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Objective. To determine the impact on progression-free survival (PFS) and overall survival (OS) of a
programmatic change in surgical approach to advanced epithelial ovarian cancer.
Methods. Two groups of patients with stage IIIC and IV ovarian, tubal, and peritoneal carcinoma were

compared. Group 1, the control group, consisted of all 168 patients who underwent primary cytoreduction
from 1/96 to 12/99. Group 2, the study group, consisted of all 210 patients who underwent primary surgery
from 1/01 to 12/04, during which time a more comprehensive debulking of upper abdominal disease was
utilized.

Results. There were no differences between the groups in age, primary site of disease, surgical stage,
tumor grade, American Society of Anesthesiologists class, preoperative serum CA-125 and platelet levels,
percentage with or amount of ascites, size or location of largest tumor mass, or type of postoperative
chemotherapy. Patients in Group 2 vs Group 1 more frequently had extensive upper abdominal procedure(s)
(38% vs 0%, respectively; P<0.001) and cytoreduction to residual disease <1 cm (80% vs 46%, respectively;
P<0.01). Five-year PFS and OS rates were significantly improved in Group 2. For Group 2 vs Group 1 patients,
5-year PFS rates were 31% vs 14%, respectively (hazard ratio, 0.757; 95% CI, 0.601-0.953;P=0.01]; and 5-year
0S rates were 47% vs 35%, respectively (HR, 0.764; 95% CI, 0.592-0.987;P=0.03].

Conclusion. The incorporation of extensive upper abdominal procedures resulted in increased optimal
cytoreduction rates and significantly improved PFS and OS. A paradigm shift toward more complete primary
cytoreduction can improve survival for patients with advanced ovarian, tubal, and peritoneal carcinomas.
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Introduction

Of the estimated 25,000 American women diagnosed each year
with primary ovarian, fallopian tube, or peritoneal carcinoma, the
majority present with advanced-stage disease [1]. For these patients,
standard initial therapy consists of cytoreductive surgery followed by
a combination of taxane and platinum-based chemotherapy [2,3].
Numerous studies have demonstrated a survival advantage for
patients who undergo “optimal” vs “suboptimal” primary surgical
cytoreduction or “debulking” [4-7].
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The percentage of patients who undergo optimal cytoreduction
for advanced disease varies widely in the literature from 15% to
85% [7]. Reports of optimal cytoreduction rates > 50% generally
included a substantial number of patients who underwent
extensive upper abdominal procedures to attain optimal residual
status [8-10]. Historically, the rate of optimal primary cytoreduc-
tion for patients with advanced disease at our institution has been
less than 50% [4,11,12]. In these series, extensive upper abdominal
resections were not part of the surgical armamentarium of
advanced-disease management. Consequently, large-volume upper
abdominal tumor involving the diaphragm, liver, and/or spleen was
deemed “unresectable”, and the patient was left with suboptimal
residual disease.

In an attempt to improve our optimal cytoreductive rates, in
January 2001, we expanded our surgical efforts by incorporating
extensive upper abdominal surgery into the primary cytoreductive
effort. The modified approach included diaphragm peritonectomy
and/or resection, splenectomy, distal pancreatectomy, partial liver
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resection, cholecystectomy and resection of tumor from the porta
hepatis in cases where the primary surgeon deemed them
necessary to achieve optimal cytoreduction. This paradigm shift
led to an increased rate of optimal primary cytoreduction without
increasing the rates of major complications or length of hospital
stay [13]. This current study was designed to determine the
impact of the incorporation of extensive upper abdominal
procedures on progression-free survival (PFS) and overall survival
(0S) in advanced ovarian, fallopian tube, and primary peritoneal
carcinoma.

Patients and methods
Eligibility

After obtaining Institutional Review Board approval, we used our
prospectively maintained Virginia K. Pierce Gynecology Service
Database to identify all patients with stage IIIC and IV ovarian,
fallopian tube, and peritoneal carcinoma who underwent primary
cytoreduction at our institution between 1/1/96 and 12/31/04. All
surgery was done by an attending gynecologic oncologist. Due to
their rarity, unique management approach, and relatively poor
prognosis, mucinous and carcinosarcoma histologies were excluded.
Patients with non-epithelial cancers, low malignant potential tumors,
and those who received neoadjuvant chemotherapy were also
excluded.

Study groups

Eligible patients were classified into two groups based on the
date of surgery. Group 1, the control group, consisted of all 168
patients who underwent primary cytoreduction during the 4-year
period from 1/1/96 to 12/31/99. During this period, our cytor-
eductive approach did not include extensive upper abdominal
procedures.

Group 2, the study group, consisted of all 210 patients who
underwent primary debulking surgery during the 4-year period from
1/1/01 to 12/31/04. This latter period encompassed the time when
we changed our surgical paradigm to incorporate extensive upper
abdominal procedures but had not yet begun to give primary
intraperitoneal chemotherapy.

Extensive upper abdominal procedures were defined as dia-
phragm peritonectomy and/or resection, splenectomy, distal pan-
createctomy, partial liver resection, cholecystectomy, and resection
of tumor from the porta hepatis performed only as necessary to
achieve optimal cytoreduction. Patients operated on from January
2000 to December 2000 were not included in the study as some
surgeons were employing extensive upper abdominal surgery
during this time, but the paradigm had not changed for the entire
service.

Data collection and statistical analysis

Individual records for all patients were reviewed, and demo-
graphic, clinical, surgical, pathologic, and follow-up data were
extracted. All patients were staged according to the International
Federation of Gynecology and Obstetrics (FIGO) staging system [14].
During the first time period (1996-1999), tumor histology and grade
of differentiation were assigned by World Health Organization (WHO)
criteria for typing of ovarian neoplasms [15]. However, during the
latter time period (2001-2004), our subclassification of ovarian
carcinomas changed, and tumor histology was assigned based on
this modified system [16].

Optimal cytoreduction was defined as no residual tumor nodule
measuring greater than 1 cm in maximal dimension at the end of the
surgical procedure. Pelvic and or para-aortic lymphadenectomies

were performed at the discretion of the primary surgeon if it was felt
that it would aid in the cytoreductive outcome. All perioperative
complications at our institution were graded according to a published
classification system [13]. Perioperative complications and death were
defined as any adverse events related to the operative treatment
occurring within 30 days of surgery. For patients who had more than
one complication, the highest grade complication was used in the
analysis.

Categorical variables were compared using the Fisher exact test,
and continuous variables were compared using the Student's ¢ test. All
statistical tests were two-sided, and differences were considered
significant at a level of P<0.05. Date of progression was determined by
computed tomography (CT) scan and/or CA-125 levels. When
determined by CT scan, the date of progression was taken as the
first appearance of one or more new lesions or increased size of
existing lesions. When determined by CA-125 level, date of progres-
sion was defined as the first date of the initial CA-125 of greater than
or equal to two times the nadir value or upper limit of normal, as
applicable [17,18]. When a subsequent CT scan confirmed that the rise
in CA-125 indicated progression, the date of progression was defined
as the date of CA-125 rise. PFS was defined as the time interval from
date of surgery to the date of the documented first recurrence or
progression of disease. If there was no documented recurrence, PFS
was calculated from the date of surgery to the date of last follow-up or
death, whichever occurred first. OS was defined as the time interval
from date of surgery to the date of death or last follow-up. The
Kaplan-Meier method was used to estimate survival curves and
differences in survival were analyzed utilizing the log-rank test
[19,20].

Results

The median age of the 378 patient study cohort was 61 years.
Most patients had stage IIIC, grade 3, serous ovarian cancer. There
were no statistically significant differences between the two groups
in median age, primary disease site, tumor stage, tumor grade,

Table 1
Patient and tumor characteristics.
Variable Group 1 (n=168) Group 2 (n=210) P value
Median age (range) 60 yrs (25-85) 61 yrs (25-95) NS
Primary site of disease
Ovary 149 (89%) 181 (86%) NS
Peritoneum 14 (8%) 21 (10%)
Fallopian tube 5 (3%) 8 (4%)
Stage of disease
1IC 147 (88%) 174 (83%) NS
I\% 21 (12%) 36 (17%)
Tumor grade
1 3(2%) 7 (3%) NS
2 35 (21%) 23 (11%)
3 121 (72%) 164 (78%)
N/A 9 (5%) 16 (8%)
Histologic type
Serous 102 (61%) 181 (86%) <0.001
Endometrioid 32 (19%) 0 (0%)
Clear cell 11 (7%) 0 (0%)
Mixed 15 (9%) 16 (8%)
Other 8 (5%) 13 (6%)
Median preoperative 870 U/mL (7-16,200) 837 U/mL (18-20,888) NS

CA-125 (range)
Median preoperative
platelet count (range)

371 K/pL (128-243) 368 K/uL (113-788) NS

ASA class
I 13 (8%) 17 (8%) NS
1 104 (62%) 119 (57%)
1 31 (18%) 69 (33%)
N/A 20 (12%) 5 (2%)

NS, not significant; ASA, American Society of Anesthesiologists; N/A, not available.
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Table 2
Operative findings.
Variable Group 1 (n=168) Group 2 (n=210) P value
Location of largest mass
Pelvis 66 (39%) 76 (36%) NS
Omentum 85 (51%) 113 (54%)
Upper abdomen 6 (4%) 8 (4%)
Other 11 (6%) 13 (6%)
Size of largest mass (cm)
<5cm 22 (13%) 21 (10%) NS
5.1-10 cm 35 (21%) 46 (22%)
10.1-15 cm 43 (26%) 32 (15%)
15.1-20 cm 29 (17%) 42 (20%)
>20 cm 30 (18%) 65 (31%)
Ascites (mL)
None 31 (18%) 33 (16%) NS
1-500 39 (23%) 5(7%)
501-1000 19 (11%) 5 (26%)
1001-2000 14 (8%) 3 (16%)
2001-5000 30 (18%) 33 (16%)
>5000 17 (10%) 5 (7%)
N/A 18 (11%) 5 (26%)

NS, not significant; N/A, not available.

preoperative CA-125 levels, preoperative platelet counts, or Amer-
ican Society of Anesthesiologists class (Table 1). Based on the
modified histologic classification system used in the Group 2
patients, there was a significant difference between the two groups
in the percentage of patients with serous vs non-serous histology.
However, the changes in histologic classification did not have any
clinical impact as histologic type was not a significant prognostic
factor on univariate analysis of Group 1 patients, Group 2 patients,
or the entire study cohort (analysis not shown).

Intraoperative findings were similar between the two groups
with regard to the location of the largest mass identified, size of
the largest mass, the percentage of patients with ascites, and the
volume of ascites reported (Table 2). The majority of patients
underwent multiple cytoreductive procedures (Table 3). Two
patients in Group 1, not listed in Tables 3 and 4, had cholecystec-
tomies for cholelithiasis and not for cytoreductive purposes. None
of the other extensive upper abdominal procedures were per-
formed on any Group 1 patients compared to 38% of patients in
Group 2 (P<0.001).

The rate of optimal cytoreduction significantly increased from
46% (78/168) in Group 1 patients to 80% (167/210) in Group 2
patients (P<0.01) (Table 4). The percentage of patients left with no
grossly visible or palpable disease also increased from 11% in Group
1 to 27% in Group 2. Estimated blood loss was significantly higher
for the second group of patients, as was the operative time and the

Table 3
Cytoreductive procedures performed.

Procedures performed Group 1 (n=168) Group 2 (n=210)

Standard

Hysterectomy 129 (77%) 183 (87%)
USO/BSO 153 (91%) 184 (88%)
Omentectomy 135 (80%) 182 (87%)
Small bowel resection 6 (4%) 8 (4%)

Large bowel resection 0 (6%) 73 (35%)
Appendectomy 7 (10%) 37 (18%)
Pelvic lymph node dissection 1(7%) 59 (28%)
Para-aortic lymph node dissection 1 (7%) 47 (22%)

Extensive upper abdominal
Diaphragm peritonectomy/resection 0( 3
Splenectomy 0( 6
Distal pancreatectomy 0 (0%) 9
Liver resection 0( 3
Resection porta hepatis tumor 0( 1
Cholecystectomy (

USO, unilateral salpingo-oophorectomy; BSO, bilateral salpingo-oophorectomy.

Table 4
Surgical outcomes.
Variable Group 1 Group 2 P value
(n=168) (n=210)
Extensive upper abdominal procedure 0 (0%) 79 (38%) <0.001
Upper Abdominal Procedure(s)
Residual disease 19 (11%) 57 (27%) <0.001
None grossly visible
0.1-1 cm 59 (35%) 110 (52%)
>1 cm 90 (54%) 43 (20%)
Estimated blood loss (L)
<1 142 (85%) 136 (65%) <0.001
1-2 6 (10%) 43 (20%)
2-3 3(2%) 13 (6%)
>3 1(1%) 6 (3%)
N/A 6 (4%) 12 (6%)
Intraoperative units blood transfused Units Blood Transfused
None 134 (80%) 124 (59%) <0.001
1-2 20 (12%) 4 (21%)
3-4 6 (3%) 5 (12%)
>5 0 (0%) ( %)
N/A 8 (5%) 5 (2%)
Operative time (minutes)
<120 38 (23%) 15 (7%) <0.001
120-240 86 (51%) 86 (41%)
241-360 0 (12%) 63 (30%)
>360 5 (3%) 45 (21%)
N/A 19 (11%) 1(1%)
Major complications
Infectious 7 (4%) 21 (10%) 0.015
Gastrointestinal 3(2%) 8 (4%)
Hematologic 0 (0%) 5 (2%)
Cardiopulmonary 1 (0.6%) 4 (2%)
Thromboembolic 3 (2%) 3 (1%)
Systemic taxane-platinum chemotherapy Taxane-Platinum Chemotherapy
Initiated therapy NS
Completed >5 cycles 141 (84%) 184 (88%) NS
Intraperitoneal chemotherapy 70 (42%) 77 (37%) NS

after second-look surgery

N/A, not available; NS, not significant.

percentage of patients requiring intraoperative blood transfusions.
The rate of major perioperative complications was significantly
greater in Group 2 patients, with higher rates of infectious,
gastrointestinal, and hematologic morbidity. However, perioperative
mortality was similar (1 [0.6%] in Group 1 patients vs 2 [1%] in
Group 2 patients).

During the entire 9-year study period, our intent was to treat all
patients after primary surgery with 5-6 cycles of systemic taxane
and platinum-based chemotherapy. A similar percentage of patients
in both groups initiated and were able to complete 5 or more cycles
of taxane and platinum-based systemic chemotherapy (Table 4). In
both groups, patients were recorded as not having received 5 or
more cycles of this regimen due to the following: patient refusal,
incomplete chemotherapy records, change in regimen due to
progression of disease, and death prior to or during therapy. As
previously reported, those patients in a complete clinical remission
were offered second-look surgery and further cisplatin-based
intraperitoneal chemotherapy if no or minimal disease was found
at second look [21]. A similar percentage of patients in each group
received intraperitoneal chemotherapy after second-look surgery
(Table 4).

Median follow-up for surviving patients was 60 months for the
entire cohort, 92 months for Group 1, and 54 months for Group 2. Five-
year PFS and OS rates were significantly improved in the latter group
in which extensive upper abdominal procedures were utilized as
necessary. The 5-year PFS rates for Group 2 vs Group 1 patients were
31% vs 14%, respectively (hazard ratio [HR], 0.757; 95% CI, 0.601-
0.953; P=0.01) (Fig. 1A). Five-year OS rates for Group 2 vs Group 1
patients were 47% vs 35%, respectively (HR, 0.764; 95% Cl, 0.592-
0.987; P=0.03) (Fig. 1B). The median OS for Group 2 patients was
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Fig. 1. (A) Progression-free survival, 1996-1999 vs 2001-2004. (B) Overall survival, 1996-1999 vs 2001-2004.

54 months, which was significantly longer than the 43 month median
0S for Group 1 patients (P=0.03).

Discussion

Since the seminal work by Griffiths in 1975, numerous studies have
demonstrated the important prognostic significance of optimal
cytoreduction and minimal residual disease for advanced ovarian
carcinoma [4,7,22]. In the 1990s, Hoskins and the Gynecologic
Oncology Group (GOG) showed that suboptimal debulking, regardless
of the diameter of the residual disease, offered no survival benefit [23].
They reported that patients with stage IIl ovarian carcinoma with
<2 cm residual disease had a significant improvement in survival over
those patients left with >2 c¢m residual disease. However, there were
only 31 patients with residual disease between 1 and 2 cm in these
GOG studies.

We subsequently analyzed prognostic factors in 282 patients with
advanced ovarian carcinoma who had primary surgery at our
institution between 1987 and 1994. Only patient age, the presence

or absence of ascites, and size of residual disease were significant
prognostic factors [4]. We found no survival benefit to cytoreduction
unless <1 cmresidual disease could be attained. Unfortunately, during
this early time period, cytoreduction to this level of residual disease
was not the goal of every surgeon as some felt that a 2 cm cutoff was
sufficient [11,12]. Therefore, cytoreduction to <1 cm residual disease
was only attained in 25% of patients, with a median OS of 34 months
for the entire 282 patient cohort.

The concept of optimal cytoreduction rates and corresponding
survival outcomes was best illustrated in a meta-analysis by Bristow et
al. who analyzed the median survival of patient study cohorts as a
function of “maximal” or optimal cytoreduction rates [7]. They
evaluated 81 studies including 6995 patients with advanced ovarian
cancer treated during the platinum-based chemotherapy era. Their
analysis led to the development of a theoretical model that suggested
that each 10% increase in maximum or optimal cytoreduction rate
prolonged median cohort survival by 5.5%. More specifically, when
actuarial survival was estimated, centers with optimal cytoreduction
rates of <25% had a mean weighted median survival time of
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23 months, whereas cohorts with optimal cytoreduction rates of >75%
had a mean weighted median survival time of 34 months, an increase
of 50%.

In an attempt to improve our optimal cytoreduction rates, we
initially increased the radicality of our pelvic resections to include
removal of the rectosigmoid either separately or en bloc with the
uterus and adnexa [24]. However, numerous studies have shown that
optimal cytoreduction rates greater than 50% often require the
incorporation of a variety of extensive upper abdominal surgical
procedures [8-10]. Consequently, in 2001 our service instituted a
paradigm change by incorporating the use of extensive upper
abdominal surgery into our cytoreductive approach for advanced
ovarian, fallopian tube, and primary peritoneal carcinoma [13]. This
led to a significant improvement in our optimal cytoreduction rates.

However, the question that had remained unanswered was
whether or not the increased optimal cytoreduction rates truly
translated into improved survival, as predicted by the Bristow
model. This question was partially answered in an analysis of our
data performed by Eisenhauer et al. [25] In this study of all patients
with stage IIIC and IV ovarian carcinoma who had primary surgery at
our institution between 1998 and 2003, those patients who were
optimally cytoreduced with the utilization of extensive upper
abdominal surgery had improved survival compared to those who
had suboptimal cytoreduction. Moreover, the PFS and OS of those
patients who needed extensive upper abdominal procedures was
identical to that of those who had less tumor volume and were able to
be optimally cytoreduced with less-extensive surgery.

Critics of our approach include those who may suggest that the
improved outcomes of those patients who underwent extensive upper
abdominal surgery in the study by Eisenhauer et al. were merely a
function of “good tumor biology” in those patients, as opposed to good
surgical technique, which resulted in the ability to optimally
cytoreduce these patients [26,27]. To address the possibility of this
“Will Rogers” phenomenon of shifting patients from one group to
another without actually improving OS, we waited until we were able
to get long enough follow-up to do the present study. Since we
changed our chemotherapy approach in January 2005 to incorporate
intraperitoneal therapy into the primary regimen, we set our study
group period for that after the change in surgical paradigm in January
2001 until just before the change in chemotherapy paradigm in
January 2005. Given that the study period for the extensive surgery
group was a full 4 years, we then chose the control group to be the
immediate 4 years prior to our conversion to the new surgical
paradigm.

We feel that the study design was effective in that almost all
preoperative and intraoperative prognostic factors were similar
between the two groups. The only significant difference between
the two groups in these areas was in the histologic tumor subtypes. As
explained in the Methods section, however, we changed the criteria
for certain histologic classifications after 2001, and this accounts for
the difference rather than a change in patient referrals or selection for
surgery.

Our study does demonstrate that a more extensive surgical
approach is associated with longer operative times, increased blood
loss and transfusions, as well as higher morbidity. Mortality is not
increased, however, and most importantly, the change in surgical
paradigm while utilizing identical chemotherapeutic regimens trans-
lated into a significant improvement in PFS and OS. We feel these
results support the principle set forth in the meta-analysis by Bristow
et al. [7]. Fig. 2 demonstrates the improvement in overall survival for
patients with advanced ovarian cancer at our institution from 1987 to
2004. During those 18 years, primary management and chemotherapy
have been essentially the same except for the change in our surgical
approach as outlined in this study and the fact that many of the
patients treated between 1987 and 1994 did not receive paclitaxel as
part of their primary chemotherapy regimen[4]. However, most did
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Fig. 2. Median overall survival as a function of percent maximum or optimal
cytoreductive surgery. MSKCC survival 1987-2004 superimposed on model by Bristow
et al. (Modified with permission Bristow RE, Tomacruz RS, Armstrong DK, et al: Survival
effect of maximal cytoreductive surgery for advanced ovarian carcinoma during the
platinum era: a meta-analysis. ] Clin Oncol 20:1248-1259, 2002).

receive paclitaxel subsequent to their primary platinum-based
chemotherapy so based on the GOG study reported by Muggia et al.,
it is unclear if the overall survival for this early cohort would have
been significantly improved if paclitaxel had been included in the
primary regimen of all the patients during this early time period [28].
Nevertheless, the most likely reason for the difference in the survival
curve from our center compared to the curve from the Bristow meta-
analysis in Fig. 2 is that the meta-analysis included all studies that
used platinum-based chemotherapy, with many not utilizing taxanes
at all, whereas taxane and platinum-based chemotherapy has been
utilized at institution for most of the past 2 decades.

The change in our management paradigm toward a more
aggressive surgical approach is essentially the opposite to the change
made by Vergote et al. [29]. Pointing to an especially high complica-
tion rate and 6% mortality rate in patients undergoing primary
cytoreduction from 1980 to 1988, they changed their approach to
incorporate primary or “neoadjuvant” chemotherapy in 43% of
patients treated in the latter time period of 1989-1997. They reported
a statistically significant improvement in OS for the latter group.
However, the two groups received significantly different chemother-
apy regimens. No patient in the earlier primary cytoreductive cohort
received combination taxane and platinum-based therapy, 5% were
treated with radiation therapy, and 19% received no treatment at all. In
the latter cohort, 20% of patients received combination taxane and
platinum-based chemotherapy and 3% of patients received no
treatment. Furthermore, median OS for both groups was less than
36 months, which is inferior to contemporary studies [2,3,5].

While studies such as this one by Vergote et al. and others do
demonstrate decreased morbidity with neoadjuvant chemotherapy,
none of the studies advocating this approach have reported the
prolonged median survivals of more than 60 months that have been
consistently reported in patient cohorts undergoing primary optimal
cytoreduction [2,3,6]. A recent meta-analysis of all neoadjuvant
chemotherapy studies from 1989 to 2005 suggested that there may
be an inverse relationship between the number of cycles of
neoadjuvant chemotherapy and OS [30].

The strengths of our study are the homogeneity of the patient
populations studied and the consistent management approaches
separated only by time period and differing only in surgical
approach. The weaknesses are that the study is retrospective and
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the management approaches after primary therapy were not
controlled. However, even in prospective phase Il primary che-
motherapy trials, the management after primary therapy is not
controlled [2,3]. Furthermore, our management approaches regarding
consolidation therapy, persistent disease, and tumor relapse did not
undergo significant change during the study period, so it is unlikely
that the management after primary therapy had any impact on the
different survival outcomes between the two groups [21,31-33].
While one could make the argument that better salvage chemo-
therapy was available and used in the more recent time period, the
improved PFS refutes this notion and supports the premise that the
11 month improvement in median OS was a result of the change in
surgical paradigm and not any other factor.

In summary, this study demonstrates that the incorporation of
extensive upper abdominal surgery into the operative strategy can
lead to a significant increase in optimal cytoreduction rates and
consequent improved PFS and OS for advanced ovarian, tubal, and
peritoneal carcinoma. We feel that the significant improvement in PFS
and OS seen in our study justifies the recommendation that surgeons
operating in this setting should consider using these upper abdominal
procedures when necessary or have a surgical consultant available
who is trained to do these procedures as indicated. Furthermore,
minimizing intraperitoneal disease is critical for optimizing outcomes
given the findings of GOG 172 and the subsequent recommendation
by the National Cancer Institute to consider primary intraperitoneal
chemotherapy as standard therapy for those patients who have <1 cm
residual disease [3,34].
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