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Ovarian cancer presenting with hypercalcemia: two cases
with similar manifestations but different mechanisms
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ABSTRACT

Hypercalcemia presenting in ovarian cancer is uncommon in the clinic. Here, two cases of ovarian epithelial carcinoma that

presented with severe hypercalcemia were reported, with a review of the literature. The laboratory findings and stepwise clinical

investigations of these two cases differed, indicating distinct underlying causes of hypercalcemia. In case one, the serum levels and

immunostaining for parathyroid hormone-related protein (PTHrP) verified humoral hypercalcemia of malignancy (HHM). In

case two, the high level of parathyroid hormone (PTH) and the scintigraphy scan showing parathyroid gland adenoma confirmed

primary hyperparathyroidism-induced hypercalcemia. Both patients received optimal cytoreductive operation and adjuvant

chemotherapy but showed different outcomes respectively. This article focused on differential diagnosis of ovarian cancer-

associated hypercalcemia, by stepwise imaging and laboratory investigation, and the appropriate therapy should be considered

based on the different etiologies.
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Introduction

The estimated yearly incidence of malignancy-associated
hypercalcemia (MAHC) is 1.46%-2.74%!. MAHC is
uncommon in patients with gynecological cancers, especially
those with ovarian cancer, and usually indicates a poor
prognosis. Causes of hypercalcemia in patients with cancer
include humoral hypercalcemia of malignancy (HHM),
primary or ectopic hyperparathyroidism, osteolytic
hypercalcemia, such as skeletal metastasis, and vitamin D
metabolism disorders in lymphomas?. Continuously high
levels of serum calcium cause severe neurologic and renal
complications in patients with cancer. The etiology and
severity of hypercalcemia must be properly evaluated prior to
therapy planning. Antihypercalcemic therapy, including
saline hydration and calciuresis, may be effective, but anti-
cancer therapy is more important and crucial for survival.
Although the manifestations of ovarian cancer-related
hypercalcemia might be similar in different cases, the

mechanisms, clinical features, and prognosis could be
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different for various etiologies. Here, we present two cases of
ovarian cancer-associated hypercalcemia with distinct
mechanisms. The stepwise clinical and laboratory
investigations were performed to clarify the mechanism and
differential diagnosis. Treatment strategies for the primary
diseases based on the respective etiologies were recommended,
and the clinical outcomes were unique.

Case report
Case one

A 63-year-old patient was referred to our hospital for lower
abdominal distension. She complained of anorexia and
constipation for half a year, and her physical examination
revealed a pelvic mass with ascites. The dynamic contrast-
enhanced computed tomography (CT) scan and magnetic
resonance (MR) images showed a bilateral ovarian mass
(right, 10.5 cm; left, 4.5 cm; both cystic and solid tumor),
with a large amount of ascites. The laboratory findings
indicated a high serum calcium level of 154 mg/dL
(reference range, 8.4-10.2 mg/dL). Moreover, the serum
cancer antigen 125 (CA-125) level was 1080 U/mL, and the
human epididymis protein (HE4) level was 180.6 pM. The
calcium-related laboratory data were acquired (Table 1) and
revealed a suppressed parathyroid hormone (PTH) value and
hypophosphatemia. Her serum PTH-related protein
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Table 1 The calcium-related laboratory data of two cases
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Case one Case two
Parameters Standard values
Pre-op Post-op Pre-op Post-op
Calcium 8.4-10.2 mg/dL 154 9.6 13.2 8.8
Phosphate 2.5-4.5 mg/dL 1.24 3.0 19 33
1,25 (OH),D 23.5-147 nmol/L 61.1 58.3 154 729
Albumin 35-55¢g/L 40 33 45 36
Creatinine 44-115 pmol/L 59 70 121 108
PTH 1.1-7.3 pmol/L 0.95 - 349 17
PTHrP <1.3 pmol/L 12.2 - - -
Pre-op, pre-operative; post-op, post-operative
Tos0080 T [ e

(PTHrP) level, as measured using an immunoradiometric
assay, was 12.2 pmol/L (normal, <1.3 pmol/L). The single-
photon emission computed tomography (SPECT) bone scan
and parathyroid gland scan showed no evidence of skeletal
metastasis or parathyroid gland hyperplasia (Figure 1). The
patient was treated with vigorous intravenous hydration and
diuresis, along with 30 mg of pamidronate by intravenous
infusion. Her serum calcium level transiently decreased to
10.6 mg/dL, and she underwent a total hysterectomy with a
bilateral salpingo-oophorectomy, omentectomy, peritoneal
biopsies, and pelvic and para-aortic lymphadenectomy.
Intraoperative findings showed bilateral ovarian tumors with
mostly solid and partially cystic components, and both the
omentum and rectal serosa were involved.

The histopathological examination revealed clear cell
adenocarcinoma with metastasis to the omentum (FIGO
stage IIIC). Immunohistochemical staining was performed
on the ovarian tumor tissue, which was positive for PTHrP
(Figure 2A/B). Notably, the postoperative serum calcium
level decreased to a normal level of 9.6 mg/dL, and the
patient received six cycles of docetaxel (75 mg/m?) and
carboplatin (AUC 5) chemotherapy, after which her serum
CA-125 level declined to normal. Five months after the
chemotherapy, the patient presented with severe abdominal
distension, anorexia, and dyspnea. The CT and MR scans
showed diffused metastases in the thoracic and pelvic
cavities. Her serum CA-125 and calcium levels elevated to
1390 U/mL and 16.7 mg/dL, respectively. However, the
patient refused any advanced chemotherapy or radiotherapy,
and she turned to Chinese medicine. Two months later, she
developed a coma and died within 3 days.

Case two

A 61-year-old patient was admitted to our hospital with
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Figure 1 The single-photon emission computed tomography
(SPECT) bone scan and parathyroid gland scan showing no
evidence of skeletal metastasis or parathyroid gland hyperplasia in

case one.



184

Figure 2 (A) Immunostaining of PTHrP in ovarian clear cell
carcinoma (100 x). (B) H&E staining of ovarian clear cell
carcinoma (100 x).

general fatigue, constipation, and a pelvic mass, which was
detected during her regular physical examination. Her
vaginal ultrasound showed a 12.9 cm adnexal mass on the left
side, with an 8.9 cm irregular solid component and 4 cm cyst.
Her serum CA-125 level was 650 U/mL, and she had a high
serum calcium level of 13.2 mg/dL. Further laboratory data
indicated a low level of serum phosphate, a high level of 1,25-
dihydroxyvitamin D [1,25(OH),D], and a significantly high
value of serum PTH (34.9 pmol/L; normal range, 1.1-7.3). A
99mTc sestamibi-based dual-tracer scintigraphy scan revealed

a left upper parathyroid gland lesion with an abnormal
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Figure 3 Parathyroid gland adenoma (H&E staining, 100 x).

concentration of tracer, which was suggestive of hyperplasia
or adenoma of the parathyroid gland (Figure 3). The patient
was referred to the endocrinology department, where
she received a left parathyroidectomy (Figure 4). Her
postoperative serum calcium and PTH reduced to a normal
level. After 2 months, the patient returned to the gynecologic
department for surgical treatment. She underwent an optimal
debulking surgery, including a total hysterectomy with
bilateral salpingo-oophorectomy, omentectomy, peritoneal

biopsies, and pelvic and para-aortic lymphadenectomy. Her
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Figure 4 The emission computed tomography (ECT) scan showing left parathyroid gland lesion in case two.
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microscopic examination showed serous adenocarcinoma,
with metastasis to the omentum. The patient was staged as
[T C and underwent six cycles of chemotherapy, which
contained paclitaxel (175 mg/m?) and cisplatin (75 mg/m?).
Since the primary surgery, she remained alive for 18 months,

without recurrence.
Discussion

Hypercalcemia, as a metabolic disorder, is found in up to
10%-30% of patients with cancer’. MAHC usually indicates
a poor prognosis, and about half of patients with MAHC die
within 30 days of diagnosis®.

The most common cancers that are accompanied by
hypercalcemic disorder include lung cancer, multiple
myeloma, renal cell carcinoma, and breast cancer. Ovarian
cancer—related hypercalcemia is rare and has only been
reported in a few cases; and as such, data on the incidence of
ovarian cancer—related hypercalcemia are unavailable>®. This
study reported two patients with ovarian carcinoma who
presented with hypercalcemia. The underlying mechanisms
that cause hypercalcemia in malignancies mainly include
HHM, primary or secondary hyperparathyroidism, osteolytic
hypercalcemia, and 1,25(OH),D disorder, of which HHM
that is mediated by tumor-released PTHrP is the most
common cause. PTHrP is a protein that is encoded by a
single-copy gene, located on the short arm of chromosome
12, is structurally similar to PTH, and is produced by cancer

Table 2 Case reports of ovarian cancer associated hypercalcemia
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cells. PTHrP and PTH proteins have similar bioactive amino-
terminal regions, which increase renal tubular osteoclastic
bone resorption and phosphate excretion, but decrease renal
calcium clearance, which results in hypercalcemia and
hypophosphatemia. However, PTHrP, unlike PTH, cannot
enhance 1,25(OH),D secretion or the intestinal absorption of
calcium?.

The aforementioned biological features of PTHrP help in
distinguishing HHM and other causes of hypercalcemia in
cancer8. In case one, the analysis of calcium-related
laboratory data indicated a low level of serum PTH and
phosphate, and a normal level of 1,25(0OH),D. SPECT
showed no evidence of osseous metastasis or parathyroid
gland adenoma, indicating that in this case, HHM might be
the potential mechanism for the hypercalcemia that was
associated with the ovarian cancer. Therefore, the serum
PTHrP level was measured, and immunostaining for PTHrP
in the clear cell ovarian cancer tissue was performed, to verify
the result.

Ovarian cancers have been shown to be associated with
HHM predominantly with clear cell subtype and small-cell
carcinomas(Table 2)°. Clear cell carcinoma is characterized
by the presence of clear cells, upon hematoxylin and eosin
staining for rich cytoplasmic glycogen content, and high-
grade nuclei with mitotic hyperactivity, which indicate the
aggressive nature of this histological subtype. A 44-year-old
patient with clear cell ovarian cancer (stage IC) who
presented with hypercalcemia was reported in 201210, Clear

Age . . Pre-op calcium  Pre-op PTHrP Pre-op PTH
Reference (year) Histological type Stage (mg/dL) (pmol/L) (pmol/L) Treatment  Outcome
5 13-35 Small cell ovarian IA-III 11.8-18.0 NA NA OP+CT+RT Died in 6 months
adenocarcinoma to 5 years
6 56 Clear cell ovarian I 15.5 NA NA OP+CT Alive for
adenocarcinoma 13 months
9 24 Small cell ovarian 111 21.0 NA NA OP+CT+RT Diedin
adenocarcinoma 10 months
10 44 Clear cell ovarian IC 125 110 <5.0 OP+CT Long-term
adenocarcinoma follow-up
1 11 Small cell ovarian 1A 16.9 NA NA OP+CT+RT  Alive for
adenocarcinoma 3 years
6,12 23 Small cell ovarian 1c 19.2 NA NA OP+CT+RT Diedin
adenocarcinoma 11 months
11 Small cell ovarian IC 136 NA NA OP+CT+RT Died in
adenocarcinoma 27 months
Present 63 Clear cell ovarian i@ 154 12.2 0.95 OP+CT Died in
case 1 adenocarcinoma 13 months

Pre-op: pre-operative; post-op: post-operative; CT: chemotherapy; RT: radiotherapy
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cell carcinoma has been proven to be the dominant
histological subtype, accounting for 38% of ovarian cancer—
associated hypercalcemia cases. Further research has revealed
that PTHrP seemed to promote tumor growth and
metastasis, leading to tumor progression and poor outcome
in patients with cancer!'12, Although a comprehensive
treatment, which included optimized surgery combined with
chemotherapy and antihypercalcemic therapy, was performed
in case one, the patient died within 7 months since her
primary treatment.

Notably, a positive association has been found between the
severity of hypercalcemia and the progression of ovarian
cancer. The association between total serum calcium levels
and ovarian cancer mortality was examined in the Third
National Health and Nutrition Survey, which found that the
risk of fatal ovarian cancer increased by 52% for each 0.1
mmol/L increase in total serum calcium levels'3. The serum
calcium level changed with the primary surgery in case one,
and following the recurrence of the disease, the coma was
suspected to be associated with severe hypercalcemia. This
observation is similar to a case reported by the University of
Texas MD Anderson Cancer Center in 20084,

PTH-mediated hypercalcemia is another common cause,
in addition to PTHrP-induced HHM. Although ectopic
hyperparathyroidism caused by tumor cells is extremely rare,
primary hyperparathyroidism, due to parathyroid adenoma
or hyperplasia, occurs more frequently'>. Related research
has shown that 8 cases of 133 patients with cancer-
related hypercalcemia were caused by primary
hyperparathyroidism!¢. PTH-induced hypercalcemia was
found to contributed to 3.3% of MAHCs, among which 0.5%
were caused by tertiary hyperparathyroidism!7. PTH,
produced by the parathyroid glands, can increase renal
calcium absorption but decrease renal phosphorus
absorption, and stimulate the conversion of 25-hydroxy
vitamin D into 1,25(OH),D, resulting in an increased serum
calcium level, a decreased serum phosphorus level, and a
normal or high level of 1,25(OH),D!8. Therefore, serum
1,25(0OH),D levels should be routinely evaluated during
differential diagnosis between PTHrP-induced HHM and
hypercalcemia caused by hyperparathyroidism. On the other
hand, Tc-99m sestamibi-based parathyroid imaging has been
most widely used and is certified to be the most sensitive
imaging method for detecting the preoperative localization of
a parathyroid adenomal®. A subsequent dual-tracer
scintigraphy scan, or the combination of SPECT of the
parathyroid gland and histological evidence of parathyroid
adenoma or hyperplasia after parathyroidectomy, could
confirm the diagnosis®.
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Conclusions

In summary, the present study reported two cases of ovarian
cancer accompanied with hypercalcemia. The patients
showed similar clinical presentations, but different laboratory
findings and clinical outcomes due to distinct mechanism.
PTHrP-induced HHM is the most common cause of cancer-
related hypercalcemia and usually indicates poor prognosis
for cancerous diseases. The evaluation of the serum level of
PTHrP and immunostaining are recommended. Laboratory
measurements of PTH and 1,25(OH),D, and scintigraphy
scans of the parathyroid gland, are useful in differential
diagnosis. An appropriate therapy should be considered
based on the different etiologies. Anti-hypercalcemic infusion
is helpful, and the treatment for primary diseases such as
anti-tumor therapy is more essential.
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