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Summary

Hypercalcemia is a common complication of malignancy, occurring in up to 30% of patients. The development of hypercalcemia
in patients with cancer portends a worse prognosis, with patients more likely to have advanced disease and decreased survival rates.
Mucinous neoplasms of the ovary account for 10%—-15% of ovarian neoplasms. They may be benign, borderline, or malignant. The
majority are benign or borderline, accounting for 80% and 16%—17%, respectively. Pseudomyxoma peritonei (PMP) is a rare disease. It
refers that PMP is the accumulation of mucin in the abdominal or pelvic cavity derived from associated mucinous tumor usually from
the appendix, but also associated with ovarian mucinous tumors. Herein, we report a case of hypercalcemia associated with primary
mucinous ovarian tumor followed by PMP that had fatal consequences.
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Introduction

Hypercalcemia often indicates a poor prognosis in pa-
tients with malignancies; it is reported in 10-30% patients
[1]. Sustained high levels of serum calcium levels can cause
severe nervous system problems, including coma as well
as renal dysfunction [2]. To decrease morbidity and pre-
vent a potential hypercalcemic crisis, treatment to main-
tain normal serum calcium level is necessary. Malignancy-
associated hypercalcemia (MAHC) is very rare disease in
patients with ovarian cancer; few cases have been reported
[3].

MAHC can be classified into four types; humoral hy-
percalcemia of malignancy (HHM), primary or ectopic hy-
perparathyroidism, osteolytic hypercalcemia, and vitamin
D secreting lymphomas [4]. Since the etiology of hypercal-
cemia is different for each of the four types, the correct dif-
ferential diagnosis of hypercalcemia is essential to ensure
correct treatment. Mucinous neoplasms of the ovary most
commonly affect women in their 20 s to 40 s. The clinical
manifestations are nonspecific, but most mucinous ovarian
neoplasms manifest as large unilateral pelvic masses. Pri-
mary treatment is surgical. Since most mucinous ovarian
neoplasms are benign or borderline, the overall prognosis
is excellent.

PMP is defined as abundant mucinous fluid or gelatinous
ascites that it appears to be clonally derived from associated
mucinous tumor usually of the appendix, but also associ-
ated with ovarian mucinous tumors, although these may be
metastatic from appendix or other GI sites. Therefore, it is
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prudent to exclude origin of the tumor from the appendix,
mostly by surgical excision and histological examination of
the appendix, in cases of PMP [5]. It was once thought to
have its origin in the ovaries. If left untreated, the tumor
produces mucinous fluid that can fill the entire abdominal
cavity. This results in multiple organs being compressed,
which can be fatal. Therefore, it is important to navigate at
the appendix, known as the origin of PMP, and to cleanse
the inside of the abdominal cavity during surgery [6, 7].
Here, we present a case of ovarian cancer-associated hy-
percalcemia and its eventual outcome. To clarify the eti-
ology of hypercalcemia, differential diagnosis was made
through laboratory investigations and imaging studies.

Case Report

A 20-year-old female patient who presented with painful
abdominal of 3 months’ duration was referred to our hos-
pital for evaluation and treatment. She was diagnosed with
a right ovarian cyst (8.7 cm) at another hospital two years
before coming to our hospital, but she had refused to follow
up and observed. The abdomen-pelvis enhanced computed
tomography showed a right ovarian mass (20 cm) such as
malignant germ cell tumor or cystadenoma, and multiple
lymphadenopathy, including the obturator, both internal il-
iac, right external iliac, left aortocaval, left paraaortic, and
left supraclavicular lymph nodes (Figure 1A).

The initial clinical laboratory findings indicated an ele-
vated serum calcium level of 14.7 mg/dL (normal range:
8.4-10.2 mg/dL), which led us to test the other calcium-
related laboratory data. Her serum parathyroid hormone
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Table 1. — The calcium-related laboratory data.

Parameter Standard values  Pre- Post-
operative  operative

Calcium 8.4-10.2 mg/dL 14.7 9.6
Phosphate 2.5-4.5 mg/dL 3.6 2.8
1,25(OH)_2D  23.5-147 nmol/L - -
Albumin 35-55g/L 39 26
Creatinine 44-115 pmol/L 50 81
PTH 1.1-7.3 pmol/L 0.43 -
PTH-rP < 1.3 pmol/L 18.9 125.0

(PTH)-related protein (PTH-rP) was 18.9 pmol/L (normal
range: < 1.3 pmol/L), and PTH value was low, 4.3 pg/mL
(normal range: 11-73 pg/mL). Serum cancer antigen 125
(CA125) level was 201 U/mL. The calcium-related labora-
tory data were shown in Table 1.

The positron emission tomography-computed tomogra-
phy (PET-CT) was performed and no skeletal metastasis
or parathyroid gland hyperplasia of orthotopic or ectopic
parathyroid gland adenoma were observed. (Figure 1B).
The patient was diagnosed with MAHC. She was treated for
hypercalcemia with massive intravenous hydration and di-
uresis, followed by intravenous pamidronate (total 90 mg).
Her hypercalcemia transiently resolved after the treatment.
The patient’s calcium level decreased to 8.8 mg/dL. On the
other hand, excessive intravenous hydration caused pleu-
ral effusion. Because of her general condition and for
preserving her fertility, she underwent a right salpingo-
ophorectomy only. The left adnexa and uterus were clear
in intraoperative findings, lymph node enlargement was not
observed, and the omentum was also clear.

Peritoneal washing was done and it had no malignant
cells, and the histopathologic results of the right ovary in-
dicated mucinous carcinoma (FIGO stage I1A), destructive
stromal invasive pattern and lymphovascular invasion was
observed (Figures 2A and 2B). The postoperative serum
calcium level was remained normal level at 9.6 mg/dL. On
the 7th postoperative day, her calcium level was 13.7 mg/dL
and the potassium level had increased to 5.5 mmol/L (nor-
mal range: 3.5-5.1 mmol/L).

She was treated for hypercalcemia with hydration, di-
uresis, pamidronate (60 mg), and zolenic acid (3 mg) and
for the hyperkalemia with kalimate. However, the serum
calcium level increased to 16.1 mg/dL, potassium to 5.9
mmol/L, and serum creatinine level was 1.46 mg/dL. More-
over, her mental status was drowsy to stupor. The patient
was transferred to the Intensive Care Unit and started on
continuous renal replacement therapy (CRRT). After two
days of CRRT, the patient’s mental state was alert and the
laboratory findings were normal. Two days later, she com-
plained of severe abdominal distension and was diagnosed
with acute kidney injury. The abdomen-pelvis enhanced
computed tomography scan (Figure 3) showed marked pro-
gression of the PMP, direct invasion of the right kidney and
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Figure 1. — Radiologic findings, A. Abdominal-pelvis enhanced
computed tomography. About 20 cm mass in right ovary. B. The
positron emission tomography-computed tomography. No skele-
tal metastasis or parathyroid gland hyperplasia.

sl ek

Figure 2. — The histopathological results of mucinous carcinoma
on destructive stromal invasive pattern and lymphovascular inva-
sion. A. Hematoxylin & Eosin staining x40. B. Hematoxylin &
Eosin staining x200.

compression of the inferior vena cava, abdominal aorta, and
branches of the great vessels. The patient succumbed within
4 days, 30 days after being hospitalized.

Discussion

It is found that up to 10-30% of patients with cancer in-
crease in calcium [8]. The most common cancers accom-
panied by hypercalcemia are lung cancer, renal cell carci-
noma, multiple myeloma and breast cancer. Malignancy-
associated hypercalcemia in ovarian cancer has mostly been
described in small cell and clear cell carcinomas of the
ovary. Ovarian cancer-related hypercalcemia is rare and
has only a few cases are reported [8].

Many women with ovarian cancer develop elevated
serum calcium because ovarian cancer overexpress parathy-
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Figure 3. — Post-operative abdominal-pelvis enhanced computed

tomography. Marked progression of the pseudomyxoma peritonei
in the right kidney and compression of the inferior vena cava, ab-
dominal aorta, and branches of great vessels.

roid hormone-related protein (PTH-rP), it causes calcium
levels in blood to rise. About 50% of calcium in blood is
bound to albumin, so it is not active state [9]. Clinical ovar-
ian cancer is associated with low serum albumin [9].

Hypercalcemia in malignancy is an independent prog-
nostic factor. Among patients diagnosed with MAHC, 50%
die within 1 month and 75% die within 3 months of starting
treatment [3]. To prevent symptoms such as neurocogni-
tive dysfunction and renal insufficiency caused by hyper-
calcemia crisis, an accurate understanding of etiology and
appropriate treatment is important.

The mechanisms of MAHC include HHM (humoral hy-
percalcemia in malignancy), primary or secondary hyper-
parathyroidism, osteolytic hypercalcemia, and vitamin D
secreting lymphomas [4]. HHM, which is related to ma-
lignant tumor cell secretion of PTH-rP, is the most common
cause of MAHC [2]. PTH-rP is a protein produced by tu-
mors and shares the same N-terminal end as PTH, which
enables them to share the same receptor [10]. PTH-rP in-
creases bone resorption, renal retention of calcium, and ex-
cretion of phosphate, but decreases renal clearance of cal-
cium, similar to the action of PTH.

There are, however, some differences between the HHM
caused by PTH-rP and primary or secondary hyperparathy-
roidism caused by PTH. Especially, unlike PTH, Calcitriol
(1,25-(OH)3 D) secretion which enhances the intestinal ab-
sorption of calcium cannot be increased by PTH-rP [11].
The PTH stimulates the conversion of 25-(OH)D to 1,25-
(OH)2D in the kidney [11]. As mentioned above in the
features of PTH-rP, HHM can be distinguished from other

causes of hypercalcemia. In our case, the patient’s calcium-
related laboratory values indicated a high level of serum
PTH-rP, low level of PTH and 1,25-(OH);D, and a normal
level of phosphate.

Thyroid ultrasonography showed normal echogenicity,
indicating no primary hyperparathyroidism. And PET-CT
also showed no evidence of parathyroid gland adenoma,
and did not show skeletal involvement of the tumor. These
results suggested that hypercalcemia in this case was HHM
caused by PTH-rP secreted from the ovarian cancer cells.
Although the treatment of underlying cancer is important
and should be the ultimate goal, rapid symptom control by
treating hypercalcemic crisis is also important. The treat-
ment of hypercalcemia includes saline hydration and the use
of diuretics, bisphosphonate, and dialysis [11].

In our case, the first hypercalcemia could be treated well
with pamidronate intravenous injection, but the treatment
of the second hypercalcemic crisis, despite pamidronate and
blood dialysis did not prevent her from dying, who had lived
only 30 days after initial hospitalization. In fact, the main
cause of death in our patient was the rapid progress of the
disease. Regarding the intraoperative findings, except the
right ovary tumor, the abdominal cavity was clear including
the appendix, but within two weeks, PMP filled the abdom-
inal cavity, resulting in compression of the abdominal or-
gans. Moreover, the ovary cancer had spread to the abdom-
inal organs, including the kidneys, and to multiple lymph
nodes. Maybe one of the cause of her death was the proba-
ble spillage of tumor intraoperatively.

The aim of this case report is to announce the importance
of the differential diagnosis and treatment of hypercalcemia
in ovarian cancer, which is very rare. Moreover, anticancer
therapy is necessary. Although we resolved the hypercal-
cemic crisis, the patient died because of the progress and
poor performance of the underlying disease, the mucinous
ovary cancer. This case reflects the results of a previous
study by Schwartz and Skinner (2013) that hypercalcemia
is a poor prognosis factor alone, and that there is a positive
association between the degree of serum calcium level and
the progress of ovarian cancer [12]. They also stated that
the risk for fatal ovarian cancer was 52% higher for each 0.1
mmol/L increase in total serum calcium level [12]. Another
research revealed that PTH-rP overexpression is related to
suppressing apoptosis, promoting tumor cell growth, mi-
gration and invasion through the PI3K-Akt-NF-kB path-
way [13]. In our patient, the elevated serum level of PTH-
P seemed to be closely related to the fatal result, given
the aforementioned associations. In other words, the rapid
progression of metastasis to multiple organs and PMP in
our patient could have been promoted by overexpression of
PTH-rP.

Considerable controversy surrounds the origin of PMP,
but recent research has shown that it is the appendix, not
the ovaries [14]. However, in our patient, the appendix was
clear intraoperatively. Moreover, in the process of remov-
ing the ovary tumor, spillover may have occurred into the
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abdominal cavity, and the patient died from the rapidly de-
teriorating PMP. This case shows that the claim that the ap-
pendix is the origin of the PMP should be reconsidered.

In summary, the present study reported a case of hyper-
calcemia associated with primary mucinous ovarian tumor
followed by PMP. The laboratory findings of PTH-rP and
PTH, thyroid sonography, and PET-CT were useful in dif-
ferential diagnosis. Based on the different etiologies of hy-
percalcemia, an adequate treatment should be treated first,
but the ultimate goal of these patients should be treatment
for the primary cancer.
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