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    Abstract  

  Primary mucinous tumors represent 15 % of all ovarian tumors and are classi-
fi ed as either benign, borderline, or malignant. More than 80 % of mucinous 
tumors are benign, while only 2–7 % are malignant. An overwhelming major-
ity of tumors show gastrointestinal differentiation. Those of Müllerian differen-
tiation are more commonly borderline tumors and rarely benign or malignant. 
Distinction between intestinal- and Müllerian-type carcinomas may not always 
be easy, owing to tumor heterogeneity and the fact that some tumors are mixed, 
such that components of benign, borderline, and carcinoma often coexist within 
an individual lesion. The diagnostic diffi culty is further compounded by the 
fact that some tumors do not fi t agreeably into the three biologic subcategories. 
Benign tumors containing <10 % of borderline features have been designated 
cystadenomas with focal atypia or focal proliferation. They are biologically 
benign. Borderline tumors have mild-to-moderate cytologic atypia, and almost 
all are followed by an uneventful outcome. In those with severe atypia and a 
complex architecture but without stromal invasion, the term mucinous border-
line tumor with intraepithelial carcinoma is used. These latter tumors have a 
very low risk of recurrence. Microinvasion refers to borderline tumors, whether 
with or without intraepithelial carcinoma, that have ≥1 foci of tumor cells infi l-
trating the stroma but with each focus <10 mm 2 . Provided the tumor has been 
adequately sampled to exclude occult foci of frank carcinoma, microinvasion 
does not seem to be an adverse prognostic factor. For mucinous carcinomas, the 
pattern of invasion is prognostically more relevant than grading, especially for 
stage I. Expansile-type stromal invasion refers to fl orid epithelial proliferation 
without intervening stroma. In infi ltrative-type stromal invasion, there is irregu-
lar infi ltration of the stroma by cells associated with stromal desmoplasia. The 
latter pattern is signifi cantly associated with an adverse outcome.  
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        Molecular Pathology 

 The most common molecular change in muci-
nous tumors of the ovary is KRAS mutation 
at codon 12/13, involving >75 % of mucinous 
carcinomas and, to a lesser degree, their adja-
cent borderline and benign tumors. The latter 
supports the fact that there is a continuum of 
tumor progression from benign, borderline, to 
malignant and that KRAS mutation appears 
to be an early event in carcinogenesis [ 1 – 7 ]. 
Other early molecular events of crucial impor-
tance include p16 loss and RAS/RAF pathway 
alterations [ 8 ]. HER2 overexpression has been 
found in about 18 % of mucinous carcino-
mas and in 18 % of borderline tumors and is 
a potential target for therapy [ 9 ]. Tumors that 
showed both HER2 amplifi cation and KRAS 
mutation have been shown to be prognostically 
favorable [ 9 ,  10 ].  

   Benign Mucinous Tumors 

   Synonyms 

 Mucinous cystadenoma  

   Clinical Features 

 Mucinous cystadenomas represent approximately 
80 % of all ovarian mucinous tumors (Table  10.1 ). 
Some containing merely gastrointestinal epithe-
lium may be of germ cell origin (monodermal ter-
atoma). A minority may originate from Brenner 
tumors. The mean age of patients is 50 years and 
they usually present with a mass.

      Gross Features 

 Mucinous cystadenomas are often unilateral and 
large, measuring 15–30 cm (mean, 10 cm) and 
weighing up to 4 kg [ 11 ]. They have a thick cap-
sule and are either unilocular or multilocular 
(Fig.  10.1 ). The cyst wall may be either thin or 
thick and fi brous (adenofi bromatous). Mucinous 
cystadenomas of Müllerian (endocervical-like) 
type are very rare. They are often uniloculated or 
have a few locules and do not have any grossly 
visible polypoid excrescences of a borderline 
tumor (see section “ Endocervical-like mucinous 
borderline tumor ”). They often contain altered 
blood or watery mucinous fl uid. Some coexist 
with endometriosis.

      Microscopic Features 

 The glands and cysts are usually separated by 
varying amounts of fi brous stroma, often with 
periglandular hypercellularity. Back-to-back 

   Table 10.1    Classifi cation of ovarian mucinous tumors   

 Benign  Cystadenoma 
 Adenofi broma and cystadenofi broma 

 Borderline  Intestinal type   With microinvasion and/or intraepithelial carcinoma  
 Endocervical-like type (seromucinous) 

 Malignant  Adenocarcinoma and cystadenocarcinoma   With expansile invasion or with infi ltrative invasion  
 Adenocarcinofi broma (malignant adenofi broma) 
 Mucinous tumor with mural nodules 
 Mucinous tumor with pseudomyxoma peritonei 

  Fig. 10.1    Mucinous cystadenoma. The capsule is fi brous 
and thick       
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crowded glands may be seen, but there is 
almost always a thin rim of intervening stroma. 
The lining cells comprise a uniform layer of 
nonstratifi ed columnar epithelium, with basally 
located nuclei and apical cytoplasmic mucin 
vacuoles. Almost all mucinous cystadenomas 
are of intestinal type. Although the “picket-
fence” arrangement of the epithelium resem-
bles that of endocervical mucosa, it has been 
noted that these epithelia more often show gas-
tric pyloric differentiation (Figs.  10.2 ,  10.3 , 
 10.4 ,  10.5 , and  10.6 ) [ 11 ]. There should be no 
cytologic atypia. When there is mild-to-mod-
erate atypia and nuclear stratifi cation and tuft-
ing are present in mucinous borderline tumor, 
the designation of mucinous cystadenoma with 
focal atypia or focal proliferation may be used, 

 provided the atypical component is <10 % of 
the entire tumor (Figs.  10.22 ,  10.23 ,  10.24 ).

       The epithelium in mucinous cystadenomas 
of Müllerian (endocervical-like) type comprises 
single layer of cytologically bland mucous and 
eosinophilic cells. The latter may form epithelial 
tufts but true papillae with fi brovascular cores 
are not found. There is almost always striking 
infl ammatory cell infi ltration comprising neutro-
phils (Figs.  10.7  and  10.8 ).

       Clinical Outcome and Prognosis 

 Mucinous cystadenomas are benign, even when 
there is focal atypia or focal proliferation (as 
defi ned above).   

  Fig. 10.2    Mucinous cystadenoma. The glands are sur-
rounded by variable amount of fi brous stroma       

  Fig. 10.3    Mucinous cystadenoma. Filiform papillae pro-
jecting into cystic space       

  Fig. 10.4    Mucinous cystadenoma. Gland rupture with 
mucin granuloma       

  Fig. 10.5    Mucinous cystadenoma. The glands or cysts 
may be surrounded by a rim of condensed ovarian stroma       
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   Mucinous Borderline Tumors 

      Intestinal-Type Mucinous Borderline 
Tumors 

   Synonyms 
 (Intestinal-type) mucinous borderline tumor; 
Atypical proliferative mucinous tumor; Mucinous 
tumor of low malignant potential; Mucinous 
tumor of borderline malignancy  

   Clinical Features 
 Intestinal-type mucinous borderline tumors 
(IMBTs) usually affect women with a mean age 
of 51 years [ 11 ]. In the mucinous borderline 
tumor category, IMBT is the more common sub-
type and accounts for 85–90 % of cases. In 
>90 %, they are stage I, and 5–10 % are bilateral 
[ 12 ,  13 ]. When bilateral, a metastatic adenocarci-
noma should always be excluded [ 14 ].  

   Gross Features 
 IMBTs are usually multiloculated and large, rang-
ing from 18 to 22 cm and usually have a smooth 
and fi brous capsule (Figs.  10.9  and  10.10 ) [ 11 ]. 

  Fig. 10.6    Mucinous cystadenoma. The epithelial cells 
have basally located nuclei and apical mucin vacuoles       

  Fig. 10.7    Mucinous cystadenoma, endocervical-like. 
The epithelium may form tufts, but there is no intracystic 
papillary proliferation, in contrast to Fig.  10.25        

  Fig. 10.8    Mucinous cystadenoma, endocervical-like. The 
lining epithelial cells comprise mucous cells and eosino-
philic cells. Note prominent presence of infl ammatory cells       

  Fig. 10.9    Mucinous borderline tumor, intestinal type. 
Multiple internal locules of various sizes       
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The wall of the locules may be thin and trans-
lucent or may be thick and fi brous, rarely with 
polypoid excrescences. The locules usually 
contain clear and watery mucin but may be 
thick and viscous [ 1 ,  6 ,  15 – 18 ]. Hemorrhage 
and necrosis may be present and should not be 
interpreted as signs of malignancy. IMBTs are 
sometimes grossly indistinguishable from some 
benign cystadenomas or even carcinomas; gen-
erous sampling for microscopic examination is 
recommended. Although the general rule is to 
take 1 block for each centimeter of the tumor, it 
is equally important to note that this should be 
carried and focused on the solid areas, not just the 
thinner cyst lining.

       Microscopic Features 
 The glands and cysts may be closely packed or 
widely separated by stroma. The glands may be 
fused, but true cribriform glands, i.e., those with-
out any discernible stroma between individual 
glandular spaces, are infrequent. There are usu-
ally epithelial tufts or fi liform papillae project-
ing into glandular spaces, but papillae with 
fi brovascular stromal cores, in particular those 
with hierarchical branching as encountered in 
serous borderline tumors, are not usually found. 
The cells lining the glands and cysts and those 
covering the fi liform papillae are similar to those 
seen in a benign tumor but show  mild-to-moderate 
pleomorphism (Figs.  10.11 ,  10.12 ,  10.13 ,  10.14 , 
and  10.15 ). Goblet cells and, occasionally, 
Paneth cells and neuroendocrine cells are 

  Fig. 10.10    Mucinous borderline tumor, intestinal type. 
Cross section of the small locules reveals even more inter-
nal loculations or septated cysts         Fig. 10.11    Mucinous borderline tumor, intestinal type. 

Either the glands or cysts are lined by a single layer of epi-
thelium, or there may be internal epithelial cross-bridges       

  Fig. 10.12    Mucinous borderline tumor, intestinal type. 
Filiform papillae projecting into cystic spaces       

  Fig. 10.13    Mucinous borderline tumor, intestinal type. 
Lining epithelium ranges from those resembling benign 
mucinous cystadenoma ( left ) to those that are architectur-
ally complex and cytologically abnormal ( right )       

  

 

 

10 Mucinous Neoplasms of the Ovary



220

 present. The nuclear features vary considerably 
within the same tumor, ranging from a single 
layer to stratifi ed nuclei <4 cells in height with 
loss of the apical mucin vacuole. The range of 
atypical nuclear features is analogous to those of 
colorectal adenomatous polyps [ 6 ,  18 – 22 ]. 
Mucin granulomas are a result of rupturing of 
the glands or cysts and should not be misinter-
preted as stromal invasion. These granulomas 
are often localized and do not show the wide-
spread mucin dissection of stroma as in pseudo-
myxoma ovarii or pseudomyxoma peritonei. The 
isolated epithelial cells in mucin granulomas 
are almost always confi ned to the boundary of 
the latter (Fig.  10.16 ) [ 23 ].

         Intraepithelial Carcinoma (Noninvasive 
Carcinoma) . MBTs with intraepithelial carcinoma 
refer to tumors without unequivocal stromal inva-
sion but show nuclear stratifi cation of ≥4 cells 
in height, coarse chromatin, macronucleoli, and a 
high mitotic rate (Figs.  10.17 ,  10.18  and  10.19 ). 
The cytologic features, rather than the architec-
ture, are more important in determining whether 
a component of the tumor is intraepithelial carci-
noma or not [ 1 ,  6 ,  11 ,  24 ,  25 ]. When these foci are 
extensive, meticulous sampling for microscopy is 
necessary to exclude frank stromal invasion.

      Microinvasion . IMBTs, particularly in those 
with intraepithelial carcinoma, may show foci of 
stromal microinvasion [ 18 ,  26 ]. The  defi nition 

  Fig. 10.14    Mucinous borderline tumor, intestinal type. 
Papillary pattern       

  Fig. 10.15    Mucinous borderline tumor, intestinal type. 
The epithelium is enteric type, with prominence of goblet 
cells       

  Fig. 10.16    Mucinous borderline tumor, intestinal type. 
A ruptured gland with mucin granuloma. This is sharply 
demarcated from the surrounding stroma       

  Fig. 10.17    Mucinous borderline tumor, intestinal type, 
with intraepithelial carcinoma. The epithelium is cyto-
logically malignant       
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of microinvasion varies, but most regard this 
to be either <5 mm in the greatest dimension 
or, more specifi cally, <10 mm 2  (or ≤3 × 3 mm 
in two linear dimensions) [ 24 ,  25 ]. Multifocal 
microinvasion may sometimes be found, but 
the signifi cance is unknown. The focus usu-
ally consists of single cells, solid aggregates, 
and irregular isolated or confl uent glands dis-
tributed haphazardly within a reactive fi brous 
stroma. Cytoplasmic eosinophilia is often seen. 
The cells are often surrounded by a clear space, 
which either contains mucin or is due to tissue 

retraction artifact (Fig.  10.20 ). The nuclear fea-
tures in microinvasion are usually mild to mod-
erate but may occasionally be severe. The latter 
are referred to as “microinvasive carcinoma.” 
Foci of microinvasion may be diffi cult to appre-
ciate and may go undetected, but a cytokeratin 
stain may help (Fig.  10.21 ) [ 23 ].

       Differential Diagnosis 
 Mucinous Cystadenoma Versus IMBT: The pres-
ence of cribriform glands in cystadenomas, if 
unaccompanied by cytologic atypia, should not 

  Fig. 10.18    Mucinous borderline tumor, intestinal type, 
with intraepithelial carcinoma. The malignant glands show 
back-to-back crowding, but the size of this area is less than 
that for diagnosing mucinous carcinoma with expansile inva-
sion (see section “ Intestinal-type mucinous carcinoma ”)       

  Fig. 10.19    Mucinous borderline tumor, intestinal type, 
with intraepithelial carcinoma. The intraepithelial carci-
noma is usually localized. Note adjacent gland with lesser 
degree of cytologic atypia       

  Fig. 10.20    Mucinous borderline tumor, intestinal type, 
with microinvasion. Invasive tumor cells with eosino-
philic cytoplasm and surrounded by a clear space       

  Fig. 10.21    Mucinous borderline tumor, intestinal type, 
with microinvasion (CK7). Invasive tumor cells may be 
readily identifi ed using cytokeratin immunostains       
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be classifi ed as borderline tumor (Fig.  10.22 ). 
The cribriform arrangement is usually related to 
tangential sectioning. When there is a minor 
focus (<10 %) of borderline tumor (i.e., tumor 
cells with cytologic atypia) in an otherwise 
benign tumor, the term mucinous cystadenoma 
with focal atypia (or focal borderline tumor) 
should be made (Figs.  10.23  and  10.24 ). The 
quantity of the borderline tumor (in percentage) 
should also be stated in the report.

     IMBT Versus Mucinous Carcinomas: In muci-
nous carcinoma, any focus of stromal invasion 
must exceed that of microinvasion, as defi ned 
earlier.  

   Clinical Outcome and Prognosis 
 Most stage I IMBTs are benign. In about 6 % of 
either stage I or stage II/III IMBTs with intraepi-
thelial carcinomas, there is a recurrence [ 1 ,  6 , 
 18 – 22 ,  26 – 31 ]. This is most likely related to 
under-sampling of a borderline tumor containing 
occult foci of frankly invasive carcinomas [ 32 ]. 
Stage II/III IMBTs are usually associated with 
pseudomyxoma peritonei and are in fact almost 
always secondary tumors to the ovaries, com-
monly from the gastrointestinal tract (see section 
“ Mucinous tumors associated with pseudomyx-
oma peritonei ”) [ 14 ,  33 ]. With rare exceptions, 
stage I, adequately sampled IMBTs with micro-
invasion reported had all been clinically benign 
[ 1 ,  6 ,  18 ,  21 ,  26 ,  31 ,  34 ,  35 ]. However, when 
the microinvasive tumor cells have high-grade 
malignant nuclear features, i.e., microinvasive 
carcinoma, an aggressive clinical behavior may 
be seen [ 32 ]. Treatment by cystectomy alone, 
as opposed to salpingo-oophorectomy, has been 
shown to be a signifi cant factor in tumor recur-
rence [ 36 ,  37 ].   

    Endocervical-Like Mucinous 
Borderline Tumor 

   Synonyms 
 (Endocervical-like, Müllerian, or seromucinous- 
type) mucinous borderline tumor; Atypical 

  Fig. 10.22    Mucinous cystadenoma. Cribriform glands 
without cytologic atypia should not be classifi ed as a bor-
derline tumor       

  Fig. 10.23    Mucinous cystadenoma with focal atypia. 
Focal clusters of glands lined by cells with mild-to- 
moderate atypia. Note benign epithelium over the surface 
of the cyst lining ( top )       

  Fig. 10.24    Mucinous cystadenoma with focal atypia. 
Complex fi liform papillae covered by cells with mild-to- 
moderate atypia       
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 proliferative mucinous tumor; Mucinous tumor 
(cystadenoma) of low malignant potential; Mucinous 
tumor (cystadenoma) of borderline malignancy  

   Clinical Features 
 Endocervical-like mucinous borderline tumors 
(EMBTs) represent 10–15 % of mucinous bor-
derline tumors. In >50 % there is preexisting 
endometriosis [ 6 ,  12 ,  38 ,  39 ]. The age of patients 
is younger than that for IMBTs, ranging from 19 
to 59 years (mean, 34). One-fi fth of cases are 
associated with extraovarian disease at the time 
of diagnosis. EMBTs have no association with 
pseudomyxoma peritonei.  

   Gross Features 
 EMBTs differ from their intestinal counterpart 
in several aspects (Table  10.2 ). They are usu-
ally smaller (mean diameter 8 cm), have fewer 
locules (≤3), are more often bilateral (40 %), 
have a stronger association with endometriosis 
(30–50 %), and almost always have an asso-
ciated infl ammatory reaction [ 12 ]. Polypoid 
excrescences, similar to those observed in 
serous borderline tumors, are usually found 
(Fig.  10.25 ) [ 12 ].

       Microscopic Features 
 Club-shaped papillae with hierarchical branch-
ing, architecturally similar to those seen in 

serous borderline tumors, characterize EMBTs 
(Figs.  10.26 ,  10.27 ,  10.28 ,  10.29 ,  10.30 , and 
 10.31 ). There is almost always some extracellular 
mucin, commonly infi ltrated by neutrophils. The 
papillae have edematous fi brovascular cores and 
are covered by three cell types: mucinous cells, 
eosinophilic cells, and neutrophils. The muci-
nous cells are tall columnar and resemble those of 
the endocervix, while the polygonal eosinophilic 
cells are similar to those of serous borderline 
tumors and may show tufting and marked cellular 
stratifi cation, sometimes to ≥20 cells in height. 

  Fig. 10.25    Mucinous borderline tumor, endocervical- 
like. In contrast to borderline mucinous tumor of intestinal 
type, this is smaller, has fewer locules, and shows polyp-
oid excrescences over the internal cyst lining       

   Table 10.2    Summary of ovarian mucinous borderline 
tumors   

 Intestinal type  Endocervical-like 

 Proportion of 
borderline tumors 

 85 %  15 % 
(seromucinous) 

 Mean age (years)  51  34 
 Bilaterality  6 %  40 % 
 Mean size (cm)  19  8 
 Multilocularity  72 %  20 % 
 Goblet cells  100 %  0 % 
 Argyrophil cells  91 %  3 % 
 Acute infl ammation  22 % (focal)  100 % (diffuse) 
 Endometriosis  6 %  50 % 
 Pseudomyxoma 
peritonei 

 17 %  0 % 

 Implants or lymph 
node metastasis 

 0 %  20 % 

  Modifi ed and updated from Rutgers and Scully [ 12 ]  

  Fig. 10.26    Mucinous borderline tumor, endocervical- 
like. Club-shaped papillae project into cystic space       
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Occasionally, ciliated cells are found. Cytologic 
atypia is usually mild to moderate although it 
may be focally severe. Like IMBTs, the combi-
nation of cellular stratifi cation and severe atypia 
in EMBTs may be designated intraepithelial car-
cinoma (Figs.  10.32  and  10.33 ). In many cases, 
endometriosis, including atypical endometriosis, 
is found in the background cyst lining and may 
show transition to the EMBT. Microinvasion 
has been reported in 10–20 % of cases, and the 
defi nition is same as for IMBTs (see section 
“ Intestinal-type mucinous borderline tumors ”). 
When the microinvasive tumor cells exhibit only 
mild-to-moderate atypia, they are regarded as 
EMBTs with microinvasion; if they are severely 
atypical, the tumor should be diagnosed as EMBT 

  Fig. 10.27    Mucinous borderline tumor, endocervical- 
like. The papillae show hierarchical branching       

  Fig. 10.28    Ovarian serous borderline tumor. The archi-
tecture is identical to mucinous borderline tumor, 
endocervical- like. The epithelial cells are predominantly 
eosinophilic but occasionally may have mucous cells       

  Fig. 10.29    Mucinous borderline tumor, endocervical- 
like. The papillae are covered by mucous cells and eosino-
philic cells       

  Fig. 10.30    Mucinous borderline tumor, endocervical- 
like. The cores of papillae are typically infi ltrated by 
numerous neutrophils       

  Fig. 10.31    Mucinous borderline tumor, endocervical- 
like. The epithelial cells may be highly stratifi ed, but they 
show only mild-to-moderate cytologic atypia       
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with microinvasive carcinoma [ 34 ,  35 ,  40 ,  41 ]. 
The fi nding of microinvasion or microinvasive 
carcinoma should prompt additional sampling to 
exclude frank carcinoma.

             Differential Diagnoses 
 Serous Borderline Tumor Versus EMBT: Serous 
borderline tumors, which share similar architec-
ture with EMBTs, are distinguished from the latter 
by the absence of mucinous lining epithelial cells. 
Neutrophils and extracellular mucin are usually 
absent or less conspicuous than in EMBTs. 

 In addition to the mucinous and eosino-
philic cells in EMBTs, the presence of serous, 
endometrioid, or squamous cell types has been 

reported in these tumors. Even though they were 
designated as EMBTs of mixed cell types in the 
older literature [ 38 ], they were noted to have the 
same clinical and pathologic features as EMBTs 
without these additional cell types, and placing 
these tumors with mixed cell types into the usual 
EMBT category is appropriate [ 41 ].  

   Clinical Outcome and Prognosis 
 The majority of EMBTs are stage I and are 
almost always followed by a benign clinical 
course [ 1 ,  12 ,  20 ,  21 ,  41 ,  42 ]. EMBTs with 
intraepithelial carcinoma or stromal microin-
vasion are not associated with a poorer prog-
nosis. Patients with stage II or III disease have 
peritoneal implants or lymph node metastases, 
but these were not found to be of any prog-
nostic signifi cance. Fatal cases are exceptional 
and were described in cases with microinva-
sive carcinoma or intraepithelial carcinoma, 
which were most likely due to undetected foci 
of frankly invasive carcinoma in under- sampled 
tumors [ 41 ,  43 ].    

   Mucinous Carcinoma 

    Intestinal-Type Mucinous Carcinoma 

   Synonyms 
 (Intestinal-type) mucinous adenocarcinoma; 
Cystadenocarcinoma  

   Clinical Features 
 Mucinous carcinomas are uncommon and rep-
resent 2–7 % of all ovarian carcinomas  [ 44 – 46 ]. 
The higher frequency in earlier studies is most 
likely related to the inclusion of some meta-
static carcinomas that are morphologically 
indistinguishable from primary ovarian muci-
nous carcinomas. Patients with primary tumors 
usually present with an abdominal mass, and 
the serum levels of CA-125, CEA, and CA19.9 
are frequently elevated [ 47 ]. The mean age is 
45 years. About 75–80 % of cases are stage 
I. In >95 %, they are unilateral and usually 
>10 cm (mean, 18–22 cm). When bilateral 
and each <10 cm, metastases should always be 
excluded.  

  Fig. 10.32    Mucinous borderline tumor, endocervical- 
like, with intraepithelial carcinoma. There is glandular 
fusion and early cribriforming       

  Fig. 10.33    Mucinous borderline tumor, endocervical- 
like, with intraepithelial carcinoma. The epithelial cells 
are cytologically malignant. In contrast to Fig.  10.31        
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   Gross Features 
 Tumors are usually large, solid, and cystic. 
Polypoid excrescences may be seen lining the 
cysts; soft or fi rm mucoid nodules may be found 
within the septa of the locules, often accompa-
nied by necrosis and hemorrhage (Figs.  10.34  
and  10.35 ). When sampling for histologic exami-
nation, it is crucial to take generous blocks from 
the solid areas, even though they may only repre-
sent a small portion in a large and seemingly cys-
tic tumor.

       Microscopic Features 
 Most cells show intestinal differentiation with 
prominent goblet cells, but some may represent 
endocervical-type cells [ 11 ]. The epithelium may 
form complex, crowded, fused, and cribriform 
glands, complex papillae, or solid nests. The cells 

usually are stratifi ed to >4 cells in height, with 
loss of cytoplasmic mucin. The nuclei are 
severely pleomorphic (Figs.  10.36  and  10.37 ). In 
>80 % of carcinomas, there is often a coexisting 
benign and/or borderline tumor component. 
Presence of signet ring cells is exceptional, and a 
metastatic adenocarcinoma, particularly from the 
stomach, should always be excluded [ 48 ].

     Mucinous Carcinoma with Expansile Invasion . 
About 50 % of mucinous carcinomas show 
expansile-type stromal invasion (“noninvasive,” 
“intraglandular,” or “confl uent glandular” pat-
tern) [ 6 ,  18 ,  31 ]. There is fl orid glandular prolif-
eration without stromal support. The back-to-back 

  Fig. 10.34    Mucinous carcinoma. The carcinoma may be 
localized to the solid areas in a seemingly cystic tumor       

  Fig. 10.35    Mucinous carcinoma. A predominantly solid 
tumor       

  Fig. 10.36    Mucinous carcinoma. The glands are lined by 
malignant epithelial cells and almost complete loss of 
cytoplasmic mucin       

  Fig. 10.37    Mucinous carcinoma. The tumor cells show 
variation in the degree of differentiation. Focally, goblet 
cells are still discernible       
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cramped glands or cysts have almost no interven-
ing stroma, creating a labyrinth or large cribri-
form gland patterns (Fig.  10.38  and  10.39 ).

     Mucinous Carcinoma with Infi ltrative Inva-
sion . The invasion of interglandular space by 
irregular glands, cell clusters, or single cells 
results in destruction of the stroma and/or a des-
moplastic reaction (Figs.  10.40 ,  10.41  and  10.42 ).

        Differential Diagnosis 
 Mucinous Carcinoma with Expansile Invasion 
Versus IMBT with Intraepithelial Carcinoma: 
Distinguishing expansile invasion from IMBTs 
with intraepithelial carcinoma may be diffi cult 
and subjective. To qualify as frank mucinous 

  Fig. 10.38    Mucinous carcinoma, expansile invasion. 
Closely packed glands without intervening stroma       

  Fig. 10.39    Mucinous carcinoma, expansile invasion       

  Fig. 10.40    Mucinous carcinoma, infi ltrative invasion. 
Tumor glands irregularly infi ltrate into the stroma       

  Fig. 10.41    Mucinous carcinoma, infi ltrative invasion       

  Fig. 10.42    Mucinous carcinoma, infi ltrative invasion. 
Desmoplastic stromal reaction and mucin dissection of 
stroma       
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 carcinoma, the focus of confl uent glands in ques-
tion should exceed the dimension for microin-
vasion (see section “ Intestinal-type mucinous 
borderline tumors ”). 

 Mucinous Carcinoma Versus IMBT with 
Microinvasion: The invasive focus should exceed 
the dimension for microinvasion (see section 
“ Intestinal-type mucinous borderline tumors ”). 

 Primary Versus Metastatic Mucinous 
Carcinoma: Metastatic mucinous carcinomas 
are more often bilateral, with a mean diameter of 
<10 cm, and commonly multinodular and show 
surface deposits. Histologically, a metastasis may 
show variation in the degree of cytologic atypia, 
ranging from areas resembling benign or bor-
derline mucinous tumors to those with frankly 
malignant features. This has been described as 
the so-called maturation phenomenon and can 
potentially mimic a primary tumor [ 49 ]. The 
tumor glands are often arranged in nodules with 
variation in growth pattern between them, with 
infi ltration of normal ovarian follicles or corpus 
albicans. Vascular invasion is usually prominent 
[ 50 ]. Immunohistochemistry is usually useful 
(see section “ Immunohistochemistry of muci-
nous tumors ”). 

 Endometrioid Carcinoma Versus Mucinous 
Carcinoma: Endometrioid carcinomas may show 
abundant luminal mucin or mucin confi ned to the 
glycocalyx of the luminal aspect of the tumor 
cells. These should not be misinterpreted as 
mucinous carcinomas. Genuine mucinous differ-
entiation should consist of cells with cytoplasmic 
mucin vacuoles stainable by mucicarmine in 
>50 % of cells. 

 Sertoli-Leydig Cell Tumor with Heterologous 
Elements Versus Ovarian Mucinous Tumor: 
Rarely, mucinous differentiation in a Sertoli- 
Leydig cell tumor may be overwhelming, and 
the gross appearance is that of a mucinous tumor. 
Histologically, however, typical sex cord tumor 
components are usually evident (Fig.  10.43 ) [ 51 ].

      Prognostic Factors 
 FIGO stage is most important (Table  10.3 ). 
Approximately half of mucinous carcinomas 
are stage I, and the 5-year survival is 83 %. 
Those of stages II, III, and IV are 55, 21, and 

  Fig. 10.43    Sertoli-Leydig cell tumor with heterologous 
mucinous epithelium       

   Table 10.3    International Federation of Gynecology and 
Obstetrics Staging System for Ovarian Cancer   

 I  Tumor limited to ovaries 
 Ia  Tumor limited to one ovary; capsule intact, no 

tumor on ovarian surface, no malignant cells in 
ascites or peritoneal washings 

 Ib  Tumor limited to both ovaries; capsules intact, 
no tumor on ovarian surface, no malignant cells 
in ascites or peritoneal washings 

 Ic  Tumor limited to one or both ovaries with any 
of the following: capsule ruptured, tumor on 
ovarian surface, malignant cells in ascites or 
peritoneal washings 

 II  Tumor involves one or both ovaries with pelvic 
extension 
 IIa  Extension and/or implants on uterus and/or 

tube(s); no malignant cells in ascites or 
peritoneal washings 

 IIb  Extension to other pelvic tissues; no malignant 
cells in ascites or peritoneal washings 

 IIc  IIa or IIb with malignant cells in ascites or 
peritoneal washings 

 III  Tumor involves one or both ovaries with microscopically 
confi rmed peritoneal metastasis outside the pelvis and/or 
regional lymph node metastasis 
 IIIa  Microscopic peritoneal metastasis beyond the 

pelvis 
 IIIb  Macroscopic peritoneal metastasis beyond the 

pelvis 2 cm or less in greatest dimension 
 IIIc  Peritoneal metastasis beyond the pelvis more 

than 2 cm in greatest dimension and/or regional 
lymph node metastasis 

 IV  Distant metastasis (excludes peritoneal 
metastasis) 

   Note : Liver capsule metastasis is stage III; liver parenchy-
mal metastasis is stage IV. Pleural effusion must have 
positive cytology for stage IV  
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9 %, respectively [ 52 ]. The pattern of invasion 
appears to be more important than histologic 
grading. Mucinous carcinomas with expansile 
invasion are almost always stage I and are fol-
lowed by an uneventful clinical course [ 1 ,  6 ]. 
Only two reported cases were associated with 
aggressive behavior [ 32 ]. The majority of stage 
II–IV mucinous carcinomas and stage I tumors 
that recurred were those with infi ltrative inva-
sion. Most of the latter were stage Ic. In excess 
of 90 % of patients, with high-stage carcinoma 
showing infi ltrative invasion, died of their dis-
ease [ 6 ,  21 ,  22 ,  26 – 29 ]. An architectural grad-
ing using the same criteria as the FIGO grading 
for endometrial adenocarcinoma has not been 
shown to be useful in predicting outcome in 
stage I carcinomas [ 18 ,  21 ,  31 ]. However, higher 
architectural grade tumors were more likely 
to present at a higher stage [ 6 ]. In our experi-
ence, the majority of mucinous carcinomas are 
architecturally grade 2. In another study, nuclear 
grade 3 has been shown to be prognostically sig-
nifi cant independent of stage [ 1 ].

       Endocervical-Like Mucinous 
Carcinoma 

   Synonyms 
 (Endocervical-like, Müllerian, or seromucinous- 
type) mucinous carcinoma  

   Clinical Features 
 These are rare compared to those of intestinal 
type [ 39 ,  41 ]. The mean age of patients is 45 
years, and the presentation is similar to those 
with mucinous carcinoma of intestinal type. 
There is also a strong association with endome-
triosis or endosalpingiosis [ 41 ]. Bilaterality is 
found in over 50 % of cases.  

   Gross Features 
 The tumors are usually cystic with either one or 
more locules. Their mean diameter is 12 cm. 
Polypoid excrescences may be found in the cyst 
lining, the ovarian surface, or both. The cyst con-
tent includes viscous brown to yellow mucin 
(Fig.  10.44 ).

      Microscopic Features 
 Almost all endocervical-like mucinous carcino-
mas are found in association with EMBT. Patients 
who died of carcinomas of this subtype had tumors 
that showed, in addition to microscopic features of 
EMBTs, either frank stromal invasion or only a 
micropapillary architecture. All of these foci were 
>5 mm (Figs.  10.45  and  10.46 ) [ 41 ]. In addition to 
the usual cells types as found in EMBTs, some of 
these carcinomas also showed varying degrees of 
serous or endometrioid differentiation.

       Prognostic Factors 
 Prognostic information on endocervical-like 
mucinous carcinoma is limited. Patients with 

  Fig. 10.44    Mucinous carcinoma, endocervical-like. 
There are often fewer locules compared with intestinal- 
type carcinomas. Note presence of smaller, polypoid 
excrescences (lower)       

  Fig. 10.45    Mucinous carcinoma, endocervical-like, with 
expansile invasion       
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stage I tumors were followed by an uneventful 
outcome. At least half of those with stage II/III 
disease also had peritoneal invasive implants, two 
of which had a fatal outcome [ 39 ,  41 ,  53 ].    

    Immunohistochemistry 
of Mucinous Tumors 

 Intestinal-type ovarian mucinous tumors express 
CK7 (diffusely), CK20, and CDX2 (patchily) 
(Fig.  10.47 ) [ 54 – 59 ]. Patchy staining with p16 may 
be observed and may be useful in distinguishing 
from metastatic endocervical carcinoma (diffusely 
positive) [ 60 ,  61 ]. DPC4 is usually expressed in 
primary mucinous tumors and may be useful for 
distinguishing from metastatic pancreatic and 
biliary tract carcinomas (negative in 50 %) [ 57 , 
 62 – 64 ]. Intestinal-type ovarian mucinous tumors 
are generally nonimmunoreactive for estrogen 
and progesterone receptors, WT1, and CA-125 
[ 54 ,  55 ,  65 ]. Tumors of teratomatous origin may 
exhibit typical colorectal carcinoma immunophe-
notype (CK20+, CDX2+, CEA+, and CK7−), and 
their use for distinguishing between the two may 
be impossible [ 65 ]. Endocervical- like mucinous 

  Fig. 10.46    Mucinous carcinoma, endocervical-like, with 
infi ltrative invasion       

a b

c

  Fig. 10.47    Immunohistochemistry for a typical ovarian mucinous tumor with intestinal differentiation. ( a ) CK7, 
intense staining in all cells. ( b ) CK20, intense staining in most cells. ( c ) CDX2, moderate staining in a minority of cells       
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tumors are commonly positive for estrogen and 
progesterone receptors, CK7, and CA-125, but not 
for CK20, CDX2, or WT1 [ 56 ,  58 ,  59 ]. PAX8, a 
transcription factor for the paired box gene fam-
ily, has been shown to be expressed in a variety 
of tumors of Müllerian and mesonephric origin 
and, in particular, is negative in gastrointestinal 
tumors and is therefore helpful in the differen-
tial diagnosis from metastatic adenocarcinoma. 
Probably because a large number of mucinous 
tumors show gastrointestinal differentiation, the 
expression of PAX8 is usually negative in those 
cases. In several studies, only 10–40 % of ovarian 
mucinous carcinomas and 19–23 % of mucinous 
cystadenomas/borderline tumors were positive for 
this marker [ 66 – 68 ]. PAX2, a transcription factor 
related to PAX8, is signifi cantly less specifi c for 
use in female genital tract tumors than PAX8. In 
one study, none of the mucinous carcinomas were 
positive, and only 19 % of cystadenomas/border-
line tumors were positive [ 66 ].

       Mucinous Tumors Associated 
with Pseudomyxoma Peritonei 

 Pseudomyxoma peritonei (PP), or mucinous car-
cinoma peritonei [ 69 ], is a clinical syndrome 
referring to presence of abundant gelatinous, 
mucoid material adherent to peritoneal surfaces 
in the abdomen or pelvis (Fig.  10.48 ) [ 70 ]. 
Tumor cells are found within the mucin but the 
cellularity may be very low. The majority of PPs 
are a result of an appendiceal mucinous neo-
plasm with ovarian secondaries [ 14 ,  71 – 75 ]. 
Rarely, PP may be secondary to an intestinal 
tumor arising from an ovarian teratoma, com-
monly in a form of an IMBT [ 76 ,  77 ]. PP can 
also arise from mucinous carcinomas of other 
gastrointestinal sites, the breast and even lung, 
but these are exceptional [ 69 ].

   In PP, the ovarian tumors are usually bilateral, 
but may be a unilateral right-sided tumor, often 
with surface involvement. The histologic appear-
ance resembles ovarian IMBT (Figs.  10.49 ,  10.50 , 
 10.51 , and  10.52 ). In cases of appendiceal prima-
ries, even though the appendix may be grossly 
normal, surgical resection with processing in its 
entirety for histologic examination is necessary. 

This is because the lesion may be small and focal 
and may or may not show transmural invasion 
(Figs.  10.53 ,  10.54 , and  10.55 ). The latter may 

  Fig. 10.48    Pseudomyxoma peritonei. Mucoid material 
occupies the peritoneum       

  Fig. 10.49    Pseudomyxoma peritonei. Florid mucin 
granuloma formation in ovaries       

  Fig. 10.50    Pseudomyxoma peritonei. Deceptively bland 
epithelial cells line the glands in the ovaries       
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be due to the fact that the previously ruptured 
site has been sealed by fi brosis. The tumor may 
be a low-grade appendiceal mucinous neoplasm 
or a frank mucinous adenocarcinoma [ 69 ]. The 
incidence of detecting appendiceal mucinous 
neoplasms in cases of PP with ovarian mucinous 
tumors is, however, apparently less common in 
the Asian population [ 78 ].

         Although immunohistochemistry is helpful in 
establishing the primary site in most cases, the 
intestinal-type immunoprofi le of the appendix is 
identical to a minority of IMBTs arising from an 

  Fig. 10.51    Pseudomyxoma peritonei. Pseudomyxoma 
ovarii is present       

  Fig. 10.52    Pseudomyxoma peritonei. Peritoneal mucin 
may be very low in cellularity       

  Fig. 10.53    Low-grade appendiceal mucinous neoplasm 
associated with pseudomyxoma peritonei. Mucosal pro-
liferation without any invasion into the underlying muscu-
laris propria       

  Fig. 10.54    Low-grade appendiceal mucinous neoplasm 
associated with pseudomyxoma peritonei. The mucosa 
shows villiform proliferation and covered by deceptively 
bland epithelium. Note localized thinning of the muscula-
ris propria       

  Fig. 10.55    Low-grade appendiceal mucinous neoplasm 
associated with pseudomyxoma peritonei. Thinning and 
interruption of the muscularis propria by fi brosis may be 
the only clue to a previously ruptured site       
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ovarian teratoma. In these cases, thorough histo-
logic examination of the appendix is crucial. 
Currently, PP should be classifi ed as high or low 
grade based on the architectural and cytologic 
features of the tumor cells inside the peritoneal 
mucin [ 69 ].  

   Mucinous Tumors with Mural 
Nodules 

 Benign, borderline, or malignant ovarian muci-
nous tumors may contain one or more mural 
nodules which are morphologically different 
from the preexisting mucinous epithelium. They 
have been classifi ed into sarcoma-like mural 
nodules (SLMN), nodules of anaplastic carci-
nomas (NAC), and true sarcomas. Mixed forms 
also occur and sometimes it may be diffi cult to 
distinguish one from another [ 79 – 83 ]. Despite 
the favorable prognosis reported in SLMNs and 
NACs, it should be noted that the prognosis of 
such lesions would also be dependent on whether 
or not the preexisting mucinous tumor is a car-
cinoma and, if so, whether it shows expansile or 
infi ltrative invasion. 

 SLMNs usually occur in young women (mean, 
39 years). Grossly, they represent ≥1 discrete 
red-brown nodule usually 0.6–6 cm in size and 
sharply demarcated from the adjacent mucinous 
tumor. Histologically, the nodule shows a cir-
cumscribed proliferation of highly atypical cells 
comprising multinucleated epulis-like giant cells 
and malignant-looking spindle cells in a back-
ground of infl ammatory cells (Figs.  10.56 ,  10.57 , 
 10.58 , and  10.59 ). The giant cells are usually 
immunoreactive for histiocytic markers, while 
the spindle cells are usually negative for cytoker-
atins [ 84 ]. In 50 %, the preexisting mucinous 
tumor is a carcinoma. Similar cases have been 
reported in extraovarian sites and rarely have het-
erologous elements such as osteoid [ 85 ]. Of the 
reported cases of SLMNs, the clinical courses 
have been benign [ 82 ].

      NACs may be subclassifi ed according to cell 
types. These include rhabdoid, sarcomatoid, or 
pleomorphic. Rhabdoid cells are large and have 
abundant eosinophilic cytoplasm, eccentric nuclei 

  Fig. 10.56    Sarcoma-like mural nodule in mucinous 
 neoplasm. The two components are sharply demarcated 
from one another       

  Fig. 10.57    Sarcoma-like mural nodule in mucinous neo-
plasm. The sarcomatous component contains spindle cells       

  Fig. 10.58    Sarcoma-like mural nodule in mucinous 
 neoplasm. The sarcomatous component is cytologically 
malignant       
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with prominent nucleoli. The sarcomatoid cells 
are spindle cells arranged in a herringbone pat-
tern and are immunoreactive for cytokeratin, in 
contrast to the spindle cells in SLMNs, as noted 
above. The pleomorphic subtype contains an 
admixture of rhabdoid and sarcomatoid spindle 
cells [ 83 ]. These nodules may measure up to 
10 cm in size and can be multiple. In contrast to 
SLMNs, NACs have infi ltrative borders and show 
invasion of the surrounding stroma, often with 
vascular invasion and coagulative tumor necro-
sis. Although the presence of NAC has not been 
shown to be an adverse prognostic factor for stage 
I mucinous tumors, experience with these cases 

is still limited and distinction from true sarcoma 
may be diffi cult in some cases. 

 True sarcomatous nodules such as fi brosar-
coma and rhabdomyosarcoma are aggressive 
tumors [ 86 ,  87 ]. 

 Mural nodules must be distinguished from 
carcinosarcoma (malignant mesodermal mixed 
tumors). In contrast to mural nodules, carcinosar-
comas are biphasic and the carcinoma compo-
nent is intimately mixed or merged with the 
malignant spindle cells (Fig.  10.60 ).
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