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Objective: The surgery performed on patients with abdominal or
pelvic malignancy has a profound effect on the natural history of
that disease process. In this manuscript we examine the impact of
hysterectomy performed in patients with ovarian cancer. Methods:
Two assessment tools were reviewed to quantitate the changes in-
duced by hysterectomy on the patterns of recurrence. The prior sur-
gical score (PSS) correlates the survival of patients with the extent
of surgery that was performed prior to cytoreductive surgery (CRS).
Also, an assessment of anatomic sites of disease documented at the
time of CRS for recurrent ovarian cancer determined the extent of tu-
mor cell entrapment (TCE) at sites of surgical trauma. Results: Pa-
tients with recurrence of ovarian malignancy who had a CRS plus hy-
perthermic intraperitoneal chemotherapy (HIPEC) showed a statis-
tically significant reduced survival if they had a high PSS. The data
from TCE assessment showed that the sites of surgical trauma that
occurred with hysterectomy performed for treatment of the primary
ovarian cancer was associated with disease within the abdominal in-
cision, laparoscopy port sites, and the resection site for hysterectomy.
Conclusions: Hysterectomy performed in patients with stage 3 ovarian
malignancy who have large numbers of free cancer cells within the
abdominal and pelvic space had a profound effect upon the natural
history of this malignancy as determined by PSS and an assessment
of anatomic sites of TCE. HIPEC was suggested as a treatment to re-
duce the reimplantation of cancer cells at sites of surgical trauma fol-
lowing hysterectomy.
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1. Introduction
Ovarian cancer is the seventh most common cancer in the

world and the leading cause of death from gynecologic malig-
nancy in the United States and Europe [1]. The highest inci-
dence of disease is in Caucasian women in the United States
and Northern part of Europe [2]. In 90% of patients the his-
tologic type is epithelial ovarian cancer. The most aggressive
epithelial ovarian cancer is the serous carcinoma present in
70% of patients. In a great majority of patients (80%), pa-
tients have peritoneal metastases at the time of first diagnosis
[3]. The initial management of most patients concerns the
treatment of the peritoneal dissemination.

In order to knowledgeable plan a treatment for ovarian
cancer the oncologist must understand the natural history of
this disease. A brief summary of the progression of a FIGO
(The International Federation of Gynecology and Obstetrics)
stage 3 ovarian cancer is as follows: After cancer cells from
the Fallopian tube leave the fimbriated end of the Fallopian
tube they implant on the surface of the ovary. Those trans-
formed cells that fail to stick to the surface of the ovary may
find other places within the abdomen or pelvis to progress
[4]. This focus of cancer on the surface of the ovary can
now progress with its blood supply coming from the ovar-
ian parenchyma. As the cancer implant progresses an ovar-
ian mass forms. The epithelial cells from this mass are free
to metastasize to the parietal and visceral peritoneal surfaces
[5, 6]. The distribution of ovarian cancer cells initially fol-
lows the flow of peritoneal fluid up the right paracolic sulcus
to the right retrohepatic space and undersurface of the right
hemidiaphragm [7]. The flow of fluid is largely in a clock-
wise direction. Cells free in the peritoneal space are phago-
cytized by the immune cells in the greater and lesser omen-
tum. Cells from the cancerous ovary also frequently implant
on the opposite ovary. By gravity, cancer cells drop into the
pelvis and progress on parietal pelvic peritoneum and visceral
peritoneum of the rectosigmoid colon [8].

Unfortunately, it is late in the natural history of ovarian
cancer when symptoms of abdominal pain, abdominal full-
ness from ascites, constipation, and urinary frequency from
bladder compression are first reported by the patient. Be-
cause the symptoms are non-specific, they are often ignored
for several months prior to seeking medical attention. In
a great majority of ovarian cancer patients, it is late in the
natural history of the disease that the gynecologic surgeon
is asked to perform a resection in order to initiate poten-
tially curative treatments. The surgery is almost without ex-
ception hysterectomy and bilateral salpingo-oophorectomy.
This surgery does establish the disease process and provide
valuable staging information. However, amajor question sel-
dom asked in women with ovarian cancer, “Does the hys-
terectomy have a positive or negative effect on the outcome
of the complete treatment strategy?” The surgery has become
an intrinsic part of the natural history of ovarian cancer.
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1.1 What is tumor cell entrapment (TCE)?
Cancer cells can find access to the peritoneal spaces prior

to or at the time of an ovarian cancer resection. If the ab-
domen and pelvis is not known to be contaminated by cancer
cells, great care must be taken to prevent spillage with the
trauma of cancer resection. Cancers at the extreme ends of
the abdominal and pelvic cavity, for example gastric cancer
and rectal cancer, are at great risk for this type of neoplas-
tic contamination of the peritoneal spaces by the trauma of
surgery [9]. Likewise, for the unusual ovarian cancer diag-
nosed prior to peritoneal seeding, great care must be taken to
prevent the spillage of malignant cells. For the great majority
of ovarian cancer patients, the abdominal and pelvic spaces
are teeming with cancer cells and implants are already estab-
lished on peritoneal surfaces as peritonealmetastases. For the
great majority of ovarian cancers, the problem with surgery
is not so much spillage as it is entrapment. What happens
to the peritoneal metastases as a result of hysterectomy and
bilateral salpingo-oophorectomy?

The extensive surfaces within the peritoneal space (and
also within the bloodstream) can be categorized as metastat-
ically efficient or inefficient. There are definitely preferen-
tial sites for cancer cells to adhere, become vascularized and
grow into visible nodules of metastatic cancer. It is well doc-
umented that sites of surgical trauma are highly metastati-
cally efficient [10]. The traumatized anatomic site presents
a “sticky surface” for the free cancer cell floating within the
peritoneal fluid or within vascular channels. Accumulation
of cancer cells at surgically traumatized cancer sites is tumor
cell entrapment (TCE) [11].

Fares et al. [12] reviewed the principles of hematoge-
nous metastases. Free floating cancer cells within the blood-
stream or within the coelomic spaces must settle at a partic-
ular anatomic site and then colonize. There are specific re-
quirements of the cancer cell and the microenvironment in
which the adherence occurs for the metastatic process to be
successful.

In a series of reports on intraperitoneal immunotherapy
in the experimental animal, Eggermont and coworkers found
that a wounded site was a favored site for tumor progression.
Tumor growth was always greatest within sites of surgical
trauma. These investigators concluded that there was an en-
hanced local-region tumor progression as a result of a laparo-
tomy [13]. More recently, Ceelen and coworkers have stud-
ied the microenvironment of the sites for cancer cell adher-
ence and then progression to a vascularized implant [14].

1.2 How has tumor cell entrapment (TCE) been demonstrated in
ovarian cancer?

It has been assumed the hysterectomy and bilateral
salpingo-oophorectomy plus partial greater omentectomy is
always a beneficial treatment of FIGO stage III ovarian cancer
patients. It provides a firm diagnosis and provides valuable
staging information. However, as part of the natural history
of the disease and its continued progression within the ab-
domen and pelvis, is this intervention consistently of benefit

for long-term survival? The prior surgical score (PSS) gives
us valuable information concerning the effects of surgery on
the natural history of an abdominal or pelvic cancer [15]. The
PSS is an assessment of the extent of dissection and resec-
tion that has occurred in the past. It is quantitated within
9 abdominal-pelvic regions (Fig. 1). A PSS of 0 indicates
that prior interventions were limited to percutaneous biopsy
or laparoscopy. A PSS of 1 indicates a single region was
dissected, as in an oophorectomy or a limited exploratory
laparotomy. A PSS of 2 indicates that 2–5 regions have
been dissected, as in a hysterectomy and bilateral salpingo-
oophorectomy and partial greater omentectomy. A PSS of 3
indicates over 5 of the 9 regions were dissected. A PSS of 3
indicates a prior cytoreductive or debulking procedure.

Fig. 1. Abdominopelvic regions used to determine the prior surgical
score (PSS). Two transverse planes and two sagittal planes are used to divide
the abdomen into 9 abdominopelvic regions (AR-0 through AR-8). The
upper transverse plane is located at the lowest aspect of the costal margin.
The lower transverse plane is placed at the anterior superior iliac spine. The
sagittal planes divide the abdomen into three equal sectors. These lines de-
fine 9 regions, which are numbered in a clockwise direction with 0 at the
umbilicus and 1 defining the space beneath the right hemidiaphragm (From
reference [15] with permission).
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Look and coworkers determined the impact of PSS on the
survival of patients undergoing reoperative surgery for ovar-
ian cancer [16]. These data regarding PSS were recorded on
28 patients having a cytoreductive surgery for recurrent ovar-
ian cancer. Ten patients had a PSS of 0 or 1 and 18 had a score
of 2 or 3. The survival was markedly reduced in patients hav-
ing the high PSS (p< 0.001). These data suggested that some-
thing about the natural history of ovarian cancer had changed
as a result of the extensive prior surgery. The extensive prior
surgery made a favorable result with a reoperation much less
likely (Fig. 2, Ref. [16]).

Fig. 2. Survival of 28 patients having cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy for recurrent ovarian
cancer by prior surgical score (From reference [16] with permission).

In order to further investigate the impact of hysterectomy
on the patterns of spread of ovarian cancer, we prospectively
catalogued the anatomic sites of ovarian cancer at the time of
cytoreduction for recurrent disease [17]. There were 20 pa-
tients all of whom had a hysterectomy and bilateral salpingo-
oophorectomy. Most also had a partial greater omentectomy
and limited para-aortic and pelvic lymph node dissection.
Disease encountered at the time of reoperative surgery was
prospectively scored in 23 different anatomic sites. As might
be expected, themost common site for recurrent/progressive
ovarian cancer was the undersurface of the right hemidi-
aphragm (70%). Next most common site was residual disease
in the greater omentum, usually around the spleen and sup-
plied by the short gastric vessels (65%). The abdominal inci-
sion or laparoscopy port sites were involved in 55%. The re-
mainder of the high incidence sites of recurrent disease were
within the hysterectomy site and in the abdominopelvic re-
gions 5, 6 and 7. The rectosigmoid colon was seeded in 65%
of patients, bladder, mid-right ureter, and apex of vagina in
50%, left pelvic sidewall in 40%, right pelvic sidewall in 35%,
distal left ureter in 50% and distal right ureter in 35% (Ta-
ble 1, Ref. [17]). In these patients having surgery for recur-
rent ovarian cancer, the abdominopelvic regions 5, 6 and 7
should be cleared of ovarian cancer at the time of hysterec-

Table 1. Sites of ovarian cancer progression in 20 patients
following hysterectomy for primary disease at the time of
reoperation for recurrent disease (From reference [17] with

permission).
Anatomic site Number (%)

Undersurface right hemidiaphragm 14 70
Greater omentum 13 65
Abdominal incision/laparoscopy port site 11 55*
Rectosigmoid colon 13 65
Visceral surface of bladder 10 50*
Mid-right ureter 10 50
Apex of vagina 10 50*
Left pelvic sidewall 8 40*
Right pelvic sidewall 7 35*
Distal left ureter 10 50*
Distal right ureter 7 35*

*indicates tumor cell entrapment.

tomy. Yet they were layered by recurrent cancer in a large
number of patients. What is the explanation for these obser-
vations of enhanced cancer progression in the pelvis?

The best explanation for this extensive disease in areas
previously dissected free of cancer is TCE. Free intraperi-
toneal cancer cells at the time of surgery or shortly there-
after settle by pull of gravity into the surgically traumatized
pelvic tissues. They become entrapped within blood, fibrin
exudate and the irregular tissue surfaces. They become estab-
lished implants at these crucial anatomic sites (abdominal and
pelvic regions 5, 6 and 7). These are the anatomic sites in and
around vital structures such as the rectosigmoid colon, blad-
der and distal ureters that may cause severe disruption of gas-
trointestinal or urinary tract function and rapid demise of the
patient. These are also the anatomic sites that cause great dif-
ficulty in attempting a complete cytoreduction as illustrated
by the data of Look et al. [16]. The metastatic efficiency of
surgically traumatized tissue explains the TCE phenomenon.

1.3 Prevention of tumor cell entrapment (TCE)

These data and the concepts they generate have implica-
tions for the surgical management of ovarian cancer. The
routine surgical intervention for stage III ovarian cancer
may not always require hysterectomy and bilateral salpingo-
oophorectomy. This resection results in a large number of
cancer cells to be trapped at the hysterectomy site by TCE. Of
course, the Fallopian tubes, cancerous ovary and contralateral
tube and ovary should be resected. Also, the greater omen-
tum can be debulked if this results in a significant reduction
in tumormass and therefore a reduction in recurrence of ma-
lignant ascites. A limited bilateral salpingo-oophorectomy is
greatly facilitated by modern mechanical hemostatic devices.
Salpingo-oophorectomy alone will result in a PSS of 1 and
minimal TCE. In summary, if a large extent of ovarian can-
cer remains in the upper abdomen, the same extent of disease
should be tolerated in abdominal and pelvic spaces 5, 6 and 7
and hysterectomy may not be indicated.
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Of course, there are many clinical situations in which hys-
terectomy is indicated. If there is a large accumulation of tu-
mor in the pelvis and this mass of disease will prevent a com-
plete cytoreduction, then hysterectomy is necessary. How-
ever, it should only be removed if the abdomen including
right and left subphrenic spaces and omental bursa are cleared
of ovarian cancer by visual inspection. Hysterectomy is ex-
pected to be of benefit if it is part of a complete cytoreduction.
If the debulking leaves residual disease within the abdomen,
hysterectomy may not be of benefit and by TCE will cause
harm.

1.4 Complete cytoreduction is an indication for hysterectomy and
for HIPEC

When a complete cytoreduction is performed the num-
ber of free cancer cells to implant by TCE will be greatly
reduced but not absent. To further reduce the number of
free intraperitoneal cancer cells hyperthermic intraperitoneal
chemotherapy (HIPEC) is indicated. The benefit to the pa-
tient of having HIPEC has been demonstrated at the time of
interval resection in a randomized controlled trial by Van
Driel et al. [18]. Its utility with cytoreductive surgery for
recurrent ovarian cancer was demonstrated in a randomized
controlled trial by Spiliotis [19]. It is my opinion that the
survival advantage shown decisively by these two trials was
related to a reduction in TCE by HIPEC. If the HIPEC were
totally effective one would expect these randomized trials to
show a more robust survival benefit. A more reliable HIPEC
to eradicate TCE after hysterectomy is needed.

1.5 Occult ovarian cancer on the uterus as a rationale for
hysterectomy

A second clinical situation in which the number of free
ovarian cancer cells are greatly reduced, even absent, occurs
with a complete or near complete response to neoadjuvant
chemotherapy. This is expected in approximately 50% of pa-
tients treatedwith neoadjuvant chemotherapywho then have
interval cytoreductive surgery. The surgeon can often recog-
nize anatomic sites thatwere initially grossly involved by can-
cer but at surgery have no visible evidence of disease. Cryo-
stat sections are rarely definitive regarding the presence ver-
sus absence of microscopic disease. The dilemma that faces
that surgeon concernswhich anatomic sites have experienced
a complete and durable response and which sites have had a
near complete response and will recur. Currently, there is
no easy answer to this dilemma. However, the same prin-
ciples that guide the surgeon to preserve the uterus with an
incomplete debulking versus hysterectomy to achieve a com-
plete cytoreduction should operate. If removal of residual tu-
mor from the undersurface of the diaphragm, from the gas-
trohepatic ligament and from visceral peritoneum is thought
necessary, then hysterectomy, pelvic peritonectomy and rec-
tosigmoidectomy should occur. If the chemically cytoreduced
tissues beneath the hemidiaphragm and within the abdomen
do not receive further surgery, then the uterus need not be
resected.

In some patients the response to chemotherapy is thought

to be complete at all site throughout the abdomen and pelvis
except for a large persistent ovarian cancer invading the
uterus. With disease controlled at other sites the hysterec-
tomy and oophorectomy need to be performed in these pa-
tients with persistent disease at the primary cancer site.

The surgeon’s dilemma of possible occult disease on the
uterus was directly studied by Chitrathara and colleagues in
the manuscript entitled, “Is hysterectomy needed in ovarian
cancer?” They present 128 ovarian cancer patients who had
hysterectomy [20]. Fifty-four percent of patients were given
neoadjuvant chemotherapy and 46% had upfront surgery.
The extent of visible involvement of the uterus was corre-
lated with careful microscopic examination of the resected
specimen. The uterus was involved by visual inspection in 19
patients and by microscopic evaluation in 20. They conclude
that in patients with neoadjuvant chemotherapy or patients
with upfront surgery, an absence of gross uterine involve-
ment reliably predicts the absence of microscopic disease.

1.6 Synchronous endometrioid and ovarian cancer

Invasive endometrial cancer and ovarian cancer coexist
in approximately 10% of women with a diagnosis of ovar-
ian cancer [21]. These two sites for cancer may represent
metastatic disease from either the uterus or the ovary but re-
cent studies suggest two distinct primary sites [22]. These
tumors occur in the perimenopausal age and usually are of a
large size. They rarely show a pattern of transcoelomic spread
along peritoneal surfaces as is seen with serous cancer. The
Zaino et al. [21] data showed an excellent prognosis with 85%
of patients free of disease at 5 years and 80% surviving at 10
years. Endometriosis is present in the ipsilateral or contralat-
eral ovary in 20% of patients.

The coexistence of a cancer within the uterus in patients
with ovarian cancer has been provided as a rationale for hys-
terectomy in all patients. However, the different natural his-
tory of the endometrioid cancer should be recognized [22].
Rarely does this histopathologic type of cancer present with
gross unresectable disease beneath the hemidiaphragms and
in the abdomen. Gross disease present after the surgeon’s best
efforts at cytoreduction rarely will exist. If it does, the tumor
within the uterus is of no greater risk for adverse outcome
than gross residual disease in the upper abdomen.

Bunting et al. [23] specifically addressed this potential
danger of synchronous endometrial ovarian and uterine ma-
lignancy in a manuscript examining the requirement for rou-
tine hysterectomy for ovarian cancer. In 451 patients with
ovarian cancer, final histopathology showed synchronous en-
dometrial cancer in 15 patients (5%). All these patients had
no macroscopic serosal involvement with ovarian cancer so
were candidates for uterine preservation. All but 3 patients
had an abnormal transvaginal ultrasound. They suggest that
in patients with endometrioid histopathology, pelvic ultra-
sound is necessary. If any doubts regarding preservation of
the uterus exists, an endometrial curettage is indicated at the
time of surgery.
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1.7 Failure to recognize the importance of tumor cell entrapment
(TCE) in the past

One may ask, “How come the possible harm from hys-
terectomy in the absence of complete cytoreductive surgery
(CRS) has not been recognized by prior clinical oncologists?”
Why have these data that show the enhanced progression
of disease recurrence within the pelvis not been previously
available? One explanation is the incomplete dissection that
is generally performed in a reoperative surgical procedure
for ovarian cancer. For fear of damage to the bladder and
ureters, the pelvic dissection may only be superficial. Only
if one’s goal is complete removal of all disease from the ab-
domen and from the pelvis, is a complete dissection of the
pelvis indicated. When a complete CRS is performed for re-
current ovarian cancer, this data becomes available. Also,
much of the prior data comes from laparoscopic second-look
or small abdominal incisions performed for a second-look.
If on laparoscopy or a mini-laparotomy disease is visualized,
the information that disease has recurred has been achieved.
Therefore, a dissection to determine all possible sites of re-
current disease would not be performed. Also, other groups
have not used the PSS in order to suggest the possible harm-
ful effects of hysterectomy. Only when data is gathered from
all the prior surgical records can the PSS be determined. Un-
fortunately, PSS is not generally a part of the preoperative as-
sessment of a patient who is to undergo surgery for recurrent
ovarian malignancy.

2. Conclusions
Hysterectomy and bilateral salpingo-oophorectomy is the

standard of care for women with FIGO stage 3 ovarian can-
cer. However, our data from the PSS and TCE gathered at
the time of reoperative surgery shows possible adverse effects
of this resection as a result of enhanced disease progression
surrounding vital structures within the pelvis. Free abdom-
inal and pelvic cancer cells present in these patients may ac-
cumulate by TCE at the hysterectomy site. This pelvic tu-
mor progression may result in adverse outcomes with uri-
nary and gastrointestinal function. If hysterectomy and bi-
lateral salpingo-oophorectomy is indicated, the ideal HIPEC
will diminish or possibly completely prevent TCE at the hys-
terectomy resection site.
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