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Abstract

Background—Observational studies comparing neoadjuvant chemotherapy to primary surgery
for advanced-stage ovarian cancer are limited by strong selection bias. We used multiple methods
to control for confounding and selection bias to estimate the effect of primary tretment on survival
for ovarian cancer.

Methods—The Surveillance, Epidemiology, and End Results (SEER)-Medicare database was
used to identify women =65 years of age with stage I1-1V epithelial ovarian cancer who survived
>6 months from the date of diagnosis and received treatment from 1991-2007. Traditional
regression analysis, propensity score-based analysis, and an instrumental variable analysis (IVA)
using geographic location as an instrument were used to compare survival between neoadjuvant
chemotherapy and primary surgery.

Results—A total of 9587 patients with stage I1-1V ovarian cancer were identified. Use of
primary surgery decreased from 63.2% in 1991 to 49.5% by 2007, while primary chemotherapy
increased from 19.7% in 1991 to 31.8% in 2007 (P<0.0001). In the observational cohort survival
(HR=1.27; 95% Cl, 1.19-1.35) was inferior for patients treated with neoadjuvant chemotherapy;
both median survival (15.8 vs. 28.8 months) and two-year survival (36% vs. 56%) were lower in
the neoadjuvant chemotherapy group compared to those who underwent surgery. In the IVA,
primary treatment had minimal effect on overall survival (HR=1.04; 95% Cl, 0.67-1.60). The

Corresponding Author: Jason D. Wright, M.D. Division of Gynecologic Oncology Dep%rtment of Obstetrics and Gynecology
Columbia University College of Physicians and Surgeons 161 Fort Washington Ave, 8" Floor New York, NY 10032 Telephone:
(212) 305-3410 Fax: (212) 305-3412 jw2459@columbia.edu.

The authors have no conflicts of interest or disclosures.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wright et al. Page 2

median survival for patients with a value of the instrument less than the median (24.0 months,
95% ClI, 23.0-25.0) and =median value of the IV (24.0 months, 95% CI 23.0-26.0) were similar.

Conclusion—Use of neoadjuvant therapy has increased over time. Survival with neoadjuvant
chemotherapy did not differ significantly from primary surgery in elderly women in the U.S.

Introduction

Conventional treatment for ovarian cancer relies on surgical cytoreduction followed by
adjuvant chemotherapy. 12 Given the morbidity of cytoreductive surgery, neoadjuvant
chemotherapy followed by interval surgery has been proposed as an alternative treatment
strategy.3-8 Recently, a randomized controlled trial conducted by the European Organization
for Research and Treatment of Cancer (EORTC) of over 600 women found that survival was
similar for the two strategies while morbidity was lower in those who received neoadjuvant
chemotherapy.2 While promising, concern has been raised that the rate of tumor resection to
minimal disease volume was low in the primary surgical arm and that survival, in both arms,
was inferior to that reported in many contemporaneous studies. 10

A further concern regarding neoadjuvant chemotherapy stems from the results of published
observational studies.>® Many of these reports have suggested that survival for neoadjuvant
chemotherapy is inferior to primary surgery or, at best, similar to survival after suboptimal
tumor cytoreduction.>8 A major limitation of these reports is the substantial underlying
selection bias in the allocation of upfront treatment; those women with the worst prognosis
are the most likely to receive neoadjuvant therapy.*8

Observational studies have typically used regression-based methodology to account for
differences between treatment groups, however traditional regression methods are unlikely
to completely correct for selection bias and cannot account for the effects of unmeasured
confounders on outcome.11:12

To overcome these limitations, a number of statistical techniques for the analysis of
observational data have been developed.11-18 Unlike regression analysis that adjusts for the
effect of confounding variables on an outcome, propensity score analysis estimates the
probability that a patient will undergo a given treatment or intervention.12:15 The resulting
propensity score is then used to match patients or as a variable for further modeling.12:15.16
An instrumental variable analysis (IVA) is a statistical methodology developed to account
for the effects of both measured and unmeasured confounders on outcome.11-14 An IVA
uses an exogenous variable or instrument, such as distance from treatment center, which is
correlated with treatment choice but not outcome. Variations in the value of the instrument
that are associated with variation in treatment choice can be used to overcome measured and
unmeasured confounding.11-14

Given the limitations of prior studies using observational data comparing the outcomes of
treatment for ovarian cancer, we performed a population-based analysis to examine the
effectiveness of upfront treatment strategies for elderly women with epithelial ovarian
cancer. We estimated the effect of neoadjuvant chemotherapy and primary surgery on
survival and compared the results obtained from traditional regression-based risk adjustment
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to propensity score analysis and an instrumental variable analysis leveraging geographic
variations in treatment.

The Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database was
analyzed. SEER is a population-based cancer registry that provides data on tumor
characteristics and survival, as well as demographic data. The Medicare database includes
data on patients with Medicare part A (inpatient) and part B (outpatient) including billed
claims and services.1” Exemption from the Columbia University Institutional Review Board
was obtained.

Clinical and demographic characteristics

Women with epithelial ovarian cancer diagnosed between January 1, 1991, and December
31, 2007 were analyzed. Women =65 years of age with stage I1-1V neoplasms were
included.1819 They were classified into three groups based on their initial treatment:
primary surgery, primary chemotherapy, or no treatment.29:21 Upfront treatment was
considered as therapy that was initiated within 12 months of the date of diagnosis. Those in
the primary surgery group underwent cancer-directed surgery as initial treatment while those
in the primary chemotherapy stratum received cytotoxic chemotherapy first. Patients with a
claim for surgery and chemotherapy on the same date were classified in the primary surgery
group. We excluded patients who were enrolled in a non-Medicare health maintenance
organization, those enrolled in Medicare because of end-stage renal disease and dialysis, and
patients with other primary tumors.1” A priori the goal of our analysis was to compare
outcomes of patients who underwent therapy (either surgery followed by chemotherapy or
vice versa) with a goal of extending survival, not merely as palliation of symptoms. We
therefore only included patients who survived for more than 6 months after diagnosis.

Age at diagnosis was classified into 5-year intervals. The SEER marital status variable was
recorded as married, not married, and unknown. An aggregate socioeconomic status (SES)
score was generated from education, poverty level, and income data from the 2000 census
tract data.?2 The prevalence of comorbid disease in the cohort was estimated using the
Klabunde adaptation of the Charlson comorbidity index (i.e., the Klabunde—Charlson
index).23:24 Area of residence was categorized as metropolitan or nonmetropolitan and each
patients registry recorded. Tumor grade was stratified as well, moderately, or poorly
differentiated or unknown, and histology classified as serous, mucinous, endometrioid, clear
cell, or other.

Statistical analysis

Frequency distributions between categorical variables were compared using y? tests.
Multivariable logistic regression models were developed to examine predictors of primary
chemotherapy and no treatment. These models contained all of the clinical and demographic
characteristics of interest including age, year of diagnosis, race, marital status, SES, area of
residence, SEER registry, grade, histology, comorbidity, and stage. For the survival analysis,
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only patients who initiated some form of treatment (either chemotherapy or surgery) were
included. Overall survival was estimated from the date of diagnosis until death from any
cause while cancer-specific survival was defined as the period from diagnosis until death
from cancer. A second analysis of intended treatment was performed. Intended treatment
was defined as receipt of at least one cycle of postoperative chemotherapy in the patients in
the primary surgical arm and as surgery after chemotherapy in those women in the primary
chemotherapy arm.

For each outcome, survival was compared using multivariable regression analysis,
propensity score matching, propensity score matching using inverse probability of treatment
weights, and an instrumental variable analysis. The regression-based estimation of survival
was performed using multivariable Cox proportional hazards models.

A propensity score is the predicted probability that a subject will undergo a treatment of
interest, in the case of the current study, primary chemotherapy for ovarian cancer.11:1215 A
logistic regression model that included all of the clinical and demographic characteristics
(age, year of diagnosis, race, marital status, SES, area of residence, registry, grade,
histology, stage, comorbidity) of patients who received treatment was constructed to
determine the probability of receipt of primary chemotherapy. For each patient, a predicted
probability (the propensity score) that ranged from 0 to 1 was generated. The propensity
score was first used to perform a propensity score-based match.1® Using a matching
algorithm with a caliper of 0.005, we performed a 1-to-1 match for patients who underwent
primary surgery to those who had primary chemotherapy.1® Several sensitivity analyses
were performed matching different numbers of cases to controls and applying varying
caliper settings.

The second propensity score-based methodology used the inverse probability of treatment
weighting approach (IPTW).11.16 Using a weighting approach each patient is assigned a
differential weight based on their propensity. The IPTW methodology allows inclusion of all
patients from the original analysis and does not require a match. The weighting assumptions
based on the IPTW methods used assigned patients in the primary chemotherapy arm a
weight of 1/propensity score and women in the primary surgery cohort a weight of 1/(1-
propensity score).11:16

Instrumental variable analyses attempt to adjust for both measured and unmeasured
characteristics through use of an exogenous instrument.11-13 The instrument in these
analyses is some characteristic that is associated with treatment but not outcome. Because of
variation in the value of the instrument, which approximates randomization, patient groups
should have similar observed and unobserved characteristics.11 While a variety of
instruments have been described, geographic variation in treatment patterns is commonly
chosen 11

Geographic variation in the upfront treatment of ovarian cancer was the instrument chosen
for analysis. The primary geographical unit was The Dartmouth Atlas of Health Care's
hospital referral regions (HRR). An HRR is a geographic region that represents a healthcare
market that generally requires a major referral center.25 Using each patient's county of
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residence we assigned all subjects within the dataset to an HRR. Patients residing in hospital
referral regions with fewer than 25 cumulative subjects during the study period were deleted
(n=189). Similarly, some contiguous hospital referral regions were combined to ensure that
each HRR included at least 25 patients that received some cancer-directed therapy (either
primary chemotherapy or surgery).

The instrumental variable was constructed based on the methodology of Hadley et al.11
Initially, a model was developed to determine the predicted probability of receipt of
chemotherapy based on all the demographic and clinical characteristics of the cohort. The
difference between the observed use of primary chemotherapy and the average predicted
probability of receipt of primary chemotherapy for all patients within a given HRR was then
determined. This difference between the observed and expected (O-E) use of chemotherapy
served as the instrumental variable. Thus, hospital referral regions with a negative value had
fewer patients than predicted who were treated with primary chemotherapy while HRR's
with a positive value included more patients who received chemotherapy than were
predicted. As shown in supplemental table 1, there was substantial geographic variability in
upfront treatment (F=686.61, P<0.0001). Survival for the instrumental variable analysis was
estimated using the two-stage residual inclusion method.26 All analyses were performed
with SAS version 9.3 (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 9587 patients with stage 11-1V ovarian cancer including 5345 (55.8%) who
underwent primary surgery, 2238 (23.3%) treated with primary chemotherapy and 2004
(20.9%) who received no treatment, were identified (Supplemental Table 1). The number of
women who did not undergo treatment remained relatively stable at 17.1% in 1991
compared to 18.7% in 2007 (Figure 1). In contrast, the percentage of women who underwent
primary surgery decreased from 63.2% in 1991 to 49.5% by 2007, while the percentage of
patients treated primarily with chemotherapy increased from 19.7% in 1991 to 31.8% in
2007 (P<0.0001).

In a multivariable model, predictors of not receiving treatment included age at diagnosis,
year of diagnosis, marital status, area of residence, tumor grade and histology, comorbidity,
and stage (Supplemental Table 2). After exclusion of patients who did not receive any
treatment, older patients, those diagnosed more recently, women with serous tumors
(compared to endometrioid and mucinous carcinomas) and patients who lived in
metropolitan areas were more likely to receive primary chemotherapy than surgery.
Similarly, patients with a comorbidity score of 1 (OR=1.23; 95% Cl, 1.06-1.42) or =2
(OR=1.44; 95% Cl, 1.20-1.74) compared to 0, and patients with stage 111 (OR=2.08; 95%
Cl, 1.59-2.73) and IV (OR=3.72; 95% CI, 2.83-4.89) carcinomas compared to stage Il
neoplasms were more likely to receive treatment with primary chemotherapy.

There were substantial imbalances between the treatment groups, suggesting strong selection
bias in the allocation of primary treatment. After propensity score matching, the only
covariate that remained statistically significantly different between the primary
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chemotherapy and surgery groups was year of diagnosis (Table 1). After propensity score
reweighting using the inverse probability of treatment weights, year of diagnosis, area of
residence, SEER registry, tumor grade and stage remained imbalanced. Construction of the
instrumental variable demonstrated a strong association between area of residence and
primary treatment (F=686.61, P<0.0001) (Supplemental Table 3). The variation in the
difference between the observed and expected rate of treatment with primary chemotherapy
ranged from -16.3% in Santa Cruz, CA to 14.4% in San Diego, CA. To descriptively
characterize the cohort based on the instrumental variable, subjects were grouped based on
whether the IV for a given patient was below or greater than or equal to the median value of
the instrumental variable. Among women with an IV below the median, 26.2% received
primary chemotherapy compared to 34.9% for those in the group above the median.

Survival was inferior for patients treated with primary chemotherapy in the observational
cohort (cancer specific survival HR=1.26; 95% Cl, 1.17-1.35, overall survival HR=1.27;
95% ClI, 1.19-1.35) (Table 2). In this analysis, both median survival (15.8 vs. 28.8 months)
and two-year survival (36% vs. 56%) were lower in the primary chemotherapy group
compared to those who underwent surgery (Table 3). Similar findings were noted in both the
propensity score matched (overall survival HR=1.24; 95% CI, 1.15-1.34) and IPTW cohorts
(overall survival HR=1.30; 95% CI, 1.25-1.35). In the propensity score-based inverse
probability weighting, median survival was 27.2 months (95% CI, 26.0- 28.2 months) for
patients treated with primary surgery compared to 21.0 months (95% CI, 20.1-21.5 months)
for those who received primary chemotherapy. In contrast, in the instrumental variable
analysis, primary treatment had minimal effect on either cancer-specific (HR=0.94; 95% ClI,
0.58-1.52) or overall (HR=1.04; 95% ClI, 0.67-1.60) survival. Based on this methodology,
the median survival for patients with a value of the instrument less than the median (24.0
months, 95% Cl, 23.0-25.0) and =median value of the IV (24.0 months, 95% CI 23.0-26.0)
were similar.

Among patients in the primary surgery group, 80.2% went on to receive postoperative
chemotherapy while 31.9% of patients who began treatment with chemotherapy ultimately
underwent surgery (Figure 2) (Supplemental table 4). Given that a substantial number of
elderly women with ovarian cancer fail to complete both surgery and chemotherapy,
regardless of which is the initial treatment, we performed a second analysis of intended
treatment, i.e., those patients who received both surgery and chemotherapy. Although the
influence on survival was more modest, the observational analysis, propensity score
matched and propensity score IPTW analyses all suggested that survival was superior for
women treated with primary surgery. In contrast, in the IV analysis the hazard ratios for both
cancer-specific (HR=0.44; 95% Cl, 0.24-0.84) and overall (HR=0.57; 95% CI, 0.32-1.01)
survival favored a strategy of primary chemotherapy.

Discussion

While there is strong selection bias to treat women with the worst prognosis with
neoadjuvant chemotherapy, our findings suggest that there is no evidence that survival for
primary surgery and neoadjuvant chemotherapy differ significantly, especially in the subset
of patients that received combination treatment. Treatment outcomes among elderly women

Cancer. Author manuscript; available in PMC 2015 April 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wright et al.

Page 7

in the U.S. are comparable to a recent randomized trial comparing neoadjuvant
chemotherapy to primary cytoreduction.3

Numerous studies have examined the feasibility and outcome of neoadjuvant chemotherapy
for advanced stage ovarian cancer.4827-29 The majority of these investigations have been
single institution, descriptive studies or retrospective comparisons. Many of these studies
have noted decreased morbidity and an increased rate of optimal cytoreduction with a
strategy of neoadjuvant chemotherapy.*7-27 Despite the potential benefits of neoadjuvant
chemotherapy, a 2007 meta analysis of 26 studies concluded that survival with primary
chemotherapy was inferior to upfront cytoreduction.® A major concern for interpreting data
from these observational studies stems from the strong selection bias that influences non-
randomized treatment choices. Women who receive neoadjuvant chemotherapy are more
often older, have more comorbid conditions, and have tumors of higher grade and stage.*8

Both propensity score and instrumental variable analysis have been proposed to help
overcome the inherent selection bias and confounding of observational data.11-13

Instrumental variable analyses have the additional benefit of limiting the effects of
unmeasured confounding factors.11-14:30-32 Hadley and colleagues compared conservative
management and radical prostatectomy using multivariable regression, propensity score
adjustment, and instrumental variable analysis. Similar to our findings, the investigators
noted that although regression and propensity score adjustment favored the surgical
intervention, the instrumental variable analysis found no difference in survival and was
similar to data from a randomized trial.11.33

Our findings raise a number of concerns. First, a relatively large number of patients,
irrespective of initial treatment, did not complete therapy with both chemotherapy and
surgery. Nineteen percent of women never initiated chemotherapy after surgery while fewer
than a third of women treated with neoadjuvant chemotherapy ultimately underwent surgery.
It is unclear why so few women ultimately underwent surgery in our cohort. We hypothesize
that some patients were receiving palliative rather than curative intent chemotherapy and
alternatively, some women had disease progression while receiving chemotherapy. The
inclusion of those patients treated palliatively in the primary chemotherapy cohort
undoubtedly biased survival estimates in the primary analysis. Our findings that survival
was more favorable in women treated with neoadjuvant chemotherapy in the stratified
analysis of intended treatment are provocative and warrant further investigation.

The second concern raised by these data is the poor survival we noted for both treatment
strategies. One criticism of the EORTC's randomized trial for advanced-stage ovarian cancer
was the poor survival as a whole (30 months for neoadjuvant chemotherapy and 29 months
for primary surgery).3:910 When compared to selected institutional series and cooperative
group trials these survival results are clearly inferior.34-37 However, the survival estimates
we noted from our population-based analysis of elderly women are also clearly more modest
and in line with the EORTC data; in the unadjusted cohort median survival among women
who underwent primary surgery was 29 months. These findings highlight the difficulty in
generalizing results from randomized controlled trials to real world populations.38
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We acknowledge a number of important limitations. Most importantly, we were unable to
determine whether the intent of treatment was curative or palliative. Although the inclusion
of women treated palliatively likely biased the survival estimates in the observational cohort,
use of the IVA helps to mitigate this concern. Similarly, important prognostic factors for
ovarian cancer including tumor distribution and amount of residual disease are lacking but
should have been accounted for in the V. While we attempted to capture patients who
underwent some of treatment directed at improving survival, we recognize that exclusion of
patients who survived <6 months from diagnosis may have biased our estimates of survival.
We recognize IVA depends on the validity of the exogenous variable. A relationship
between hospital referral region and survival is unlikely, but not impossible. However, as
noted above, region has been used as an acceptable instrument in several similar studies and
in our analysis region satisfied the statistical tests for instrumental variable assumptions.
While IVA corrects for unmeasured confounders, these factors remain unobserved and limit
the possibility to identify factors that may better influence treatment decisions and policies.

Which patients should receive neoadjuvant chemotherapy for ovarian cancer? A survey of
gynecologic oncologists in the U.S. found that most practitioners report use of neoadjuvant
chemotherapy in fewer than 10% of cases while some institutional series would suggest that
approximately 20-50% of women receive neoadjuvant chemotherapy.4 739 Some centers in
Europe report that neoadjuvant chemotherapy is used in closer to half of their patients with
advanced stage disease.*? Our findings suggest that a strategy of neoadjuvant chemotherapy
may be a reasonable treatment option for elderly women with ovarian cancer. Particularly in
women who undergo surgery after induction chemotherapy, survival with neoadjuvant
chemotherapy did not differ significantly from primary cytoreduction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Upfront treatment for women with ovarian cancer stratified by year of diagnosis.
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Figure 2.
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group or surgery after primary chemotherapy in the primary chemotherapy group) in women
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