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Abstract

Objective—Compared to conventional intravenous platinum and taxane-based chemotherapy for
ovarian cancer, both intraperitoneal chemotherapy and more frequent dose-dense intravenous
chemotherapy have been associated with improved survival in some studies. We examined the
utilization and toxicity of these three methods of chemotherapy delivery in women with ovarian
cancer.

Methods—We performed a population-based study and analyzed data on women with ovarian
cancer who underwent primary surgery followed by platinum and taxane-based chemotherapy
from 2009-2013 who were recorded in the MarketScan database. Adjuvant chemotherapy was
classified as: intraperitoneal chemotherapy, dose-dense chemotherapy (weekly administration of
chemotherapy), or standard chemotherapy (every 3 weeks). Hospitalizations and emergency
department visits for chemotherapy-associated complications and costs were recorded and
compared using x2 tests.

Results—A total of 5,892 patients, including 4,135 (70.2%) who received standard
chemotherapy, 859 (14.6%) who received intraperitoneal chemotherapy, and 898 (15.2%) treated
with dose-dense chemotherapy were identified. From 2009 to 2013, use of intraperitoneal
chemotherapy remained constant (16.3% to 16.3%) while use of dose-dense therapy increased
(8.7% to 18.1%) (P<0.001). Hospitalizations for chemotherapy-associated complications occurred
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in 21.3% of women receiving standard chemotherapy, 34.7% of patients treated with
intraperitoneal therapy, and in 25.2% of those receiving dose-dense treatment (P<0.001), while
emergency department visits occurred in 18.3%, 26.3%, and 20.3%, respectively (P<0.001). The
largest differences in hospitalizations and emergency visits were seen for gastrointestinal toxicities
and electrolyte disorders. The per-patient costs of hospitalization were higher for intraperitoneal
chemotherapy than other treatment modalities.

Conclusion—Intraperitoneal chemotherapy was used in less than 15% of women with ovarian
cancer, while use of dose-dense chemotherapy is increasing. While we did not examine survival,
intraperitoneal chemotherapy is significantly more toxic than the other methods of treatment.

Introduction

Advances in chemotherapy have contributed to the improved survival of ovarian cancer seen
over the last 3 decades.! In the 1980s, the activity of platinum analogs was recognized.? In
the 1990’s, paclitaxel in combination with cisplatin was demonstrated to be superior to
cisplatin and cyclophosphamide and since that time, combination platinum and taxane-based
chemotherapy has remained the standard of care for advanced stage ovarian cancer.3
Platinum and taxane-based chemotherapy is most commonly administered every 3 weeks.

More recently, alternative methods of delivery of these drugs have shown improved efficacy
compared to standard therapy with carboplatin and paclitaxel.>~10 Intraperitoneal
chemotherapy allows for the delivery of drugs directly into the abdominal cavity, the
common site of metastatic disease for ovarian cancer.>610 In contrast, dose-dense
chemotherapy regimens deliver drugs intravenously but at a more frequent schedule with at
least one drug delivered weekly.”-8 Dose-dense chemotherapy is now used for a variety of
solid tumors, including breast cancer. Both intraperitoneal chemotherapy and dose-dense
chemotherapy have demonstrated superior survival compared to standard
chemotherapy.>8:10 However, a drawback of both regimens is that they are associated with
substantially greater toxicity than standard therapy.>10

In the United States, studies have consistently shown that patients often do not receive
treatments that demonstrate efficacy in randomized controlled trials.11 A major concern is
that while new treatments may be efficacious in highly selected trial subjects, these findings
may not be generalizable and the toxicities may be greater in the broader population.12 We
performed a population-based study, first to analyze the trends in use of adjuvant therapy for
ovarian cancer and second, to explore the toxicity associated with various regimens.

Materials and Methods

We performed a retrospective cohort study of women with ovarian cancer receiving adjuvant
chemotherapy using the Truven Health MarketScan database.13 The dataset includes a
sample of patients enrolled in commercial health plans sponsored by approximately 100
employers from across the U.S. The database captures claims on over 50 million covered
lives, includes all inpatient, outpatient and office claims as well as data on prescription drug
use.13 The database collects detailed information on monthly enrollment and allows
longitudinal data capture patient follow-up. The data source has been used in a large number
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of studies of healthcare utilization and outcomes. All data was de-identified and deemed
exempt by the Columbia University Institutional Review Board.

We selected patients with a primary diagnosis of ovarian cancer (ICD-9 183.x) who
underwent primary surgery with ovarian resection and/or hysterectomy (Appendix 1,
available online at http://links.lww.com/xxx). The cohort was limited to only women who
had complete coverage from 2 months prior until 6 months after surgery. Patients who
received any chemotherapy within the 2-month period prior to surgery were excluded from
the analysis. The cohort was limited to patients who received at least one infusion of
chemotherapy with carboplatin and a taxane in the 6-month period after surgery.

The cohort was stratified into three groups based on the dosing and method of delivery of
chemotherapy. Intraperitoneal chemotherapy was defined as at least one billing code for the
intraperitoneal delivery of a chemotherapeutic agent. We recorded the number of infusions
of intraperitoneally administered chemotherapy for women in the intraperitoneal
chemotherapy cohort. We report the number of infusions and not number of cycles; in the
Gynecologic Oncology Group’s protocol 172, 1 cycle of chemotherapy consisted of 2
infusions of intraperitoneal therapy (1 each of cisplatin and paclitaxel). In accord with
clinical trials, patients who discontinued intrapertioneal chemotherapy often received
intravenous chemotherapy. These patients were included in the intraperitoneal therapy
group. Patients without a code for intraperitoneal chemotherapy were classified as either
standard chemotherapy or dose-dense chemotherapy based on the schedule of
administration.

Dose-dense chemotherapy for ovarian cancer may be administered as carboplatin every 21
days in combination with weekly paclitaxel or as administration of both drugs on a weekly
basis.”~9 As patients receiving dose-dense chemotherapy may not receive chemotherapy
every week due to toxicity or disruption of treatment cycles, we defined dose-dense
chemotherapy as a ratio of a taxane to carboplatin of >1.5 (patients receiving standard
chemotherapy would have a ratio of 1:1) or as the cumulative receipt of >9 infusions of
carboplatin and =9 infusions of taxane within the 6 month period (more infusions than
would be received with standard chemotherapy every 21 days). Patients who did not meet
the criteria for either intraperitoneal chemotherapy or dose-dense chemotherapy were
classified as standard chemotherapy.

The primary outcome of the analysis was acute care requiring hospitalization or use of
emergency department services for the management of a chemotherapy-associated
complication. Based on prior work, we classified chemotherapy-associated complications
into 9 categories: electrolyte disorders, constitutional symptoms, gastrointestinal disorders,
malnutrition, anemia/red cell transfusion, neutropenia, thrombocytopenia, venous
thromboembolism, and infection (Appendix 1, http:/links.lww.com/xxx).14 Hospitalization
was defined as admission to an acute care facility, while emergency department services
were defined as a billing code for care in an emergency department. For each group, we
measured the number of patients who were hospitalized or cared for in the emergency
department as well as the total number of hospitalizations or emergency department visits.
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Clinical and demographic characteristics of the cohort analyzed included age at the time of
surgery (<35, 35-44, 45-54, 55-64 and =65 years), year of surgery (2009-2013), and region
(northeast, north central, south, west, unknown). Comorbid medical conditions were
measured using the Charlson comorbidity score and classified as 0, 1, or >2.1°

Utilization of each method of chemotherapy delivery is reported descriptively by year of
diagnosis. Frequency distributions between categorical variables were compared across the
groups using 2 tests. Continuous variables were compared using ANOVA or Wilcoxon rank
sums tests. Point estimates are presented with 95% confidence intervals.

Cost data is reported as per patient costs with 95% confidence intervals. All costs are
adjusted for inflation and reported in 2013 dollars. Given that cost data is highly skewed,
costs were winsorized with values <5™ percentile reported at the 5 percentile and costs
>95! percentile reported at the 95t percentile as previously described.16:17 All analyses
were performed with SAS version 9.4 (SAS Institute Inc, Cary, North Carolina). All
statistical tests were two-sided. A P-value of <0.05 was considered statistically significant.

A total of 5,892 patients were identified. The cohort included 4,135 (70.2%) women who
received standard chemotherapy, 859 (14.6%) who received intraperitoneal chemotherapy,
and 898 (15.2%) who were treated with dose-dense chemotherapy (Table 1). The use of
intraperitoneal chemotherapy was 16.3% (95% Cl, 13.9-18.8%) in 2009, decreased to
13.2% (95% Cl, 10.9-15.7%) in 2010, and then increased back to 16.3% (95% CI, 12.5-
20.5%) in 2013 (Figure 1). In contrast, use of dose-dense chemotherapy rose year after year
from 8.7% (95% Cl, 6.2-11.2%) in 2009 to 18.1% (95% Cl, 14.3-22.3%) in 2013, while the
use of standard chemotherapy declined from 75.0% (95% ClI, 72.5-77.5%) to 65.6% (95%
Cl, 61.8-69.7%) over the same time period. Bevacizumab was used in 4.0% of women
receiving standard chemotherapy, 5.2% of women treated with intraperitoneal chemotherapy,
and 8.2% of those receiving dose-dense therapy.

The median number of infusions of chemotherapy delivered intraperitoneally among the
women in the intraperitoneal cohort was 6 (IQR, 3—10). Within this group, 12.7% received
=12 infusions of intraperitoneal treatment (corresponding to 6 cycles of treatment). In
contrast, 21.8% received <2 infusions of intraperitoneal treatment, the equivalent of only 1
cycle of therapy (Appendix 2, available online at http://links.lww.com/xxx).

Within the cohort, 21.3% who had standard chemotherapy, 34.7% of women receiving
intraperitoneal chemotherapy, and 25.2% of those receiving a dose-dense regimen were
hospitalized with a claim for a chemotherapy-related complication (P<0.001) (Table 2). Two
or more hospitalizations were recorded in 6.3%, 12.6%, and 6.8% for each chemotherapy
regimen, respectively (P<0.001). Emergency department visits for a chemotherapy-related
complication were required in 18.3% of women administered standard chemotherapy, 26.3%
of patients treated with intraperitoneal chemotherapy, and 20.3% for those receiving dose-
dense treatment (P<0.001). Two or more ED visits were required in 5.4%, 8.5%, and 7.6%
of the groups, respectively (P<0.001).
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Women who received intraperitoneal chemotherapy had a higher rate of complications
overall, and in each of the subcategories, compared to the other groups (Table 3). The most
frequent chemotherapy-associated complication was gastrointestinal disorders, which were
noted in 13.3% after standard therapy, 24.7% of women who received intraperitoneal
chemotherapy, and 13.7% of those treated with dose-dense therapy (P<0.001). Electrolyte
disorders were seen in 11.6%, 22.7%, and 12.9% (P<0.001) of women respectively, while
infectious complications were documented in 15.4%, 18.9%, and 15.4% of the three groups,
respectively (P=0.04). The individual complications are displayed in Appendix 3, available
online at http://links.lww.com/xxx.

Among those who were hospitalized, the per-patient winsorized mean cost of
hospitalizations was $6353 (95% CI, $5790-6917) after standard chemotherapy, $7974
(95% CI, $6804-9144) after intraperitoneal chemotherapy, and $7516 (95% CI, $6202—
8831) for dose-dense chemotherapy (P=0.03) (Table 1).

Discussion

Despite the efficacy of intraperitoneal chemotherapy for ovarian cancer, we noted only
modest use of the treatment. In contrast, the use of dose-dense chemotherapy appears to be
increasing rapidly. Complications and side effects are substantially more common after
intraperitoneal chemotherapy than other treatment modalities.

The efficacy of intraperitoneal chemotherapy has been demonstrated in multiple randomized
controlled trials.>6:10 |n the Gynecologic Oncology Group’s protocol 172, intraperitoneal
chemotherapy was associated with a 16-month improvement in survival compared to
standard intravenous chemotherapy (66 vs. 50 months), however, intraperitoneal therapy was
also substantially more toxic.®> We also noted a higher rate of hospitalizations and ED visits
with intraperitoneal chemotherapy compared to both standard and dose-dense treatment
regimens.

Despite the survival advantage of intraperitoneal chemotherapy, uptake has been poor,18-20
In an analysis of six National Comprehensive Cancer Network (NCCN) Institutions, only
41% of eligible patients received intraperitonealchemotherapy.2% A report of Medicare
beneficiaries found that just 3.5% of women received intraperitoneal chemotherapy.1® Our
findings were similar; only 15% of ovarian cancer patients receiving chemotherapy in the
community were treated with intraperitoneal therapy. Similar to the data from the NCCN, in
our cohort the use of intraperitoneal treatment plateaued from 2009 to 2013.

Toxicity and logistical challenges are major barriers to the utilization and completion of
intraperitoneal chemotherapy.21:22 In the GOG’s study, only 42% of patients completed all
six cycles of intraperitoneal treatment, while in a study of NCCN institutions, patients
received a median of 5 cycles of intraperitoneal therapy.>20 We found that women
frequently received a limited amount of therapy intraperitoneally. In our cohort, 22% of
women only received 1 or 2 infusions of intraperitoneal therapy. While suboptimal, receipt
of even a limited number of intraperitoneal infusions appears to confer a survival benefit
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over standard therapy.>23 To improve tolerability and maximize drug delivery, a number of
modified intraperitoneal regimens have been described.20:24:25

Although use of intraperitoneal therapy plateaued, administration of dose-dense
chemotherapy increased substantially over time. The first large, randomized trial of dose-
dense chemotherapy was reported in 2009.7-8 Long-term follow-up of this cohort
demonstrated a median survival of 100.5 months for women with advanced stage ovarian
cancer treated with dose-dense chemotherapy compared to 62 months for those who
received conventional therapy.” However, a recent cooperative group in the United States
failed to show a benefit for dose-dense chemotherapy compared to conventional 3-week
dosing.26 In our cohort, use of dose-dense chemotherapy more than doubled from 8.7% in
2009 to 18.1% by 2013. Hospitalizations and chemotherapy-associated complications were
slightly greater than conventional chemotherapy.

We acknowledge a number of important limitations. First, claims data may undercapture
side effects and toxicity, especially symptoms not captured well on billing claims. To
mitigate this bias, we selected only major complications that are likely to generate a claim.
We recognize that these complications may not necessarily be attributable to chemotherapy
itself, but may be due to surgical complications or other underlying medical conditions.
Second, given missed infusions and schedule alterations, classification of dose-dense
chemotherapy has to be based on a ratio or number of infusions of each drug. We performed
a series of sensitivity analyses of the data and chose a conservative definition of dose-dense
chemotherapy. While we cannot exclude the possibility of misclassification of a small
number of women, any misclassification would bias our findings toward the null hypothesis.
Further, because of this classification schema, it is difficult to ascertain the true number of
cycles obtained for comparisons. Third, we are unable to capture dose reductions and
alterations in treatment. Fourth, MarketScan lacks data on a number of clinical and
demographic factors as well as tumor characteristics. Importantly, the goal of our study was
not to examine survival, but rather toxicity based on the type of chemotherapy used.

Our data has a number of important implications. First, the toxicity profiles and
complications we noted for all three regimens were greater than what has been reported in
clinical trials and selected studies from referral centers. Hospitalization rates in our series
were 2.5 times higher for both intraperitoneal and conventional chemotherapy than reported
for patients treated at comprehensive cancer centers.20 As such, caution should be used
when generalizing the results of patients treated on protocol and at selected referral centers
to the general population.1? Second, there was substantial variability in not only the choice
of chemotherapy regimens, but also the quality of treatment. In our cohort a large majority
of women receiving intraperitoneal chemotherapy received a small number of infusions of
drug intraperitoneally. Prior work has shown that the quality of chemotherapy for ovarian
cancer is highly variable; chemotherapy is frequently omitted when indicated or delivered in
a suboptimal manner.2”28 Going forward, strategies to optimize adjuvant chemotherapy for
women with ovarian cancer are clearly needed.
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Trends in use of intraperitoneal, dose dense intravenous, and standard intravenous
chemotherapy among women with ovarian cancer (A<.001). Error bars represent 95%
confidence intervals. Outcomes were compared using chi-square tests.
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