

0.0 (0.00, 4.3) 6.0 (4.3,

9.0)

5.7 (4.4, 7.6)
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patients, and had a broad geographical distri-
bution in the United States. In addition, patient
data were available from all health care provi-
ders for resource utilization and costs, so the full
impact of care for ovarian cancer was captured.
However, as with all retrospective databases,
given the lack of randomization and subsequent
bias, there were issues with confounding, mis-
classification, selection, generalizability, and
random error; thus, the results should be viewed
with a certain amount of caution.

Claims data are extremely valuable for the
effective examination of treatment patterns,
outcomes such as time to first subsequent
treatment or death, HCRU, and costs. However,
all claims databases have certain inherent limi-
tations because the claims are collected for the
purpose of payment and not research: (1) a
claim for a filled prescription is not an indica-
tion that the medication was consumed or
taken as prescribed; (2) physician-provided
samples, samples taken as part of a clinical trial,
or over-the-counter medications will not be
observed in claims data; (3) the presence of a
diagnosis code on a medical claim does not
confirm the presence of disease, as the diagnosis

code may be incorrectly coded or included as
rule-out criteria rather than actual disease; (4)
other costs borne by the patients such as
transportation, lost work productivity, etc., are
not included; and (5) while costs were incurred
by patients undergoing treatment for ovarian
cancer, it is possible that not all costs were for
the treatment of ovarian cancer. Patients with
comorbidities will have incurred costs inde-
pendent of their cancer.

In addition, studies of patients with ovarian
cancer may be limited by several factors. The
ORD is updated monthly and subject to a
medical claim lag of approximately 6 months.
Therefore, this study was able to use data
through October 2019. The index date was also
set at the diagnosis of ovarian cancer and may
not capture resource use, such as surgery, that
occurred before a formal diagnosis.

Patients receiving PARP inhibitors were
excluded to better understand the impact of the
natural course of disease without maintenance
treatment. Bevacizumab was not excluded due
to the fact that it is utilized concurrently with
other agents, as a monotherapy for treatment,
and as maintenance. Because of this triple use, it

Table 5 continued

During
LOT2
(n5 1652)

Between LOT2
and LOT3
(n5 884)

During
LOT3
(n5 884)

Between LOT3
and LOT4
(n 5 447)

During
LOT4
(n5 447)

Total for patients
with 4 LOTs
(n5 447)

Office visits

Median (IQR) 2.5 (1.3,

4.3)

0.0 (0.0, 1.9) 2.5 (1.3,

4.2)

0.0 (0.0, 1.6) 2.7 (1.4,

4.8)

2.8 (1.6, 4.3)

Hospital outpatient visits

Median (IQR) 2.8 (1.1,

5.0)

0.0 (0.0, 2.1) 3.1 (1.1,

5.4)

0.0 (0.0, 1.9) 2.9 (1.3,

5.4)

2.7 (1.3, 4.6)

ED visits

Median (IQR) 0.0 (0.0,

0.3)

0.0 (0.0, 0.0) 0.0 (0.0,

0.3)

0.0 (0.0, 0.0) 0.0 (0.0,

0.4)

0.1 (0.0, 0.2)

Inpatient stays

Median (IQR) 0.0 (0.0,

0.2)

0.0 (0.0, 0.0) 0.0 (0.0,

0.2)

0.0 (0.0, 0.0) 0.0 (0.0,

0.3)

0.1 (0.0, 0.1)

ED emergency department, IQR interquartile range, LOT line of therapy, PPPM per-patient-per-month
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Table 6 Health care costs after first progressiona [24]

During
LOT2
(n5 1652)

Between LOT2
and LOT3
(n5 884)

During
LOT3
(n5 884)

Between LOT3
and LOT4
(n5 447)

During
LOT4
(n5 447)

Total for patients
with 4 LOTs
(n5 447)

Total costsb

Total health

care costs

$60,217

($73,465)

$13,326

($39,277)

$59,187

($82,473)

$12,899

($53,216)

$53,158

($67,976)

$186,713

($173,461)

Medical costs $57,800

($72,016)

$12,711

($38,727)

$56,776

($80,999)

$12,490

($52,634)

$50,838

($67,130)

$178,320

($170,545)

Ambulatory

costs

$45,524

($60,324)

$7462 ($21,091) $43,918

($69,710)

$6577 ($27,670) $36,320

($54,226)

$140,623

($142,321)

ED visit

costs

$524

($1766)

$207 ($854) $480

($1318)

$134 ($586) $441

($1060)

$1393 ($2500)

Inpatient

stay costs

$9693

($34,793)

$3873 ($24,679) $10,366

($34,967)

$3846 ($23,439) $12,150

($31,971)

$27,870 ($55,236)

Other

medical costs

$2059

($7269)

$1168 ($5502) $2012

($6409)

$1932 ($22,112) $1928

($5248)

$8435 ($25,597)

Pharmacy

costs

$2416

($10,193)

$616 ($2341) $2411

($10,723)

$409 ($1710) $2321

($7616)

$8393 ($19,668)

PPPM costs

Total health

care costs

$15,417

($22,164)

$3080 ($8355) $17,114

($29,941)

$2928 ($8197) $20,654

($102,615)

$11,833 ($13,567)

Medical costs $14,896

($22,032)

$2936 ($8283) $16,432

($29,771)

$2792 ($8099) $19,959

($102,445)

$11,327 ($13,333)

Ambulatory

costs

$10,725

($14,332)

$1669 ($4622) $11,729

($24,795)

$1555 ($5013) $14,116

($100,921)

$8652 ($9945)

ED visit

costs

$203

($2057)

$52 ($319) $145

($457)

$35 ($247) $183 ($656) $91 ($220)

Inpatient

stay costs

$3449

($15,724)

$920 ($5911) $3997

($15,691)

$739 ($3975) $5067

($15,549)

$2024 ($5988)

Other

medical costs

$519

($1993)

$295 ($1534) $561

($2031)

$463 ($3088) $594

($2310)

$561 ($1655)

Pharmacy

costs

$521

($1594)

$145 ($564) $682

($3533)

$135 ($565) $695

($2116)

$505 ($1076)

ED emergency department, LOT line of therapy, PPPM per-patient-per-month
aCosts are adjusted using the annual medical care component of the Consumer Price Index to reflect inflation to year 2019
bAll costs are mean (SD)
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is difficult in the claims data to separate differ-
ences between treatment and maintenance;
therefore, some patients may have received
bevacizumab as a maintenance option.

Because LOT was not a measure that is cap-
tured in the claims data, we implemented
algorithms based on the day that patients
received chemotherapies. To ensure that algo-
rithms for active treatment lines and mainte-
nance treatment lines were accurate, the team
elicited feedback from the study medical direc-
tors and also examined empirical data and de-
identified patient examples. Although disease
stage was not included in the claims assessment,
based on the percentage with a metastatic
diagnosis and systemic therapy, we believe most
patients had advanced disease.

CONCLUSIONS

This study documented extensive HCRU and
costs associated with progression beyond LOT1
in ovarian cancer, which were largely driven by
the high number of ambulatory care visits dur-
ing therapy. Prolonging PFS after first-line
treatment in patients with ovarian cancer has
the potential to delay treatment and to increase
the economic burden to patients and the health
care system.
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