Serous Borderline Tumors of the Ovary:
Implants, M anifestations, Biology &
New Insightsin Progression

Stanley J. Robboy, MD

Professor of Pathology
Professor of Obstetrics & Gynecology
Vice Chairman for Diagnostic Services
Department of Pathology
Duke University Medical Center, DUMC 3712
Durham, NC 27710
stanley.robboy @duke.edu

The serous borderline tumor conditutes one of the most enigmatic of al conditions confront-
ing gynecologic pathologigs. It is enigmatic for any number of reasons. The borderline tu-
mor as we mos commonly see it is only intermittently dinicaly mdignant, but a smdl num:
ber do ultimady behave aggressvely. What features identify those that will behave ulti-
matdy in a dinicdly benign fashion from those that will become dinicaly mdignant? Is the
borderline tumor that transforms into grade 1 cancer more like its borderline parent or more
like spontaneoudy forming grade 2 or grade 3 serous carcinoma? Are there one or more
pathogenetic routes to mdignancy? If a solitary leson that is typicdly borderline is found in
the peritoneum, what is its reation to endosdpingioss? Does, in fact, endosapingioss exist
as a condition? What is the rdation of borderline serous tumor to mullerian incluson cyst

(MIC) found both in the peritoneum and lymph nodes? Is MIC the same as endosdpingioss?
What isits biologic sgnificance?

Dr. Jules Berman, in his introduction and editorid overview to a workshop held in Bethesda,
Maryland, on August 27-20, 2003 convened to discuss the enigmatic borderline ovarian tu-
mor,> described well the “confusion, apprehension and adtercations’ we al have experienced
with thistruly perplexing family of conditions.

Borderline ovarian tumors (BOTS) do not fall neatly into benign or malignant categories. When a tu-
mor with BOT morphology invades its own stroma and the surrounding ovarian tissue, the tumor is not
called an invasive BOT (no such lesion exists). Rather, it is called a carcinoma. Although invasive
BOTs do not exist, pathologists reserve a category of microinvasive BOT (ie, a BOT can have micro-
invasion, but a BOT cannot have invasion). When deep invasion is present, to spare the surgeons un-
necessary confusion, pathologists often omit any reference to the BOT component of the tumor. This
“act of kindness” eliminates documentation of those casesin which BOT and cancer coincide, obscures
our clinical understanding of tumors with mixed BOT/carcinoma morphology, and leaves us confused
about the relationship between BOT and cancer.

Because BOTSs are neither benign nor malignant, the extra-ovarian spread of BOT cannot proceed
through metastasis (a property associated exclusively with malignant tumors). BOTs spread through the
pelvis via “implantation.” Unlike the metastatic spread of tumors (where metastasis is always bad), the
clinical relevance of implants is determined by the morphological features of the implanted tumor. If
the implant is invasive, then the prognosis changes. Interestingly, a patient with the diagnosis of BOT
who develops a highly invasive implant (eg, an implant attaching to the colon and invading deeply into
the colon wall) does not have cancer. In this case, the patient hasaBOT with invasiveimplant. That is,
the implant is invasive but the BOT is not! Remember, now, that a BOT with invasion limited to the
ovary is called a carcinoma. To the best of my knowledge, BOT is the only tumor for which the diag-
nosisis changed not by the presence of invasion, but rather by the location in which the invasion occurs
(ovary vsimplantation site). Local invasion changes the diagnosis to cancer, erases the BOT, and turns
any implants into metastases! A BOT with distant invasion (even if we someday learn that implantation
occurs through a mechanism equivalent to metastasis) is still aBOT.
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Borderline tumors not uncommonly have protracted courses, sometimes with changes in his-
tology. As an example, a 21-year-old woman a our Inditution presented with a stage 111C
ovarian serous borderline tumor. MIC was dso present in a lymph node. A second-look
laparoscopy performed one year later suggested regression, but a CT scan one year after that
reveded carcinomatoss with soft-tissue masses in the paracolic gutters bilaterdly, for which
chemotherapy was begun. During the next five years she underwent periodic debulking pro-
cedures. The origind histology, which was typicd borderline, became grade 1 adenocarci-
noma. The most recent CT scan (after 13 years) showed a 5.6 cm subcapsular cdcified mass
aong the periphery of the liver, which had incressed in sze from 3.2 cm in over two years,
and a4.4 cm lesion in the faciform ligament.

Typicd serous tumors of borderline maignancy microscopicdly show bulbous, but some-
times, fine to coarse papillary fronds in which atypicd, draified neoplagsic cdls cover a
thick core of fibrovascular sroma. Commonly, a smal to moderate proportion of the papillae
exhibit clugters of cdls that appear as solid cdlular buds that, because of tangentid section
ing, appear detached from the epithdid lining. The degree of nuclear atypia as wdl as the
number of mitotic figures is variable. Ciliated cdls are common, as are psammoma bodies.
The diagnoss of a borderline tumor requires that no area contain frank sroma invason. The
presence of smal foci of microinvasve tumor does not dter the patient's otherwise excdlent
prognosis.

“Micropapillay cacinomd’ is a variant of borderline serous tumor that was described ini-
tidly in 1996, but with disputed significance®1%2°  This tumor was thought to act in a more
aggressve and dinicdly mdignant fashion then the usudly indolent, dinicdly benign, and
more common form of borderline tumor, even when it had spread throughout peritonea cav-
ity. The fibrovascular fronds of the typicd borderline serous tumors display a mantle of
epithdid cdls on the surface that gppear focdly as a multilayered shell with irregular zones
of filiform micropapillarity. In the variant form, the micropegpillarity is diffuse and uniformly
covers dl of the fibrovascular cores. While the authors who described this leson suggested it
be classfied as an adenocarcinoma, subsequent studies have shown that unless associated
with invasve implants, it behaves as ordinay borderline tumor, suggesting it reman in the
borderline category.* 8121315 Within the origind description of micropapillarity was a sec-
ond form of abnormdity, i.e, foc with a cribriform pattern, but many peathologists would i+
terpret this as grade 1 invasive cancer.

Dedructive invason in a borderline tumor indicates the presence of a serous carcinoma. The
finding of tumor with irregular, angulaed margins in the droma reflects dissection dong
gromd planes. When papillae invade into the stroma, the stromd margins may appear re-
tracted and display relatively pointed contours in reief. Solid clusters of cdls may exhibit a
cribriform pettern (intraglandular bridging) indicative of autonomous growth and hence, ade-
nocarcinoma. Usudly, invason is accompanied by a fibrous stroma reection (“desmopla
ga).

During the past severd years, Kurman and his associates have further explored the transfor-
mation of borderline serous tumors to frank adenocarcinomal’?%?2  Sgnificantly, consistent
genetic changes were found in the grade 1 type adenocarcinomeas that arose in cases of bor-
derline serous tumor, and were dgnificantly different from the spontaneous type of high-
grade invadve adenocarcinoma commonly encountered in the more usud form of ovaian
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cancer. In 61% of borderline serous tumors and 68% of invasive borderlines or grade 1 ade-
nocarcinomas, BRAF mutations were found in codon 89 and/or kras mutations were found
in codon 12/13. This contrasted with 0% mutations of the same type in the typicd high-grade
invasve cancer found in the more usud form of ovarian cancer, indicating that there are
probably two different pathogeneses for serous tumors, one being associated with borderline
serous tumors and its transformation to grade 1 serous adenocarcinoma, and the other for the
more typica form of high-grade cancer

During recent years, patients with ovarian borderline tumors have been meticuloudy staged
and peritoned biopsies obtained both at primary surgery and a second look lgparotomies.
This has led to a better understanding of the types of serous lesions that can arise de novo in
the peritoneum. The peritoneum, like the ovarian surface epithdium, is of mesothdid origin
and, therefore, subject to the same disease processes.  The implication of this hypothess is
that tl%mors aisng in the peritoneum may be multicentric and independent of ovarian tu-
mors.

Borderline tumors found in the peritoneum including the broad ligament are amilar to those
aidng in the ovary, which questions wha is primay and metadtatic (implants). Like the
borderline leson arising in the ovary, the features characterizing the serous borderline tumor
primary in the peritoneum are papillary processes, smdl cugers of cels cdl dratification,
detached cdlular clugters, nuclear atypia, and mitotic activity. However, most borderline tu-
mors in the peritoneum ae associated with a amilar type of ovarian tumor and are most
likely metastases to the peritoneum.*

In evduating peritoned biopses, tumor must be didinguished from reective peritoned hy-
peplasa and benign epithdid incdusons  Reective mesothdid proliferations commonly
gmulate serous differentistion. A paticulaly difficult differentid diagnoss about which
there is dill consderable debate is where only few glands are found in the peritoned biopsy.
The epithdium is extremdy wel differentiated and psammoma bodies may be conspicuous.
Some proponents condder these as benign serous growths that are reective and norn:
neoplagtic, while others have shown that many may be borderline tumors!! The tem “en
dosdpingioss’ or “aypicd endosdpingioss’ is often used to describe this leson, but this
name is arguably inappropriate since the roots of the words themsalves refer to a leson that is
benign (“oss’) and aisng from epithdium reaed to the fdlopian tube (“-sdping-”). If the
neoplasms present in the peritoned cavity are to be consdered as borderline or mdignant &
rous neoplasms, then the reactive forms should aso probably be consdered as serous, and
given a name such as serous netgplasia, or borderline serous tumor or even serous adenocar-
cinomato achieve continuity of nomendlature.

Late recurrences (16 yr mean duration) have been reported in some patients with stage 1A or
IB borderline serous tumors of the ovary and of these, dout 2/3'® of the patients have suc-
cumbed to the disease!® Curioudy, many of these women initidly had “endosdpingioss’
found in the peritoneum, one interpretation being that wha was initidly conddered as ent
dosdpingioss might in redity have been implanted tumor from ovarian borderline tumors.

Mullerian induson cys (MIC) involving the omentum and/or lymph nodes is another finding
sometimes encountered when dedling with borderline serous tumors of the ovary. These @-
cur in the foom of individud round-to-ovd glands with an obvious lumen. A peripherd
basement membrane is present and cilia may be prominent. The epithdium is usudly only
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one cdl layer thick, and dratification, if present, is minima. The nude ae basdly Stuated,
mitotic activity is absent, and there is no nuclear atypia Ther resemblance to fdlopian tube
epithdium has led to the use of the term “endosdpingioss’ if the leson is in the peritoned
cavity and “mullerian incdluson cys” if in a lymph node. These names should probably aso
be changed to “serous incluson cys” to reflect the nature of the tissue present. Although
most reports have labeled these as benign incluson cysts, many in fact may be metastases,
even though their presence seems to have no impact on prognosis™ Many cases are associ-
ated with borderline serous tumors of the ovary and in some cases the same lymph node may
disclose aress of typicd borderline tumor adjacent to areas of mullerian incluson cysts. Gene
rearrangement sudies performed in a smal number of cases have shown the identica k-ras
mutetion in codon 12 in both the mullerian indusion cys in the lymph node as wel as in the
ovarian tumor.

In addition to the above lesons, borderline serous tumors of the ovary can give rise to forms
of more obvious metastasesimplants to the peritoneum. They are 1) noninvasve with or
without reactive desmoplasa, or 2) invadve. The definition of nonrinvasve “implants’ is
controversd,'® as is the reation of this entity to long term prognosis®® Tumors with non-
invasve implants progress dowly, if a dl, and ae associated with very low deeth rates.
Non-invesve implants are supeficidly located on peritoned dructures and lack irregular
infiltrative margins.  The epithdium of nonrinvasve implants exhibits cugers of dightly
atypicd serous cdls often admixed with variable numbers of psammoma bodies. They often
have papillae filling smoothly contoured cydic invaginations, lying on the peritoned surface
or between foldsin the omentum.

The presence of desmoplasa in the peritoneum, per s, is not conddered a sign of invasve
madignancy. A desmopladic response to tumor, if present in the form of sharply circum-
scribed plagues, may represent implants that have plastered onto the peritoned surface or
even extended into septa between the lobules of omentum.® The implants are not considered
to be invasve until they are solid or invade irregularly as jagged, disordered nests of tumor
cdls. In some cases, this didinction can be very difficult, if not impossble to make. The dis-
tinction is important, however, as the prognoss with invasve implants is sgnificantly worse.

Some borderline tumors may show signs of invasion, but only in the peritoned implants!®
Although dasdfied as “borderling’ because of the microscopic findings in the ovarian pri-
mary,® tumors with “invasive implants’ commonly act in a dinicaly aggressve manner and
have been associated with a worse prognosis. We prefer to name these lesons as adenocarci-
noma that has arisen in borderline tumor. Microscopicdly, invasve implants disclose an ir-
regular, aggressve-gopearing infiltration into the underlying tissue.  The tumor glands show
extendve intraglandular bridging or irregularly sheped solid nests of cdls ressmbling tumors
of low-grade serous adenocarcinoma. Severe cytologic atypiais present in some.
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