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This report focuses on the borderline category of ovarian mucinous tumors and summarizes
the consensus points and persstent problems identified by experts in the fidd who participated in a
consensus workshop on borderline ovarian tumors (see the aticle by Silverberg et d for detalls of
this process). The consensus points and problems within the mucinous tumor category are
addressed by condgdering the three interrdaed issues of nomenclature, diagnostic criteria, and
behavior usng the following resources:
1. higtorical concepts
2. daafrom review of the literature, including new concepts from recent sudies
3. opinions and experience of expertsin the field
Specific issues to be addressed include:
1. recommended nomenclature for tumors conforming to the borderline morphologic category
(seedsn the aticles by Slverberg et d and Seidman et d)
2. diagnodtic criteria for defining the various morphologic groups within the mucinous
borderline tumor category, with specid attention to:
a. thelower limit of the borderline category for distinction from cystadenoma
b. the upper limit of the borderline category, including the following two categories
i. borderline tumor with intragpithdlia (noninvasive) carcinoma
ii. borderline tumor with microinvasion
c. diginction of borderline tumor from the confluent glandular/expansle type of
Invasve mucinous carcinoma
3. daification of the behavior of true primary ovarian bordeline mucinous tumors by
rigoroudy excluding the nonovaian mucinous tumors that Smulae primay ovaian
mucinous borderline tumors when involving the ovaries
a. ovarian mucinous tumors associated with pseudomyxoma peritone (PMP)
b. metagtatic mucinous carcinomas with a deceptive pattern of invason

Nomenclaturefor tumors conforming to the “borderlineg” mor phologic category

The International Federation of Gynecology and Obsetrics (FIGO) Classfication of 1971
desgnated an intermediate group of epithdid ovarian tumors as “cystadenomas with proliferaing
activity of the epithdid cdls and nucdear @bnormdities but with no infiltrative destructive growth
(low potentid maignancy).”?  The World Hedth Organization (WHO) Classfication of 1973
desgnated these tumors as “tumors of borderline maignancy (carcinomas of low malignant
potentia).”>  Since then, three terms derived from these dassfication systems have been used to
refer to these tumors “borderline tumor”, “tumor of low maignant potentid”, and “aypicd
proliferative tumor”. To address the ided nomenclature for these tumors it is ussful to consder
both their morphologic festures and behavior, as the preferred term should be one that is both
morphologicdly and dinicdly meaningful.  Briefly, there ae two types of borderline mucinous
tumors  recognized in the literaure gadtrointestina type ad endocervica
mucinousMulleria/seromucinous type.  The gedrointestind type of mucinous borderline tumor is



usudly a unilaterd, large, multicystic tumor with a smooth cgpsule in which the glands and cydts
ae lined by drdified, proliferative gedtrointestind type mucinous epithdium exhibiting tufted and
villoglandular or papillary intraglandular growth and displaying vaiable (usudly mild to moderate)
nuclear atypia and lacking stromd invasion (Figures 1 and 2; see d<0 the article by Seidman et d).
Review of the literature on tumors meeting the diagnogtic criteria for borderline mucinous tumor,
gadrointestind  type, reveds that these tumors have demondrated an overwhdmingly benign
behavior.>*® Based on studies published from 1973 to 2002, specific agpects of the behavior of
these tumors can be summarized as follows. 1. The vast mgority of borderline mucinous tumors of
gadrointestinal type are stage I; 2. Of over 500 stage | tumors reported, only ~1% of these patients
have been reported to have died of dissase (most of these fata tumors had inadequate or an
unknown degree of sampling; 3. A smdler number (~100) of so caled advanced stage borderline
mucinous tumors have been reported, with nearly 50% mortdity. More than 85% of these tumors
have been associated with the clinicd syndrome of pseudomyxoma peritonei (PMP). However,
recent dudies have edablished that virtudly dl cases of PMP are of gadtrointestind (usudly
appendiced), not ovarian, origin (see below).3**? Therefore, the existence of true primary ovarian
borderline mucinous tumors of advanced stage is questionable.  When these questionable advanced
dage tumors are removed from the primary ovarian borderline mucinous tumor category, the
remander conssts overwhemingly of stage | tumors with benign behavior.

Based on the above observations and discussions at the workshop, the members of the pand
addressng the mucinous borderline tumors agree that the three exising terms, ‘borderling’, “low
madignant potentid”, “aypicd proliferative’, are synonymous and describe the same group of
tumors. We agreed tha the behavior of tumors conforming to this morphology (when wel
sampled, with careful excluson of tumors associated with  pseudomyxoma peritone  and
metastases—see beow) is overwhedmingly benign.  The group currently is not able to recommend
any dngle teem as the preferred term.  The group is willing to congder a more benign term than
“pborderling’ or “low malignant potentid” if additiond data confirms the benign behavior. Possble
terms that coud be consdered include but are not limited to “atypicad proliferative mucinous tumor
or cysadenoma’ and “mucinous cystadenoma with atypid’. The number of additional cases needed
to confirm the behavior of these tumors was not determined. Based on the large number of cases
dready reported in the literature, some members of the group advocate the use of more benign
terminology now but this was not the consensus opinion. Severa consensus points emerged from
the group discussion regarding the reporting of borderline tumors in future publications amed at
establishing the behavior of these tumors (see dso the aticle by Siverberg et d). Briefly, it was
agreed that because the length of follow-up reported in many dudies of borderline tumors,
induding those cited above, is quite variable, future studies should focus on reporting cases with
aufficiently long follonrup to establish meaningful data on behavior. In addition, reported cases
should be rigoroudy evaduated to assure that they are properly classfied and wel sampled.
Diagnogtic criteria elaborated in recent studies and as described herein should be applied to properly
classfy tumors, with specia atention to excluson of metastases and cases of PMP of nonovarian
origin 141722634 Tymors should be well sampled (the recommended sampling is 1 section per
centimeter of greatest tumor diameter for tumors smdler than 10 cm and 2 sections per centimeter
of grestest tumor diameter for larger tumors), with additiona sections taken if review of the initid
sections distloses any findings warranting  further evauation such as intragpithdid carcinoma,
invasion, or features suggesting metastatic mucinous carcinoma.

In contrast to the gastrointestind type of mucinous borderline tumor, the endocervica
mucinousMllerian/seromucinous type is much less common, more frequently bilaterd, can be
intracystic or exophytic, architecturaly resembles serous borderline tumors, and displays a
combination of endocervicd type mucinous and serous (ciliated cdl) type epithdium, often
admixed with other cell types (endometrioid, squamous). Based on a smal number of studies, these
tumors, including those with implants (> stage ) and intragpithdia and microinvasve carcinomes,



have demonstrated a benign behavior.***®  Only a small number of seromucinous carcinomas with a
few disease related deaths or recurrences have been reported.*>*®  The consensus opinion regarding
these tumors is that the term “seromucinous’ is synonymous with the terms *endocervicd-type
mucinous’ and “Mllerian” and can be used to designate this subtype. These tumors are didtinctive
and differ from the gadrointestind type. Similarities to serous tumors are acknowledged (the
occurrence of implants). Despite the overwhemingly benign behavior reported to date, due to
limited data there was a decison to offer no further comments regarding this group of tumors and a
possible change in nomenclature to a more benign term. Therefore, the remainder of this dscusson
pertains only to the gastrointestina subtype of mucinous borderline tumors.

Diagnogtic criteriafor defining the lower limit of borderlinefor distinction from cystadenoma

Specific criteria for determining the lower limit of the borderline mucinous tumor diagnostic
category have not been established or evduated in the literature.  The members of the pand have
agreed tha a tumor composed predominantly of cysadenoma with a minor component of
borderline tumor should be primarily diagnosed as a mucinous cystadenoma.  The presence of foca
borderline tumor can be commented on and quantified in the pathology report. A specific
quantitative definition for what congtitutes a minor component was not agreed upon other than to
date that this minor component should certainly be much less than 50% of an adequately sampled
tumor and less than 10% is a reasonable arbitrary figure to use to define a minor quantity. Most
pathologists preferred the gpproach of requiring a comment on the presence of a minor borderline
component so that these tumors can be identified for further study of tumor progresson but not al
agreed that this was necessty. Some rased concern that mentioning the minor borderline
component might lead to overly aggressve treatment. However, this concern seems unwarranted
given the edablished experience in the literature indicating that bona fide mucinous borderline
tumors are virtudly adways sage |, have an overwhemingly benign behavior, and can be managed
consarvatively.

Intraepithelial (noninvasive) carcinoma

Based on the FIGO and WHO classfication schemes of the early 1970's, the sole criterion
for didinguishing a mucinous borderline tumor from mucinous carcinoma was the absence of
groma invason in the former. In 1973 and 1977, additiond criteria were proposed for
diginguishing mucinous carcinomas lacking obvious dromd invason from mucinous borderline
tumors. The criteria for mucinous carcinoma were expanded to include tumors displaying marked
overgrowth of aypicd epitheid cdls manifeted as epithdid cdl dratificaion in excess of three
layers, cribriform intraglandular proliferations, or finger-like projections of solid cdlular masses
without connective tissue support; these patterns were often accompanied ky marked nuclear aypia
In addition, the presence of marked nuclear atypia alone was added as a diagnostic feature of
mucinous carcinoma®®*’  Since then, mucinous tumors lacking stromd invason but displaying
epithdid overgrowth and atypia have been refered to as “non-invesve’, “intraglandular”, or
“intragpithelid” carcinomas.  Proposed diagnogtic criteria for intragpithelid carcinoma vary dightly
among different studies!1">2648 Al sudies consder tumors with marked nudesr aypia as
intragpithelid carcinomas.  Some investigators dso congder tumors displaying any of the following
features aore or in combination as intraepitheliad carcinomas. moderate nuclear atypia, epithdid
dratification of four or more layers, or intraglandular cribriform or dSroma-free pepillary
growth.11:17:2648  Based on review of the literature, 290 cases of stage | intragpitheliad carcinomas
have been reported, with 18 desths due to disease (6.20%).46:811:14.17.25.26,29.32.44.48 | thege sudies,
vay few advanced stage “intragpithelid mucinous carcinomas’ have been reported, with a higher
proportion of deaths due to disease (9 of 13 cases). In light of the ability of metastatic mucinous
cacinomas to dmulate borderline mucinous tumors with intragpithdid carcinoma (see below), the



possibility that some or al of these so caled “advanced stage intragpithdia carcinomas’ represent
occult metastasesis high.

Based on congderation of the above morphologic and behavioral aspects, the sole diagnostic
criterion agreed to for the diagnosis of intragpithelia carcinoma is the presence of severe (grade 3)
cytologic atypia (Figures 3 and 4). A minority of pathologists aso consder complex intraglandular
growth patterns (such as cribriform areas or stroma-free papillag), even in the absence of severe
atypia, diagnogtic of intragpithelid carcinoma. However, the consensus opinion is that excessve
epithdid dratification and other complex intraglandular growth petterns, in the absence of severe
atypia, can be seen in typicd borderline mucinous tumors and should not be used to diagnose
intragpithdia carcinoma (Figure 5). Additiond studies should specificdly address the dgnificance
of these intraglandular growth patternsin borderline tumors.

Bor derline mucinous tumor with microinvasion

Microinvason in borderline mucinous tumors has been defined as ether smdl foc of
dromd invason characterized by sngle cels glands, or smal cugersnests of mucinous epithelid
cels within the sroma or as smdl fod of confluent glandular or cribriform growth within the
droma.  Some investigators have used 3 mm in greatest linear extent or 10 square mm as the sze
limit for each individua focus but others have used 1, 2, and 5 mm as the upg)er imit for each
focus, with no requirement regarding the number of such foc alowed 1725264850 \Mogt reports
do not provide great detall regarding the cytologic fegtures of the invasve foc. Some tumors with
microinveson dso have intraepithdid carcinoma (17 of 48 cases reported in the cited Sudies).
Based on review of these dudies, 37 microinvasive tumors with follow-up have been reported and
no recurrences or deaths due to disease have been observed.®117:25:2648-50 One ditional case with
4 mm of microinvason was reported to have resulted in death due to disease but this tumor had
been inadequately sampled.®®  Thus, the prognosis of tumors with microinvasion appears to be
excdlent.

In one report, the term “microinvasve carcinoma’ is pecificdly used for those tumors
having both intragpithdlid carcinoma and microinvason, whereas mucinous borderline tumors with
microinvason but lacking intragpithdid carcinoma are refered to as “microinvasve borderline
tumors’.!  There was debate among participants in the consensus workshop regarding the
pathologic meaning of the terms “borderline tumor with microinvason” (“microinvasve borderline
tumor’) and “borderline tumor with microinvasve cacdnomd and the dinicd management
implications of these diagnoses. Based on the description of these terms in the previoudy cited
report, the latter diagnosis indicates foci of intragpithelid carcinoma are present whereas the former
diagnogtic term indicates intragpithdid carcinoma is asent. The gppearance of the invasve foci
(low-grade or borderline in appearance versus high-grade) has not been specificdly defined for
these two diagnodic categories.  However, it gppears tha the term “microinvasive borderline
tumor” is interpreted by some pathologists and clinicians as indicating the presence of invasive foci
that appear amilar to the borderline tumor (that is, low-grade; Figures 6 and 7) whereas the term
“microinvasve carcinoma’ is interpreted as a bona fide invasve carcinoma with a higher-grade
appearance (Figure 8). It gppears that some clinicians might recommend a more aggressve
treatment gpproach for the latter diagnosis but not the former, despite the fact that two discrete
forms of microinvasve tumors have not been aufficiently defined and Sudied in the literature.
Thus, there was no clear consensus about the exigence of two different types of microinvasve
tumor and how to labe them but it gppears that many pathologists regard the two terms as
synonymous. It was agreed that the amount of microinvason should be quantified but there was no
consensus on a sze criterion.  Some pathologists accept up to 5 mm but others do not, partly due to
limited experience in the literature with this group of tumors. A comment can be made in the report
that based on the limited data in the literature, tumors with up to 5 mm of microinvason have
demonstrated an excellent prognosis®  Additiond studies should address the size criterion for



microinvason, the dgnificance of the number of microinvasve foc, and describe in detal the
cytologic features of the microinvesve fod. Microinvason should be carefully disinguished from
gland rupture with the formation of mucin granulomas containing fragmented epithelium.

Digtinction of borderline mucinous tumor from the confluent glandular/expansle type of
Invasive mucinous car cinoma

Recent dudies of ovarian mucinous tumors have expanded the definition of invasive
mucinous carcinoma to include a second type of invason, termed the “confluent glandula” or
“expansle’ patern of invasion.!”?® In this pattern of invasion, the glandular epithelium is markedly
crowded, with little intervening stroma, and interconnected in a confluent or labyrinthine pattern
(Figure 9). Primary ovarian mucinous carcinomas commonly exhibit this pattern of invason and
the presence of an infiltrative pattern of stromd invason should rase concern for metadtatic
mucinous carcinoma (see below).?®>°! Based on recent studies recognizing this pattern of invasion,
it appears that patients with stage | mucinous carcinomas of this type have ~90% surviva rate, with
adverse prognoss dmost exclusvely associated with the infiltrative rather than the confluent
glandular/expandile pattern of invasion (deaths due to disease in 5 of 21 versus none of 25 cases,
respectively).!”?>%®  Most pathologists agree that the confluent glandular/expansile pattern reflects a
type of invesve wdl differentisted mucinous carcinoma which should be diagnosed as such,
dthough it was acknowledged that some pathologiss may classfy tumors with this pattern as
intragpithdia carcinoma rather than invadve due to the difficulty with determining how much
glandular confluence conditutes carcinoma.  For tumors comprised predominantly of borderline
tumor the focusfoci of confluent growth should measure more than the upper sze limit alowed for
a diagnogs of microinvasion to qudify for the diagnoss of invasive carcinoma, thet is, more than 5
mm in greatest dimension according to criteria proposed by some investigators?® or more than 3 mm
in grestest dimension or 10 sguare mm in area according to the criteria of others”?® It was
recommended that tumors with a minor component of cacinoma be diagnosed as
borderling/atypicd  proliferativellov mdignant potentid tumor with  focusfoc of mucinous
cacinoma, with some quantification of the focusfoci. Additiond dudies of tumors displaying this
pattern are warranted.

Ovarian mucinous tumor s associated with pseudomyxoma peritonei (PMP)

The term PMP has higtoricdly been gpplied as a pathologic diagnostic term to both indolent
and aggressve mucinous neoplasms in the abdomina and pelvic cavities that produce mucinous
astites and/or abundant extracdlular mucin, resulting in diagnogtic confuson and unrelidble data on
prognoss. Recent sudies have redefined PMP as a specific clinicopathologic syndrome in which
mucinous ascites is accompanied by low-grade adenomatous mucinous epithdium, intimatey
associated with pools of extracdlular mucin and fibross, dmost invarigbly derived from ruptured
appendiceal low-grade mucinous tumors®3%°2  These sudies recommend either the term
“disseminated peritonedl adenomucinosis™®>3® or “involvement by low-grade appendiced mucinous
neoplaam”>? as specific pathologic diagnostic terms for these low-grade peritoned  mucinous
tumors. The term PMP is redtricted to use as a clinica descriptor for the syndrome of mucinous
acites accompanied by these low-grade mucinous tumors and is mantaned for higorica
continuity.  This recommendation is based on the obsarvation that peritoned mucinous tumors with
the histologic festures of mucinous carcinoma are pathologicdly and prognodticaly diginct from
the low-grade tumors.>>-3¢

The debate over the Ste of origin of PMP has focused on women and determining the
primary dte has been problematic for severa reasons. Fird, primary ovarian mucinous tumors do
occur and can rupture, leading to pillage of mucin within the pevic and adomind cavities.
Second, synchronous appendiced and ovarian mucinous tumors associated with PMP are common.
Third, the gppendiced mucinous tumors in cases of PMP can be ruptured and obliterated by copious



mucinous materid and the associated fibross, making detection of a primary appendiced tumor
difficult or even impossble. Fourth, the ovarian mucinous tumors associated with PMP can be
large and dinicdly evident and can dmulae primary ovarian mucinous tumors both grosdy and
microscopicaly (Figure 10). Most often, these tumors are interpreted as primary ovarian borderline
mucinous tumors. Thus, the combination of these factors often leads to interpretation of the ovarian
tumor as the primary dte of origin.  However, recent morphologic, immunohistochemica, and
molecular genetic sudies have provided compelling evidence that virtudly al cases of PMP ae
derived from an appendiced mucinous tumor and the ovarian involvement is secondary.3**? In
particular, the mucinous tumors in the ovaries in cases of PMP are usudly smaler, more frequently
bilaterd, more frequently involve the surface and superficid cortex, and more frequently display
pseudomyxoma ovarii when compared to primary ovarian mucinous tumors unassociated with
PMP.2* In contrast, primary ovarian aypicd proliferative mucinous tumors and well differentiated
mucinous carcinomas are typicaly larger, unilaera, usudly confined to the ovarian sroma without
aurface involvement, and contain more abundant proliferative mucinous epithdium  without
prominent pseudomyxoma ovaii.?®> The mucinous tumors in the ovaies in PMP have the same
cytokeratin 7/20 immunohistochemica phenotype as the associated appendiceal tumors (~80% are
cytokeratin 7-negative and dl are diffusdy cytokeratin 20-postive) and this phenotype is digtinct
from that of primary ovaian mucinous tumors unassociated with PMP which are invariably
diffussly cytokeratin 7-positive and variably postive for cytokeratin 203%41°2  |n addition,
molecular genetic dudies have demondrated identicd ras mutations in the synchronous
appendiced and ovaian tumors in PMP*%*  In conjunction with the morphologic and
immunohistochemicd data, the ras mutation data support the concept that PMP is a clonal process
of appendiced origin. This concept is further supported by other studies showing that ruptured
primary ovarian mucinous tumors have not been associated with the subsequent development of
PMP.210121517 The rare exception to this theory of the appendiced origin of PMP is the occurrence
of mucinous tumors aising in ovarian maure cysic teraomas associaed with PMP>*  The
mucinous tumors in the ovaries in these cases are higologicaly and immunohistochemicdly smilar
to those in cases of PMP of appendiced origin.

There was consensus among pane members thet the ovarian mucinous tumors associated
with PMP are dmog invariably derived from the gadtrointestind tract, usudly the gppendix. In
view of this they should be reported as secondary involvement of the ovary or metadtatic to the
ovary. Ovaian mucinous tumors with features condstent with or suggestive of secondary
involvement in the setting of PMP should not be labded with the same diagnogtic terms used for
primary ovarian tumors (cydadenoma, “borderling’, “low maignant potentid”, or “aypicd
proliferative’) so that clinicians are not confused about the edtablished or suspected primary Ste.
When intraoperative consultation with frozen section leads to diagnosis of a mucinous ovarian
tumor in the setting of PMP the need for gppendectomy should be conveyed to the surgeon and the
pathologist should examine the entire gopendix microscopicaly.  For cases in which the gppendix
was not initialy removed but morphologic and immunohistochemica festures of the ovarian tumor
support an appendicea origin, the need for subsequent appendectomy should be determined by
clinicd factors.

M etastatic mucinous car cinomas with a deceptive pattern of invasion

Metadtatic mucinous carcinomas ae far more common than primary ovarian mucinous
cacinomas and many ae easly recognized as such when the ovarian tumors exhibit any or dl of
the following fediures bilaerdity, smdler sze (typicdly less than 10 cm), ovaian surfece
involvement, a nodular pattern of involvement, and an infiltrative pattern of stroma invesion.?>>:°°
It is important to recognize that some metagtatic mucinous carcinomas derived from the colon,
pancredticobiliary tract, appendix, and endocervix can have a deceptive pattern of invasion
gmulating a primary ovaian mucinous “borderling’ tumor with intragpithdid carcdnoma and not



infrequently some of these metadtases display highly differentiated areas adjacent to carcinoma,
amulating benign and “borderling’ precursor lesons and suggesting primary origin in the ovary
(Figures 11 and 12).°%%° Recognizing such tumors as metagtatic is especialy problematic when the
ovarian tumor represents the presenting finding of disease, is unilaterd and large, and a primary
mucinous carcinoma of another organ (most often the gadtrointestind tract, including the
pancregticobiliary system) is not identified.  Efforts should be made to rigoroudy exclude
metadtatic mucinous carcinomas of nontovarian origin from the primary ovarian mucinous tumor
category. The presence of any of the above mentioned features characteristic of metadtatic
mucinous carcinomas, or extraovarian disease, should lead the pathologist to suspect metastatic
cacinoma and should prompt the surgeon to examine the gadtrointestind tract, including
pancregticobiliary system, for a primary tumor. Immunohistochemicd anadysis can be useful for
identifying those metastatic mucinous carcinomas that lack characteristic features of metastases and
smulate primary ovarian mucinous tumors>®

Conclusons

Recent sudies have refined the diagnogtic criteria for the various categories of ovarian
mucinous tumors. This has dlowed for more accurate diagnods of true primary ovarian mucinous
tumors, paticulaly the bordedine type, and ther digtinction from metagtatic mucinous tumors
(induding secondary involvement by low-grade mucinous tumors in cases of PMP).  Improved
classfication of these mucinous tumors has darified the behavior of these tumors by excluding
smulaors from the borderline mucinous tumor category. The consensus process summarized in
this and the accompanying articles has identified those points on which we agree and those issues
needing further invedtigation. We genedly agree about the diagnogtic criteria that define the
mucinous tumor subcategories but additiond sudies, particularly focusng on the less common and
more problematic types, such as intragpithelid and microinvasve carcinomas, are warranted to
firmly esablish their behavior.
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