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        Introduction 

 Surgery has remained the mainstay of treat-
ment for ovarian cancer despite considerable 
advances in chemotherapy. The fi ndings and 
results of the initial laparotomy have a greater 
bearing on the eventual outcome than do many 
subsequent therapeutic decisions. Hysterectomy 
with bilateral salpingo-oophorectomy contin-
ues to be the most cogent therapy. Both  ovaries 

are removed because of the frequency of bilat-
eral synchronous tumors and the possibility of 
occult metastases, which may be between 6 
and 43 % even in a normal- looking ovary. The 
uterus is removed because the uterine serosa 
and endometrium are also frequent sites for 
occult metastases, and the prevalence of syn-
chronous carcinoma of the endometrium and 
ovary is relatively high. 

 The precise role of surgery in the management 
of the disease remains controversial. Few ran-
domized controlled trials exist and there is a con-
siderable difference of opinion with regard to 
the surgical effort required. As a result there is 
substantial national variation in the rates of com-
plete surgical clearance of disease.  
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    Abstract   

 Surgery has remained the mainstay of treatment for ovarian cancer despite 
considerable advances in chemotherapy. The fi ndings and results of the 
initial laparotomy have a greater bearing on the eventual outcome than do 
many subsequent therapeutic decisions. Hysterectomy with bilateral 
salpingo- oophorectomy continues to be the most cogent therapy. Both 
ovaries are removed because of the frequency of bilateral synchronous 
tumors and the possibility of occult metastases, which may be between 6 
and 43 % even in a normal- looking ovary. The uterus is removed because 
the uterine serosa and endometrium are also frequent sites for occult 
metastases, and the prevalence of synchronous carcinoma of the endome-
trium and ovary is relatively high.  
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   NICE Guidelines 

 Following the publication and implementation of 
the national document. Improving Outcomes in 
Gynecological Cancers in 1999, there was an 
eventual shift in the management of ovarian can-
cers to greater specialization, with almost all can-
cers being treated surgically in regional cancer 
centers. There has also been a subtle but imper-
ceptible drift to increasing surgical effort brought 
about in part by the specialization and also the 
introduction of neoadjuvant chemotherapy. 

 In April 2011, the National Institute for Health 
and Clinical Excellence (NIHCE) in the United 
Kingdom published guidelines regarding the 
management of ovarian cancer [ 1 ]. The publica-
tion confi rmed that the overall 5-year survival of 
women with the disease remained less than 35 %, 
but with the introduction of effective chemother-
apy and changes in surgical practice, there had 
been a twofold increase in survival over the past 
30 years. 

 The guidelines suggest that optimal surgical 
staging should include a midline laparotomy to 
allow thorough assessment of the abdomen and 
pelvis; a total abdominal hysterectomy, bilateral 
salpingo-oophorectomy, and infracolic omentec-
tomy; biopsies of any peritoneal deposits; and 
random biopsies of the pelvic and abdominal 
peritoneum if no disease is obvious and a retro-
peritoneal lymph node assessment. In early-stage 
disease, that is, in women with suspected ovarian 
cancer whose disease appears to be confi ned to 
the ovaries, the guidelines suggest that a pelvic 
lymph node assessment should form part of opti-
mal surgical staging. The guidelines also, how-
ever, recommend that surgery should not include 
systematic retroperitoneal lymphadenectomy 
(block dissection of lymph nodes from the pelvic 
side walls to the level of the renal veins) as part of 
standard surgical treatment. 

 For advanced disease however the guidelines 
do not provide any additional support other than 
confi rming that the defi nition of optimal debulk-
ing is no macroscopic residual disease at the end 
of the procedure. 

 The guidelines also recommend that a pro-
spective randomized controlled trial should be 

undertaken to evaluate the therapeutic effect, 
associated risks, and cost-effectiveness of sys-
tematic retroperitoneal lymphadenectomy in 
those women who appear to have disease con-
fi ned to the ovary and that research should be 
undertaken to determine the effectiveness of pri-
mary surgery in women with advanced ovarian 
cancer whose tumor cannot be fully excised. 
While these are laudable suggestions, their 
achievement may be diffi cult. Leaving resectable 
tumor after chemotherapy may be too diffi cult a 
pill to swallow for the majority of gynecological 
oncology surgeons.  

   The Surgery of Disease Apparently 
Confi ned to the Ovary 

 The diagnosis of ovarian cancer where there is no 
disease outside the ovary is diffi cult. Standard 
texts opine that optimal treatment should include 
midline laparotomy, peritoneal washings, a total 
abdominal hysterectomy, bilateral salpingo- 
oophorectomy and infracolic omentectomy with 
peritoneal biopsies, and a retroperitoneal lymph 
node assessment as noted above. However, in 
younger women wanting to retain their fertility 
and in the elderly with signifi cant comorbidity, 
this approach may not be optimal. 

 The traditional approach to surgical manage-
ment is both therapeutic and diagnostic. Surgery 
is carried out to remove both primary and meta-
static disease even when the latter is not visible 
macroscopically. The diagnostic aim is to upstage 
the disease to facilitate optimal nonsurgical man-
agement. In our series (Hewitt M and Lane G 
(2006), unpublished data), in apparent stage 1 
ovarian cancer, random peritoneal biopsies, 
removal of the omentum, and lymphadenectomy 
resulted in an upstaging of the disease in 12 % of 
147 cases, 4 % by peritoneal biopsy alone. It is 
well established that lymph nodes are frequently 
involved in apparent stage I tumors with 
Burghardt et al. [ 2 ] demonstrating that in his 
small series of 37 patients, 24 % had positive 
nodes. Surprisingly, no patients in this study had 
positive para-aortic nodes without pelvic node 
involvement. A thorough investigation of the 
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subject has recently been carried out by Kleppe 
and colleagues [ 3 ]. They demonstrated that in 14 
analyzed studies, the mean incidence of lymph 
node metastases in stages I–II epithelial ovarian 
cancer was 14.2 % (range 6.1–29.6 %). As 
expected the incidence of lymph node metastases 
increased with increasing grade. The lowest inci-
dence (2.6 %) was found in the mucinous sub-
type and the highest (23.3 %) in the serous 
subtype. In unilateral tumors pelvic lymph node 
metastases were found on both sides in 45.2 % of 
cases, ipsilateral in 38.7 % and contralateral in 
only 16.1 %. Para-aortic lymph node metastases 
alone were found in 49.7 % of cases, positive pel-
vic nodes alone in 20.3 %, and both areas were 
positive in 29.9 % of the women who had nodal 
disease. The authors concluded that the incidence 
of lymph node metastases in apparently early-
stage epithelial ovarian cancer is considerable, 
and the omission of a systematic lymphadenec-
tomy should only be considered in grade 1 muci-
nous tumors. 

 Similar data for the omentum and for random 
peritoneal biopsies are more diffi cult to fi nd, 
although in a study with very small numbers, 
Piver et al. [ 4 ] reported an incidence of only 
3.2 % in women with apparent stage I disease. 

 It is clear therefore that for adequate staging, 
lymphadenectomy is essential. NICE guidelines 
[ 1 ] suggest that this is an untested procedure but 
agree that it is likely to be more accurate than 
lymph node sampling with the potential benefi t 
for the woman of avoiding chemotherapy. The 
guidelines suggest that it is not warranted because 
of the risk of morbidity and the lack of evidence 
of a survival advantage.  

   Fertility-Sparing Surgery 
for Epithelial Ovarian Cancer 

 It is inevitable that some women of childbearing 
age and desirous of children will develop ovarian 
cancer. It is reported that between 3 and 17 % of 
ovarian tumors occur in women less than 40 years 
of age, and these women are more likely to pres-
ent with earlier-stage and lower-grade disease 
[ 5 – 10 ]. Over 20 % of epithelial ovarian cancers 

are diagnosed at stage I [ 11 ], and about 7–8 % of 
stage I cancers occur in women under the age of 
35 [ 12 ]. Provided that the preoperative imaging is 
suggestive of a malignant ovarian lesion with no 
disease outside the ovary, under these circum-
stances limited surgery might be attempted. This 
would include a unilateral salpingo-oophorec-
tomy, bilateral pelvic lymphadenectomy, para-
aortic lymphadenectomy, omentectomy, and 
peritoneal biopsies. The rationale for the lymph-
adenectomy is outlined above. Provided no dis-
seminated disease is discovered and the disease is 
stage 1a, no further treatment should be neces-
sary unless the histological subtype is unfavor-
able. This is discussed elsewhere in this book. 

 Fertility-sparing surgery such as this can-
not of course identify all sites of metastatic dis-
ease and recurrence in a proportion of cases is 
inevitable. Numerous retrospective studies have 
investigated whether less than radical surgery can 
preserve fertility without compromising survival. 
Schilder and her colleagues [ 13 ] collated multi- 
institutional data on 52 patients with invasive 
stage IA or IC disease. Forty-two patients had 
stage IA disease and 10 stage IC. Twenty-fi ve 
patients (48 %) had mucinous tumors, 10 (19 %) 
serous, 10 (19 %) endometrioid, 5 (10 %) clear 
cell, and 2 mixed. Nineteen patients, 11 with 
stage IA and 8 with IC tumors, received adjuvant 
chemotherapy with a platinum-containing agent 
and paclitaxel. Five patients (10 %) developed 
recurrence between 8 and 78 months following 
initial surgery and two died of disease within the 
study period, both mucinous tumors, but overall 
there was no statistically signifi cant relationship 
between tumor substage or tumor histology and 
the frequency of tumor recurrence. It is interest-
ing to note that 3 of the 5 recurrences were in 
the contralateral ovary. Following treatment 24 
patients attempted pregnancy and 17 (71 %) con-
ceived. Six of the 17 had received chemotherapy. 

 Park et al. [ 14 ] looked at women of all stages 
who underwent fertility-sparing surgery. Of the 
62 epithelial ovarian cancers studied, 36 were 
stage IA, 2 were stage IB, 21 were stage IC, and 
one each were IIB, IIIA, and IIIC. Forty-one 
tumors were mucinous, 8 were endometrioid, 
7 were serous, 4 were clear cell, and 2 were 
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mixed. Forty-eight tumors were grade I, 5 were 
grade II, and 9 were grade III. In this study as 
well as a standard staging procedure as in the pre-
vious study, 17 patients also had wedge biopsies 
of the other normal-looking ovary. Full staging 
was not carried out on each patient; however, all 
underwent partial omentectomy, multiple perito-
neal biopsies, and washings. Pelvic and para-aor-
tic lymphadenectomy and appendicectomy were 
optional. Patients with early-stage disease and 
high-risk factors including high-grade lesions, 
clear cell histological type, tumor growth through 
the capsule, surface excrescences, malignant 
cells in ascites or peritoneal washings, preopera-
tive rupture, and dense adhesions were treated 
with platinum-based chemotherapy. Regular 
clinical follow-up was complemented by tumor 
marker estimation and imaging by ultrasound, 
computed tomography, magnetic resonance 
imaging, and positron-emission tomogram. 
Eleven cancers recurred, 7 of them mucinous 
tumors 5 of which were also stage I. Two stage 
1A clear cell tumors also recurred and 1 stage 1C 
endometrioid cancer. Two of the patients who 
were upstaged to stages II and III due to micro-
scopic disease had recurrence of their tumor and 
died of their disease 10 and 16 months after ini-
tial treatment. Of the 19 patients who attempted 
to conceive, 8 had received Carboplatin and 
Paclitaxel chemotherapy and 5 of these managed 
to conceive. Fifteen patients in total became 
pregnant and no congenital abnormalities were 
reported. The authors concluded that fertility- 
sparing surgery is effective but emphasizes the 
need for accurate surgical staging and that careful 
attention is paid to grade and histological type. In 
this study only 4 patients had clear cell cancers, 
but 2, both with stage IA disease, recurred and 
one died; in addition, two-thirds of women with 
grade III tumors also recurred. Otherwise recur-
rence rates were low and pregnancy was easy to 
achieve even after chemotherapy. 

 Wright and his colleagues [ 15 ] reported simi-
lar conclusions. Using the National Cancer 
Institute’s Surveillance, Epidemiology, and End 
Results (SEER) data, women under 50, diag-
nosed with epithelial ovarian cancer stages 1A to 
1C, were studied [ 16 ]. In total 1,186 women with 

serous, endometrioid, mucinous, and clear cell 
tumors were studied. The study concluded that 
neither uterine nor ovarian preservation had an 
adverse impact on survival but did not formally 
address the impact of grade or histological sub-
type. The small study of Schlaerth and colleagues 
[ 17 ] also confi rmed the safety of fertility-sparing 
surgery compared with the conventional approach 
but again was underpowered to address tumor 
grade and histological subtype. 

 Kajiyama and colleagues [ 18 ] analyzed data 
from multiple institutions with regard to survival. 
In their study no difference was found in disease- 
free survival and overall survival between women 
40 years of age or under who underwent fertility- 
sparing surgery and those both under and over 40 
who underwent radical surgery regardless of the 
stage I substage and whether there was intraop-
erative capsule rupture. In contrast stage IC 
attributable to preoperative rupture, positive asci-
tes, or peritoneal washings appeared to be a con-
traindication to fertility-sparing surgery as did 
grade III and clear cell histology. Vergote et al. 
[ 19 ] concluded that mucinous histology yielded 
the most favorable prognosis in early-stage ovar-
ian cancer. 

 During surgical staging the value of wedge 
biopsy of the other ovary remains unclear. It has 
been reported that wedge biopsy may result in 
mechanical infertility [ 20 ] or ovarian failure 
[ 21 ]. The incidence of occult metastases in the 
unaffected ovary is unclear. Some studies report 
an incidence of between 7 and 12 % in normal- 
looking ovaries [ 22 ,  23 ]. Later reports found that 
none of their patients who underwent fertility- 
sparing surgery had microscopic metastases on 
routine biopsies of their macroscopically normal- 
looking ovaries [ 24 ,  25 ]. Another report sug-
gested only 2.5 % of contralateral ovaries are 
affected [ 26 ]. It is therefore unclear whether ran-
dom biopsies are helpful or harmful, although 
the incidence of malignancy in 2 of 9 benign-
looking cysts in the study of Park et al. [ 14 ] sug-
gests that there should be a high index of 
suspicion when ovarian appearances deviate 
from normal. 

 Some studies have reported a high incidence 
of endometrial abnormalities in women with 
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endometrioid ovarian cancer and recommend 
that in such cases, an endometrial assessment 
should be undertaken [ 27 ]. There is little follow-
 up data to support the reported incidence of 14 % 
of women with stage I endometrioid ovarian 
 cancer suffering from endometrial cancer. Endo-
metrial sampling was carried out in 70 % of the 
patients undergoing fertility-sparing surgery in 
the study by Schlaerth and colleagues [ 17 ], but 
no endometrial abnormalities were found, 
although one patient developed an endometrial 
cancer 15 months postoperatively. Zaino et al. 
[ 28 ] discovered that 10 % of women with endo-
metrioid ovarian cancer also had a secondary or 
synchronous carcinoma of the endometrium at 
the time of surgery. Endometrial assessment 
should therefore form part of the assessment 
when fertility-sparing surgery is considered. 

 At the end of childbearing, completion sur-
gery with oophorectomy or hysterectomy 
should be considered. In the study of Schilder 
and colleagues [ 13 ], 3 of the 5 recurrences 
occurred in the contralateral ovary. Similarly, 
Morice et al. [ 22 ] found 5 of 7 recurrences in 
the retained adnexa. Whether completion sur-
gery affects long-term survival is unknown, and 
thus the decision to undergo surgery should be 
individualized.  

   The Surgery of Germ Cell Tumors 
of the Ovary 

 Ovarian germ cell tumors account for 20–25 % of 
all ovarian neoplasms but only 3 % of these are 
malignant [ 29 ]. The age distribution of the tumors 
shows a sharp peak between 15 and 19 years to 
which teratomas and dysgerminomas contribute 
[ 30 ] and a secondary wider peak at ages 65–69 
composed mainly of teratomas. Historically, the 
women and children had a poor prognosis when 
treated with surgery alone, but the introduction of 
radiotherapy and combination chemotherapy 
with vincristine, actinomycin D, and cyclophos-
phamide improved the outcome considerably 
[ 31 ]. Later with the addition of platinum-based 
regimens, a further improvement in survival rate 
was accomplished [ 32 ]. 

 The preponderance of these tumors in the 
s econd and third decades of life results in 
 decisions concerning childbearing and probabili-
ties of recurrence. Fortunately, developments in 
chemotherapy have dramatically improved the 
prognosis for many patients who develop the 
more aggressive types of germ cell tumor. This 
permits reduced surgical aggressiveness without 
diminishing survival [ 33 ]. The standard surgical 
treatment including hysterectomy and bilateral 
salpingo-oophorectomy with omentectomy, 
lymphadenectomy, and biopsies may by safely 
limited to staging plus adnexectomy without sig-
nifi cant reduction in survival rate in women who 
wish to retain fertility. 

 As with epithelial ovarian cancers, compre-
hensive staging is important to allow individual-
ization of treatment. The retrospective study of 
Palenzuela and colleagues [ 34 ] reported on 60 
patients between the ages of 0.4 and 27.9 years. 
Fifty-two patients presented with abdominal pain 
or a mass, 4 with premature puberty and 2 with 
dysmenorrhea. Two patients had surgery after 
being followed-up for gonadal dysgenesis and 
were suspicious for gonadoblastoma. Ten 
patients were in a poor prognosis group because 
of high levels of the tumor markers alpha-feto-
protein (AFP) and human chorionic gonadotro-
phin (HCG) at diagnosis. Fifty-eight patients 
underwent primary surgery, which included mid-
line laparotomy, peritoneal cytology, thorough 
exploration of the abdomen and pelvis with 
lymph node biopsies, and biopsies of the contra-
lateral ovary if necessary in addition to adnexec-
tomy and complete intact resection with 
enucleation of the contralateral lesion if the 
tumor was bilateral. Tumors were designated Ia, 
Ib, or Ic if staging information was complete and 
Ix if not. The most common histological groups 
were mixed tumors most of which included yolk 
sac tumors and some immature teratomas. 
Dysgerminomas were the next most common 
histological type. Among the stage I tumors, 24 
were observed and not given chemotherapy: 
None of the 8 stage Ia tumors relapsed, all stage 
Ic tumors relapsed as did 5 of the 13 stage Ix 
tumors. None of the stage Ic or Ix tumors receiv-
ing adjuvant chemotherapy relapsed. Adequate 
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staging therefore may, if no disease is discovered 
outside the ovary, avoid chemotherapy. The 
authors concluded that the rate of improper sur-
gical staging signifi cantly increased with sur-
geons less experienced in gynecological surgery, 
and the risk of relapse in stage I tumors undergo-
ing observation increased signifi cantly if the 
tumor was improperly staged. These relapses did 
not appear to modify survival because chemo-
therapy salvaged patients after relapse. 

 Current platinum-based chemotherapy regi-
mens produce excellent survival fi gures, even for 
advanced-stage disease. This study demonstrated 
a 93.3 % 6-year survival for stage IV tumors 
(Table  3.1 ).

   To avoid the use of adjuvant chemotherapy, 
it is of prime importance to remove the ovarian 
lesion intact. This precludes the use of ovarian 
biopsy in stage I tumors and mandates the use 
of midline laparotomy to optimize the chances 
of intact removal of the lesion. Laparoscopic sur-
gery therefore appears to be contraindicated. 

 When an ovarian lesion is removed inadver-
tently and intact but not staged, further staging 
information might be achieved laparoscopically 
and a negative result obviates the need for che-
motherapy. The results of adjuvant chemotherapy 
are so good, however, that in more advanced dis-
ease, stage Ic and above, chemotherapy will be 
indicated in any event and further surgery might 
be deemed unnecessary. 

 Following treatment the reproductive outcome 
of women after conservative surgery is excellent. 
In the series reported by Tangir et al. [ 35 ], 
fertility- sparing surgery was performed in 64 of 
106 patients with malignant germ cell tumors. In 
the study, 38 women attempted conception and 
29 (76 %) achieved at least one pregnancy. 
Among these were 10 patients with advanced 

 disease who were treated conservatively and of 
these 8 also conceived (Table  3.2 ). Among the 
women who conceived, 25 of the 29 had received 
combination chemotherapy.

   Low et al. [ 36 ] reported similar fi gures. 
Seventy-four women underwent conservative 
surgery for malignant germ cell tumors of the 
ovary, 47 (64 %) received adjuvant chemother-
apy, and of the 20 of these who attempted con-
ception 19 succeeded. 

 Of 81 similar patients studied by Zanetta et al. 
[ 37 ] who underwent conservative surgery, 47 
received adjuvant chemotherapy, 20 attempted to 
conceive, and 19 were successful. All 12 who did 
not receive chemotherapy conceived. Gershenson 
[ 38 ] published similar data with 16 of the 40 
patients in his study attempting conception. Nine 
conceived naturally and 3 more conceived after 
fertility treatment. It was not stated how many of 
the 10 patients with advanced disease conceived. 
Research from the same authors [ 39 ] showed that 
3 of 16 women who underwent conservative sur-
gery for dysgerminoma and who were subse-
quently treated with bleomycin, etoposide, and 
cisplatin conceived. 

 For germ cell tumors, conservative surgery is 
therefore a realistic option in women desiring fer-
tility even if chemotherapy is required.  

   The Surgery of Sex Cord-Stromal 
Tumors of the Ovary 

 This category of ovarian tumors includes all 
those that contain granulosa cells, theca cells and 
their luteinized derivatives, Sertoli cells, Leydig 
cells, and fi broblasts of gonadal stromal origin. 
The tumors are rare and represent approximately 
7 % of all ovarian malignancies [ 40 ]. 

   Table 3.1    Survival according to stage in ovarian germ 
cell tumors   

 Stage  No  6 year survival % 

 I  41  95.1 
 II  16  93.8 
 III  58  97.3 
 IV  16  93.3 

   Table 3.2    Conception following treatment for ovarian 
germ cell tumors   

 Conception outcome  FIGO stage  Total 

 I  II  III  IV 

 Conceived  20  1  8  0  29 
 Did not conceive  7  0  2  0  9 
 Total  27  1  10  0  38 
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 Because of their rarity the surgical manage-
ment of these tumors is not well defi ned. Juvenile 
granulosa cell tumors are generally unilateral and 
may occur at any age, but in prepubertal girls 
82 % present with isosexual pseudoprecocity 
[ 41 ]. Adult granulosa cell tumors are frequently 
found in postmenopausal women but often occur 
at puberty. In the postmenopausal group, surgery 
has generally refl ected that of epithelial ovarian 
cancer including full surgical staging to involve 
omentectomy, pelvic and para-aortic lymphad-
enectomy, and biopsies [ 42 ,  43 ]. Older women 
and those with advanced or bilateral ovarian dis-
ease may benefi t additionally from hysterectomy 
and bilateral salpingo-oophorectomy although 
there is little data to support this approach. 
Because the majority of tumors are unilateral, 
in younger patients desiring fertility and with 
stage Ia disease, which has an excellent progno-
sis [ 41 ], unilateral salpingo-oophorectomy seems 
appropriate. 

 Recent studies of both granulosa cell and 
Sertoli-Leydig tumors strongly suggest that 
lymph node metastases are rare, and therefore the 
use of routine lymphadenectomy is likely to pro-
duce little additional information and may be 
omitted from the primary or secondary staging 
procedure [ 44 ,  45 ]. This was confi rmed by Thrall 
et al. [ 46 ] who also found in her study of 87 
patients that 8.5 % of those with granulosa cell 
tumors were also found to have a concurrent 
endometrial carcinoma. An endometrial assess-
ment is therefore essential in women with this 
tumor and in whom fertility-sparing surgery is 
considered. 

 Secondary surgical staging in women who 
have undergone ovarian cystectomy or unilateral 
salpingo-oophorectomy is likely to remain an 
important management tool. In Thrall’s series 
(2011), of 8 women who had secondary staging 2 
had residual disease, one in the residual ovary. 
This is similar to the series of Brown et al. [ 45 ] 
where 4 women had disease in residual ovarian 
tissue. In Thrall’s series 6 of the 10 women found 
to have disease at secondary staging had only 
microscopic extraovarian disease confi rming the 
importance of this procedure even if lymphade-
nectomy is not required.  

   The Surgery of Borderline Ovarian 
Tumors 

 There is clear evidence that there is a group of 
epithelial ovarian tumors whose histology and 
behavior falls between benign and frankly malig-
nant ovarian neoplasms. Borderline tumors rep-
resent between 10 and 20 % of all epithelial 
ovarian malignancies [ 47 ]. Approximately 80 % 
of women have stage I disease [ 48 ], and the 
median age at diagnosis is 40 compared to about 
60 for women with invasive carcinoma [ 49 ,  50 ]. 

 Serous borderline tumors are bilateral in a 
third of cases [ 50 ,  51 ]. They are usually associ-
ated with noninvasive implants, but invasive 
implants occur in 20–25 % of cases [ 52 ]. Bilateral 
tumors and noninvasive implants do not predict a 
worse outcome compared with those with inva-
sive implants [ 53 ,  54 ]. Invasive implants may 
progress to invasive carcinoma whereas noninva-
sive implants will remain stable and regress after 
removal of the main ovarian tumor [ 55 ]. Women 
with serous tumors without invasive implants 
have a 10-year survival of 95 % compared with 
60–70 % in women with invasive implants [ 49 ]. 
Women with invasive implants develop progres-
sive disease in about 30 % of cases while only 
2 % of women without invasive implants will 
eventually progress [ 56 ,  57 ]. 

 Mucinous tumors are either of intestinal or 
endocervical type [ 48 ,  54 ]. Tumors of intestinal 
type may be very large and are nearly always uni-
lateral. In the case of bilaterality, it is important to 
look for a primary intestinal tumor. The endocervi-
cal subtype may be bilateral. Both subtypes may 
present with intraepithelial carcinoma and micro-
invasion of less than 10 mm 2 . Extraovarian spread 
is infrequent and nearly always as pseudomyxoma 
peritonei although most of these represent dissemi-
nation from a mucinous tumor of the appendix. An 
appendicectomy should therefore be carried out at 
primary surgery for an intestinal borderline tumor. 
All mucinous borderline tumors have the potential 
to recur as invasive adenocarcinoma. This is par-
ticularly true if ovarian cystectomy rather than 
salpingo- oophorectomy has been performed [ 58 ]. 

 The diagnosis of borderline ovarian tumor is 
diffi cult to make before surgery. It is also diffi cult 
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to distinguish between serous and mucinous 
tumors [ 59 ]. Intraoperative frozen section diag-
nosis is not helpful for the discrimination between 
borderline tumors and epithelial ovarian cancer 
when underdiagnosis of up to 25 % has been 
reported [ 60 ,  61 ]. It is even more diffi cult to 
determine preoperative variables that might infl u-
ence prognosis and therefore alter the surgical 
approach accordingly. FIGO stage is the stron-
gest prognostic factor for recurrence and sur-
vival. Micropapillary histology has been reported 
as an additional risk factor, but this is a postop-
erative diagnosis as well as being controversial as 
the poor prognosis is seen only with invasive 
implants [ 62 – 65 ]. In the retrospective study from 
the Norwegian Radium Hospital [ 51 ], by multi-
variate analysis the only three independent risk 
factors for disease-free and long-term survival 
were stage, histologic type, and age. Using DNA 
ploidy the women could be divided into risk 
groups with low risk being characterized by stage 
I disease, diploid phenotype, and age less than 
40. The high-risk group who had a greater than 
75 % chance of dying of the disease had aneu-
ploid tumors stage II and III disease and age older 
than 70. Lymph node involvement has not been 
shown to be an independent risk factor. It is wor-
thy of note that tumors with less than 10 mm 2  of 
invasion behave as borderline tumors and are 
classifi ed as such [ 66 – 68 ]. Surgery is therefore 
essential before a diagnosis is made. 

 The standard surgical approach for the treat-
ment of borderline ovarian tumors is therefore the 
same as for epithelial ovarian cancers including 
hysterectomy, bilateral salpingo- oophorectomy 
peritoneal biopsies, and omentectomy with 
appendicectomy in mucinous borderline ovarian 
tumors. The involvement of lymph nodes, even 
if the disease is upstaged as a result, appears 
not to infl uence survival [ 51 ,  69 ]. Lymph nodes 
are rarely involved with mucinous borderline 
tumors and lymphadenectomy may be omitted, 
as there is no difference in recurrence or survival 
rates [ 70 ]. 

 Nearly one-third of women with borderline 
ovarian tumors are under 40, and therefore the 
preservation of reproductive function may be 
desirable and feasible. Relapse rates are higher 

following ovarian cystectomy (12–58 %) 
 compared to bilateral salpingo-oophorectomy 
(0–20 %) and radical surgery (2.5–5.7 %). 
Multifocality may be a reason why cystectomy 
fails to control the disease; extensive sampling of 
the margin of the tumor is important [ 21 ,  24 ] as 
involved margins are also strong predictors of 
recurrence [ 71 ]. 

 Many women are referred to gynecological 
oncology centers following the diagnosis of a 
borderline tumor following surgery for apparent 
benign disease. Staging is therefore incomplete. 
Occasionally surgery for a borderline tumor will 
unearth an unexpected malignancy when the 
abdomen has not been thoroughly explored. 
Snider et al. [ 72 ] discovered in his small series 
that none of 12 patients with mucinous tumors 
were upstaged while 4 of 13 serous tumors were 
upstaged although the recurrence and survival 
advantages were not discussed. As stage is an 
important prognostic indicator, the restaging of 
serous tumors appears worthwhile. 

 Early detected recurrences are curable with 
repeated surgery, and therefore further conserva-
tive surgery may be considered in young women 
wishing to retain fertility [ 48 ,  65 ,  70 ]. If invasive 
implants are diagnosed, this should not be recom-
mended as women suboptimally debulked have 
poor survival [ 73 ]. 

 Follow-up of borderline ovarian tumors 
should be lifelong as recurrences may develop 
after more than 15 years. In conservatively treated 
women, close follow-up of the remaining ovary 
or ovaries is essential. It is not clear whether the 
remaining ovary and uterus should be removed 
after completion of the family. For low-risk bor-
derline ovarian tumors, this is probably unneces-
sary; however, it should be given strong 
consideration in high-risk disease. The alterna-
tives are to await recurrence or treat radically.  

   The Surgery of Advanced 
Ovarian Cancer 

 NICE guidelines [ 1 ] are clear that the aim of sur-
gery in the management of advanced, stage II–IV, 
ovarian cancer should be the complete resection 
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of all macroscopic disease [ 1 ]. Previously, the 
defi nition of optimal surgical debulking had been 
set at less than 2 cm residual disease, which was 
open to interpretation. The objective is now clear. 

 The spread of ovarian cancer occurs directly 
to adjacent tissues, through the lymphatic system 
and throughout the peritoneal cavity where sur-
face deposits may be seen on all areas of the gas-
trointestinal tract and the omentum and peritoneal 
surfaces including those of the liver, spleen, and 
diaphragm, sometimes invading from the surface 
into these organs. Until recently the standard of 
care for all patients with advanced ovarian cancer 
particularly FIGO stages III and IV has been pri-
mary debulking surgery followed by Paclitaxel 
and Carboplatin chemotherapy [ 74 ]. However, no 
prospective randomized controlled trials are 
available, proving that primary debulking surgery 
improves the prognosis of patients with ovarian 
cancer. 

 The management of advanced ovarian cancer 
began to change soon after the publication of van 
der Burg and colleagues [ 75 ] who reported on 
319 patients who had residual lesions greater 
than 1 cm after primary surgery. After three 
cycles of cyclophosphamide and cisplatin, the 
patients were randomized to undergo further deb-
ulking surgery or no surgery followed by three 
further cycles of chemotherapy. The authors con-
cluded that debulking surgery signifi cantly 
lengthened progression-free and overall survival. 
These fi ndings were confi rmed by the EORTC 
[ 76 ] who also concluded that neoadjuvant che-
motherapy followed by interval debulking sur-
gery was not inferior to primary debulking 
surgery followed by chemotherapy as a treatment 
option for patients with bulky stage IIIC or IV 
ovarian carcinoma. The study recorded a higher 
morbidity and mortality after primary debulking 
when compared with interval debulking surgery. 
Using an intention to treat analysis, the hazard 
ratios for death and progression comparing neo-
adjuvant chemotherapy to primary debulking was 
1.01 and 0.98, respectively. Therefore to reduce 
morbidity and mortality, in addition to achieving 
the goal of optimal cytoreduction that is no mac-
roscopic residual disease, this approach has 
received widespread acceptance. Image-guided 

core biopsies are now standard practice for 
 diagnosis [ 77 ]. 

 It has been long reported that survival when 
residual disease exceeds 2 cm diameter is poor 
[ 78 ]. The inability to optimally debulk has often 
been attributed to adverse tumor biology rather 
than lack of surgical effort; however, the varia-
tions in optimal debulking rates between coun-
tries such as the United Kingdom where the 
average optimal resection rate was only 42.9 % 
after neoadjuvant chemotherapy while in 
Belgium optimal debulking was achieved in 
62.9 % of patients at primary surgery [ 76 ]. 

 Numerous studies although retrospective in 
nature strongly suggest that the effort employed 
by the surgical team will reap benefi ts in terms of 
survival although mortality and short-term mor-
bidity may well increase. The role of lymphade-
nectomy is unclear, although unlike endometrial 
cancer there are no reports of the procedure infl u-
encing survival in an adverse manner. Rouzier 
et al. [ 79 ] used SEER data to investigate the 
effect of lymphadenectomy on survival. The 
group found a benefi cial effect of lymphadenec-
tomy in epithelial ovarian cancer regardless of 
stage but acknowledged potential biases in their 
methodology including stage migration and 
incomplete data requiring estimation of disease 
extent. They also suggest that a thorough lymph-
adenectomy might refl ect the quality of cytore-
ductive surgery. 

 Chi et al. [ 80 ] compared aggressive upper 
abdominal cytoreduction with earlier and less 
aggressive primary cytoreduction. They noted an 
increase in 5-year progression-free survival and 
overall survival from 14 to 31 % and 35 to 47 %, 
respectively. Peiretti and coworkers [ 81 ] reported 
on their experience with extensive upper abdomi-
nal surgery including diaphragm peritonectomy, 
splenectomy, distal pancreatectomy, partial liver 
resection, cholecystectomy, and gastric resection. 
Their fi ndings were similar and demonstrated 
progression-free and overall survival fi gures of 
19.9 and 57.6 months, respectively. 

 Other surrogates of maximal surgical effort 
including transverse colectomy [ 82 ] demon-
strated median survival fi gures of 68.3 months. In 
addition Aletti and colleagues [ 83 ] showed an 
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improvement in survival in a subgroup of women 
with less than 1 cm residual disease following 
cytoreductive surgery when diaphragm resection 
was performed. This was associated with an 
improved survival from 28 % in those without 
diaphragm resection to 55 % in those where this 
was carried out. 

 Surgery for stage IV disease has also been 
considered futile. However, complete resection is 
a clear positive prognostic factor [ 84 ]. Aletti 
et al. [ 85 ] demonstrated an improved survival in 
women with stage IV disease with positive pleu-
ral cytology when the disease was optimally deb-
ulked in the abdomen. Rafi l et al. [ 86 ] also 
showed that maximal debulking after neoadju-
vant chemotherapy was associated with improved 
survival compared with those women with stage 
IV disease that were suboptimally debulked. 

 Therefore although there is no randomized 
data to confi rm that maximal surgical effort 
results in improved outcomes, there is a ground-
swell of opinion which is leading the specialty in 
this direction.  

   Secondary Debulking Surgery 

 Routine second-look procedures have largely 
fallen out of favor. Secondary debulking in the 
presence of radiologically proven recurrence 
continues to hold a small but signifi cant place in 
the management of advanced ovarian cancer 
although again there are few randomized trials to 
provide evidence of its effi cacy. 

 Patients who are platinum sensitive, do not 
have ascites or intestinal tumor involvement, 
have tumor outside the upper abdomen, and have 
serous histology have signifi cantly higher tumor 
resection rates [ 87 ]. It is probable, however, that 
only women who are cytoreduced to no visible 
disease are likely to obtain a survival advantage. 
An additional predictive factor of a good surgical 
response is a preoperative CA125 of less than 
250 U/ml [ 88 ]. This does not of course preclude 
palliative surgery for symptom control when nec-
essary, but it is imperative that patients undergo-
ing surgery under these circumstances are aware 
of the possible morbidity without necessarily 

achieving prolongation of life, although increased 
quality is the end point under these 
circumstances.  

   Risk-Reducing Surgery 

 The group most likely to benefi t from prophylac-
tic oophorectomy are those women who have a 
particular genetic risk and those in a number of 
familial cancer syndromes. The lifetime risk of 
development of ovarian cancer has been esti-
mated at 60 % in BRCA1 carriers and 27 % in 
BRCA2 carriers [ 89 – 91 ]. Later reports suggest 
that these may be overestimates [ 92 ,  93 ]. 

 It is reported that the age of development of 
ovarian cancer in women with two or more rela-
tives affected with the disease is younger than 
the median age of onset in the general population 
[ 94 ]. In this study, the median age at diagnosis 
was 47 years, 14 years earlier than the median 
age of sporadic ovarian cancer diagnosis in the 
United States. Another study examined apparent 
site- specifi c ovarian cancer, hereditary breast 
ovarian cancer syndrome, and Lynch II families 
[ 95 ]. The hereditary breast ovarian cancer syn-
drome patients were diagnosed on average 
7 years younger than the general population 
mean of 59 years. Apparent site-specifi c family 
members were diagnosed 10 years younger while 
the Lynch II family members were diagnosed 
14 years earlier than the general population 
mean. 

 There appears to be no correlation between 
age at presentation with ovarian cancer affecting 
mother and daughter and therefore probably with 
other relatives, but there is a relationship between 
sisters which should be taken into consideration 
when planning surgery [ 96 ]. 

 In the United States a consensus panel has rec-
ommended prophylactic oophorectomy for a 
woman in a family with hereditary ovarian cancer 
syndrome at age 35 or when she has completed 
childbearing [ 97 ]. 

 Once a genetic link has been established, the 
technique of oophorectomy is relatively simple. 
The ovaries with the Fallopian tubes may be 
removed through either a small low transverse 
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abdominal incision or more commonly laparo-
scopically using three or four appropriately 
placed 0.5–1 cm abdominal incisions [ 98 ,  99 ]. 
With the laparoscopic approach, a 24–48 hours 
hospital stay is usually required but may be a day 
case procedure with a recovery period of a few 
weeks. 

 A report by Colgan et al. [ 100 ] suggested that 
peritoneal lavage at the time of prophylactic 
oophorectomy is likely to identify occult malig-
nancy, and the authors have recommended that 
this procedure is carried out whenever such sur-
gery is performed. 

 Women in low-risk groups in their 40s are 
among the most likely to suffer from benign 
gynecological conditions such as prolapse, uri-
nary incontinence, and menstrual disturbance all 
of which may lead to pelvic surgery. At the time 
of this surgery, the ovaries may be removed. 

 The lifetime risk of the development of ovar-
ian cancer is widely variable throughout the 
world and in the United Kingdom is 1.4 %. 
Several studies have shown that carrying out pro-
phylactic oophorectomy at the time of incidental 
benign abdominal or pelvic surgery can prevent a 
proportion of these cases. For example, Rozario 
and colleagues [ 101 ] analyzed data from 404 
patients with ovarian cancer and demonstrated 
that if oophorectomy had been carried out on 
everyone who had undergone pelvic surgery over 
the age of 40, 10.9 % of ovarian cancers would 
have been avoided. This fi gure reduced to 6.7 % 
if the surgery had been carried out over 45 years 
and to 4 % if over 50 years. 

 There is now compelling evidence that serous 
tubal intraepithelial carcinoma (STIC) arising 
from the tubal fi mbriae is a precursor of high- 
grade serous ovarian carcinoma of the ovary and 
possibly the peritoneum [ 102 ], and standardiza-
tion of morphologic and immunohistochemical 
reproducibility of diagnosis is being devised 
[ 103 ]. The removal of the Fallopian tubes at the 
time of benign gynecological surgery is becom-
ing noticeably more common and has been rec-
ommended for both low- and high-risk groups 
[ 104 ]. It remains to be seen whether the incidence 
of serous ovarian cancer reduces as a result, and 
further large-scale studies are required.     
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