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Primary retroperitoneal mucinous cystic tumor with
borderline malignancy, microinvasion, and KRAS mutation:
A case report

Mauricio Gonzalo Alanis Arredondo, Oralia Barboza Quintana,
Itzel Aracely Ortiz Meza

ABSTRACT

Introduction: Primary retroperitoneal mucinous
cystic tumors with borderline malignancy are rare
neoplasms of uncertain histopathogenesis with few cases
reported in the literature. Histologically, these tumors
are an analogous counterpart to the more common
ovarian mucinous borderline tumor. A microinvasive
component of these neoplasms may contribute to higher
probabilities of recurrence and poor prognosis, while
the presence of various mutations, particularly in KRAS
and GNAS exons, could have therapeutic relevance in
the future.

Case Report: Imaging studies of a 42-year-old female
with abdominal pain and distension revealed a large
abdominopelvic cystic tumor. This tumor was initially
misdiagnosed as adnexal. Gynecologic surgery showed
the tumor to depend on the retroperitoneum. The patient
had intact gynecologic organs. Further, a macroscopic
study revealed a cystic cavity filled with serous liquid,
with dominant papillary excrescence, and multiple
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microscopic papillae distributed along the inner lining.
Moreover, a histologic analysis showed a proliferation
of more than 10% of cylindrical mucosecretory
epithelium, with dysplasia and focal infiltration to
the stroma. Additionally, the immunohistochemistry
revealed diffuse epithelial positivity for CK7 and focal
CK20 positivity. Superior and inferior gastrointestinal
endoscopies were done, where the possibility of a
neoplastic origin in here was ruled out. Next-generation
sequencing showed a missense mutation in exon 2 of
KRAS.

Conclusion: While the histopathogenesis of primary
retroperitoneal mucinous tumors remains uncertain, the
overall behavior and prognosis is remarkably similar to
their better-known mucinous counterparts in the ovary.
The possibility of targeted treatments in cases with
malignancy, recurrence, and metastases also remains an
important topic in molecular oncology, highlighting the
need for further molecular profiling.
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INTRODUCTION

Primary retroperitoneal mucinous cystic tumors with
borderline malignancy (PRMT-BM) are rare neoplasms
of uncertain histopathogenesis, with few cases reported in
the literature. Histologically, PRMT-BM is an analogous
counterpart to the more common ovarian mucinous
borderline tumor. The presence of a microinvasive
component in these neoplasms may contribute to higher
probabilities of recurrence and a poor prognosis, while the
presence of various mutations, particularly in KRAS and
GNAS exons, could become of therapeutic relevance in the
future; thus, further research is necessary to understand
the histopathogenesis, prognosis, and molecular profiles
of these rare neoplasms.

CASE REPORT

A g2-year-old female presented with a progressive
increasement of volume on the right flank. She eventually
noticed a painless mobile mass, which was accompanied
by changes in the voiding pattern, including polyuria. She
initially consulted a physician, who ordered an abdominal
ultrasound and tomography (CT) scan. The ultrasound
revealed a simple cyst of unknown origin, measuring of
16 cm in diameter, while the computed tomography (CT)
scan identified the same lesion as a peritoneal inclusion
cyst, measuring 19 c¢m in diameter. Consequently, she
was referred to a specialized hospital.

She was initially assessed by gynecologists, who
decided to verify the diagnosis by conducting serum tumor
marker tests, which returned within normal parameters.
Additionally, a transvaginal ultrasound was performed,
which indicated a probable left anexial cystadenoma.
Consequently, they decided to do an exploratory
laparotomy and found that the mass originated from the
retroperitoneum, while the reproductive organs were
found to be intact. Therefore, the gynecologists decided
to end the surgery and refer her to the general surgery
department.

General surgeons decided to do an enhanced
abdominopelvic CT scan, which revealed a thin-walled
ovoid lesion with well-defined borders and content with
a liquid density of 5—-10 HU and some calcifications.
This lesion was described as being retroperitoneal in
origin, with a diameter of 18.7 cm and an approximate
volume of 2000 cc, which displaced adjacent structures.
Additionally, they identify a delay in the nephrogram
of the right kidney and hydronephrosis. Notably, the
reproductive organs and digestive system did not have
alterations. Based on these findings, the general surgeons
proceeded with surgery to remove the entirety of the
tumor. No additional eventualities were reported. The
specimen was then sent for a histopathologic evaluation.

Gross examination revealed a cystic tumor weighing
2 kg and measuring 20 cm in diameter, with a lobulated
morphology, smooth shiny surface partially covered
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by fibroadipose tissue. The tumor was soft to the touch
(Figure 1). The inner lining was mostly smooth, except
for a dominant excrescence of 2.2 ¢cm in diameter and
multiple punctiform papillae distributed throughout the
inner surface (Figure 2). The entirety of the dominant
excrescence and several of the smaller papillae were
submitted for further analysis.

Histopathological examination revealed a cystic
neoplasm composed of a fibrous capsule lined on the
inside by a cuboidal simple epithelium, alternating with
multiple areas of a proliferated cylindrical mucosecretory
epithelium, characterized by pseudostratification of
the nuclei, fold formations, focal pseudoinvasion, and
focal true infiltrative microinvasion. The microinvasive
component measured 2 mm in total, arising from a
few foci of severely dysplastic epithelium, where small
clusters of cells could be seen invading the fibrous stroma
beneath it (Figure 6). The rest of the fibrous stroma
was hypocellular, with few inflammatory cells and was
otherwise unremarkable (Figures 3—6).

Immunohistochemistry staining was performed for
CK7 and CK20. The former revealed diffuse positivity
in the epithelium while the latter only showed focal
positivity. Furthermore, CA-125 and CDX2 were done,
with the former exhibiting diffuse positivity in the
invasive component and the latter exhibiting negativity,
with only focal positivity in the non-invasive epithelium
(Figures 7—10).

After the histopathological diagnosis, the patient was
referred to gastroenterology to assess the possibility of
a primary origin in the gastrointestinal tract. Superior
endoscopy and colonoscopy were performed, revealing
only atrophic gastritis and external hemorrhoids, with no
evidence of a neoplasm.

Next-generation sequencing (Thermo Fisher Ion
Torrent Genexus System), a technique used for DNA and
RNA sequencing and mutation detection, was performed
on the tumor, which detected one missense mutation
involving p.G12D (c¢.35G>A) in exon 2 of the KRAS gene.

The patient had no formal follow-up with her
oncologist, but she is still alive and reported to be
asymptomatic ever since she recovered from the surgery.

Figure 1: Tumor outer surface. Lobulated, light brown, with
some vascularized connective tissue still attached to it.
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Figure 2: Tumor inner surface. Notice the dominant papillary
excrescence and multiple smaller papillae distributed
throughout.

Figure 3: Epithelial innerlining. Pseudostratified mucosecretory
epithelium with formation of papillae and underlying fibrous
stroma.

Figure 4: Epithelial inner hmng Cub01da1 non- mucosecretory
simple epithelium, reminiscent of mesothelium.

Figure 5: Transition between a mild dysplasia (left) and a more
severe dysplasia (right).
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Figure 6: Foci of microinvasion. Notice the small nests and

individual cells invading the stroma.
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Figure 7: CK7 is diffusely positive in the mucosecretory
epithelium.
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Figure 8: CK20 is focally positive in the mucosecretory
epithelium.
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Figure 9: CA-125is dlffusely positive in the invasive component.
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Figure 10: CDX2 is negative in the invasive component.

DISCUSSION

Primary retroperitoneal mucinous tumors (PRMTS)
were initially described in 1924 by Handfield-Jones in his
study on retroperitoneal cysts [1]. They can be defined
as mucosecretory epithelial neoplasms arising in the
adipose tissue of the retroperitoneum with no association
to organs. The cystic variations of these neoplasms
are classified as cystadenomas (benign), borderline
malignancies (intermediate), and cystadenocarcinomas
(malignant). According to Wolf et al’s case series,
the most common of these PRMTs are mucinous
cystadenocarcinomas, while the least common are the
borderline malignancies [2].

Perhaps the most interesting aspect of these
neoplasms is their uncertain histopathogenesis. While
PRMTs present more frequently in female patients, their
occurrence in males widens the etiological possibilities.
Therefore, several theories of origin have been proposed,
mainly: metaplasia of celomic tissue, implantation of
ectopic ovarian tissue, enterogenic duplication cysts, and
monodermal teratomas [3, 4].

The diagnostic approach of PRMTs can be difficult.
Although imaging techniques are sensitive in the
detection of various cystic lesions with low, intermediate,
and high malignancy potential, specificity in these
techniques is lacking. Primary retroperitoneal mucinous
tumors can mimic a variety of different diagnoses,
making histopathological classification an imperative to
reach a proper diagnosis [5]. Even though aspiration is an
effective technique for identifying the characteristics of
a cyst, the cytological examination of the aspirated fluid
often falls short in determining the kind of epithelial cells
that line the cyst [6].

Most patients present either asymptomatic or
with vague symptoms, possibly with a palpable mass,
distention, or pain [3].

Serum tumor markers, such as carcinoembryonic
antigen; carbohydrate antigen CA19.9, CA15.3, CA125;
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and alpha fetoprotein have proven neither specific nor
sensitive in the diagnosis or follow-up of these neoplasms
[7].

The primary treatment of PRMT-BM is surgical
excision, either laparoscopic or open, generally with
similar survival rates as mucinous cystadenomas even
though PRMTs with borderline malignancy show
higher rates of recurrence [2]. While the laparoscopic
approach offers a relatively less invasive procedure and
faster recovery time, it remains controversial whether it
increases the risk of tumor implantation and recurrence
[8]. Conversely, the open approach offers the surgeon
more maneuverability and better tumor handling,
theoretically reducing the possibility of spillage and
implantations.

Generally, there is no need for adjuvant therapy after
successful removal of a PRMT-BM, with close follow-
ups regarded as adequate for post-surgical management.
However, the use of chemotherapy is controversial, with
some authors recommending it be reserved to cases with
malignancy, tumor rupture, recurrence, or metastases
[9].

Histologically, PRMTs consist of one or more cystic
spaces lined with mucosecretory epithelium that can
range in feature from benign, reactive, and borderline
to malignant. Additionally, a non-secretory cuboidal or
flat epithelium resembling mesothelium may be present.
The stroma is fibrous and can vary from hypocellular
to hypercellular, with or without an ovary-like stroma,
usually with some degree of inflammatory cell activity.

The borderline form of PRMTs is characterized
by a proliferation of the epithelium, causing
pseudostratification and tufting, with mild to moderate
dysplasia. Moreover, the borderline form can progress
to carcinoma in situ, characterized by a non-invasive
epithelium with severe dysplasia, overt nuclear atypia,
increased nuclear-cytoplasmic ratio, loss of polarity, and
mitoses. The significance of microinvasion compared to
overt invasion is not well understood. Nevertheless, true
invasion must be distinguished from pseudoinvasion.

The immunohistochemical profile of PRMTs is mostly
non-specific and inconsistent, as seen in multiple case
reports. The epithelium is mostly CK7 positive, with
variable positivity for CK20, CEA, CA125, CA19-9, CDX2,
MUC2, calretinin, and WT-1. Similarly, both epithelium
and stroma can show variable positivity for estrogen and
progesterone receptors.

According to The Cancer Genome Atlas database,
KRAS-G12D, G12V, G12C, and Gi13D are the most
common KRAS mutations in carcinomas. Further, G12D
is found in 18 types of cancer, including lung, colon, and
pancreatic cancers.

While the molecular findings in our case report
caused no immediate change in the oncologic treatment
of the patient, they contributed to the identification of
the oncogenic drivers of these rare neoplasms, which
could become relevant in the future as potentially viable
KRAS-targeted drugs are developed. One such drug
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is MRTX1133, a small molecule inhibitor that targets
the KRAS G12D mutation, which has shown promising
results in preclinical trials in mouse models of pancreatic
cancer [10, 11].

Regarding prognosis, KRAS mutations, including the
variant found in this case, are known to be associated
with a more aggressive clinical course in various
neoplasms, including ovarian borderline tumors,
where these mutations are particularly associated with
invasive implants, higher stages of the disease, increased
recurrence rates, and worse adverse disease-free survival
compared to outcomes from wild-type KRAS borderline
tumors [12, 13]. Specifically regarding the limited PRMT-
BM molecular landscape, a previous case report of a
PRMT-BM identified a KRAS mutation in exon 3 and a
GNAS mutation in exon 8 [14].

CONCLUSION

Unfortunately, the clinical and radiologic
characteristics of PRMTs are non-specific, requiring
resection for a proper diagnosis. Although their
histopathogenesis is uncertain, the overall behavior and
prognosis of PRMTs are remarkably similar to those of
their better-known mucinous counterparts in the ovary.
Exploiting the potential of targeted treatments for
malignant, recurrent, and metastases cases remains an
important topic in molecular oncology, highlighting the
need for further molecular profiling.
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