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    Abstract 

   Mucinous ovarian carcinoma is a rare tumor, but deserves separate attention, as 
its clinical behavior is quite different from other types of ovarian carcinoma. This 
has implications for both surgical therapy as well as adjuvant treatment.   

     Introduction 

 Mucinous carcinoma of the ovary is a rare ovarian cancer that is distinct from other 
epithelial subtypes based on specifi c clinical, histologic, and molecular features. 
Until recently, all epithelial ovarian cancers have been eligible for the same clinical 
trials, and treatment recommendations have been generalized to specifi c subtypes. 
Clinical decision making and prognostic information have been applied in a similar 
fashion to all subtypes, despite the difference in clinical behavior and outcomes 
between mucinous ovarian cancer (MOC) and other more common histologic sub-
types. Since 2004, the subtleties of MOC have been investigated, and the clinical 
presentation, biologic behavior, and outcomes data appear to be specifi c to this 
histology [ 1 ,  2 ]. Comparative genomic hybridization (CGH) reveals differences 
between mutational profi les of mucinous and serous ovarian carcinomas. Mucinous 
carcinomas have fewer alterations (additions or deletions), while serous carcinomas 
have multiple alterations throughout the genome (Fig.  16.1 ).
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   While the low incidence is a barrier to performing effective clinical trials specifi c 
to MOC, international involvement has been key to a better understanding of this 
entity and has resulted in improved diagnostics, assessment, and treatment.  

    Epidemiology 

 Mucinous carcinoma of the ovary is a rare subtype of epithelial ovarian cancer. The 
true incidence has been diffi cult to determine due to challenges in pathologic diagno-
sis in differentiating benign, borderline (low malignant potential), and metastatic 
tumors from primary invasive MOC [ 3 ,  4 ]. Most mucinous tumors are actually 
benign or borderline neoplasms; benign mucinous tumors account for 10–15 % of all 
benign ovarian neoplasms [ 5 ,  6 ]. Borderline (low malignant potential) tumors 
account for 67 % of tumors not considered strictly benign and thus are more common 
than invasive MOC [ 7 ]. Until recently, MOC was thought to account for 5–10 % of 
epithelial ovarian malignancies, but a systematic review to exclude tumors of low 
malignant potential and metastatic lesions from gastrointestinal, pancreatic, or other 
gynecologic primary tumors suggested that MOCs are less common and represent 
2.4 % of all epithelial ovarian cancers [ 4 ]. Subsequently, Shimada et al. reviewed and 
reclassifi ed 1400 cases of epithelial ovarian carcinoma. While 16 % were initially 
diagnosed as primary MOC, upon review only 4.9 % were found to be invasive, with 
the remainder intraepithelial, borderline, or metastatic in origin [ 3 ]. 

 This low incidence is supported by a similar percentage enrollment of mucinous 
histology in cooperative group trials. In Gynecologic Oncology Group (GOG) trial 
111, 14 of 410 patients (3.4 %) had MOC [ 8 ]. Intergroup trial IV-10 enrolled 30 of 

CGH profile, mucinous ovarian carcinoma 

CGH profile, serous ovarian carcinoma

  Fig. 16.1    (Courtesy of Drs/Treilleux, D Pissaloux and Pr/Ray-Coquard from centre leon berard, 
Lyon)       
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680 patients (4.4 %) with mucinous histology [ 9 ]. Enrollment in GOG trial 132 
included 16 of 614 patients (2.6 %) with mucinous histology [ 10 ], and enrollment in 
GOG trial 182 included 71 of 4312 patients (1.6 %) with mucinous histology [ 11 ]. 

 The age at diagnosis of MOC is usually described between ages 20–50 years, 
which is younger than that for epithelial ovarian cancer in general [ 12 ]. While 
family history does not appear to be a risk factor, a history of smoking is associ-
ated with a twofold increase in the incidence of both invasive and borderline 
disease [ 13 ].  

    Pathology 

 The diagnosis and classifi cation of mucinous tumors has been problematic and con-
troversial. Accurate diagnosis is essential for appropriate treatment, as standard 
approaches for serous epithelial ovarian cancer are futile, failure to diagnose benign 
or borderline histology results in overtreatment, and failure to identify ovarian dis-
ease as metastatic leads to a missed diagnosis of a gastrointestinal primary and 
incorrect therapy [ 2 ]. 

 Upon gross inspection, these tumors are typically large, unilocular, or multilocu-
lar cysts fi lled with mucoid liquid that becomes gelatinous at room temperature. The 
mean size at diagnosis is 18 cm, but these tumors can be massive and fi ll the abdo-
men and pelvis [ 1 ,  14 ]. 

 The World Health Organization lists specifi c criteria for the diagnosis of 
intestinal- type mucinous borderline tumor. These include the following: (1) tumors 
contain cystic spaces lined by gastrointestinal-type mucinous epithelium with strati-
fi cation and may form fi liform papillae with at least minimal stromal support, (2) 
nuclei are slightly larger than those seen in cystadenomas, (3) mitotic activity is 
present, and (4) goblet cells and sometimes Paneth cells are present but stromal 
invasion is absent [ 15 ]. Marked cytologic atypia without stromal invasion represents 
intraepithelial carcinoma and is a separate entity [ 2 ]. 

 The diagnosis of invasive mucinous carcinoma rests on the presence of stromal 
invasion more than 5 mm in depth or more than 10 mm in area. Invasive MOC is 
further subdivided into expansile (confl uent) and infi ltrative types. The expansile 
(confl uent) type consists of a glandular growth pattern without intervening normal 
ovarian parenchyma, whereas the infi ltrative pattern consists of glands, nest, or indi-
vidual cells which infi ltrate the stroma; the latter appears to be more clinically 
aggressive [ 16 ,  17 ]. 

 The challenge of differentiating among these subtle diagnoses is compounded by 
the frequent coexistence of benign, borderline, intraepithelial, and/or invasive muci-
nous carcinoma within one mass. While this may suggest a continuum of malig-
nancy from benign to invasive disease, direct evidence is lacking. These issues 
make accurate intraoperative diagnosis diffi cult due to limitations of sampling and 
time. The tumor size and coexistence of multiple degrees of malignancy may also 
lead to failure to diagnose a small focus of carcinoma within a large benign or bor-
derline tumor [ 15 ]. 
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 An additional challenge in mucinous carcinoma is determining whether the 
source of the tumor is primary in the ovary or metastatic from another site. Primary 
ovarian tumors tend to be more often unilateral and larger than metastatic tumors 
(16–20 cm versus 11–12 cm). However, large size is not specifi c to primary disease, 
as 32–48 % of metastatic tumors are over 10 cm [ 1 ,  14 ]. Primary ovarian tumors are 
more likely to have coexistent benign or borderline components, an expansile (con-
fl uent) pattern of invasion, and other ovarian pathologies (e.g., mural nodule, 
Brenner tumor, or teratoma). Metastatic disease is more often associated with a 
prominent desmoplastic response, nodular or infi ltrative pattern of invasion, small 
clusters of tumor cells within corpora lutea or albicantia, numerous pools of mucin 
dissecting the ovarian stroma (i.e., pseudomyxoma ovarii) in the absence of a coex-
istent teratoma, extensive signet-ring cell pattern, ovarian surface involvement, vas-
cular invasion, and hilar involvement [ 18 ]. The most common primary sites for 
disease metastatic to the ovary are gastrointestinal, pancreas, cervix, breast, and 
uterus, and these sites should be clearly investigated as a source of malignancy 
when metastatic disease is suspected [ 4 ].  

    Molecular Biology and Genetics 

 Mucinous and serous epithelial ovarian cancers have distinct molecular characteris-
tics, further supporting the functional separation between these histologic subtypes. 
In contrast to serous carcinomas,  K-ras  mutations are identifi ed in 43–65 % of 
MOCs, mucinous borderline tumors, and mucinous cystadenomas [ 12 ,  17 ,  19 – 21 ]. 
Mutations in the p53 tumor suppressor gene occur less frequently than in serous 
ovarian carcinomas but are present in some cases (16 % versus 60 %) [ 22 ]. Gene 
expression profi ling also differs between serous and mucinous histologies [ 23 ,  24 ]. 
MOC does not appear to be linked to BRCA gene mutations, as only about 2 % of 
ovarian cancers associated with BRCA mutations are of mucinous histology [ 25 , 
 26 ]. One recent study has identifi ed amplifi cation of  Her2  in 19 % of mucinous 
tumors, which may provide a rationale for directed therapy in these cancers [ 27 ,  28 ]. 

 Other immunohistochemical and molecular alterations characterize mucinous 
tumors [ 29 – 32 ]. Mucinous tumors are more likely to express E-cadherin and less 
likely to express N-cadherin than serous tumors [ 33 ]. Matrix metalloproteinases and 
WT-1 have also been characterized [ 34 ]. Src kinase has been recently identifi ed as 
a targetable non-receptor tyrosine kinase expressed in many MOCs and may repre-
sent a therapeutic strategy [ 35 ].  

    Clinical Presentation and Diagnosis 

 The constellation of symptoms at presentation, unilaterality, stage, lack of lymphatic 
involvement, and serum tumor markers may suggest a mucinous ovarian neoplasm. 
These tumors are usually quite large, with a median size of 18 cm, but may be 
extremely large, presenting with a mass effect or ureteral obstruction [ 36 ,  37 ]. 
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Primary tumors are larger than metastatic tumors, and nearly 80 % of primary muci-
nous ovarian tumors are unilateral, a feature that distinguishes these tumors from 
serous ovarian carcinomas and from mucinous cancers metastatic to the ovary [ 16 ]. 
Based on these characteristics, Seidman has developed an algorithm to predict pri-
mary ovarian versus metastatic origin, in which a unilateral tumor great than 10 cm 
correctly predicts primary ovarian origin in 82 % of cases. Conversely, bilateral 
tumors less than 10 cm accurately predict metastatic disease in 95 % of cases [ 4 ]. 

 The stage at diagnosis in primary MOCs is more likely to be early stage than in 
serous ovarian carcinomas. Whereas 83 % of MOCs are stage I at diagnosis, only 
4 % of serous ovarian cancers are stage I at diagnosis [ 38 ]. Lymphatic dissemination 
does not occur in mucinous ovarian tumors, a fi nding which affects not only stage 
but also the surgical staging procedure [ 39 ]. 

 The profi le of serum tumor markers elevated in MOC also suggests the histology 
and the primary disease site. Serum carcinoembryonic antigen (CEA) and CA19-9 are 
often elevated in primary mucinous ovarian cancer but to a lesser extent than in colorec-
tal tumors. These markers do not help to determine the site of primary origin [ 40 ]. The 
ratio of CA125 to CEA, when greater than 25, suggests primary ovarian origin [ 17 ]. In 
total, CEA, elevated in over 30 % of all ovarian cancers, is the most useful marker in 
suggesting a preoperative diagnosis of MOC and in following a patient’s disease course 
following initial diagnosis. Other biomarkers that tend to be elevated in MOC include 
CA72-4, matrix metalloproteinase-9, CD40L, insulin-like growth factor-binding pro-
tein-1, myeloperoxidase, and tissue plasminogen activator- 1 [ 41 ].  

    Initial Treatment 

 The cornerstone of treatment is surgery. Any suspected ovarian mass should be 
removed intact, typically with the involved adnexa being removed and sent for intra-
operative pathologic evaluation. Pelvic washings are obtained upon entry into the 
peritoneal cavity. In a woman who has completed childbearing, surgery should con-
sist of total hysterectomy and bilateral salpingo-oophorectomy. A benign mucinous 
cystadenomy requires no additional surgery. Upon return of pathology indicating a 
mucinous tumor of low malignant potential or invasive cancer, the entire abdomino-
pelvic cavity is inspected with careful attention to the gastrointestinal tract to evalu-
ate a possible focus of gastrointestinal primary, and the appendix is removed 
[ 42 – 44 ]. If there is no evidence of extra ovarian disease, the appendix may be 
retained, but this is controversial, and others advocate appendectomy even in the 
setting of a benign mucinous tumor [ 45 ]. Any extra ovarian disease is removed 
entirely with the goal of leaving no macroscopic residual disease. If the extent and 
distribution of disease precludes complete resection, surgery is directed to alleviate 
patient symptoms, surgery is stopped, and chemotherapy is initiated. Interval deb-
ulking surgery proceeds after 3 cycles of neoadjuvant chemotherapy if the patient 
responds [ 42 ,  46 ]. If no extra ovarian disease is identifi ed, a staging procedure is 
performed, consisting of peritoneal biopsies, omentectomy, and biopsy of any sus-
picious area. The incidence of lymphatic metastases is extremely low in mucinous 
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tumors, so lymphadenectomy is omitted from the staging procedure, but enlarged 
lymph nodes should be removed [ 39 ,  47 ]. Accurate determination of the presence of 
an invasive component may be diffi cult at the time of intraoperative pathology eval-
uation due to the size of the mass [ 48 ]. Therefore, staging is performed any time a 
mucinous tumor of low malignant potential or invasive cancer is identifi ed. 

 The route of surgery in the setting of known metastatic disease should be through 
a vertical midline incision. In the absence of known metastatic disease, minimally 
invasive surgery may be superior in terms of postoperative recovery and is accept-
able when the mass can be removed in a specimen retrieval bag without intentional 
spill or rupture [ 49 ,  50 ]. Rupture of the mass should be avoided, as this upstages the 
patient and may increase the risk of recurrence. Morcellation in the abdominal cav-
ity or trocar sites should absolutely be avoided [ 16 ]. The correct technique involves 
placing the detached specimen into the specimen retrieval bag and drawing the 
edges of the bag out through one trocar site, enlarging it if necessary. Once the cir-
cumference of the bag opening is externalized, a large bore spinal needle or suction 
device is used to aspirate the fl uid, decompress the cyst, and the mass is removed 
without contact with the peritoneum, subcutaneous tissues, or skin [ 51 ]. 

 Patients who wish to retain childbearing potential may undergo fertility-sparing 
surgery, with conservation of the normal-appearing uterus and contralateral ovary in 
early-stage disease. A recent study reported 7 patients with clinically early-stage 
MOC who underwent fertility-sparing surgery; all were without evidence of recur-
rence at a median follow-up of 47.3 months, and one patient had a term pregnancy 
resulting in a live birth [ 52 ]. Another study found no differences in recurrence-free 
or disease-specifi c survival among 35 patients who underwent fertility-sparing sur-
gery compared with 55 patients who underwent radical surgery for clinically appar-
ent early-stage MOC [ 53 ]. Fertility-sparing surgery does not imply ovarian 
cystectomy, as the involved adnexa should be removed, nor does it obviate the need 
for staging.  

    Adjuvant Therapy 

 Patients with stage IA or IB grade 1 tumors do not require adjuvant therapy. 
According to the NCCN guidelines, patients with stage IB grade 2 tumors may 
undergo observation or 3–6 cycles of adjuvant chemotherapy. Patients with stage IC 
grade 3 disease or greater should receive 3–6 cycles of adjuvant chemotherapy [ 42 ]. 
However, adjuvant chemotherapy in the setting of early disease is not clearly of 
benefi t. The two largest trials of adjuvant chemotherapy in this setting, ICON 1 and 
ACTION, enrolled a total of 180 patients with a mucinous-type tumor. While 18 % 
of patients overall relapsed, there were no differences in relapse rate or outcome of 
the treated patients compared with patients undergoing observation [ 54 ]. 

 Defi nitive recommendations for effective chemotherapy are lacking based on 
poor results with paclitaxel and carboplatin, chemotherapy that is usually effective 
in this setting in serous ovarian carcinoma. The results of several retrospective anal-
yses demonstrate resistance to this regimen. The Hellenic Cooperative Group 
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reported a lower response rate (38.5 versus 70 %,  p  = 0.001) in 47 patients with 
advanced MOC when compared to 94 matched controls with serous ovarian can-
cers. Time to progression and overall survival were not signifi cantly different [ 55 ]. 
A similar study from the Royal Marsden Hospital found a similar response rate but 
lower PFS (5.7 versus 14.1 months) and OS (12.0 versus 36.7 months) among 27 
patients with MOC compared with 54 controls with serous ovarian carcinoma [ 1 ]. 
Additionally, a Dutch Cancer Registry showed that patients with advanced-stage 
MOC have a worse prognosis than patients with advanced-stage serous ovarian car-
cinoma (11 versus 26 % 5-year survival,  p  < 0.01) [ 56 ]. 

 Although the percentage enrollment of primary MOC is small, pooled data from 
multiple cooperative group trials have demonstrated the limited effi cacy of pacli-
taxel and carboplatin in patients with MOC (see Prognosis). A pooled analysis of 7 
Gynecologic Cancer InterGroup trials including 8704 patients, 264 (3 %) of whom 
had mucinous tumors, reveals that despite a higher resection rate at primary surgery, 
the hazard ratio for progression was 2.1 and for death was 2.7 when compared to 
serous ovarian carcinomas [ 57 ]. Additionally, a pooled analysis of GINECO (French 
cooperative group) found that 5 % of enrolled patients had MOC, and these patients 
were less likely to have advanced disease and more likely to achieve complete cyto-
reduction, but had a worse prognosis with a greater proportion of visceral metasta-
ses, a lower response rate to paclitaxel and carboplatin, and a shorter progression-free 
(PFS) and overall survival (OS) when compared with serous ovarian carcinoma 
[ 58 ]. A pooled analysis of 7 Gynecologic Oncology Group (GOG) trials including 
1896 patients, 34 (1.8 %) of whom had MOC and received 6 cycles of paclitaxel and 
carboplatin, revealed that these patients had a worse PFS (10.5 versus 16.9 months) 
and OS (14.8 versus 45.1 months) when compared with serous carcinoma [ 59 ]. 

 The search for alternative, more effective chemotherapy has included regimens 
utilized for gastrointestinal cancer based on the histologic appearance and bio-
logic similarities. The combination of oxaliplatin and a fl uoropyrimidine using 
either 5- fl uorouracil or capecitabine has been used, but there are no published data 
clearly supporting their use in this setting. An international combined cooperative 
group trial including the GCIG, GOG, NCRI, and NCT compared oxaliplatin and 
capecitabine with carboplatin and paclitaxel ± bevacizumab in each arm. This trial 
had slow accrual so was closed prior to completion [ 51 ]. Review of the prelimi-
nary results indicates diffi culty in accurate diagnosis of primary disease, as many 
enrolled patients were in fact extraovarian primary malignancies metastatic to the 
ovary [personal communication, David Gershenson, January 19, 2016]. This 
highlights the need for prospective pathology evaluation in any trial involving 
primary MOC.  

    Recurrent Disease 

 A paucity of information exists on the treatment of recurrent mucinous ovarian cancer. 
Patients with platinum-sensitive disease (platinum-free interval greater than 6 months) 
also appear to do worse than their counterparts with recurrent serous ovarian cancer. 
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In the only study to evaluate outcomes in the recurrent setting, the response rate to 
second-line treatment with platinum-based chemotherapy was lower in patients with 
mucinous histology (36 % versus 62 %,  p  = 0.04), PFS was worse (4.5 versus 8 months, 
 p  = 0.03), and OS was worse (17.9 versus 28.8 months,  p  = 0.003) [ 60 ].  

    Prognosis 

 The prognosis of MOC varies by stage. Compared to patients with serous ovarian 
cancer, a greater proportion of patients with MOC are diagnosed at an early stage, 
and these patients have a 5-year survival of 90.8 % [ 36 ]. This is signifi cantly better 
than the 5-year survival for serous carcinoma of the ovary, reported at 75.9 % [ 5 ]. A 
large analysis of the Dutch Cancer Registry confi rmed these fi ndings, demonstrat-
ing an improved prognosis for MOCs compared with serous ovarian carcinomas in 
early-stage disease (79 % versus 73 % 5-year survival,  p  < 0.01) [ 56 ]. Risk of recur-
rence is also lower than for other histologic subtypes, with a hazard ratio of 0.37, 
and 5-year survival independent of stage is better for mucinous than for serous when 
all patients are considered (58 % versus 40 % 5-years survival,  p  < 0.01) [ 56 ,  61 ]. 
Similarly, the median OS for over 6000 patients with ovarian cancer in the Swedish 
family study was also signifi cantly better for mucinous than serous histology (970 
versus 34 months) [ 62 ]. This is likely due to the preponderance of early-stage dis-
ease and its excellent prognosis. 

 Women with advanced-stage mucinous carcinoma of the ovary, however, do 
poorly and have a worse outcome than women with other histologic subtypes of 
ovarian cancer. This was demonstrated in a matched cohort study of patients with 
stage III and IV disease, in which 27 patients with mucinous ovarian cancer and 54 
patients with other histologic subtypes were evaluated. The only factors that dif-
fered between groups were PFS (5.7 versus 14.1 months,  p  < 0.001) and OS (12.0 
versus 36.7 months,  p  < 0.001) [ 1 ].  

    Future Research 

 Future research centers on fi nding active agents against MOC. Cell line studies 
have shown resistance to single-agent platinum and taxane agents, but some activ-
ity was demonstrated with oxaliplatin, etoposide, and 5-fl uorouracil (5-FU). The 
most active combination was oxaliplatin and 5-FU. A mouse xenograft model 
confi rmed these fi ndings [ 63 ]. This has lead to a clinical trial currently enrolling 
women in Japan with advanced or recurrent MOC in a single-arm phase II trial of 
oxaliplatin in combination with S-1, a drug comprised of tegafur, gimeracil, and 
oteracil [ 2 ]. 

 Other investigators have previously evaluated CPT-11 and mitomycin-C [ 64 ]. As 
noted, the GCIG initiated a 4-arm, phase III trial which randomized carboplatin and 
paclitaxel ± bevacizumab with oxaliplatin and capecitabine ± bevacizumab. The trial 
closed early due to low accrual [ 51 ]. 
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 Other areas of interest include the role of Src kinase, a non-receptor tyrosine kinase 
which regulated tumor progression. This is a mutation targetable with a novel agent 
which inhibits both Src signaling and pre-tubulin [ 35 ]. Additionally, therapeutics tar-
geting the ras pathway may be useful to investigate in the recurrent setting. 

   Conclusions 
 Primary mucinous ovarian cancer is a distinct entity which differs from other 
histologic subtypes. Surgical management, including fertility-sparing surgery, is 
key in the management of these tumors. Early-stage tumors do not require che-
motherapy and have an excellent prognosis. Late-stage and recurrent tumors, 
however, do not have a defi ned therapy at this time, as paclitaxel and carboplatin 
are not useful in this setting. Current research focuses on identifying active com-
bination regimens and targeted therapy potentially useful in managing this diffi -
cult disease.      
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