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Abstract

Objectives: To assess complete gross resection (CGR) rates and survival outcomes in patients
with advanced ovarian cancer who underwent primary debulking surgery (PDS) during a 13-year
period in which specific changes to surgical paradigm were implemented.

Methods: We identified all patients with stage 111B-1V high-grade ovarian carcinoma who
underwent PDS at our institution, with the intent of maximal cytoreduction, from 1/2001-12/2013.
Patients were categorized by year of PDS based on the implementation of surgical changes to our
approach to ovarian cancer debulking (Group 1, 2001-2005; Group 2, 2006-2009; Group 3, 2010-
2013).
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Results: Among 978 patients, 78% had stage I11C disease and 89% had disease of serous
histology. Carcinomatosis was found in 81%, and 60% had bulky upper abdominal disease (UAD).
Compared to Group 1, those who underwent PDS during the latter 2 time periods had higher ASA
scores (p<0.001), higher-stage disease (p<0.001), and more often had carcinomatosis (p=0.015)
and bulky UAD (p=0.009). CGR rates for Groups 1-3 increased from 29% to 40% to 55%,
respectively (p<0.001). Five-year progression-free survival (PFS) rates increased over time (15%,
16%, and 20%, respectively; p=0.199), as did 5-year overall survival (OS) rates (40%, 44%, and
56%, respectively; p<0.001). On multivariable analysis, CGR was independently associated with
PFS (p<0.001) and OS (p<0.001).

Conclusions: Despite higher-stage disease and greater tumor burden, CGR rates, PFS and OS
for patients who underwent PDS increased over a 13-year period. Surgical paradigm shifts
implemented specifically to achieve more complete surgical cytoreduction are likely the reason for
these improvements.

Keywords

ovarian cancer; complete gross resection; primary debulking surgery; surgical paradigm;
progression-free survival; overall survival

Introduction

Ovarian cancer is the leading cause of death among gynecologic malignancies.
Approximately 22,240 women in the U.S. will be diagnosed with ovarian cancer in 2018,
and an estimated 14,070 will die from this disease [1]. According to the National Cancer
Institute, the 5-year survival rate for all stages of ovarian cancer is 47%. The rate, however,
falls to 29% for those with distant metastases at the time of diagnasis [2].

Cytoreductive surgery with maximal tumor debulking is a key component of ovarian cancer
treatment. In 1975, Griffiths published a landmark study demonstrating an inverse
relationship between residual tumor burden and survival [3]. The greatest survival benefit
was seen when resection of all visible tumor was achieved. Since then, multiple studies have
confirmed that complete cytoreduction, also referred to as complete gross resection (CGR),
is an important prognostic factor for survival [4-10]. In the absence of existing randomized
controlled trials, a large systematic review of patients with stage 111 or IV ovarian cancer
treated with primary debulking surgery (PDS) showed that complete cytoreduction was
associated with significantly prolonged progression-free survival (PFS) and overall survival
(OS) [11].

Most patients with ovarian cancer are diagnosed with advanced-stage disease, commonly
with metastases to the omentum, small and large bowel, diaphragm, and upper abdominal
(UAB) organs [2]. As the goal of PDS has evolved from debulking with <1-2 c¢m of residual
disease to complete resection of all visible tumor, the role of complex surgery has become
increasingly important. Several institutions have incorporated extensive surgical procedures
into their practices, thereby successfully increasing CGR rates [12-16].
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In pursuit of continual improvement in ovarian cancer outcomes, we questioned whether
advances in preoperative and perioperative practices, in addition to expanding surgical
extent, would further increase CGR rates and improve survival. Our institution implemented
multiple advancements in our approach to ovarian cancer debulking surgery from 2001 to
2013. These included a shift in cytoreductive goal from <1 cm residual disease to no gross
residual disease (CGR), performance of extensive UAB surgery and cardiophrenic lymph
node dissection, alterations in patient selection, and modifications in operative start times.
The primary objective of this study was to assess the changes in CGR rates and survival
outcomes over the 13-year period during which these changes took place. Our secondary
objective was to analyze whether the observed changes in CGR rates were independently
associated with PFS and OS.

After obtaining Institutional Review Board approval for this single-institution, retrospective
cohort study, we used the Memorial Sloan Kettering Cancer Center (MSK) Gynecology
Service database to identify all patients with FIGO 2009 stage I1I1B-1V ovarian, fallopian
tube or primary peritoneal carcinoma, who underwent PDS at our institution with the intent
of maximal cytoreduction between 1/1/2001 and 12/31/2013. Patients who underwent
exploratory laparotomy for anticipated debulking but who were ultimately declared
unresectable due to extensive disease burden, were still included in the analysis. The study
was restricted to high-grade epithelial histologies. Those who received neoadjuvant
chemotherapy (NACT) or presented for management of recurrent disease were excluded. We
limited our analysis to patients who underwent PDS prior to 12/31/2013 to ensure adequate
follow-up for calculation of 5-year survival.

Records for individual patients were reviewed and clinical variables were abstracted. BRCA
mutation status was determined to be positive (genetic testing with evidence of deleterious
BRCA mutation), negative (genetic testing without evidence of deleterious BRCA
mutation), or unknown with/without a family history suggestive of hereditary breast and
ovarian cancer (HBOC) syndrome. Patients meeting 1 or more of the following National
Comprehensive Cancer Network (NCCN) criteria were deemed as having a positive family
history: 1) one relative (15t, 2" or 3" degree) with either breast cancer diagnosed < age 50,
2 primary breast cancers, or male breast cancer; 2) one relative with ovarian, fallopian tube,
or primary peritoneal cancer; 3) 2 relatives (same side of the family) with breast, pancreatic,
and/or prostate cancer; or 4) known mutation within the family of a gene that increases
susceptibility to cancer [17].

CGR was defined as no visible disease remaining at the end of the surgical procedure.
Minimal residual disease (MRD) was defined as one or more tumor nodules 1-10 mm in
maximal dimension remaining at the completion of surgery, and suboptimal debulking was
defined as any residual tumor nodule >10 mm in maximal dimension remaining at the
completion of surgery. Peritoneal carcinomatosis was deemed as present or absent according
to the attending surgeon’s operative note. If carcinomatosis was not specifically addressed in
the operative note, it was defined as the presence of =20 tumor nodules within the abdominal
cavity. Bulky UAB disease was defined as tumor implants =1 cm cephalad to the greater
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omentum. OR Tumor Index, a scoring system that reflects extent of disease based on a 0-2-
point scale (carcinomatosis and bulky UAB disease each accounting for 1 point), was used
to quantify disease burden [18]. Surgical adverse events occurring within 30 days of surgery
were prospectively captured and graded according to the MSK institutional surgical
secondary events grading system [19]. The date of recurrence/progression was determined
by computed tomography (CT) scan. The appearance of one or more new lesions on CT
scan, leading to a secondary debulking surgery or the initiation of a new chemotherapy
regimen, was considered a recurrence. A change in treatment regimen due to an increase in
size of an existing lesion was considered progression. The use of intraperitoneal (IP)
chemotherapy was defined as administration of =1 cycle of IP treatment.

The study timeline was divided into 3 periods based on the implementation of changes to
our institutional approach to ovarian cancer debulking, and patients were stratified into
groups based on the year of their primary surgery: 2001-2005 (Group 1), 2006—2009 (Group
2), and 2010-2013 (Group 3). In 2001, we began to incorporate extensive UAB procedures
into our debulking armamentarium [13]. In 2006, our goal for PDS evolved from residual
disease <10 mm to either CGR or as minimal residual tumor as possible [7]. During 2010 to
2013, 3 additional changes were gradually adopted: routine performance of cardiophrenic
lymph node resection [20], use of the selection criteria for NACT as described by Aletti et
al. [21], and implementation of earlier operative start times [18]. The decision to define 2010
as the division point between Groups 2 and 3 was also influenced by the increase in our
NACT rates after 2010 [22].

analysis

Differences in distribution among the patient groups were tested using the chi-square or
Fisher exact test (if the cell count was <5) for categorical variables and the Kruskal-Wallis
test for continuous variables. For 30-day/90-day mortality, short follow-up patients were
excluded (0 excluded for 30-day mortality and 3 excluded for 90-day mortality).

PFS was defined as the time from the date of PDS to the date of recurrence/progression,
death, or last follow-up, whichever occurred first. Both progression and death were
considered events. OS was defined as the time from the date of PDS to the date of death or
last follow-up, whichever occurred first. Death was considered an event. Median survival
time and the 5-year survival rate were estimated using the Kaplan-Meier method.

The effect of residual disease on survival outcome was tested using the log-rank test. The
associated hazard ration (HR) was obtained by fitting a Cox proportional hazards (PH)
model without accounting for the institutional changes in the management of ovarian cancer
over time. To examine the effect of PDS-year groups (reflecting the institutional changes in
the management of ovarian cancer over time) on survival, we selected to test PFS and OS
rates at the 5-year time point using a chi-square test with 2 degrees of freedom. The relevant
point estimate and variance were obtained using the Kaplan-Meier method. To examine
whether CGR was an independent predictor for PFS/OS, a stratified Cox PH model was fit
with PDS-year group as the stratification factor. All variables with a p value <0.05 in the
univariate setting were entered into the multivariable model. IP chemotherapy was modeled
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as a time-dependent covariate. Calculated p values were two-tailed, and p values <0.05 were
considered statistically significant. The statistical analyses were performed using SAS 9.4.

We identified 978 consecutive patients with stage 111B-1V ovarian, fallopian tube or primary
peritoneal carcinoma, based on the 2009 FIGO staging system, who underwent intended
PDS with maximal cytoreductive effort between 1/1/2001 and 12/31/2013. Demographic
and clinical characteristics are shown in Table 1. The median age was 61 (range, 19-95
years). Eighty-one percent (n=794) had stage Il disease (stage I11B, n=33 [3%]; stage IlIC,
n=761 [78%]), and 19% (n=184) had stage IV disease. Most patients had disease of serous
histology (n=869, 89%). Among those with known BRCA status, 28% (n=144) had a BRCA
mutation. Eighty-one percent (n=792) had carcinomatosis and 60% (n=585) had bulky UAB
disease. The median operative time was 280 min (range, 36-893 min), and the median
length of hospital stay (LOS) was 8 days (range, 1-22 days). Fifteen percent (n=148) had 1
or more grade 3-5 complications. CGR was achieved in 42% (n=408), MRD in 39%
(n=378), and suboptimal debulking in 20% (n=192). Almost all patients received
postoperative primary platinum/taxane-based chemotherapy (n=949, 99%). IP chemotherapy
was administered in 34% (n=322). Thirty-day all-cause mortality was 0.4% (4 deaths), and
90-day all-cause mortality was 1.3% (13 deaths; 3 patients excluded due to short follow-up).

Changes by PDS-year group are listed in Supplemental Table S1. A total of 315 patients
underwent PDS during 2001-2005 (Group 1), 320 during 2006—2009 (Group 2), and 343
during 2010-2013 (Group 3). Comparisons of demographic and clinical variables are shown
in Table 1 and Supplemental Table S1. Compared to Group 1, there were almost twice as
many patients in Group 2 and three times as many in Group 3 with stage 1V disease (stage
IV disease: Group 1, n=32 [10%; Group 2, n=59 [18%]; and Group 3, n=93 [27%];
p<0.001). Higher American Society of Anesthesiologists (ASA) score, carcinomatosis,
bulky UAB disease, and OR Tumor Index of 2 were significantly more common in Groups 2
and 3. Despite higher-stage disease and greater tumor burden, CGR rates rose from 29% to
40% to 55% over the 3 time periods (p<0.001). Median operative times also rose from 239
min (range, 36750 min) to 295 min (range, 44-893 min) to 318 min (range, 47—773 min),
respectively. Median LOS was 8 days (range, 3-122 days) for patients in Group 1, 8 days
(range, 1-86 days) for those in Group 2, and 7 days (range, 1-36) for those in Group 3
(p<0.001). There was no significant difference in age, preoperative serum albumin,
histology, estimated blood loss (EBL), major complication rates, or rates of postoperative
chemotherapy use between groups. Significantly more patients received IP chemotherapy in
Group 2 (n=137/310, 44%) and Group 3 (n=166/336, 49%) compared to Group 1 (n=19/309,
6%; p<0.001). However, among patients who underwent CGR, the use of IP chemotherapy
decreased from 62.8% in Group 2 to 40.1% in Group 3 (Supplemental Table S2). Thirty-day
mortality rates decreased over time (0.6% to 0.6% to 0%, respectively), as did 90-day
mortality rates (2.9% to 1.3% to 0%, respectively) (p=0.002).

CGR rates increased with increasing PDS-year group across all OR Tumor Indices (Table 2).
For patients with an OR Tumor Index of 0, CGR rates rose from 58% (Group 1) to 76%
(Group 3); for patients with an OR Tumor Index of 2, CGR rates rose from 32% (Group 1)
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to 65% (Group 3); for patients with an OR Tumor Index of 2, CGR rates rose from 17%
(Group 1) to 44% (Group 3). Notably, suboptimal debulking rates decreased over time in
those with the highest tumor burden (OR Tumor Index of 2) from 36% (Group 1) to 18%
(Group 3).

Median follow-up for the entire cohort was 77.7 months (range, 1.3-198 months). Median
PFS was 18.2 months (95% CI, 17.3-19.9 months), and the 5-year PFS rate was 16.9%
(95% ClI, 14.6-19.4%). Median OS was 55.4 months (95% CI, 52-59.6 months), and the 5-
year OS rate was 46.5% (95% CI, 43.3-49.7%).

We also examined the effect of residual disease on survival. Kaplan-Meier curves for PFS
and OS are shown in Figures 1A and 1B, respectively, and results are summarized in Table
3. As expected, residual disease was inversely correlated with survival. For CGR versus
MRD versus suboptimal debulking, survival outcomes were as follows: median PFS, 26.5
months, 16.5 months, and 12.6 months, respectively; 5-year PFS rate, 25%, 13%, and 7%,
respectively (p<0.001); median OS, 79.1 months, 52.5 months, and 36.6 months,
respectively; 5-year OS rate, 59%, 43%, and 27%, respectively (p<0.001).

PFS and OS increased for each PDS-year group over time (Table 4). The 5-year PFS rate
was highest for the most recent PDS-year group, although this did not reach statistical
significance. Median PFS for Group 3, Group 2 and Group 1 was 21.1 months, 17.3 months
and 16.9 months, respectively, and 5-year PFS rates were 20%, 16%, and 15%, respectively
(Figure 1C; p=0.199). Median OS and 5-year OS rates followed similar trends to those of
PFS; however, the results were statistically significant. Median OS for Group 3, Group 2 and
Group 1 was 68 months, 53.7 months and 49.4 months, respectively, and 5-year OS rates
were 56%, 44 % and 40%, respectively (Figure 1D; p<0.001).

Multivariable Cox PH models for OS and PFS are presented in Table 5. To best account for
the evolving changes in ovarian cancer treatment, these models were adjusted for PDS-year
group using stratification. After further controlling for potential confounding variables, CGR
was found to be independently associated with both improved PFS and OS. Compared to
CGR, MRD was associated with a 39% higher risk of recurrence/progression (adjusted HR
1.393; 95% ClI, 1.174-1.654) and a 36% higher risk of death (adjusted HR 1.36; 95% ClI,
1.118-1.653). Compared to CGR, a suboptimal debulking was associated with a 92%
increased risk of recurrence/progression (adjusted HR 1.921; 95% Cl, 1.547-2.386) and a
75% increased risk of death (adjusted HR 1.751; 95% Cl, 1.378-2.224). Additional factors
independently associated with an increased risk of recurrence/progression included stage IV
disease compared to stage 111 disease, non-serous histology, unknown BRCA status (with or
without a family history suggestive of HBOC syndrome) or negative BRCA status compared
to confirmed BRCA mutation, and an OR Tumor Index of 2 compared to 0. Higher serum
albumin and the use of IP chemotherapy were associated with a significantly decreased risk
of recurrence/progression. Factors associated with OS were similar. Stage 1V disease, non-
serous histology, BRCA unknown status, and an OR Tumor Index of 2 were independently
associated with an increased risk of death, while IP chemotherapy use was associated with a
significantly decreased risk of death.
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Discussion

Adoption of the philosophy of continuous improvement, through the 3 essential steps of
“creating a standard, following the standard, and finding a better way” [23], has led to
multiple advances in our operative approach to advanced ovarian cancer. Over a 13-year
period, our CGR rates improved from 29% to 55%, and our suboptimal debulking rates
decreased from 23% to 14%. When comparing the earliest to the most recent PDS-year
group, median OS and the 5-year OS rate improved by almost 40% (49.5 to 68 months and
40% to 56%, respectively), while median PFS rose by 25% and the 5-year PFS rate rose by
33% (16.9 to 21.1 months and 15% to 20%, respectively).

Other studies have shown similar improvements in CGR as a result of dedicated changes in
surgical practice. In 2009, our institution published on the effects of incorporating extensive
UAB procedures into our surgical armamentarium [24]. CGR rates improved significantly,
as did PFS and OS. Harter et al. reported on the outcomes of implementing a specific
ovarian cancer quality management program [15]. This included the formation of designated
teams for ovarian cancer surgery, routine use of preoperative and intraoperative consultations
to ensure maximal cytoreduction, and conferences to assess morbidity and outcomes.
Among the 726 patients with FIGO stage 11B-1V disease, CGR rates increased from 33% to
62%, while OS improved from 26 months to 45 months. A recent publication from the Mayo
Clinic also demonstrated improved outcomes after introducing measures to maximize
cytoreductive efforts and standardize their approach to ovarian cancer surgery [25]. A
significant increase in the use of higher complexity surgery (from 24% to 41%) resulted in a
greater proportion of patients with completely resected disease (from 32.7% to 54.3%) and
better median OS (from 36 to 40 months). These publications, along with our current work,
show that continuous improvement and shifts in surgical paradigm can lead to improved
ovarian cancer survival.

In our current study, increasing CGR rates were associated with limited morbidity and
mortality. Not surprisingly, median operative times increased as a greater proportion of
patients underwent complete cytoreduction. EBL remained stable, however, and there was
no significant difference in the rate of major complications (13% to 16%). Thirty-day
mortality decreased over time from 0.6% to 0%, and 90-day mortality also decreased from
2.9% to 0%. Several studies have shown similar results, citing major complication rates of
18.8% to 20.8% and 30-day mortality rates of 0.2% t01.3% [15, 25-26]. Performing more
extensive surgery to achieve better surgical outcomes appears to confer improved survival
without compromising patient safety.

Some may question whether changes in our CGR rates and survival were accomplished
largely due to more favorable patient selection. We believe that patient selection had
minimal influence on these outcomes for several reasons. First, in 2010, a study by Aletti et
al. reported that widespread tumor dissemination or stage IV disease, ASA =3 or
preoperative albumin <3.0 g/dL, and age =75 years, were associated with high morbidity and
limited PDS survival benefit [21]. Based on the data of this report, patients at our institution
who met these criteria began being triaged to NACT instead of PDS at the discretion of the
primary surgeon. Around the same time, results of the European Organisation for Research
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and Treatment of Cancer (EORTC) trial showed that NACT in advanced-stage ovarian
cancer was non-inferior to PDS [9]. Our NACT use increased from 22% to 30% thereafter
[22]. Despite the increase in NACT use, our patients continued to have higher ASA scores
and higher-stage disease with increasing PDS-year group, while median age, serum albumin,
and the presence of carcinomatosis remained unchanged. Second, CGR rates increased from
2001-2005 to 2006—20009, prior to the increase in NACT use. Third, we achieved more
complete cytoreductions with increasing PDS-year group, regardless of disease burden.
CGR rates rose from 17% to 44% in patients with carcinomatosis and bulky UAB disease.
Therefore, while we acknowledge that patient selection may have had some influence on the
increase in CGR rates, changes in surgical paradigm likely had the greatest effect on our
increased CGR rates and better survival outcomes.

One of our study aims was to determine whether changes in CGR rates were independently
associated with improved survival. We performed a multivariable Cox PH analysis with
stratification by PDS year to account for changes over time that were not specified as
covariates in the model (for example, incorporation of extensive UAB surgery or the use of
NACT). After controlling for additional potential confounding factors, including BRCA
status and the use of IP chemotherapy, we found that CGR was independently associated
with OS and PFS. Patients who underwent CGR had a 26% decreased risk of death and a
28% decreased risk of recurrence compared to those left with 1-10 mm of residual disease at
the completion of surgery. The risk of death and disease recurrence were reduced by 43%
and 48%, respectively, for patients with no visible disease compared to those with >1 cm
residual disease. These results corroborate the findings of a recent study from Canada, in
which CGR is cited as an independent prognostic factor for improved OS [26]. An important
study by Chang et al. further supports the significance of CGR on survival [10]. In this meta-
analysis of more than 13,000 patients with stage 11B-1V ovarian cancer, median survival
ranged from 27.6 months to 66.9 months. The authors observed an independent 2.3-month
increase in median survival with each 10% increase in the proportion of patients who
underwent complete cytoreduction. Comparatively, the increase in median survival for each
10% increase in the proportion of patients with residual disease <10 mm was limited to 1.8
months. We, therefore, believe that residual disease is one of the most important prognostic
determinants of survival in patients with advanced ovarian cancer, and complete resection of
all visible tumor should be the goal of PDS.

The role of cytoreduction to <10 mm of residual disease when CGR is not feasible,
especially in the setting of high tumor burden, has been questioned [27-28]. Several studies
have shown a significant survival benefit with residual disease <10 mm compared to
suboptimal debulking [7, 15, 25, 29-30]. In our study, MRD conferred a 4-month median
PFS and a 16-month median OS advantage over suboptimal debulking. Moreover, a prior
publication from our institution showed a significant survival benefit with MRD in patients
with large-volume disease [31]. Cytoreductive efforts should be maximized to achieve
residual disease <10 mm when CGR cannot be attained, regardless of tumor burden.

The utility of NACT may be the greatest area of controversy in the management of advanced
ovarian cancer. Proponents of NACT argue that the use of chemotherapy prior to surgical
cytoreduction decreases morbidity and mortality without compromising survival. The 2
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randomized controlled trials comparing NACT to PDS in patients with stage I11-1V ovarian
cancer both found NACT to be non-inferior to PDS [9,32]. In the EORTC study, however,
only 42% of patients in the PDS group underwent debulking to residual disease <10 mm. In
the CHORUS trial, 42% of patients had residual disease <10 mm after primary surgery.
These low rates of MRD/CGR likely contributed to the low survival outcomes in the PDS
arms, with a median OS of 30 months versus 29 months in the EORTC trial and 25.8 months
versus 23.7 months in the CHORUS trial when comparing NACT versus PDS. Our study
was composed of stage 111B-1V patients, although only 3.3% of patients had stage I11B
disease. We also included all patients who underwent suboptimal debulking as long as
maximal cytoreduction was intended preoperatively. Our MRD/CGR rate in 2010-2013 was
86%, with a median OS of 68 months. Although it is difficult to compare survival between
studies, it is also hard to dismiss such drastic differences in outcomes. We certainly
acknowledge that NACT is more appropriate than PDS for patients who are likely to be left
with residual disease >10 mm; however, the selection criteria for these patients are still
under investigation.

The limitations of this study include the inherent biases associated with its retrospective
nature. Its single-institution source may limit the external validity of our results.
Additionally, although postoperative chemotherapy regimens were all platinum/taxane-
based, exact regimens were variable. However, this is one of the largest studies of its kind,
spanning a 13-year period, with a long median follow-up of 77.7 months. Patients across all
groups received standardized perioperative care and postoperative treatment. Furthermore, in
our multivariable survival analysis, we accounted for changes over time by stratifying by
PDS-year group.

There is no question that complete cytoreduction during PDS remains one of the most
important prognostic factors in the treatment of ovarian cancer. Continued improvement in
CGR rates and survival outcomes by increasing the extent of surgery, as well as evolving
changes in surgical practice, without increasing morbidity or mortality, is feasible.
Additionally, increased CGR rates can independently lead to better PFS and OS. Meanwhile,
the role of NACT still needs to be more clearly defined. The Trial of Radical Upfront
Surgical Therapy (TRUST trial), an international, multicenter, randomized controlled trial, is
currently investigating outcomes of PDS versus NACT followed by interval debulking
surgery. While still many years away, we hope that the results of this trial will shed some
light on this debate. Until then, PDS with maximal cytoreductive effort to achieve CGR or as
minimal residual tumor as possible, followed by platinum-based chemotherapy, should
remain the cornerstone of treatment for advanced ovarian cancer.

Supplementary Material

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

. From 2001 to 2013, specific changes to our primary debulking surgery
paradigm were implemented

. Despite greater stage and tumor burden, complete gross resection (CGR) rates
rose from 29% to 55%

. 5-year progression-free survival (PFS) rates increased from 15% to 20%

. Overall survival (OS) rates increased from 40% to 56%

. CGR was independently associated with PFS and OS on multivariable
analysis
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Figure 1.

(A) Progression-free survival and (B) overall survival stratified by residual disease. (C)
Progression-free survival and (D) overall survival stratified by PDS-Year group.

CGR, residual disease 0 mm; Minimal residual, residual disease 1-10 mm; suboptimal,
residual disease >10 mm

*Log-rank p value

**Chi-square p value at 5-year time point

PDS, primary debulking surgery; CGR, complete gross resection
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Table 1.

Demographic and clinical characteristics stratified by PDS-Year Group: 2001-2005 (Groupl), 2006-2009
(Group 2), 2010-2013 (Group 3)

PDS-Year Group

All patients (N = 2010-2013 (N =

Characteristic 978) 2001-2005 (N = 315)  2006-2009 (N = 320) 343) p
Age, years
Median (range) 61 (19-95) 62 (25-95) 61 (29-88) 62 (19-86) 0.429
BMI, kg/m?
Median (range) 25.7 (16.3-58.5) 24.9 (16.7-42.9) 26 (16.3-54.6) 26 (16.7-58.5) 0.030
ASA score (n=970)
1-2 520 (54%) 207 (66%) 203 (64%) 110 (32.5%) <0.001
3-4 450 (46%) 106 (34%) 116 (36%) 228 67.5%)
Preoperative serum albumin, g/dL
Median (range) 4.1(2-5.1) 41 (2-5.1) 4.1 (2.5-4.9) 4.1(2.3-5) 0.424
BRCA status (n=971)
Positive 144 (15%) 27 (9%) 47 (15%) 70 (20.5%) <0.001
Unk, FHXx suggestive 90 (9%) 48 (15%) 29 (9%) 13 (4%)
Unk, FHXx not suggestive 371 (38%) 189 (61%) 120 (37.5%) 62 (18%)
Negative 366 (38%) 47 (15%) 123 (72%) 196 (74%)
BRCA status (excluding BRCA
unk)
Positive 144 (28%) 27 (36.5%) 47 (28%) 70 (26%)
Negative 366 (72%) 47 (63.5%) 123 (38.5%) 196 (57.5%)
FIGO Stage
11B-C 794 (81%) 283 (90%) 261 (82%) 250 (73%) <0.001
mns 33 (3%) 14 (4%) 12 (4%) 7 (2%)
Inc 761 (78%) 269 (85%) 249 (78%) 243 (71%)
\% 184 (19%) 32 (10%) 59 (18%) 93 (27%)
Histology
Serous 869 (89%) 269 (85%) 289 (90%) 311 (91%) 0.06
Other 109 (11%) 46 (15%) 31 (10%) 32 (9%)
Carcinomatosis (n=976)
No 184 (19%) 76 (24%) 52 (16%) 56 (16%) 0.015
Yes 792 (81%) 239 (76%) 266 (84%) 287 (84%)
Bulky UAB disease
No 393 (40%) 146 (46%) 110 (34%) 137 (40%) 0.009
Yes 585 (60%) 169 (54%) 210 (66%) 206 (60%)
OR Tumor Index (n=976)
0 133 (14%) 57 (18%) 35 (11%) 41 (12%) 0.008
1 309 (32%) 108 (34%) 90 (28%) 111 (32%)
2 534 (55%) 150 (48%) 193 (61%) 191 (56%)
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PDS-Year Group
Characteristic Al paggg)ts "= 2001-2005 (N = 315)  2006-2009 (N = 320) 2010_32231)3 N= P
Operative time, min
Median (range) 280 (36-893) 239 (36-750) 295 (44-893) 318 (47-773) <0.001
EBL, mL
Median (range) 700 (5-8000) 700 (5-8000) 700 (50-7000) 600 (10-5200) 0.286
Residual disease
CGR (0 mm) 408 (42%) 92 (29%) 129 (40%) 187 (55%) <0.001
Minimal residual (1-10 mm) 378 (39%) 151 (48%) 120 (38%) 107 (31%)
Suboptimal (>10 mm) 192 (20%) 72 (23%) 71 (22%) 49 (14%)
Hospital LOS, days
Median (range) 8 (1-122) 8 (3-122) 8 (1-86) 7 (1-36) <0.001
Major (Grade 3-5) complication
No 830 (85%) 274 (87%) 269 (84%) 287 (84%) 0.440
Yes 148 (15%) 41 (13%) 51 (16%) 56 (16%)
Upfront chemotherapy
No 9 (1%) 4 (1%) 2 (1%) 3 (1%) 0.710
Yes 949 (99%) 305 (99%) 308 (99%) 336 (99%)
Upfront IP chemotherapy (n=955)
No 633 (66%) 290 (94%) 173 (56%) 170 (51%) <0.001
Yes 322 (34%) 19 (6%) 137 (44%) 166 (49%)
30-day mortality
Alive 974 (99.6%) 313 (99.4%) 318 (99.4%) 343 (100%) .
Dead 4 (0.4%) 2 (0.6%) 2 (0.6%) 0 (0%)
90-day mortality (n=975)
Alive 962 (98.7%) 305 (97.1%) 314 (98.7%) 343 (100%) 0.002
Dead 13 (1.3%) 9 (2.9%) 4(1.3%) 0 (0%)

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; Unk, unknown; FHx, family history; FIGO, International
Federation of Gynecology and Obstetrics; UAB, upper abdominal; EBL, estimated blood loss; CGR, complete gross resection; LOS, length of stay;

IP, intra-peritoneal.

*
No p value provided for 30-day mortality due to one category level count less than 5.
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Residual disease

2001-2005 (Group 1)

2006-2009 (Group 2)

2010-2013 (Group 3)

OR Tumor Index0 CGR
Minimal residual
Suboptimal

OR Tumor Index1 CGR
Minimal residual
Suboptimal

OR Tumor Index 2 CGR
Minimal residual

Suboptimal

33 (58%)
21 (37%)
3 (5%)
34 (31%)
59 (55%)
15 (14%)
25 (17%)
71 (47%)
54 (36%)

25 (71%)
8 (23%)
2 (6%)
45 (50%)
34 (38%)
11 (12%)
59 (31%)
77 (40%)
57 (29%)

31 (76%)
8 (19%)
2 (5%)
72 (65%)
26 (23%)
13 (12%)
84 (44%)
73 (38%)
34 (18%)

Abbreviations: CGR, complete gross resection

Definitions: CGR, residual disease 0 mm; Minimal residual, residual disease 1-10 mm; suboptimal, residual disease >10 mm
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Table 3.

Overall and progression-free survival stratified by residual disease

PFS
Residual disease Median PFS, montds (95% CI)  5-year PFS rate (85% Cl) HR (95% CI) p value

CGR 26.5 (24-29.1) 25.3% (21-29.7%) 1 <0.001
Minimal residual ~ 16.5 (14.9-18.2) 12.9% (9.7-16.5%) 1.66 (1.42-1.94)
Suboptimal 12.6 (11.2-14.2) 7.3% (4.2-11.5%) 2.61 (2.17-3.14)

0s

Residual disease Median OS, months (95% CI) 5-year OS rate (85% CI) HR (95% CI) p value

CGR 79.1 (68.7-87.1) 59.3% (54.1-64%) 1 <0.001
Minimal residual  52.5 (48.8-58.4) 42.8% (37.6%—47.8%) 1.68 (1.41-2)
Suboptimal 36.6 (32.1-40.2) 27.4% (21.2%-33.9%) 2.58 (2.11-3.17)

Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; CGR, complete gross resection

Definitions: CGR, residual disease 0 mm; Minimal residual, residual disease 1-10 mm; suboptimal, residual disease >10 mm
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All patients 2001-2005 (Group 1)  2006-2009 (Group 2) 2010-2013 (Group 3) p value
CGR rate (%) 41.7% (n=408) 29.2% (n=92) 40.3% (n=129) 54.5% (n=187)
Median follow-up (months) 77.7 (1.3-198) 152.7 (1.3-198) 103.5 (1.3-143.5) 64.7 (6.5-102.3)
Median PFS (months; range) ~ 18.2 (17.3-19.9) 16.9 (15.4-18.2) 17.3 (15-19.4) 21.1 (18.7-23.1)
Median OS (months; range) 55.4 (52-59.6) 49.4 (42.1-53.5) 53.7 (48.2-59) 68.0 (58.8-82.1)
5-year PFS rate (95% Cl) 16.9% (14.6-19.4%)  14.9% (11.2-19.1%) 15.8% (12-20%) 20.0% (15.9-24.6%)  0.199
5-year OS rate (95% Cl) 46.5% (43.3-49.7%)  39.7% (34.3-45.2%)  44.0% (38.4-49.4%)  55.6% (49.9-60.9%)  <0.001

Abbreviations: CGR, complete gross resection; PFS, progression-free survival; OS, overall survival; Cl, confidence interval
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Table 5.

Multivariable analysis of factors associated with PFS and OS

PFS [ON]
Variable Adjusted HR 95% ClI p value Adjusted HR 95% ClI p value
Age
By 5-year increase 1.000 (0.966-1.036)  0.992 1.023 (0.982-1.065)  0.282
Albumin
By 1 g/dL increase 0.849 (0.725-0.994)  0.042 0.848 (0.711-1.01)  0.065
FIGO Stage
11IB-C Reference - 0.003 Reference - <0.001
v 1.349 (1.106-1.644) 1.466 (1.171-1.833)
ASA score
1-2 Reference - 0.300 Reference - 0.063
3-4 1.089 (0.927-1.278) 1.186 (0.991-1.42)
Histology
Serous Reference - 0.010 Reference - <0.001
Other 1.359 1.076-1.716) 1.714 (1.337-2.198)
BRCA status
Positive Reference - <0.001 Reference - <0.001
Unk, FHx suggestive 1.776 (1.3-2.428) 2.091 (1.475-2.964)
Unk, FHXx not suggestive 1.737 (1.371-2.199) 2.081 (1.576-2.748)
Negative 1.259 (1.004-1.578) 1.159 (0.878-1.531)
OR Tumor Index
0 Reference -- <0.001 Reference - <0.001
1 1.150 (0.891-1.483) 1.049 (0.784-1.404)
2 1.541 (1.194-1.988) 1.564 (1.176-2.081)
Residual disease
CGR Reference - <0.001 Reference - <0.001
Minimal residual 1.393 (1.174-1.654) 1.36 (1.118-1.653)
Suboptimal 1.921 (1.547-2.386) 1.751 (1.378-2.224)
Postop IP chemotherapy
No Reference - <0.001 Reference - <0.001
Yes 0.715 (0.593-0.863) 0.672 (0.537-0.841)

Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; FIGO, International Federation of
Gynecology and Obstetrics; ASA, American Society of Anesthesiologists; Unk, unknown; FHx, family history; CGR, complete gross resection; IP,
intraperitoneal
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