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Abstract While there is an ongoing debate regarding the
timing of the maximal surgical effort in epithelial ovarian
cancer, it is well established that patients with suboptimal
tumor debulking derive no benefit from the surgical proce-
dure. The amount of residual disease after cytoreductive sur-
gery has been repeatedly identified as a strong predictor of
survival, and accordingly, the surgical effort to achieve the
goal of complete gross tumor resection has been constantly
evolving. Centers that have adopted the concept of radical
surgery in patients with advanced ovarian cancer have report-
ed improvements in their patients’ survival. In addition to the
expected improvements in the pharmacologic treatment of this
disease, some of the next challenges in the surgical manage-
ment of ovarian cancer include the preoperative prediction of
suboptimal debulking, improving the drug delivery to the tu-
mor, and increasing access to centers of excellence in ovarian
cancer regardless of geographical, financial, or other social

barriers. This review will discuss an update on the role of
surgery in the treatment of primary epithelial ovarian cancer
as it has evolved since the emergence of the concept of surgi-
cal cytoreduction.
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Introduction

Ovarian cancer is the second most common gynecological
malignancy in the USA and the most deadly with an estimated
21,980 new cases and 14,270 deaths in 2014 [1]. The current
standard of care for advanced ovarian cancer is a combination
of cytoreductive surgery and platinum-based chemotherapy
[2]. The amount of residual disease after cytoreductive surgery
has been repeatedly identified as a strong predictor of survival,
and accordingly, the surgical effort to achieve the goal of
complete gross tumor resection has been constantly evolving
[3]. Notwithstanding the ongoing debate regarding the timing
of the maximal surgical effort (primary vs following neoadju-
vant chemotherapy), the goal of cytoreductive surgery re-
mains the same [4]. This review will discuss the role of sur-
gery in the treatment of primary epithelial ovarian cancer as it
has evolved since the emergence of the concept of surgical
cytoreduction [5].

Concept and Evidence

The theoretical benefits of debulking surgery include removal
of poorly vascularized tumor where chemotherapeutic agents
have poor access as well as the removal of chemoresistant
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clones leaving behind smaller residual implants with a higher
growth fraction which are more susceptible to chemotherapy
[6].

Following the seminal report by Griffiths in 1975 [5],
overwhelming evidence from multiple institutional retro-
spective series and pooled data from prospective random-
ized chemotherapy trials have confirmed the role of
cytoreductive surgery in prolonging survival, and the goal
of surgery has evolved from optimal tumor residual of
<2 cm to a goal of no gross residual disease [7–17]. In
the EORTC randomized controlled trial comparing neoad-
juvant chemotherapy vs primary surgery, complete gross
resection of all macroscopic disease was the strongest in-
dependent variable in predicting overall survival, whether
the surgery was performed primarily or following neoad-
juvant chemotherapy [4].

As the concept of cytoreduction became widely accept-
ed, the extent of surgery required to achieve the desired
goal increased accordingly. A legitimate question ad-
dressed whether the morbidity and to a lesser degree the
mortality associated with major debulking procedures in
patients with extensive intra-abdominal disease, negated
the benefit hoped for with surgical cytoreduction. Com-
monly advanced arguments in that regard question wheth-
er the potentially debilitated state of some of those pa-
tients will lead to a delay in receiving adjuvant chemo-
therapy and consequently lead to a worse outcome that
could be attributed to the detrimental effect of surgery
[18, 19]. However, in the reported institutional series,
the morbidity associated with major debulking procedures
was not associated with a decrease in survival, and it has
been a constant finding that institutions that adopted a
paradigm shift in their surgical philosophy have observed
an improvement in the survival of their patients [10, 16,
20].

Radical Surgery

The extent of surgery performed at the time of primary
cytoreductive surgery depends on the location and extent of
disease, surgeon and medical center expertise, and the pa-
tient’s general condition and comorbidities. The rate of opti-
mal cytoreduction in different national and international cen-
ters ranges from less than 25 % to more than 75 % [7]. His-
torically, disease in the upper abdomen (the diaphragm, liver,
and porta hepatis, spleen), rectosigmoid, and extra-abdominal
disease were regarded as unresectable disease. However, cur-
rent surgical practice has demonstrated that, in appropriately
selected patients [21], most of these disease locations are ame-
nable to cytoreduction with an associated improvement in
patient outcomes, and with manageable patient morbidity
[21, 22].

Colon and Small Intestine

Tumor implants involving the intestinal serosa superficially or
the small intestine mesentery focally can be readily excised or
ablated. However, when the tumor penetrates deeper in the
intestinal wall, or in cases of diffuse infiltration of the mesen-
tery, intestinal resection becomes necessary. Intestinal resec-
tion is one of the most common procedures required to remove
bulky disease in advanced ovarian cancer and is performed in
up to 50 % of optimal cytoreductive operations [23].

The rectosigmoid colon is the intestinal segment most fre-
quently resected during cytoreductive surgery as it is com-
monly involved in advanced ovarian cancer. Bulky disease
involving the cul-de-sac and/or rectosigmoid commonly re-
quires modified posterior pelvic exenteration or an en-bloc
resection of the uterus, adnexa, pelvic peritoneum, and
rectosigmoid.

The distal ileum and cecum are another part of the intes-
tines that are commonly affected, given their proximity to the
right ovary. When involved, these can be resected en-bloc
with the pelvic tumor or separately as deemed appropriate.
The extent of resection of the ascending colon will depend
on the location of disease and will range from a limited ilio-
cecectomy to an extended right hemicolectomy.

Involvement of the transverse colon is typically due to
bulky omental metastasis extending into the transverse colon
itself and/or its mesentery. In the majority of cases of omental
caking, a plane can be identified between the transverse colon
and the omentum, avoiding the need for a transverse colon
resection. However, at times, resection of the omentum en
bloc with the transverse colon is necessary. Occasionally, ex-
tensive disease may involve the splenic hilum and tail of pan-
creas which necessitates an associated splenectomy and distal
pancreatectomy. In case of extensive involvement of the entire
colon, extended left colectomies and subtotal and total
colectomies have also been described with acceptable results
[24, 25].

When the small intestine is involved, segmental resections
can be performed with low associated morbidity. Occasional-
ly, extensive involvement of the mesentery of the small intes-
tine may lead to aborting the cytoreductive procedure if the
segment of small intestine to be resected will be large enough
to lead to a short bowel syndrome.

Several reports have shown that intestinal resection at the
time of cytoreductive surgery for advanced ovarian cancer
facilitates optimal cytoreduction and improves survival with
an acceptable complication rate [26–31]. The need to perform
more than one intestinal resection to achieve optimal
cytoreduction does not adversely affect patients’ survival
and should not be viewed as an indication to abort the
cytoreductive effort [32]. The reported rate of anastomotic
leak associated with rectosigmoid resection ranged between
0.8 and 6.8 % in different series. Recent data from the Mayo

16 Page 2 of 6 Curr Oncol Rep (2015) 17: 16



clinic indicate an increased risk of anastomotic leak associated
with the performance of multiple large bowel resections [33].
This complication may lead to a delay in the start of chemo-
therapy and may be associated with decreased survival [33].
Placement of a routine protective ostomy is not recommended
routinely, however may be considered in circumstances
known to be associated with a higher rate of anastomotic
complications (multiple large bowel resections, previous radi-
ation, very low anastomosis) [33].

Upper Abdomen

In advanced ovarian cancer, tumor spread to the upper abdo-
men may involve, in different combinations for a given pa-
tient, the diaphragm (uni or bilaterally, superficially or involv-
ing the full thickness), the spleen and distal pancreas, the
lesser sac, the liver (capsule or parenchyma), the gallbladder,
the porta hepatis, the stomach, and the peritoneal surfaces
surrounding all these areas. Upper abdominal disease is asso-
ciated with a worse prognosis when compared to patients with
disease limited to the pelvis [34].

Tumor spread to the upper abdomen was considered for a
significant period of time as nonresectable disease and an
indication for neoadjuvant chemotherapy. It is still a primary
reason for suboptimal debulking in many contemporary cen-
ters. One reasonable explanation for this is that resection of
disease in the upper abdomen requires surgical skills that are
not part of the standard gynecologic oncology procedures, and
multidisciplinary teams with special interest and expertise in
oncologic surgery are essential. What may appear as over-
whelming disease to the surgeon (regardless of specialty) with
little exposure to ovarian cancer surgery (or other peritoneal
surface malignancy surgery) may actually constitute a rela-
tively common primary debulking case for the experienced
team. Another commonly advanced argument for avoiding
the resection of disease in the upper abdomen is that the mor-
bidity associated with upper abdominal procedures as part of a
cytoreduction surgery is likely to outweigh the benefits of an
optimal or complete tumor resection. However, centers with
interest and expertise in the surgical treatment of advanced
ovarian cancer have expanded the frontier of primary
debulking to the upper abdomen and provided evidence over
the last decade from their single institutional experiences
about the feasibility, the morbidity, and survival advantage
associated with tumor debulking in the upper abdomen.

Common upper abdominal procedures performed for sur-
gical cytoreduction include diaphragm peritonectomy or full-
thickness resection, splenectomy with or without distal pan-
createctomy, cholecystectomy, and resection of parenchymal
liver disease and porta hepatis disease [35–39]. Once it was
shown that resection of disease in these areas was surgically
feasible, ensuing data demonstrated that although the morbid-
ity associated with these procedures was significant (up to

22 %), a survival advantage was observed when compared
to patients with suboptimal debulking. In the Memorial
Sloan-Kettering series, patients with bulky upper abdominal
disease who underwent optimal cytoreduction had a 28 %
decreased risk of relapse and a 33 % decreased risk of death
compared to patients who underwent suboptimal
cytoreduction [22, 40, 41].

Chest

When advanced ovarian cancer spreads to the chest, it is most
commonly identified on preoperative imaging as either en-
larged mediastinal nodes or as pleural effusions with or with-
out associated pleural tumor implants. Video-assisted thoracic
surgery (VATS) performs better than CT for evaluating pleural
tumor implants.Macroscopic pleural disease was identified by
VATS in 50–69 % of patients with a moderate to large pleural
effusion of which 33–73 % had lesions >1 cm. Even among
patients with cytology negative pleural effusion, 36 % were
found to have macroscopic disease [42–46]. Presence of mod-
erate to large pleural effusion on imaging is independently
associated with poorer overall survival in advanced ovarian
cancer. Even for optimally cytoreduced patients, the median
survival was lower for patients with stage IV cytology proven
malignant pleural effusion as compared to stage III [47, 48]. In
addition to its diagnostic role, VATS can be used to resect
pleural and mediastinal disease. Another surgical approach
involves transdiaphragmatic resection of pleural and medias-
tinal disease during an abdominal debulking procedure.

The effect of intrathoracic debulking on patient survival is
unknown at this time [44]. The feasibility of intrathoracic
debulking is counterbalanced by the argument that ovarian
cancer recurrences in the chest uncommonly occur in isolation
and are rarely a cause of patients’ death [49, 50]. At this time,
and until additional data is available, an acceptable approach
involves performing a VATS on all patients with moderate to
large pleural effusions. In case unresectable gross disease is
identified in the chest, the patient is referred for neoadjuvant
chemotherapy. In the presence of disease amenable to surgical
resection, intrathoracic debulking is done, followed by intra-
abdominal debulking either during the same surgery or at a
different time, depending on the amount of disease in the chest
and in the abdomen and the overall condition of the patient
[44].

Moving Forward

In the last decade, the experience of many centers has been
published demonstrating that surgical removal of all gross
disease is feasible in the majority of cases, regardless of the
initial tumor burden.
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It is hoped that the identification of new pharmacologic
agents will be able at some point to eradicate more permanent-
ly residual microscopic disease and provide prolonged sur-
vivals and ultimately cure from this disease. Concurrently,
additional advances in the surgical management of ovarian
cancer are hoped to contribute to an improvement in outcomes
of patients with advanced disease.

Predicting Suboptimal Debulking

Patients with suboptimal tumor debulking derive no ben-
efit from the surgical procedure and are only exposed to
its complications. Predicting which patients are likely to
have an unresectable tumor will allow the timely referral
of these patients to neoadjuvant chemotherapy and will
avoid the potential complications of an unnecessary sur-
gery. Preoperative imaging, tumor markers, and laparo-
scopic scores have been used in different combinations
in the past [51•]. No reproducible and reliable model has
been uniformly validated and adopted. A recently pub-
lished prospective multicenter trial evaluating the combi-
nation of preoperative CT and serum CA-125 has identi-
fied three clinical and six radiologic predictive variables
which were used to create a mathematical model that can
predict the probability of suboptimal debulking [51•].
Despite the potential utility of this model, no universal
threshold can be recommended at this time for which to
mandate direct referral to neoadjuvant chemotherapy, as
this will depend on the individual surgeon and the con-
text in which he practices.

Improving Drug Delivery to the Tumor: Hyperthermic
Intraperitoneal Chemotherapry (HIPEC)

Intraperitoneal chemotherapy has been part of the stan-
dard recommended adjuvant chemotherapy regimen in
patients with optimal or complete cytoreduction of ad-
vanced ovarian cancer, since the publication of the re-
sults of GOG 172 in 2006 [2]. Preclinical models have
also demonstrated that hyperthermia is tumoricidal and
can increase the cytotoxic effect of many chemotherapy
agents [52–54]. The rationale for HIPEC is therefore to
combine the local delivery of the drug with hyperthermia
in order to improve outcomes. HIPEC is administered in
the operating room at the end of the cytoreductive pro-
cedure. The intraoperative administration allows to over-
come the technical difficulties encountered in the outpa-
tient setting related to port malfunction or secondary to
the formation of abdominal adhesions preventing the uni-
form distribution of the drug. Although multiple mostly
single institution experiences have been published [55], it
is important to evaluate this modality through prospec-
tive rigorous clinical trials [56•]. At this time, there is no

prospective data demonstrating and quantifying the clin-
ical benefit of this treatment modality, or the optimal
agents and doses to use, whether in the primary or the
recurrent setting [54]. The results of several ongoing tri-
als are awaited to answer these questions.

Access to Care

As discussed above, the cornerstone of management of
ovarian cancer involves the combination of a maximal
surgical effort and combination chemotherapy that in-
cludes an intraperitoneal component when appropriate.
Both components require a high level of expertise and
can only be provided in centers with the appropriate
surgical, medical, and nursing resources. At the same
time that new drugs and drug delivery options continue
to be developed, it is important to ensure that all patients
with ovarian cancer can overcome geographical, social,
and economical barriers to have access to the current
standard treatment modalities that have been shown to
provide improved outcomes [57••]. As proposed by
Bristow et al., in the USA, transplant surgery offers a
template on how regionalization of care can create a
model where care is only provided by approved centers.
The adoption of a similar centralized system for ovarian
cancer will likely be associated with a more efficient
delivery of the appropriate care, a more efficient process
to enroll patients in clinical trials, and ultimately, this
would translate into improved outcomes.

Conclusion

Primary debulking surgery followed by adjuvant chemother-
apy is the cornerstone for the management of advanced ovar-
ian cancer. Once the decision has been made to perform
cytoreductive surgery, the goal of cytoreductive surgery
should be to achieve maximal cytoreduction, as each incre-
mental decrease in residual disease below 1 cm is associated
with an incremental improvement in overall survival. Howev-
er, an aggressive surgical approach may result in increased
morbidity, which may have a negative impact on the oncolog-
ic outcome. Patients with poor performance status and
unresectable disease are candidates for neoadjuvant chemo-
therapy. Currently, there are no uniformly validated and ac-
cepted preoperative selection criteria for immediate referral to
neoadjuvant chemotherapy as compared to surgical explora-
tion. Current practices vary depending on the individual sur-
geon and the context in which he practices. A promising new
strategy is the combination of maximal cytoreductive effort
and HIPEC. Access to care in centers of excellence in ovarian
cancer for all patients with ovarian cancer should be a priority
for national organizations.
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