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Abstract

Epithelial ovarian carcinoma makes up 90-95% of all ovarian malignancies, taking into account also low-malignant-potential tumors. The
Krukenberg tumor is a rare metastatic adenocarcinoma (ADK) in the ovary, representing 1-2% of ovarian tumors. Multiple primary malignant
neoplasms may exist when more than one cancerous tumor is diagnosed in the same or a different organ. The incidence of multiple primary
cancers among malignancies is between 2.4% to 8%. The aim of this paper is to report the case of a 47-year-old patient with two synchronous
malignant tumors involving both ovaries, one diagnosed as primary papillary serous cystadenocarcinoma and the other one diagnosed as
ovarian metastasis (Krukenberg tumor) of a synchronous colorectal ADK, and the complex diagnostic and therapeutic challenges that such a
rare case poses. Histopathological (HP) examination and especially the immunohistochemical analysis had a determining role in differentiating
between an ovarian primary tumor and a metastasis from a gastrointestinal tract cancer. The tumors examination for somatic mutations of
Kirsten rat sarcoma viral oncogene homolog (KRAS) and neuroblastoma RAS viral oncogene homolog (NRAS) genes was performed in
order to individualize the chemotherapic treatment in this difficult case. The conclusion of this case is that, although synchronous multiple
primary cancers in a young patient are a rare condition, this situation should be taken into account in the differential diagnosis when we

encounter clinical and HP diagnostic challenges.
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=& Introduction

The epithelial ovarian carcinoma makes up 90-95%
of ovarian malignancies, taking into account also low-
malignant-potential tumors (borderline tumors) [1]. There
are no screening programs for ovarian cancer and in the
early stages only few clinical signs [2]. Thus, two-thirds
of patients have advanced disease by the time they are
diagnosed [2]. Ovarian cancer is surgically staged and stage
is assigned according to findings before tumor removal
and debulking. Approximately one-third of patients have
surgical stage I or II disease [2]. If the tumor appears
macroscopically confined to the ovary, surgical removal
and comprehensive staging is performed [2]. For early-stage
ovarian cancer, the recommended surgical management
should include collection of peritoneal washings after
opening the peritoneal cavity, extrafascial hysterectomy,
bilateral salpingo-oophorectomy, infracolic omentectomy,
multiple peritoneal biopsies, pelvic and infrarenal para-
aortic lymphadenectomy [2]. After the surgery is completed,
the surgical removed tissues are submitted for extensive
histopathological (HP) and immunohistochemical (IHC)
analysis. The management of early-stage ovarian cancer

includes chemotherapy in addition to surgery [3-5]. In case
of advanced ovarian cancer, the sequenced multimodality
therapy offers the most successful outcomes [6]. If possible,
surgical cytoreduction is ideally initially performed to
remove all macroscopic disease and is followed by six
courses of platinum-based chemotherapy [2]. To effectively
balance all clinical factors each patient is individually
assessed before initiating treatment [2].

Krukenberg tumors are rare metastatic tumors at the
level of the ovary, representing up to 1-2% of ovarian
tumors [7]. The stomach represents in over 70% of cases
the primary site of the tumor [7-9]. Carcinomas of colon,
appendix, and mammary gland can be also common primary
sites [8—10]. Krukenberg tumors are found more often in
younger patients, patients in their fifties, with an average
age of 45 years [7-10]. The most common clinical signs
that are present, are those related to ovarian involvement,
particularly abdominal pain and bloating. The primary
tumor can be diagnosed anytime in relationship with the
Krukenberg tumor diagnosis, either preoperatively, at
the time of ovarian tumor surgery or in the early or late
postoperative period [8—11]. IHC staining can be helpful
in differentiating between ovarian metastases and primary
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ovarian neoplasms [12—14]. The most frequent utilized
markers are cytokeratins 7 and 20 (CK7 and CK20)
immunophenotyping [15, 16]. Primary ovarian tumors
follow a relative constant pattern and are usually positive
for CK7 (90-100%), but are negative for CK20 [13, 14,
17]. In comparison, most malignant tumors of the large
intestine follow a different pattern and are immunoreactive
to CK20, but non-reactive to CK7 immunostaining [7, 12—
16]. IHC markers are very important in differentiating
between different tumor subtypes and can influence the
management and prognosis, because treatment options
(surgery, radiotherapy, chemotherapy) can vary depending
on the specific IHC characteristics and not only the stage
of the disease [18, 19]. Also, tumor serum markers are
very important in establishing the diagnosis, prognosis
and treatment response, although most of them are not
very specific and can have high levels both in malign
and benign conditions [20, 21].

Multiple primary malignant neoplasms may coexist
when more than one cancerous tumors are diagnosed in
the same or a different organs and/or are of a distinct
morphology or histology cluster [22]. The definition used
in many studies for multiple primaries is “more than one
metachronous or synchronous cancer in the same individual”
[22, 23]. The incidence of multiple primaries among
malignancies is between 2.4% and 8%, up to 17% within
20 years of follow-up [22, 24, 25]. Among the risk factors
for multiple primaries are: genetic inherited predisposition;
lifestyle, hormonal and environmental factors that may be
cancer-promoting; treatment of a previous malignancy and
prolonged surveillance of cancer patients [26, 27]. The
diagnosis at young age of multiple primary malignant
neoplasms, in one or more family members, should make
a physician take in consideration the possibility of an
underlying cancer predisposition [23]. For example, colon
cancer in a young woman with a family history of
endometrial or colon cancer may suggest the diagnosis of
Lynch syndrome (LS). People with LS are predisposed
a wide variety of cancers involving the colon, ovaries,
endometrium, stomach, liver, small intestine or urinary
tract [28-31].

Aim

We report the case of a 47-year-old patient with two
synchronous malignant tumors involving both ovaries,
one diagnosed as primary papillary serous cystadeno-
carcinoma and the other one diagnosed as ovarian
metastasis of a synchronous colorectal adenocarcinoma

(ADK), and the complex diagnostic and therapeutic
challenges that such a rare case poses.

7 Case presentation

A 47-year-old patient was admitted to the Emergency
County Hospital of Arad, Romania, with complaints of
lower abdominal pain, slow intestinal transit, menstrual
irregularities and stress urinary incontinence. The patient
was known with chronic hypertension (diagnosed in 2002
and treated with angiotensin-converting-enzyme inhibitor
and diuretics) and an appendectomy (2003). She had two
vaginal births and no abortion or curettage. From her
family history, we noted that her mother suffered from
chronic arterial hypertension and diabetes mellitus and

her father was known with chronic arterial hypertension.

The clinical examination of the abdomen shows
abdominal bloating and lower abdominal pain at palpation.
The gynecological examination identifies the following
aspects: a slightly enlarged uterus, with irregular outline
and high consistency, with preserved mobility and without
pain on palpation, right adnexa enlarged, approximately
4/5 cm, solid consistency, with pain on palpation and left
adnexa moderately enlarged, approximately 5/7 cm, cystic
consistency, with pain on palpation. The transvaginal
ultrasound shows an intramural uterine leiomyoma,
approximately 4 cm in diameter, located into the anterior
uterine wall; right ovary, approximately 4/5 cm, with a
cyst, 3.5 cm in diameter, with thick walls, septated, with
solid components and highly vascularized; left ovary,
approximately 6/8 cm, with three cysts, the largest one
being 4.5 cm in diameter, multilocular, with four papillary
projections and high vascularization; thin layer of fluid
in the pouch of Douglas.

We performed a computed tomography (CT) scan
examination, which revealed the following details: five
hepatic hemangiomas; a subserosa uterine leiomyoma
located into the anterior uterine wall; a tumor in the
projection area of the right adnexa — in contact with the
uterus — probably a uterine leiomyoma or and adnexal
tumor.

The risk of ovarian malignancy algorithm (ROMA)
index was 15.9% with a cancer antigen 125 (CA125) value
of 36.30 IU/mL. A value over 11.4% of the ROMA index
suggests a high risk of epithelial ovarian cancer. Also,
the CA125 level is a little bit above the cut off level of
35 IU/mL recommended by many laboratories. The routine
blood tests were in normal range.

After obtained informed consent, exploratory laparotomy
was performed. After pubic-xyphoidian laparotomy, the
following aspects were found: a tumor located in the
sigmoid colon, which almost obliterated the colonic lumen,
with malignant characteristics, a small subserosa uterine
leiomyoma on the anterior uterine wall, the right ovary
with hard structure and intact capsule, the left ovary with
mixed consistency and the epiploon adherent to the sigmoid
colon. After we performed a total hysterectomy with
bilateral salpingo-oophorectomy and pelvic lymphaden-
ectomy, we also carried out a sigmoidectomy with side-
to-side anastomosis. The surgical removed tissues were
submitted for pathological examination. The total duration
of the intervention was seven hours and 45 minutes. The
postoperative course was favorable under antibiotherapy,
anticoagulant thromboprophylaxis, analgesics, antioxidants,
probiotics, 6 units of fresh frozen plasma, one unit of packed
red blood cells, parenteral nutrition until day 14 post-
operative, followed by enteral nutrition (Figures 1 and 2).

Figure 1 — Macroscopic aspect of the left ovary.
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Figure 2 — Macroscopic aspect of the resected sigmoid
colon.

There were taken tumoral fragments from the different
structures and sent for HP examination. Using histo-
chemically stained sections, Hematoxylin—Eosin (HE)
staining, the following tumor characteristics were revealed:
papillary serous cystadenocarcinoma, moderately differ-
entiated G2, probably primary tumor, in the left ovary;
primary sigmoid tubular ADK, moderately differentiated
G3, with serosal infiltration (T3); carcinomatous invol-
vement of the greater omentum and of the right ovary
(metastatic ovarian tumor — Krukenberg tumor) — stage
T3 NO M1 (Figure 3; Figure 4, A and B).
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Figure 3 — Papillary serous cystadenocarcinoma,
left ovary. HE staining of ovarian serous

carcinoma (%x200).

Figure 5 — Diffuse CK20 positive
immunostaining in the colonic
adenocarcinoma (x100).
CK20: Cytokeratin 20.

Figure 4 — (4 and B)
colon showing complicated glandular structures in a desmoplastic
stroma. HE staining: (4) x40; (B) x200.

A comprehensive IHC analysis was performed. For IHC
studies, the following antibodies were used: monoclonal
mouse anti-human p53 protein (clone DO-7, 1:50 dilution),
monoclonal mouse anti-human CK7 (clone OV-TL, 1:50
dilution), monoclonal mouse anti-human CK20 (clone
Ks 20.8, 1:50 dilution), monoclonal mouse anti-human
caudal-type homeobox 2 (CDX2) (clone ZC007, 1:50
dilution), monoclonal mouse anti-human RhCE (clone
BRIC69, 1:50 dilution). Those studies had the following
results: colorectal ADK with metastasis to the greater
omentum and right ovary — pT4b Nx M1b L1 VO (sections
of colonic wall, ovarian parenchyma and epiploon, which
show tumoral infiltration from an tubular ADK moderately
differentiated G3, with following immunoprofile: CDX2
negative, CK20 positive, CK7 negative, p53 negative —
consistent with the colorectal origin of the tumor); papillary
serous cystadenocarcinoma of the ovary — pTx Nx Mx
LO VO (sections of ovarian parenchyma with tumoral
infiltration from an papillary serous ADK, poorly differ-
entiated G3, with following immunoprofile: RhCE 30%
positive, RhP 30% positive, CK7 positive, p53 positive,
CK20 negative, CDX2 negative — consistent with the ovarian
origin of the tumor) (Figure 5; Figure 6, A and B).
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Figure 6 — Immunohistochemistry of metastatic colorectal adenocarcinoma:
(A) CDX2 negative (%200); (B) CK7 negative (x100). CDX2: Caudal-type
homeobox 2; CK7: Cytokeratin 7.
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Samples from the paraffin-embedded tissue were
analyzed for somatic mutations of Kirsten rat sarcoma viral
oncogene homolog (KRAS) and neuroblastoma RAS viral
oncogene homolog (NRAS) genes, being known that
mutations of those genes have been found in a variety
of human malignancies. A targeted resequencing assay
was used for mutation detection in exons 2, 3 and 4 of
the KRAS and NRAS genes. This analysis identified the
mutation ¢.38G>A (p.G13D) in exon 3 of the KRAS
oncogene. This mutation predicts poor response to
epidermal growth factor receptor monoclonal antibody
therapy in patients with metastatic colorectal cancer,
although preclinical studies and retrospective clinical
data suggest that patients may benefit from Cetuximab
[32-35].

At two months after surgery, the patient has had a
positron emission tomography (PET) scan that did not
show any 2-["*F]fluoro-2-deoxy-D-glucose (‘*F-FDG)
hypercaptant lesions (suggestive of a malignant tumor).

The oncological treatment started with FOLFIRI regimen
[two courses of Folinic acid (Leucovorin calcium), 5-
Fluorouracil (5-FU) and Irinotecan].

Three months postoperatively, the tumor markers were
in normal levels [CA125 17.01 IU/mL, cancer antigen
19-9 (CA19-9) 12.36 IU/mL, carcinoembryonic antigen
(CEA) 1.19 ng/mL].

After the two courses of FOLFIRI regimen, the
combination of Paclitaxel, Cisplatin and Capecitabine was
administered for one cycle, followed by monotherapy
FOLFOX regimen [21-day cycles for six months — Folinic
acid (Leucovorin calcium), 5-FU, Oxaliplatin]. This chemo-
therapy is frequently used in the treatment of advanced-
stage or metastatic colorectal cancer.

One year after surgery, the clinical examination and
paraclinical investigations were in normal range.

= Discussions

Krukenberg tumors are metastatic ADKs with mucin-
filled signet-ring cells associated with a striking proli-
feration of the ovarian stroma although many variations
on this pattern can occur, signet-ring cells, although
sometimes scant, are still definitional but a cellular stroma
is not as requiring its presence would exclude otherwise
typical tumors from the Krukenberg category [36]. These
tumors usually originate in the stomach in the vast
majority of cases [7, 8, 36]. In some cases, at the time of
the oophorectomy, the gastric cancer may be small and
asymptomatic, thus remaining undetected for several
years [9, 36]. Much less frequently, the primary tumor is
in the large intestine, breast, gallbladder, uterine cervix,
appendix, or urinary bladder [9-11]. Patients with
Krukenberg tumors usually are between 40 and 50 years
of age, younger than patients with metastatic carcinoma
[7, 36]. In our case, the patient was 47-year-old, and
the metastatic Krukenberg tumor originated from a less
frequent organ — the large intestine. Also, in this case the
mucin-filled signet ring cells were rather rare, which it was
a particular element that made harder the HP diagnosis
before the immunohistochemistry analysis was performed.

Sometimes, metastatic tumors can present as unilateral

ovarian tumors, although in the majority of cases, the
metastatic disease affect both ovaries in a simultaneous
way [37]. In our case, the metastasis was located only in
one ovary, the other one being affected by a different type
of tumor. Due to overlapping morphological features,
the differentiation between primary ovarian ADK and a
metastasis from a colorectal ADK is often difficult, but
it is vital [14, 37], in order to prevent inappropriate
management and suboptimal treatment [23]. In a similar
way, a differential diagnosis between primary colorectal
ADK and ovarian secondary determinations into the colo-
rectum is important, although is an uncommon situation
[13, 15, 37]. Even rarer sites of metastasis of genital
cancers, like splenic metastasis, have been reported so
all possibilities must be taken into consideration when
evaluating such complex oncological cases [38]. Several
clinicopathological aspects are useful in cases with
heterogeneous presentation, like those of ovarian invasion
by a metastatic ADK of the large intestine and vice versa
[12, 13, 37]. The different pattern of CK7 and CK20
immunostaining is extremely helpful in resolving these
dilemmas [12—16]. A study conducted by Chou et al. in
2003 that investigated the utility of f-catenin immuno-
staining concluded that S-catenin is, so far, the best marker
for differentiating these two groups of tumors [39]. However,
markers that are more specific need to be further explored
and validated with substantial studies to resolve these
diagnostic dilemmas.

The last aspect reviewed in our discussion is the one
related to synchronous tumors. The prevalence of patients
with synchronous or metachronous multiple primary
tumors will increase in the upcoming years, based on an
association of factors (demographics, diagnosis, treatment,
etc.) [22]. In studies with data gathered more than a decade
ago, the incidence of multiple primary neoplasms varies
between 2.4% and 17%, this large range resulting from
the different definitions that were used [22, 23]. It is
important to notice that with extended follow-up periods
and with more advanced treatment options for different
malignancies and increased survival, the incidence of
multiple primaries will grow considerably [22-28]. Due
to the advances in genetic testing, patients with multiple
primaries are more and more commonly identified with
different underlying cancer predispositions, thus better
therapeutic plans and protocols will be developed [22,
28, 29]. In the area regarding the treatment of patients
with multiple primary malignant tumors, more research
is necessary to establish the best management for these
rare conditions [22, 26].

& Conclusions

Early-stage ovarian tumors are frequently pauci-
symptomatic and pose diagnostic challenges. Although
synchronous multiple primary cancers in a young patient
is a rare condition, this situation should be taken into
account in the differential diagnosis when clinical and HP
diagnostic difficulties are encountered. The IHC analysis
and the examination of somatic mutation of the KRAS
and NRAS genes were the cornerstones in diagnostic and
therapeutic management of this rare, complex case.
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