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Abstract
Objective—The value of neoadjuvant chemotherapy (NAC) for the treatment of advanced
ovarian cancer has yet to be determined. While NAC may facilitate and simplify complete
cytoreduction and reduce the risk of surgery, the delay of surgery related to NAC needs to be
balanced against any potential benefit.

Methods—Surveillance, Epidemiology and End-Results (SEER) data linked to Medicare claims
were used to identify 6844 women with treated stage III/IV epithelial ovarian cancer (1995–2005).
Patients were classified by primary treatment (surgery (PDS) or chemotherapy), and the primary
chemotherapy group was characterized as having NAC or palliative chemotherapy (PC) based on
whether there was documentation that surgery was recommended. We compared surgical
complications and survival between the groups.

Results—4827 (71%) of women were treated with PDS, 958 received NAC (14%) and 1059
(15%) had PC. Only 577 (60%) of women with NAC underwent surgery and they had fewer
ostomies (8.5% vs. 19.2%, p<0.001) and fewer infections, gastrointestinal and pulmonary
complications than PDS (all p<0.01). Comparing NAC to PDS there was a 16% increase in the
risk of death at 2 years (RR 1.16, 95%CI 1.01–1.34) for women with stage III disease and a 15%
reduction in the risk for women with stage IV disease (RR 0.85, 95%CI 0.73–0.99).

Conclusions—NAC followed by surgery was associated with fewer surgical complications than
PDS. The direction and magnitude of the difference in survival between women receiving NAC
and those receiving PDS differed according to the stage of disease and follow up time.
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Introduction
Ovarian cancer is an often lethal gynecologic malignancy, resulting in over 13,000 deaths in
the United States 2010[1]. Most women with ovarian cancer are diagnosed at an advanced
stage of disease (III/IV), and for most, primary debulking surgery (PDS) and platinum-based
chemotherapy is considered the standard of care [2, 3]. “Optimal” debulking, is a form of
cytoreduction that has been variably defined as the reduction tumor burden to less than 1–
2cm of gross residual disease following PDS. Multiple series have demonstrated an inverse
relationship between volume of residual disease following surgery and survival [4, 5]. It is
unknown to what extent this is related to the biologic characteristics of the tumor or the
influence of the operative technique being utilized[6].

The use of neoadjuvant chemotherapy (NAC) to support operative cytoreduction has been
proposed as a strategy to improve the likelihood of optimal debulking and to reduce the need
for more extensive and higher risk components of operative debulking (e.g. multiple bowel
resections, upper abdominal procedures). Critics question whether the necessary delay to
surgery that comes with NAC might decrease survival[7]. As a result of this concern, NAC
has generally been reserved for patients felt to have high surgical risk profiles or those
thought to be at high risk for suboptimal resection[6, 8]. Information about the utility of
NAC in the US comes primarily from case series with small numbers of selected patients
and these series have yielded conflicting results, depending on the methodology employed
[9, 10]. A recent, multinational trial (EORTC-GCG/NCIC-CTG) randomized women with
bulky stage IIIC/IV ovarian cancer to either PDS or 3 cycles of NAC followed by interval
debulking surgery (IDS) using a non-inferiority design [11]. Postoperative mortality and
short term complications were all less common among women in the NAC arm, with no
differences in overall survival supporting that NAC was not inferior to PDS. The application
of these data to a contemporary US population has been called into question[12] because the
reported median survival of 29–30 months for both groups was only comparable to that seen
in US trials for patients with suboptimal debulking at the time of primary surgery.
Furthermore the frequency of optimal debulking (to <1cm of residual tumor diameter)
following PDS in the trial was only 42%, significantly lower than that reported in
contemporary US series[13, 14].

To address the use, safety, and utility of NAC in older patients in the community at large we
employed the SEER-Medicare database. We examined the use of NAC, the proportion of
patients who had IDS following NAC, rates of surgical complications and all-cause survival
for women treated with PDS and NAC (with or without IDS).

Methods
Data Source

Data for this analysis came from a linkage between the Surveillance Epidemiology, End
Results (SEER) database provided by the National Cancer Institute (NCI) and Medicare
healthcare claims records provided by the Center for Medical Services (CMS) [15]. Internal
Review Board approval was obtained from the Human Subjects Division of the University
of Washington (IRB 37473). Details of the cohort have been previously described in
detail[16]. In summary, cases were limited to women over 65 diagnosed from 1995–2005
with pathologically confirmed Stage III/IV invasive epithelial cancer diagnosed prior to
autopsy and continuously covered by Medicare parts A+B and not enrolled in an HMO from
the 12 months prior to diagnosis and at least 9 months following diagnosis. This analysis
was limited to women with evidence of the receipt of either surgery or chemotherapy in their
Medicare claims in the year following diagnosis as defined below.
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Patient Characteristics and Treatment Identification
Sociodemographic variables were collected from SEER data. SEER registries were
categorized according to geographic region. Median household income from zip code of
residence was used as a proxy for socioeconomic status (quartiles). Tumor characteristics
were determined from SEER. Comorbidity score was determined using claims for the 12
months prior to ovarian cancer diagnosis to calculate the Deyo adaptation [17] of the
Charlson comorbidity index [18, 19].

Receipt of ovarian cancer directed surgery and chemotherapy was identified by searching
Medicare claims for billing codes as previously reported[16]. The patients who received
initial chemotherapy were further stratified by surgical intent at the time of diagnosis as
reported in the SEER data. Women who had surgery recommended were labeled as having
received neoadjuvant chemotherapy (NAC) and those not recommended surgery were
labeled as having received palliative chemotherapy (PC), as previously described[16].

Outcomes
The receipt of IDS following NAC was defined using the same codes as PDS. Identification
of additional procedures at the time of the primary surgery was performed by searching for
International Classification of Disease-9 codes (ICD-9) in the inpatient billing records
(appendix 1). Post operative complications and ostomies were defined as described by Earle
et al and included both medical and surgical complications occurring within 30 days of the
surgical episode in either outpatient or inpatient claims [20]. Overall survival was defined as
the time from the first treatment until death from any cause or until censoring occurred.

Statistical Analysis
A univariate analysis was performed using the chi-square test for the frequency distribution
of categorical variables and the t-test for means of continuous variables. We restricted our
analysis of outcomes to women in whom at the onset of therapy, surgery was thought to be
possible (i.e. excluding those in the palliative chemotherapy group). This was done to mimic
the design of the EORTC trial which restricted enrollment to women who were thought to be
surgical candidates[11].

Unadjusted Kaplan-Meier survival analysis method was used to compare the stage specific
overall survival of women by treatment group [21]. The log-rank test was used to compare
Kaplan Meier survival curves. Previous publications have identified women at high risk of
surgical mortality based on age, stage and comorbidity score[22]. We grouped women into
three risk categories into: Low risk= age <75, any stage with Charleston co-morbidity
score<2; Intermediate risk= age <75, any stage with Charleston co-morbidity score ≥2; High
risk = age 75+, stage III with Charleston co-morbidity score ≥1 or age 75+, stage IV with
any Charleston co-morbidity score. A stratified Kaplan Meier survival curve was then made
for women in each of the three risk categories comparing NAC to PDS.

A multivariate Cox proportional hazard regression model was constructed to evaluate the
association between overall survival and treatment group, adjusting for confounding
variables that were clinically relevant as well as those significant in the univariate analysis.
The proportional hazards assumption was tested by examination of Schoenfeld residuals and
this analysis revealed a violation of the proportional hazards assumption. A Poisson
regression model was used to model the incident rate ratios for the fixed endpoints of
survival at 1 and 2 years as the outcomes of interest. Poisson models were adjusted for age,
race, histology, year of diagnosis, comorbidity score, socioeconomic status, marital status
and geographic region and size. Robust standard errors were used for regressions all tests
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were two sided with an alpha of 0.05. STATA SE version 11.0 (College Station, TX) was
used for all calculations.

Results
Of the 6844 women, 1059 (15.5%) were classified as having palliative chemotherapy
(surgery not recommended) and were not included in the analysis. Of the remaining 5785
women, 4827 (83.4%) had PDS and 958 received NAC (16.6%). Demographic, clinical and
pathologic characteristics of the women undergoing PDS and NAC varied considerably
(Table 1). Women treated with NAC were more likely to have stage IV disease than those
receiving PDS (47% vs. 33%) and were more often from regions with higher median
incomes and from metropolitan areas than those treated with PDS. There was no difference
in the age distribution or comorbidity scores between the groups.

Of the 958 women treated with NAC, 577 (60.2%) had IDS in the year following diagnosis.
The median time to surgery was 17 weeks and patients had a median of 4 cycles of
chemotherapy prior to surgery. 89% of these women received additional chemotherapy
following surgery with a median of 6 additional cycles. Among the 4827 women treated
with PDS, only 75.8% were given chemotherapy following surgery with a median of 6
cycles received.

Characteristics and complications of surgery are listed in Table 2. Women having IDS after
NAC were less likely to undergo a small bowel resection (3.8% vs. 6.4%, p<0.001) and
almost half as likely to have a large bowel resection (11.1% vs. 20.6%, p<0.001) than those
having PDS. Ostomies were performed in 19.2% of women having PDS compared to only
7.8% of those having IDS (p<0.001). There was no difference in the receipt of upper
abdominal procedures between the groups. Women having IDS following NAC had an
average length of hospital stay that was over 3 days shorter than women having PDS (7.89
days vs. 11.53 days, p<0.001) and they had fewer ICU admissions (28.2% vs. 42.7%,
p<0.001). Surgical complications occurred more commonly following PDS than IDS.
Specifically, women having PDS had more infections (17.7% vs. 11.4%, p<0.001),
gastrointestinal complications (35.3% vs. 29.1%, p=0.003), pulmonary complications
(11.2% vs. 3.8%, p<0.001) and more wound infections and disruptions (20.7% vs. 14.2%,
p=0.001) than those treated with NAC prior to IDS. When women who were admitted
emergently were excluded from this analysis, these results were not significantly changed
(data not shown).

Overall survival by stage comparing women treated with PDS and NAC is illustrated in
Figure 1. All women treated with NAC, regardless if they received IDS were included in this
survival analysis (“intention to treat” analysis). The unadjusted median survival for patients
with stage III disease was slightly longer at 27.8 months for PDS compared to 23.3 months
for NAC. The unadjusted median survival for women with stage IV disease was not
appreciably different between groups, 17.8 months with PDS compared with 18.7 months
for NAC. As seen in Figure 1 both stage III and IV patients have crossover of the survival
curves (at 15 and 19 months respectively) which initially favors NAC and subsequently
favors PDS. Further stratification the survival curves by risk category (Figure 2) suggest that
the timing of this crossover is related to the risk of surgical mortality. The initial benefit of
NAC appears to be markedly extended in older patients with stage IV disease, and not
present in the youngest women with stage III disease.

Among women with stage III disease, the adjusted risk of death at one year was no different
between NAC and PDS (RR 0.9, 95%CI 0.74–1.10). The risk of death at 2 years was
increased for women with stage III disease for NAC by 16% compared to PDS (2yr RR
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1.16, 95%CI 1.01–1.34). For women with stage IV disease NAC is associated with a
reduction of the risk of death at 1 year by 31% (RR 0.69, 0.57–0.83) and 15% at 2 years
compared to PDS (RR 0.85, 95%CI 0.73–0.99).

Discussion
The role of NAC in the treatment of advanced ovarian cancer has yet to be determined [8,
23]. This study demonstrates that among older American women for whom surgery was
intended, NAC was used 17% of the time during 1995–2005, with only 60% of those treated
with NAC going on to receive surgical debulking. For women having interval surgery
following NAC, there was a relatively lower incidence of 30-day infections, wound
complications, pulmonary and gastrointestinal complications compared with PDS. The
impact of NAC on overall survival is a mixed effect and depends on the stage of the patient
and the follow up time. Among women with stage III disease, receipt of NAC was
associated with no difference in survival at one year, but a 16% decrease in survival at 2
years. NAC was associated with improved survival for stage IV patients of 31% at 1 and
15% at 2 years.

NAC for advanced ovarian cancer in the US has generally been reserved for patients felt to
be high risk surgical candidates [6, 23]. In comparative evaluations of NAC and PDS these
biases might make patients with NAC appear to have worse outcomes, as not all important
differences (e.g frailty and social support) may be adequately measured and adjusted for.
Despite this, several observational studies have suggested no difference in survival for
women treated with NAC [24, 25]. Our study observed that among women with stage IV
disease, there was an improvement in survival at 1 and 2 years between those treated with
NAC compared with PDS. Women with stage III disease in this study however, had a 4
month shorter median survival when treated with NAC compared to those receiving PDS,
and after adjustment for risk parameters a higher risk of death by 2 and 5 years. This may be
related to unmeasured (and therefore unadjusted) higher risk patient characteristics among
the group having NAC and/or a direct negative impact of the NAC on patients, perhaps due
to the delay of surgery.

Our results indicate that the risk of death following either NAC or PDS is not constant and
patients having NAC have an initially improved survival which then crosses over at 15–19
months to favor PDS. The time at which this crossover occurs is notably later than that
reported in the randomized trial (2 months). This may be in part due to a difference in the
frequency of early post-operative deaths (fewer following NAC), but may also be reflective
of other differences between the study populations.

Some series identify patients for inclusion following a hospitalization that typically includes
surgery and have found the proportion of women having surgery after NAC to exceed
94%[21, 25, 26]. This identification technique limits our understanding of the role of NAC
because women who had only outpatient chemotherapy and were never able to proceed with
surgery may not be included. The EORTC trial limited enrolment to women who were felt
to be surgical candidates and did not perform IDS if women had disease progression while
on NAC, and 88% of women randomized to NAC went on to have IDS[11]. In our series,
only 60% of women had evidence of a debulking surgery following NAC. This may have
been due to the inadvertent inclusion of some patients in the NAC group who may never
have been surgical candidates or relate to the difficulties of assessing who is a surgical
candidate before initiating NAC. We employed a technique for identifying patients using the
“recommended for surgery” variable in the SEER dataset that was based on whether
“surgery was offered”, but it is not known how often this recommendation was made by a
clinician with experience in the management of ovarian cancer. The accuracy of the
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“surgery recommended” variable in SEER has not been assessed, even though this variable
has been used by other investigators [27, 28] to aid in the delineation of surgical intent. The
inclusion of women in the NAC group for whom surgery was not really a possibility may
inappropriately decrease the survival benefit associated with NAC and may also explain
why we found worse survival among Stage III patients having NAC. This may also be
considered a conservative bias among patients with Stage IV disease where a survival
benefit of NAC was observed.

Similarly, the ability to receive at least one cycle of chemotherapy following PDS is over
90% in most series [11, 29]. This is much higher than what was observed in this analysis
(76%) and may be due to the older age of this cohort, a greater likelihood of refusal of
chemotherapy or being considered too ill to receive chemotherapy, or a difference between
care received in trials compared to care in the community. This inability to complete
chemotherapy following surgery may account for a lower observed median survival in this
analysis for women having PDS (24.1months) compared to that reported in other reports
(30–65.6 months)[12]. We also observed a difference in the apparent amount of
chemotherapy received between the PDS and NAC groups. While our ability to precisely
quantify the number of cycles is limited but the use of billing data to estimate weeks of
chemo the data suggests that women treated with NAC have a median number of cycles that
is almost twice that of PDS (NAC=10, PDS=6). This difference in the amount of
chemotherapy received may contribute to observed outcomes and the inability to explore
this further with this observational data set is a limitation of this analysis.

Several studies have reported lower post-operative morbidity for women having IDS
following NAC compared with women having PDS[11, 21, 30]. Our study results are
consistent with these reports, documenting a lower incidence of many 30-day complications
following surgery. The use of less extensive surgical procedures to achieve optimal
debulking has also been reported following NAC[31, 32]. Our findings were somewhat
consistent with these results, demonstrating women had fewer bowel resections following
NAC. However we did not identify a reduction in the use of upper-abdominal procedures,
likely due to the limited performance of these procedures in both groups. With these data it
is not possible to assess the role that distribution of the tumor burden had (either before or
after NAC) on surgical procedures. It is possible that the NAC patients had higher upper
abdominal tumor burdens than the PDS group which may have required more upper
abdominal procedures and they been treated with PDS. Thus no difference in the rate of
these procedures between the groups may actually reflect an improvement due to NAC. The
magnitude of the reduction in the need for bowel resections was similar to that observed in
the ETORC trial, supporting the notion that this finding is a result of the NAC and not
variation in provider behavior among clinicians favoring NAC[11].

There are several important limitations of this study including the restriction of our
population to those over the age of 65. From 2003–2007 the median age at diagnosis for
ovarian cancer in the US was 63 years, approximately 54.3% of women were under 65 when
diagnosed and the findings of this study may not be reflective of their experience [33]. The
use of claims data to identify treatment and comorbidity status also has the potential to
introduce misclassification. While previous studies have determined a high level of
agreement between Medicare data and chart review in the identification of surgery and
chemotherapy[34, 35], the accuracy of diagnostic codes is lower for co-morbid conditions
and treatment complications[19, 36]. Lastly some important clinical information was
unavailable or inconsistently unavailable in a non-random fashion that may account for
observed outcomes (e.g. performance status, histology) and we cannot account for the
impact of such variables.
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In summary our results indicate that NAC is an occasionally employed strategy (17%) for
American women over the age of 65 in whom surgery is planned and that many (40%) who
start a course of NAC never go on to have ovarian cancer-directed surgery. Our findings
support the effectiveness of NAC in reducing surgical complications, an alternative that
reduces peri-operative morbidity. The association between NAC and survival differed
somewhat according to the stage of disease and follow up time, but the potential for
confounding demands caution in the interpretation of these findings. Additional randomized
trials are needed to study the role of NAC in the treatment of women with advanced ovarian
cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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7. Highlights

• Among older women neoadjuvant chemotherapy for advanced ovarian cancer
was associated with a fewer bowel resections and surgical complications.

• Neoadjuvant chemotherapy’s impact on overall survival is a mixed and depends
on the stage of the patient and time.
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Figure 1. Kalpan Meier Survival Curves By Stage and Treatment Group
PDS: Primary Debulking Surgery, NAC: Neoadjuvant Chemotherapy and % IDS is the
proportion of women having Interval Debulking Surgery following NAC.
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Figure 2. Kalpan Meier Survival Curves By Risk Group and Treatment
PDS: Primary Debulking Surgery, NAC: Neoadjuvant Chemotherapy. Risk groups are based
on the risk of 30-day surgical mortality: Low risk= age <75, any stage with Charleston co-
morbidity score<2; Intermediate risk= age <75, any stage with Charleston co-morbidity
score ≥2; High risk = age 75+, stage III with Charleston co-morbidity score ≥1 or age 75+,
stage IV with any Charleston co-morbidity score.
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Table 1

Demographic, Clinical and Pathologic Characteristics by Treatment Group*

Primary Debulking Surgery (PDS)
n (%)

Neoadjuvant Chemotherapy (NAC)
n(%)

No. of patients 4,827 958

Age (years)

 65–69 1066 (22.08) 188 (19.62)

 70–74 1383 (28.65) 268 (27.97)

 75–79 1282 (26.56) 270 (28.18)

 80–84 731 (15.14) 171 (17.85)

 85+ 365 (7.56) 61 (6.37)

Race

 White 4352 (90.16) 843 (88.00)

 Black 230 (4.76) 60 (6.26)

 Other 174 (3.60) 39 (4.07)

Median Household Income

 First Quartile 1140 (23.62) 176 (18.37)

 Second Quartile 1158 (23.99) 224 (23.38)

 Third Quartile 1136 (23.53) 260 (27.14)

 Fourth Quartile 1194 (24.74) 246 (25.68)

Marital Status

 Married 2190 (45.37) 502 (52.40)

 Not Married 2499 (51.77) 431 (44.99)

Region

 Northeast 933 (19.33) 196 (20.46)

 Midwest 1016 (21.05) 193 (20.15)

 South 677 (14.03) 121 (12.63)

 West 2201 (45.60) 448 (46.76)

Area of Residence

 Large Metropolitan 2762 (57.22) 579 (60.44)

 Metropolitan 1290 (26.72) 256 (26.72)

 Urban 293 (6.07) 67 (6.99)

 Less Urban 381 (7.89) 13 (1.36)

 Rural 101 (2.09) 13 (1.36)

Stage

 III 3401 (65.05) 482 (50.31)

 IV 1599 (33.13) 454 (47.39)

Grade¥
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Primary Debulking Surgery (PDS)
n (%)

Neoadjuvant Chemotherapy (NAC)
n(%)

 Low 871 (18.04) 98 (10.22)

 High 2983 (61.80) 426 (44.47)

 Unknown 970 (20.10) 434 (45.30)

Histology

 Serous/Adenocarcinoma 3674 (76.11) 797 (83.19)

 Mucinous 197 (4.08) 25 (2.61)

 Endometroid 304 (6.30) 21 (2.19)

 Clear Cell 78 (1.62) 13 (1.36)

 Other Epithelial 574 (11.89) 102 (10.65)

Comorbidity Score

 0 3271 (67.76) 615 (64.20)

 1 1023 (21.19) 217 (22.65)

 2 326 (6.75) 76 (7.93)

 3+ 207 (4.29) 50 (5.22)

*
Not all totals add up to 100% because of rounding and missing data,

¥
low grade= grade 1 or 2 according to the SEER data; high grade = grade 3 or 4 as listed in SEER
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Table 2

Additional Surgical Procedures and Surgical Complications by Treatment Group*

Primary Debulking Surgery (PDS)
n (%)

Interval Debulking Surgery (IDS)#
n(%) p value

No. of patients 4,827 577

Any Bowel Resection/Ostomy 1442 (29.88) 95 (16.46) <0.001

 Small Bowel Resection 309 (6.40) 22 (3.81) 0.014

 Large Bowel Resection 992 (20.56) 64 (11.09) <0.001

 Ostomy 928 (19.23) 45 (7.80) <0.001

 Rectal Resection 250 (5.18) 22 (3.81) 0.156

Any Upper Abdominal Procedure 194 (4.02) 17 (2.95) 0.208

Length of Stay Mean Days (SD) 11.53 (10.27) 7.89 (7.17) <0.001

ICU Stay 2049 (42.71) 160 (28.22) <0.001

Transfusion during surgical stay 329 (6.86) 31 (5.47) 0.211

Surgical Injury 316 (6.55) 31 (6.42) 0.276

30-Day Complications

 Cardiac 556 (11.52) 53 (9.19) 0.094

 Thromboembolic Event 229 (4.75) 28 (4.85) 0.909

 General Infections 854 (17.70) 66 (11.44) <0.001

 Gastrointestinal 1701 (35.25) 168 (29.12) 0.003

 Neurological or Renal¥ 208 (4.25) 13 (2.25) 0.021

 Reoperation 479 (9.93) 49 (8.49) 0.273

 Pulmonary 542 (11.23) 22 (3.81) <0.001

 Wound Infection/Breakdown 997 (20.66) 82 (14.21) 0.001

*
Surgical stay refers to the hospitalization at the time of either primary debulking surgery or interval debulking surgery following neoadjuvant

chemotherapy, inpatient claims data for this hospitalization was missing for 41 patients. p values are using Chi2 or t-test comparing PDS to IDS

#
includes only women who had surgery following neoadjuvant chemotherapy.

¥
combined categories for patient confidentiality due to low numbers.
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