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Abstract

Objective—Muost collaborative studies for the treatment of primary and recurrent ovarian cancer
have grouped all epithelial ovarian cancers together, leading to a common therapeutic approach to
all the different subtypes. Emerging data, however, support the hypothesis that primary mucinous
ovarian cancers are unique histologically, molecularly, and clinically from other epithelial
subtypes. The objective of our review was to identify and synthesize the most current information
on mucinous ovarian carcinoma with regard to pathologic, molecular, and clinical distinctions.

Methods—We searched PubMed for English-language articles with the MeSH term “mucinous
ovarian carcinoma” published between 1990 and 2009.

Results—On pathologic examination, primary invasive mucinous ovarian cancer often can be
seen next to areas of benign and borderline mucinous histology, suggesting a continuum to
malignant progression not observed in the other epithelial ovarian lesions. When compared to
serous ovarian tumors, primary mucinous ovarian tumors have a significantly higher prevalence of
KRAS mutations and a lower frequency of BRCA and p53 abnormalities. In addition, metastatic
primary disease and recurrent mucinous cancers have a substantially worse prognosis than other
epithelial ovarian cancers and are largely platinum and taxane resistant.

Conclusions—Primary mucinous ovarian cancer should be considered separate from the other
epithelial ovarian cancers. Ongoing clinical trials in this disease will likely offer improvements in
chemotherapeutic agents used to treat women with primary and recurrent mucinous ovarian
cancer.
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Introduction

Epithelial tumors of the ovary are thought to arise from the surface of the ovary — a single
layer of mesothelial cells. Traditionally, all carcinomas arising from the surface epithelial
layer of the ovary have been grouped together. This grouping has led to a single therapeutic
strategy that is used for all epithelial ovarian cancers. Histologically, however, epithelial
ovarian cancers represent a wide variety of tumor subtypes. On the basis of clinical and
molecular observations, there is growing consensus that many of these histological subtypes
are unique entities that do not respond to conventional cytotoxic agents uniformly and merit
exploration of novel therapeutic approaches tailored to histological subtype is warranted.
Many authors have suggested reclassifying the epithelial ovarian cancers. Gilks [1] has
suggested considering these tumors not as a single subtype but as 6 different subtypes based
on their clinical behavior and pathologic findings. As part of this schema, mucinous
borderline and invasive cancers of the ovary are within the same continuum and completely
separate from serous borderline and low-grade serous cancers, which in turn are different
from high-grade serous malignancies. Several pathologic, molecular, and clinical studies
support this interpretation.

In 2004, Hess et al. [2] showed that women with advanced-stage mucinous ovarian cancer
had a worse prognosis than women with nonmucinous epithelial ovarian cancers. In fact,
these authors reported that women with stage 111 and IV nonmucinous epithelial ovarian
cancers lived over 3 times longer than women with mucinous ovarian cancer matched for
stage and other prognostic factors [2]. This startling difference in prognosis has led many
researchers to investigate how mucinous tumors differ from other epithelial cancers. The
objectives of this review are to 1) discuss why all epithelial tumors have traditionally been
treated similarly, 2) describe the current literature on the pathologic, molecular, and clinical
differences between mucinous ovarian cancer and other epithelial ovarian cancers, with
particular attention to serous cancers of the ovary, the most epithelial ovarian cancer, and 3)
describe ongoing international clinical trials for the treatment of mucinous ovarian cancer.

Past Chemotherapy Trials for Epithelial Ovarian Cancer

In the past, collaborative groups have included all epithelial ovarian tumors in their phase I11
trials and have not analyzed results by tumor histological subtype. Mucinous tumors have
always accounted for only a small percentage of patients enrolled in these trials. For
example, in Gynecologic Oncology Group (GOG) trial 111 (cisplatin and cyclophosphamide
vs. cisplatin and paclitaxel), only 3.4% of the patients enrolled (14 of 410) had mucinous
tumors [3]. In intergroup trial 1\VV-10 (cisplatin and cyclophosphamide vs. cisplatin and
paclitaxel), only 4.4% of the patients enrolled (30 of 680) had mucinous tumors [4]. And, in
GOG trial 132 (cisplatin vs. paclitaxel vs. cisplatin and paclitaxel), only 2.6% of the patients
enrolled (16 of 614) had mucinous tumors [5]. Most recently, GOG trial 182 compared
standard-of-care paclitaxel and carboplatin to 4 other platinum-based regimens as adjuvant
chemotherapy in women with stage 111 or 1V epithelial ovarian cancer. This study, one of the
largest to date, enrolled 4312 patients with primary epithelial ovarian cancer after debulking
surgery. Of those women enrolled, only 1.6% (71 of 4312) had primary mucinous ovarian
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cancer [6]. Surprisingly, current standard treatment of mucinous ovarian cancer is based on
these large studies with very limited numbers of patients with this histological subtype.

Incidence of Mucinous Ovarian Carcinoma

Although the proportion of patients with mucinous tumors in the collaborative groups' large
phase 111 studies of epithelial ovarian cancer ranged from 2% to 4%, much of the historical
literature puts the incidence of mucinous ovarian cancer as a subgroup of the epithelial
ovarian cancers at almost 11%. Recent reviews of the proportion of ovarian cancers that are
mucinous have supported the lower rates reflected in the collaborative group studies.
Seidman et al. [7] carefully re-reviewed the pathology of 220 consecutive cases of epithelial
ovarian cancer at their community hospital. After excluding carcinosarcomas and primary
peritoneal cancers, they found the incidence of primary mucinous ovarian cancer to be 3.4%.

In another review of mucinous ovarian cancers, Shimada et al. [8] reviewed 1400 cases of
epithelial ovarian cancer from 14 centers in Japan. In this large group, 16% patients had an
initial diagnosis of invasive primary mucinous ovarian cancer. However after a careful
pathologic review, only 4.9% had invasive primary ovarian cancer with the remainder
reclassified as were either mucinous intraepithelial carcinoma, mucinous borderline tumors,
or metastases from another site.

So what accounts for this large discrepancy between the incidence in the historical literature
and the incidence in the collaborative group studies and these single- and multi-institutional
reviews of consecutive cases? Seidman et al. [7] argue that these lower estimates are likely a
more accurate reflection of the incidence of mucinous ovarian cancer because the following
problems were more likely in the historical literature: 1) misclassification of a
gastrointestinal primary tumor as an ovarian primary tumor (80% of mucinous epithelial
tumors found in the ovary are extraovarian in origin); 2) misclassification of a mucinous
borderline tumor as an invasive cancer; and 3) classification of pseudomyxoma peritoneii as
being of ovarian origin when it is now standard to consider all such cases as intestinal in
origin [7]. To this list of reasons, we would add that 4) much of the historical literature is
from tertiary referral centers, which often get sent difficult cases for second opinions.
Patients with serous ovarian cancers are less likely to be referred because these tumors are
easier to diagnose than mucinous tumors for the reasons outlined above. Tertiary referral
centers, therefore, are likely to have patient populations highly enriched in patients with
mucinous tumors, leading to a selection bias in their resultant publications.

Pathologic Features of Mucinous Ovarian Tumors

Ovarian mucinous carcinoma is divided into intraepithelial (non-invasive) carcinoma and
invasive carcinoma. Intraepithelial (non-invasive) mucinous carcinoma is characterized by
the presence of marked epithelial atypia in the absence of stromal invasion (Figure 2).
Invasive mucinous carcinoma is diagnosed once stromal invasion measuring more than 5
mm or more than 10 mm? is detected. Two types of invasive mucinous carcinoma are
recognized: 1) expansile (confluent) type and 2) infiltrative type. The former is characterized
by a confluent glandular growth uninterrupted by normal ovarian parenchyma (Figure 3)
while the latter demonstrates the presence of small glands, nests or individual cells
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infiltrating the stroma (Figure 4). Intraepithelial (hon-invasive) mucinous carcinoma, FIGO
stage I, has a recurrence rate of 5.8% [9]. Invasive mucinous carcinoma, FIGO stage 1, has a
5-year survival rate of 91% with patients having advanced stage tumor usually dying of
disease [10]. Invasive mucinous carcinoma with an infiltrative pattern has a more aggressive
course than mucinous carcinoma with an expansile pattern [9, 11]. Interestingly, invasive
mucinous carcinoma of the ovary often coexist alongside areas of mucinous borderline
lesions and benign mucinous cystadenomas, suggesting that these lesions may be precursors
to invasive tumors.

Molecular Features

Genetic Alterations

The role of the KRASoncogene has been extensively explored in epithelial ovarian
carcinomas. The RASfamily of G proteins is part of the pathway that signals cell division.
Mutations in the RAS genes have been found to stimulate cell growth [12]. One study found
that 50% of mucinous ovarian carcinomas had KRAS mutations, compared to only 5% of
serous ovarian carcinomas, 10% of endometrioid ovarian carcinomas, and 0% of clear cell
ovarian carcinomas [13]. This finding was highly statistically significant. Interestingly, the
same KRAS mutations found in invasive mucinous tumors are also found in adjacent
borderline and benign mucinous lesions in the same specimens [14].

In contrast to KRAS mutations, BRCA1 and BRCA2 mutations are thought to play a
significant role in the development of serous ovarian carcinomas but not mucinous ovarian
carcinomas. BRCA1 and BRCA2 are tumor suppressor genes that help to repair damaged
DNA and are commonly mutated not only in inherited serous ovarian carcinomas but also in
many cases of sporadic serous ovarian cancer. Tonin et al. [15] reviewed the histopathologic
subtypes of ovarian carcinomas in 58 families with hereditary breast and ovarian
carcinomas. In these patients with known BRCA mutations, 64% had serous ovarian
carcinomas, and only 2% had mucinous ovarian carcinomas. In contrast, among women with
BRCA mutation-negative ovarian cancer, 29% of women had mucinous ovarian cancer, and
this proportion was significantly higher than among the BRCA mutation-positive women.
Similarly, in a review of the literature that included 636 BRCA mutation-positive women
with ovarian cancer, only 2% were found to have mucinous subtypes [16].

Another tumor suppressor gene, p53, also seems to play a prominent role in carcinogenesis
of serous ovarian tumors but not mucinous ovarian tumors. The p53 gene codes for a
transcription factor that regulates the cell cycle by 1) activating DNA repair proteins when
DNA has sustained damage, 2) inducing growth arrest by holding the cell cycle at the G1/S
regulation point, and 3) initiating apoptosis if the DNA damage proves to be irreparable.
Mutations in p53 are have been found in almost 60% of serous tumors but only 16% of
mucinous tumors [17].

Gene Expression Analyses

Mutations in KRAS BRCA, and p53 are the most commonly studied single gene alterations
in ovarian cancer pathogenesis. Some investigators have gone beyond analysis of single
gene mutations and used gene expression analysis to evaluate differences between serous
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and mucinous ovarian carcinomas. Marchini et al. [18] carried out genomic analyses using a
microarray chip with 16,000 genes and found that serous and mucinous tumors were easily
distinguishable from one another on the basis of expression profiles. Using a probe set of
59,000 genes, Heinzelmann-Schwarz et al. [19] likewise found clear separation in
expression profiles between serous and mucinous tumors of the ovary.

Immunohistochemical Studies

The expression of multiple individual proteins has been examined in serous and mucinous
tumor specimens using immunohistochemical stains. Compared to serous tumors, mucinous
tumors are more likely to express E-cadherin (62% vs. 4%, p<0.001) and less likely to stain
positive for N-cadherin (8% vs. 68%, p<0.001) [20]. The cadherin family of glycoproteins
helps cells establish contact with other cells and stabilize tissue architecture. The matrix
metalloproteinases, which also play a role cell migration and adhesion, have also been found
to be expressed differently between serous and mucinous tumors [21]. Kobel et al. [22]
evaluated 21 proteins with immunohistochemistry in 500 ovarian cancer specimens. They
found differential expression between serous and mucinous subtypes in 20 of the 21
biomarkers examined, including tp53, cadherin, metalloproteinase, CA125, and WT-1.
Collectively, these and other molecular studies point toward a distinct pathogenesis of
mucinous ovarian carcinomas compared to other histological subtypes of ovarian cancer.

Serum Markers

Carcinoembryonic antigen (CEA) is a well known serum tumor marker for gastrointestinal
carcinomas. CEA has been noted to be elevated in almost one third of all ovarian
carcinomas. However, CEA is much more likely to be elevated in mucinous ovarian
carcinomas than in nonmucinous ovarian carcinomas (88% vs. 19%) [23, 24].

Nolen et al. [25] compared the levels of 58 serum biomarkers in serous ovarian carcinomas
and mucinous, clear cell, and endometrioid ovarian carcinomas. Using immunoassays, they
found significant differences between the 2 groups for 10 (17%) of the biomarkers
examined. Serous tumors had significantly higher levels of CA125, follicle-stimulating
hormone, luteinizing hormone, and SMRP. Mucinous tumors had higher levels of CA72-4,
matrix metalloproteinase-9, CD40L, insulin-like growth factor-binding protein-1,
myeloperoxidase, and tissue plasminogen activator-1.

Clinical Features

Several clinical differences have been noted between serous and mucinous tumors of the
ovary, including differences with respect to stage at diagnosis, laterality, prognosis, and
response rates to platinum-based therapy.

Stage at Diaghosis and Laterality

Eighty-three percent of mucinous ovarian carcinomas but only 4% of serous ovarian
carcinomas are stage | at diagnosis [7]. Seventy-nine percent of mucinous tumors are
unilateral, and the mean size of mucinous tumors at diagnosis is 18 cm [10]. When a
mucinous tumor is grossly limited to the ovary, there is little chance of occult lymph node
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metastasis. Cho et al. [26] reviewed 26 cases of mucinous ovarian cancer noted to be stage |
grossly intraoperatively. All of these patients underwent lymphadenectomy as part of their
staging procedures, and none were found to have lymph node disease. In contrast, 10% of
patients with apparent stage | serous carcinoma of the ovary have been reported to have
occult nodal metastasis at the time of diagnosis [27].

As the majority of primary mucinous ovarian carcinomas are stage | at diagnosis, it follows
that as a group (all stages), women with mucinous carcinomas have a better prognosis than
women with serous ovarian cancer, in whom stage | disease is less common. Using the
Swedish Family Center Database of over 6000 women with a diagnosis of ovarian cancer
(all stages), Ji et al. [28] found that the average overall survival was 34 months in women
with serous subtypes, compared to 70 months for women with mucinous subtypes. In
addition, the hazard ratio for cause-specific survival for mucinous carcinomas compared to
serous carcinomas was 0.49 (95% confidence interval, 0.41-0.57); the corresponding hazard
ratio for overall survival was 0.56 (95% confidence interval, 0.48-0.64).

Although most mucinous ovarian carcinomas are stage | at diagnosis, 17% of women with
mucinous ovarian cancer have advanced-stage disease at diagnosis, and these women do
decidedly worse than their nonmucinous counterparts with stage 111 or IV serous disease.
The fact that advanced-stage mucinous ovarian cancer has a much worse prognosis than
advanced-stage serous ovarian cancer is felt to be due to mucinous ovarian carcinomas'
being largely platinum resistant. Unfortunately, all major studies in patients that have
included mucinous ovarian tumors have been with platinum-based regimens.

As previously mentioned, Hess et al. [2] were the first to show that women with advanced-
stage mucinous ovarian cancer had a worse prognosis than women with nonmucinous
epithelial ovarian carcinomas. The authors matched 27 patients with mucinous ovarian
cancer to 54 patients with nonmucinous ovarian cancer (2:1 match), all of whom had stage
I11 or IV disease and had undergone primary cytoreductive surgery followed by platinum-
based adjuvant therapy. There was no difference between patients with mucinous tumors
and those with nonmucinous tumors with regard to histological grade, stage, optimal or
suboptimal debulking, chemotherapy regimen, or length of follow-up. Patients with
advanced mucinous ovarian cancer had a progression-free survival of 5.7 months, compared
to 14.1 months for patients with nonmucinous ovarian cancer (p < 0.001), and an overall
survival of 12.0 months, compared to 36.7 months (P<0.001) [2].

Winter et al. [29] reviewed the data from 6 GOG phase I1I trials of adjuvant chemotherapy
with cisplatin and paclitaxel in women with stage 111 epithelial ovarian cancer after primary
debulking surgery, both optimal and suboptimal. Of the 1895 patients included in these 6
studies, 74% had serous ovarian cancer, while only 2% had mucinous ovarian cancer. The
authors found that women with mucinous tumors had a progression-free survival of 10.5
months, compared to 16.9 months for women with serous tumors. Women with mucinous
ovarian cancer had a relative risk of progression of 2.18 compared to their serous
counterparts (p < 0.001). Another highly significant finding was the difference in overall
survival: women with mucinous ovarian cancer had a median survival of 14.8 months,
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compared to 45.2 months for women with serous ovarian cancer. The relative risk of death
from mucinous cancer for mucinous cancer compared to serous cancer was 4.14 (p<0.001)
[29].

Response to Platinum-based Chemotherapy

In a smaller study, Shimada et al. [8] compared 24 women with primary mucinous ovarian
cancer to 189 women with serous ovarian cancer and found response rates to platinum-based
regimens of 12.5% and 67.7%, respectively. In a 2:1 matched study, Pectasides et al. [30]
compared 47 women with advanced-stage primary mucinous ovarian cancer and 94 women
with advanced-stage serous ovarian cancer, all of whom had received a platinum-based
regimen in 1 of 9 Hellenic Cooperative Oncology Group studies. The authors found a better
response rate in women with serous cancer (70% for serous vs. 38.5% for mucinous),
although this did not translate into survival differences between the 2 groups.

Like primary mucinous ovarian tumors, recurrent mucinous ovarian tumors are also
seemingly platinum resistant. Pignata et al. [31] reviewed their retrospective data on
recurrent, platinum- sensitive epithelial ovarian carcinomas collected as part of the
SOCRATES (Study of an Ovarian Cancer cohort Recurred After first-line Treatment: a
rEtrospective Survey) study. Compared to recurrent nonmucinous ovarian carcinomas,
recurrent mucinous ovarian carcinomas were less likely to respond to platinum-based
regimens (36% vs. 63%, p=0.04). Progression-free survival after recurrence was 4.5 months
for the mucinous carcinomas, compared to 8 months for the nonmucinous carcinomas
(p=0.03), and overall survival was 17.9 months for the mucinous carcinomas, compared to
28.8 months for the nonmucinous carcinomas (p=0.003) [31].

Differentiating Primary from Metastatic Disease

Gross Differentiation

Most mucinous carcinomas involving the ovary prove to be metastases as opposed to
ovarian primary carcinomas. Therefore, surgeons and pathologists must have a high index of
suspicion for metastatic disease when considering the origin of mucinous carcinomas found
in the ovary. Seidman et al. [32] found that only 23% of invasive mucinous carcinomas of
the ovary were primary ovarian cancer. Most clinicians typically assume that metastases to
the ovary are gastrointestinal in origin. However, although gastrointestinal tract tumors are
the most common source of ovarian metastases, accounting for 45% of such tumors, ovarian
metastases from primary tumors of the pancreas (accounting for 20% of ovarian metastases),
cervix (13%), breast (8%), and uterus (5%) are also seen. The remaining 10% of ovarian
metastases are from unknown primary tumors.

At surgical exploration, a working differential diagnosis can be developed on the basis of
tumor size and laterality. Among unilateral tumors, more than 80% of those larger than 10
cm are ovarian primary tumors, while 88% of those smaller than 10 cm are metastases.
Bilateral mucinous ovarian tumors are metastatic in 94% of cases [32]. This algorithm has
been retrospectively validated by other investigators, who showed it to be correct 84% of the
time in differentiating primary from metastatic mucinous carcinomas of the ovary [33].
Other authors have also found this algorithm useful in predicting site of origin for ovarian
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carcinomas [34, 35].In addition, primary ovarian carcinomas tend to have a smooth capsule,
while ovarian metastases often involve the ovarian surface grossly. However, the above
mentioned algorithm and the status of the ovarian surface should be applied clinically with
caution as in one study, up to 24% of the cases of colonic adenocarcinoma metastatic to the
ovary showed unilateral ovarian involvement with tumor measurements of at least 10 cm. In
the same study, 46% of the cases with available information on gross intraoperative
appearance had a smooth capsule [36].

Although gross examination of the adnexae can often predict site of origin, both ovarian and
extraovarian sources of primary disease should be explored. Intraoperatively, the surgeon
should perform a careful exploration of potential gastro-intestinal sources including
palpating the pancreas and running the entire small and large bowel. Postoperatively, the
surgeon should consider a colonoscopy and mammogram if these screening tests have not
been performed within the year prior to diagnosis.

Microscopic Differentiation

Although the presence of certain histological features can favor the diagnosis of primary
mucinous carcinoma over metastasis, there are cases where a definitive diagnosis cannot be
provided due to the presence of discordant or overlapping features. Microscopic features that
favor the diagnosis of primary ovarian mucinous carcinoma include the coexistence of a
borderline and benign mucinous component, an expansile (confluent) pattern of invasion,
and a coexisting ovarian teratoma, Brenner tumor or mural nodule. In contrast, the following
microscopic features favor the diagnosis of metastatic adenocarcinoma to the ovary: 1)
prominent desmoplastic response, 2) nodular pattern of invasion (i.e., tumor nodules among
structures indigenous to the ovarian parenchyma), 3) small clusters of tumor cells within
corpora lutea or albicantia, 4) numerous pools of mucin dissecting the ovarian stroma (i.e.,
pseudomyxoma ovarii) in the absence of a coexistent ovarian teratoma, 5) an extensive
signet-ring cell pattern, 6) ovarian surface involvement, 7)vascular invasion, 8) hilar
involvement, and 9) an extensive infiltrative pattern of invasion [37, 38].

Immunohistochemistry may assist in determining the primary site of a mucinous carcinoma.
Primary ovarian mucinous carcinomas tend to be positive for CK7 and CK20 with a
predominance of CK7 expression while colorectal primaries tend to express CK20 only. In
addition, colorectal cancers usually express racemase and p-catenin while primary mucinous
ovarian cancers do not. In regards to other gynecological primaries metastatic to the ovary, it
is worthy to mention that HPV in situ hybridization is useful in confirming an endocervical
origin since most of the endocervical adenocarcinoma are HPV related. P16 immunostaining
is useful only in well differentiated adenocarcinoma cases where a diffuse staining will be in
keeping with an endocervical origin. Attention has to be paid to the fact that high grade
ovarian mucinous or endometrioid adenocarcinomas can be positive for p16. Estrogen and
progesterone receptors are usually express in endometrioid carcinomas either metastatic
from the endometrium or primary in the ovary. Metastatic endocervical adenocarcinomas to
the ovary cannot be distinguished from a primary mucinous carcinoma of the ovary since
both tumors are progesterone receptor negative and usually estrogen receptor negative,
although they can have variable expression for the latter (weak/diffuse or strong/focal
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staining) [39]. When trying to differentiate primary ovarian tumors from metastasis from the
pancreas, the presence of mesothelin, fascin, and prostate stem cell antigen (PSCA) favor a
pancreatic primary while the presence of Dpc4 expression favors an ovarian primary. [40]
Most breast cancers are CK7 positive/CK20 negative unlike ovarian primaries which
typically express both. In addition, breast cancers almost always express estrogen receptors
as well as gross cystic disease fluid protein (GCDFP)-15. [41] Mucinous ovarian carcinomas
are unlikely to express these markers.

Future Directions

Realizing that mucinous ovarian cancer is a distinct disease from serous ovarian cancer,
several collaborative groups have proposed innovative prospective chemotherapy protocols
for patients with advanced or recurrent mucinous ovarian cancer. Recently, Sato et al. from
Japan evaluated 6 different cytotoxic agents in 5 different primary mucinous ovarian cancer
cell lines [42]. All 5 cell lines were resistant to platinum agents and taxanes given as single
agents. However, 2 of the 5 cell lines showed sensitivity to oxaliplatin, etoposide, and 5-
fluorouracil (5-FU) as single agents. The investigators then treated the cell lines with
oxaliplatin plus etoposide and with oxaliplatin plus 5-FU and found that the combination of
oxaliplatin and 5-FU was significantly inhibitory in 4 of the 5 cell lines (and almost
significantly inhibitory in the fifth) whereas the combination of oxaliplatin and etoposide
had activity in only 1 of the 5 cell lines. In addition, the combination of oxaliplatin and 5-FU
produced significantly more inhibition than either drug alone and appeared to be synergistic.
The authors then applied the cell line results to a mucinous ovarian cancer xenograft mouse
model and found that mice treated with the combination of oxaliplatin and 5-FU survived
significantly longer than mice treated with either agent alone or control mice treated with
placebo [42].

On the basis of their own in vitro and in vivo studies, these same Japanese researchers are
currently enrolling women with advanced or recurrent mucinous ovarian cancer in a single-
arm phase Il trial of S-1 and oxaliplatin. S-1 is an orally active drug made by Taiho
Pharmaceuticals that combines 3 separate molecules. The first is tegafur, a prodrug that is
converted to fluorouracil in cells. Next is gimeracil, an inhibitor of dihydropyrimidine
dehydrogenase, an enzyme that degrades fluorouracil. The third component is oteracil, a
molecule that inhibits the phosphorylation of fluorouracil in the gastrointestinal tract,
reducing gastrointestinal toxicity. The primary endpoint of the study is response rate;
secondary endpoints are toxicity, progression-free survival, and overall survival.

The GOG and the Gynecologic Cancer Intergroup are about to begin accrual to a 4-arm,
phase 11l randomized study comparing carboplatin and paclitaxel with and without
bevacizumab to oxaliplatin and capecitabine with and without bevacizumab in women with
stage 11-1V or recurrent, untreated stage | primary mucinous ovarian or fallopian tube cancer
(Figure 5). The primary endpoint will be overall survival; secondary endpoints will be
progression-free survival, response rate, toxicity, and quality of life. Translational endpoints
—KRAS mutations and expression of vascular endothelial growth factor and epidermal
growth factor—are also included. The targeted accrual for the study is 322 patients.
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The concept for this study was developed in 2004. At that time, prior to publication of most
of the data described above, we felt that mucinous ovarian cancer pathologically and
clinically mimicked colorectal cancer more than other types of epithelial carcinomas. For
that reason, the experimental arm was chosen on the basis of the standard treatment of
colorectal carcinomas at that time: capecitabine and oxaliplatin with or without
bevacizumab. The Sato et al. pre-clinical studies [42] validate this choice of
chemotherapeutic regimens.

Conclusions

Historically, primary mucinous ovarian carcinomas have been treated in the same manner as
serous and other epithelial ovarian carcinomas. Over the last 5 years, however, several
pathologic, molecular, and clinical studies have been published supporting the concept that
mucinous ovarian carcinoma is likely completely separate from other subtypes of epithelial
ovarian carcinoma. Collaborative groups in the United States, Europe, and Japan are
currently undertaking prospective studies with chemotherapy and biologically targeted
therapies in an effort to improve the traditionally poor outcome of patients with advanced or
recurrent mucinous ovarian cancer.

Acknowledgments

No financial support was received for this study.

References

1. Gilks CB. Subclassification of ovarian surface epithelial tumors based on correlation of histologic
and molecular pathologic data. Int J Gynecol Pathol. 2004; 23:200-5. [PubMed: 15213595]

2. Hess V, A'Hern R, Nasiri N, King DM, Blake PR, Barton DP, Shepherd JH, Ind T, Bridges J,
Harrington K, Kaye SB, Gore ME. Mucinous epithelial ovarian cancer: a separate entity requiring
specific treatment. J Clin Oncol. 2004; 22:1040-4. [PubMed: 15020606]

3. McGuire WP, Hoskins WJ, Brady MF, Kucera PR, Partridge EE, Look KY, Clarke-Pearson DL,
Davidson M. Cyclophosphamide and cisplatin compared with paclitaxel and cisplatin in patients
with stage 111 and stage IV ovarian cancer. N Engl J Med. 1996; 334:1-6. [PubMed: 7494563]

4. Piccart MJ, Bertelsen K, James K, Cassidy J, Mangioni C, Simonsen E, Stuart G, Kaye S, Vergote I,
Blom R, Grimshaw R, Atkinson RJ, Swenerton KD, Trope C, Nardi M, Kaern J, Tumolo S,
Timmers P, Roy JA, Lhoas F, Lindvall B, Bacon M, Birt A, Andersen JE, Zee B, Paul J, Baron B,
Pecorelli S. Randomized intergroup trial of cisplatin-paclitaxel versus cisplatin-cyclophosphamide
in women with advanced epithelial ovarian cancer: three-year results. J Natl Cancer Inst. 2000;
92:699-708. [PubMed: 10793106]

5. Muggia FM, Braly PS, Brady MF, Sutton G, Niemann TH, Lentz SL, Alvarez RD, Kucera PR,
Small JM. Phase 111 randomized study of cisplatin versus paclitaxel versus cisplatin and paclitaxel
in patients with suboptimal stage 111 or IV ovarian cancer: a gynecologic oncology group study. J
Clin Oncol. 2000; 18:106-15. [PubMed: 10623700]

6. Bookman MA, Brady MF, McGuire WP, Harper PG, Alberts DS, Friedlander M, Colombo N,
Fowler JM, Argenta PA, De Geest K, Mutch DG, Burger RA, Swart AM, Trimble EL, Accario-
Winslow C, Roth LM. Evaluation of new platinum-based treatment regimens in advanced-stage
ovarian cancer: a Phase Il Trial of the Gynecologic Cancer Intergroup. J Clin Oncol. 2009;
27:1419-25. [PubMed: 19224846]

7. Seidman JD, Horkayne-Szakaly 1, Haiba M, Boice CR, Kurman RJ, Ronnett BM. The histologic
type and stage distribution of ovarian carcinomas of surface epithelial origin. Int J Gynecol Pathol.
2004; 23:41-4. [PubMed: 14668549]

Gynecol Oncol. Author manuscript; available in PMC 2014 December 14.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Frumovitz et al.

Page 11

8. Shimada M, Kigawa J, Ohishi Y, Yasuda M, Suzuki M, Hiura M, Nishimura R, Tabata T, Sugiyama

T, Kaku T. Clinicopathological characteristics of mucinous adenocarcinoma of the ovary. Gynecol
Oncol. 2009; 113:331-4. [PubMed: 19275957]

9. Lee KR, Scully RE. Mucinous tumors of the ovary: a clinicopathologic study of 196 borderline
tumors (of intestinal type) and carcinomas, including an evaluation of 11 cases with
‘pseudomyxoma peritonei’. Am J Surg Pathol. 2000; 24:1447-64. [PubMed: 11075847]

10. Riopel MA, Ronnett BM, Kurman RJ. Evaluation of diagnostic criteria and behavior of ovarian
intestinal-type mucinous tumors: atypical proliferative (borderline) tumors and intraepithelial,
microinvasive, invasive, and metastatic carcinomas. Am J Surg Pathol. 1999; 23:617-35.
[PubMed: 10366144]

11. Rodriguez 1M, Prat J. Mucinous tumors of the ovary: a clinicopathologic analysis of 75 borderline
tumors (of intestinal type) and carcinomas. Am J Surg Pathol. 2002; 26:139-52. [PubMed:
11812936]

12. Bos JL. ras oncogenes in human cancer: a review. Cancer Res. 1989; 49:4682-9. [PubMed:
2547513]

13. Gemignani ML, Schlaerth AC, Bogomolniy F, Barakat RR, Lin O, Soslow R, Venkatraman E,
Boyd J. Role of KRAS and BRAF gene mutations in mucinous ovarian carcinoma. Gynecol
Oncol. 2003; 90:378-81. [PubMed: 12893203]

14. Mok SC, Bell DA, Knapp RC, Fishbaugh PM, Welch WR, Muto MG, Berkowitz RS, Tsao SW.
Mutation of K-ras protooncogene in human ovarian epithelial tumors of borderline malignancy.
Cancer Res. 1993; 53:1489-92. [PubMed: 8384077]

15. Tonin PN, Maugard CM, Perret C, Mes-Masson AM, Provencher DM. A review of
histopathological subtypes of ovarian cancer in BRCA-related French Canadian cancer families.
Fam Cancer. 2007; 6:491-7. [PubMed: 17636423]

16. Evans DG, Young K, Bulman M, Shenton A, Wallace A, Lalloo F. Probability of BRCA1/2
mutation varies with ovarian histology: results from screening 442 ovarian cancer families. Clin
Genet. 2008; 73:338-45. [PubMed: 18312450]

17. Schuijer M, Berns EM. TP53 and ovarian cancer. Hum Mutat. 2003; 21:285-91. [PubMed:
12619114]

18. Marchini S, Mariani P, Chiorino G, Marrazzo E, Bonomi R, Fruscio R, Clivio L, Garbi A, Torri V,
Cinquini M, Dell’Anna T, Apolone G, Broggini M, D'Incalci M. Analysis of gene expression in
early-stage ovarian cancer. Clin Cancer Res. 2008; 14:7850-60. [PubMed: 19047114]

19. Heinzelmann-Schwarz VA, Gardiner-Garden M, Henshall SM, Scurry JP, Scolyer RA, Smith AN,
Bali A, Vanden Bergh P, Baron-Hay S, Scott C, Fink D, Hacker NF, Sutherland RL, O'Brien PM.
A distinct molecular profile associated with mucinous epithelial ovarian cancer. Br J Cancer.
2006; 94:904-13. [PubMed: 16508639]

20. Sarrio D, Moreno-Bueno G, Sanchez-Estevez C, Banon-Rodriguez |, Hernandez-Cortes G,
Hardisson D, Palacios J. Expression of cadherins and catenins correlates with distinct histologic
types of ovarian carcinomas. Hum Pathol. 2006; 37:1042-9. [PubMed: 16867867]

21. Brun JL, Cortez A, Commo F, Uzan S, Rouzier R, Darai E. Serous and mucinous ovarian tumors
express different profiles of MMP-2, -7, -9, MT1-MMP, and TIMP-1 and -2. Int J Oncol. 2008;
33:1239-46. [PubMed: 19020757]

22. Kobel M, Kalloger SE, Boyd N, McKinney S, Mehl E, Palmer C, Leung S, Bowen NJ, lonescu
DN, Rajput A, Prentice LM, Miller D, Santos J, Swenerton K, Gilks CB, Huntsman D. Ovarian
carcinoma subtypes are different diseases: implications for biomarker studies. PLoS Med. 2008;
5:6232. [PubMed: 19053170]

23. Tholander B, Taube A, Lindgren A, Sjoberg O, Stendahl U, Tamsen L. Pretreatment serum levels
of CA-125, carcinoembryonic antigen, tissue polypeptide antigen, and placental alkaline
phosphatase in patients with ovarian carcinoma: influence of histological type, grade of
differentiation, and clinical stage of disease. Gynecol Oncol. 1990; 39:26-33. [PubMed: 2227570]

24. Tuxen MK, Soletormos G, Dombernowsky P. Tumor markers in the management of patients with
ovarian cancer. Cancer Treat Rev. 1995; 21:215-45. [PubMed: 7656266]

Gynecol Oncol. Author manuscript; available in PMC 2014 December 14.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Frumovitz et al.

Page 12

25. Nolen B, Marrangoni A, Velikokhatnaya L, Prosser D, Winans M, Gorelik E, Lokshin A. A serum
based analysis of ovarian epithelial tumorigenesis. Gynecol Oncol. 2009; 112:47-54. [PubMed:
19007974]

26. Cho YH, Kim DY, Kim JH, Kim YM, Kim KR, Kim YT, Nam JH. Is complete surgical staging
necessary in patients with stage | mucinous epithelial ovarian tumors? Gynecol Oncol. 2006;
103:878-82. [PubMed: 16859736]

27. Leblanc E, Querleu D, Narducci F, Occelli B, Papageorgiou T, Sonoda Y. Laparoscopic restaging
of early stage invasive adnexal tumors: a 10-year experience. Gynecol Oncol. 2004; 94:624-9.
[PubMed: 15350350]

28. Ji J, Forsti A, Sundquist J, Lenner P, Hemminki K. Survival in ovarian cancer patients by histology
and family history. Acta Oncol. 2008; 47:1133-9. [PubMed: 18607880]

29. Winter WE 3rd, Maxwell GL, Tian C, Carlson JW, Ozols RF, Rose PG, Markman M, Armstrong
DK, Muggia F, McGuire WP. Prognostic factors for stage Il epithelial ovarian cancer: a
Gynecologic Oncology Group Study. J Clin Oncol. 2007; 25:3621-7. [PubMed: 17704411]

30. Pectasides D, Fountzilas G, Aravantinos G, Kalofonos HP, Efstathiou E, Salamalekis E, Farmakis
D, Skarlos D, Briasoulis E, Economopoulos T, Dimopoulos MA. Advanced stage mucinous
epithelial ovarian cancer: the Hellenic Cooperative Oncology Group experience. Gynecol Oncol.
2005; 97:436-41. [PubMed: 15863142]

31. Pignata S, Ferrandina G, Scarfone G, Scollo P, Odicino F, Cormio G, Katsaros D, Villa A, Mereu
L, Ghezzi F, Manzione L, Lauria R, Breda E, Alletti DG, Ballardini M, Lombardi AV, Sorio R,
Mangili G, Priolo D, Magni G, Morabito A. Activity of chemotherapy in mucinous ovarian cancer
with a recurrence free interval of more than 6 months: results from the SOCRATES retrospective
study. BMC Cancer. 2008; 8:252. [PubMed: 18761742]

32. Seidman JD, Kurman RJ, Ronnett BM. Primary and metastatic mucinous adenocarcinomas in the
ovaries: incidence in routine practice with a new approach to improve intraoperative diagnosis.
Am J Surg Pathol. 2003; 27:985-93. [PubMed: 12826891]

33. Khunamornpong S, Suprasert P, Pojchamarnwiputh S, Na Chiangmai W, Settakorn J, Siriaunkgul
S. Primary and metastatic mucinous adenocarcinomas of the ovary: Evaluation of the diagnostic
approach using tumor size and laterality. Gynecol Oncol. 2006; 101:152-7. [PubMed: 16300822]

34. Stewart CJ, Brennan BA, Hammond IG, Leung YC, McCartney AJ. Accuracy of frozen section in
distinguishing primary ovarian neoplasia from tumors metastatic to the ovary. Int J Gynecol
Pathol. 2005; 24:356-62. [PubMed: 16175082]

35. Yemelyanova AV, Vang R, Judson K, Wu LS, Ronnett BM. Distinction of primary and metastatic
mucinous tumors involving the ovary: analysis of size and laterality data by primary site with
reevaluation of an algorithm for tumor classification. Am J Surg Pathol. 2008; 32:128-38.
[PubMed: 18162780]

36. Lewis MR, Deavers MT, Silva EG, Malpica A. Ovarian involvement by metastatic colorectal
adenocarcinoma: still a diagnostic challenge. Am J Surg Pathol. 2006; 30:177-84. [PubMed:
16434891]

37. Hart WR. Mucinous tumors of the ovary: a review. Int J Gynecol Pathol. 2005; 24:4-25. [PubMed:
15626914]

38. Lee KR, Young RH. The distinction between primary and metastatic mucinous carcinomas of the
ovary: gross and histologic findings in 50 cases. Am J Surg Pathol. 2003; 27:281-92. [PubMed:
12604884]

39. Ronnett BM, Yemelyanova AV, Vang R, Gilks CB, Miller D, Gravitt PE, Kurman RJ.
Endocervical adenocarcinomas with ovarian metastases: analysis of 29 cases with emphasis on
minimally invasive cervical tumors and the ability of the metastases to simulate primary ovarian
neoplasms. Am J Surg Pathol. 2008; 32:1835-53. [PubMed: 18813124]

40. Cao D, Ji H, Ronnett BM. Expression of mesothelin, fascin, and prostate stem cell antigen in
primary ovarian mucinous tumors and their utility in differentiating primary ovarian mucinous
tumors from metastatic pancreatic mucinous carcinomas in the ovary. Int J Gynecol Pathol. 2005;
24:67-72. [PubMed: 15626919]

41. Oien KA. Pathologic evaluation of unknown primary cancer. Semin Oncol. 2009; 36:8-37.
[PubMed: 19179185]

Gynecol Oncol. Author manuscript; available in PMC 2014 December 14.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Frumovitz et al.

Page 13

42. Sato S, Itamochi H, Kigawa J, Oishi T, Shimada M, Sato S, Naniwa J, Uegaki K, Nonaka M,
Terakawa N. Combination chemotherapy of oxaliplatin and 5-fluorouracil may be an effective
regimen for mucinous adenocarcinoma of the ovary: a potential treatment strategy. Cancer Sci.
2009; 100:546-51. [PubMed: 19154404]

Gynecol Oncol. Author manuscript; available in PMC 2014 December 14.



1duosnuey Joyiny vd-HIN 1duosnuen Joyiny Vd-HIN

1duosnue Joyiny vd-HIN

Frumovitz et al.

Figure 1. Intraepithelial (non-invasive) mucinous carcinoma
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Figure 2. Expansile (confluent) invasive mucinous carcinoma
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Figure 3. Infiltrative invasive mucinous carcinoma

Gynecol Oncol. Author manuscript; available in PMC 2014 December 14.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Frumovitz et al.

Stage II-IV or recurrent stage | PMOC

RANDOMIZE

Page 17

Carbo/taxol x 6 cycles XELOX x

6 cycles

No Bev

+ Bev + Bev

No Bev

Bevacizumab Consolidation x 12 mo

Figure 4. Schema for Gynecologic Oncology Group/Gynecologic Cancer Intergroup Study for
women with advanced or recurrent mucinous ovarian cancer
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