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Abstract
Low-grade serous carcinoma of the ovary is an uncommon lesion, composing
approximately 3% of ovarian neoplasms. It typically arises in association with a serous
borderline tumor and is most often at an advanced stage upon diagnosis. Gene mutations
in BRAF and KRAS are characteristic. Various histologic architectural patterns are
known, such as papillary, micropapillary, inverted micropapillary, glandular and nested.
We report a case of low-grade serous carcinoma arising years after a serous borderline
tumor and contralateral teratoma; the low-grade serous carcinoma showed two patterns:
micropapillary growth and a previously unreported form of solid pattern manifesting as
large tumor islands without slit-like spaces. This unusual solid morphology raises the
differential diagnosis of high-grade serous carcinoma, which would result in different
clinical management. The presence of areas with classic micropapillary architecture,
in addition to the absence of high-grade cytonuclear atypia and marked pleomorphism,
support the diagnosis of low-grade serous carcinoma. Immunohistochemical stains
for p53 and p16 failed to show abnormal patterns characteristic of high-grade serous
carcinoma. The patient declined chemotherapy and is on letrozole; she has had recurrent
right pleural effusions over six months of follow-up after surgery.
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1. Introduction

Low-grade serous carcinoma (LGSC) of the ovary is an un-
common malignancy, accounting for approximately 3% of all
ovarian neoplasms, and is found across a wide age spectrum,
with a median age of 43 years at diagnosis. LGSC most
often arises in association with a prior or concurrent serous
borderline tumor, and is usually at an advanced stage upon
diagnosis. Gene mutations in BRAF and KRAS are seen in
both LGSC and serous borderline tumors, though both tumor
types are less likely to show BRAF mutations if at an advanced
stage [1]. Known microarchitectural patterns of LGSC include
papillary, micropapillary, inverted micropapillary, glandular,
nested, single cells and solid sheets with slit-like spaces [2].
Psammomatous calcifications are common. Cytologic atypia
is at most moderate, without marked pleomorphism, and nucle-
oli can be seen. Mitotic activity should remain low (approxi-
mately up to 5mitoses/10 high-power fields (HPF)). In contrast
to high-grade serous carcinoma of the ovary, on immunostain-
ing LGSC shows wild-type p53 and patchy p16 expression [1].
We report a case of LGSC with both classic architecture and
large solid islandswithout slit-like spaces. This specific type of
solid pattern does not appear to have been previously described
[3]. This solid morphology raises the differential diagnosis of

high-grade serous carcinoma, which can show both solid and
micropapillary patterns. Distinguishing between high grade
serous carcinoma and LGSC is essential; high-grade serous
carcinoma typically responds to chemotherapy, while LGSC
responds poorly to traditional chemotherapy. Inhibitors of
the RAS/RAF pathway, such as MEK inhibitors, are currently
under investigation as potential targeted treatments for LGSC
[3].

2. Case report

2.1 Clinical history
A 51-year-old female with type 1 diabetes mellitus, asthma
and irritable bowel syndrome, presented with shortness of
breath. The patient had a significant prior history; at age 37,
a left salpingo-oophorectomy was performed, with diagnosis
of a stage IIA (1988 International Federation of Gynecology
and Obstetrics (FIGO) staging system)/pT2aNxMx (Ameri-
can Joint Committee on Cancer (AJCC) 6th edition at the
time of diagnosis) serous borderline tumor with micropapillary
features, and no evidence of a LGSC. A concurrent right
ovarian cystectomy showed a mature cystic teratoma. Six
years after her initial diagnosis, a right salpingo-oophorectomy
was significant for recurrence of serous borderline tumor with
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TABLE 1. Immunostains—pleural fluid.
Immunostain Clone and vendor Expression pattern
p53 protein DO-7, Dako Wild-type pattern
PAX-8 BC12, Biocare Medical Positive
WT1 6F-H2, Dako Positive
BerEp4 Epithelial Antigen clone BerEp4, Dako Positive

Cytokeratin 7 OV-TL 12/30, Dako Positive
D2-40 D2-40, Dako Negative

Napsin A MRQ-60, Cell Marque Negative
Calretinin DAK-Calret 1, Dako Negative
TTF-1 8G7G3/1, Dako Negative

TABLE 2. Immunostains—omental biopsies.
Immunostain Clone and vendor Expression pattern
p53 protein DO-7, Dako Wild-type pattern
Ki-67 antigen MIB-1, Dako 10–15% proliferative index

p16 INK4a antigen BC42, BioCare Medical Rare positive cells
Estrogen Receptor (ER) EP1, Dako Positive (moderate intensity)

Chromogranin A DAK-A3, Dako Negative
D2-40 D2-40, Dako Tumor cells negative
PAX-8 BC12, Biocare Medical Positive

Calretinin DAK-Calret 1, Dako Negative in tumor cells
WT1 6F-H2, Dako Positive (Strong, diffuse)

Napsin A MRQ-60, Cell Marque Negative

micropapillary features; again, no LGSC component was iden-
tified. At her current presentation with complaint of dyspnea,
chest X-ray and computer tomography (CT) scan imaging
studies revealed a pleural effusion. Pleural fluid from a tho-
racentesis showed an adenocarcinoma, most consistent with
LGSC. Immunohistochemical studies performed on the cell
block supported that diagnosis (Table 1). The patient then
underwent omental biopsies, which were diagnostic for LGSC.
This was followed by a total abdominal hysterectomy with
omentectomy, with LGSC involving the omentum and a small
focus within a uterine serosal adhesion. Additional pleural
fluid was also collected, and malignant cells consistent with
LGSC were present.

2.2 Pathologic findings

Microscopic examination of the omental biopsies done prior
to hysterectomy revealed LGSC. In addition to the classic
LGSC architectural pattern (Fig. 1A), the lesion also showed
a solid pattern consisting of large tumor islands without slit-
like spaces (Fig. 1B); both patterns showed psammoma bodies.
Tumor cells in the solid area had grade 2 nuclei and occasional
nucleoli (Fig. 1C). Scattered foci of necrosis were present
(Fig. 1D). Immunohistochemical studies were in keeping with
the diagnosis (Fig. 1E,F, Table 2). Amucicarmine special stain
did not highlight any intracytoplasmic mucin. BRAF V600E/K
somatic mutation analysis by polymerase chain reaction (PCR)
analysis of formalin-fixed, paraffin embedded tissue was neg-

ative.
A total abdominal hysterectomy with omentectomy was

subsequently performed. Gross examination of the uterus
showed serosal adhesions and an intramural fibroid. Multiple
white solid nodulesmeasuring up to 10 cm in largest dimension
were noted throughout the omentum. The histologic appear-
ance of the omental tumor was similar to that see on prior
omental biopsy, with areas of both classic and solid patterns.
Immunostains were not repeated on this specimen. Low-grade
serous carcinoma was also focally (0.1 mm) present in uterine
serosal adhesions. The uterus and cervix were benign.

2.3 Clinical management and follow-up
The total abdominal hysterectomy with omentectomy resulted
in optimal debulking (R0). There was no evidence of the
prior known adnexal serous borderline tumor in the specimen,
and her previous borderline tumors had shown no evidence of
LGSC. Hence, this LGSC was staged as a peritoneal primary,
stage IVA (2013 FIGO staging system)/pT3bNxM1 (AJCC
8th edition). The immediate post-operative period was sig-
nificant for right-sided pleural effusion. The patient declined
chemotherapy and Letrozole treatment was initiated. Within
the six months following debulking, the patient had seven
thoracenteses for recurrent right pleural effusions. A positron-
emission tomography (PET) CT of the chest, abdomen and
pelvis performed six months after surgery demonstrated a
persistent right pleural effusion, consistent with the patient’s
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FIGURE 1. Low-grade serous carcinoma (omental biopsies). A. Micropapillary pattern and psammoma bodies, medium
magnification. B. Solid pattern without slit-like spaces and with psammoma bodies, medium magnification. C. Mild to moderate
cytonuclear atypia with occasional nucleoli and slight nuclear size variation (<3-fold) in solid area, high magnification. D. Focus
of necrosis, medium magnification. E. p53 immunostain, wild-type (normal) expression, high magnification. F. ER (estrogen
receptor) immunostain, diffuse moderate staining, low magnification.

known malignant pleural effusion. There was otherwise no
evidence of fluorodeoxyglucose (FDG) avid disease.

3. Discussion

We report a case of LGSC with a prominent pattern of large
solid islands without slit-like spaces admixed with the more
typical micropapillary pattern. This specific solid architecture
lacking slit-like spaces does not appear to have been previously
reported in low-grade serous carcinoma. The finding of necro-
sis is also an unusual feature of low-grade serous carcinoma
[1, 3], and raises the differential diagnosis of high-grade serous
carcinoma, in which it is well described.
There are few reports in the literature of a solid patterns of

LGSC. Amorphologic review of 40 cases in 2010 reported two
with a minor solid component; the example photomicrograph
published shows a solid nest with presence of slit-like spaces
[4]. Another example of solid pattern LGSC was published
in 2016, and the photomicrograph presented by the authors in
that publication shows thick fronds of tumor cells, separated
by long slit-like spaces [2]. Our case, however, shows many
large, purely solid islands without any slit-like spaces.
These different patterns of solid growth are important to

recognize in LGSC to avoid misdiagnosis of high-grade serous

carcinoma, in which a solid component is not uncommon. The
differential also includes a collision of low-grade and high-
grade serous carcinoma, which, although vanishingly rare,
should be ruled out in lesions with both solid and another
microarchitectural pattern. This is accomplished by adequate
sampling, thorough microscopic examination, and immunos-
taining; in our case, both the solid and the micropapillary
patterns shared p53 and p16 staining patterns consistent with
LGSC. Another entity on the differential, though controversial,
is progression from low- to high-grade serous carcinoma, has
been reported [5, 6], and the current case could be confused as
an example of that apparent phenomenon. Again, awareness
of a solid variant of low-grade serous carcinoma helps to avoid
that error, and its recognition should prompt investigation via
immunostaining.
Solid architecture is a known pattern of high-grade serous

carcinoma, which develops along a p53 mutation pathway.
Serous borderline tumor and LGSC both show similar gene
abnormalities of BRAF or KRAS [1, 3], and a history of or
concurrent serous borderline tumor suggests a diagnosis of
LGSC. Although our patient’s particular LGSC was diagnosed
as a peritoneal primary, it is certainly possibly related to
the patient’s history of adnexal serous borderline tumor, and
indeed our patient’s LGSC had some classic areas growing in
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a micropapillary fashion, which had been appreciated in her
borderline tumor. In a high-grade serous lesion, the tumor
nuclei are expected to be quite atypical and pleomorphic;
our patient’s tumor did not reach the threshold of atypia and
variation in nuclear size that would be expected in high-grade
serous carcinoma, even in the solid areas. Immunohistochem-
ical studies are valuable adjuncts in differentiating serous tu-
mors, and LGSC is expected to showwild-type (“normal”/non-
mutated) expression of p53 and patchy p16 staining, as were
seen throughout our case. High-grade serous carcinoma typi-
cally has one of the abnormal (mutated) patterns of expression
of p53, and strong and diffuse p16 staining. In our case, both
stains gave the results expected by its low-grade morphology.
However, one cannot solely rely on immunostains to differ-
entiate low-grade from high-grade serous carcinoma, since
apparent wild-type (“normal”) p53 staining pattern has been
reported in a minority of ovarian high-grade serous carcinomas
[7].

While there currently is no indication to routinely perform
molecular studies for diagnostic purposes in serous neoplasms,
we performed BRAF molecular testing because of the unusual
morphology encountered in this case, as a BRAF mutation
would have further supported a diagnosis of LGSC. However,
the absence of the mutation does not make the diagnosis
less likely, given that BRAF mutations are not necessarily
detected in all cases, particularly not in those of advanced
stage. Mutations in other genes such as KRAS, CDKN2A/2B,
NRAS, USP9X, and EIF1AX have also been implicated in the
development of these lesions [1].

4. Conclusion

A solid architectural pattern growing in large islands without
slit-like spaces has not been previously reported in LGSC.
Recognition of this unusual architecture can prevent misdi-
agnosis of high-grade serous carcinoma, in which a solid
pattern is not uncommon. These two entities are managed
quite differently, with LGSC typically being non-responsive
to chemotherapy and high-grade serous carcinoma being sen-
sitive, and thus distinguishing the two is important in order to
avoid unnecessary treatment. Immunohistochemistry studies
can assist with this distinction, since high-grade serous carci-
noma only rarely stains as p53 wild-type. The identification
of more classic areas of LGSC can be quite helpful, as hap-
pened in our case, and adequate sampling of unusual-appearing
serous neoplasms should be performed.
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