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Abstract
Introduction: Lung adenocarcinoma with parathyroid hormone (PTH)-related hypercalcemia
is uncommon. Case Presentation: A 69-year-old man was admitted to our hospital due to
anorexia and fatigue. Serum calcium (15.0 mg/dL) and carcinoembryonic antigen (361.7 ng/
mL) were extremely high, and PTH-related protein (PTH-rP) also elevated (16.7 pmol/L).
Systemic computed tomography revealed multiple enlarged lymph nodes and disseminated
peritoneal nodules, with irregularly shaped nodules in the upper lobe in the left lung.
Ultrasound-guided biopsy from the axillary lymph node revealed adenocarcinoma.
Immunohistological staining showed the tumor cells to be positive for cytokeratin 7 and
PTH-rP and negative for cytokeratin 20 and thyroid transcription factor-1. Although the
primary origin remains undetermined despite detailed examinations, possible primary
tumor was considered to be lung adenocarcinoma in the present case. The serum
calcium level was reduced by denosumab, but the patient died 20 days after admission.
Conclusion: The present case demonstrated the importance of considering oncological
emergency, such as hypercalcemia and/or PTH-rP-producing hypercalcemia, in patients with
adenocarcinoma.
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Introduction

Hypercalcemia is a common complication in patients with malignancy. Parathyroid
hormone-related protein (PTH-rP) is one of the main causative peptides associated with
hormonal hypercalcemia in patients with malignancies [1, 2]. Hypercalcemia associated with
PTH-rP secretion has been observed in squamous cell tumors, hepatocellular carcinoma,
kidney, and hematological malignancies [1–4] but is unlikely in adenocarcinoma. Based on a
previous report by Lin et al. [3] summarizing 27 cases of PTH-rP-producing adenocarcinoma,
which consisted of 11 cases of bile duct cancer, followed by breast cancer (5 cases), pancreatic
cancer (3 cases), stomach cancer (3 cases), etc. In addition, several PTH-rP-related adeno-
carcinomas arising from various organs have been reported [4–10], but lung adenocarcinoma
is uncommon [3–6]. We encountered a case of PTH-rP-producing adenocarcinoma with
extremely rapid progression. Although the primary site remained unclear, radiological and
immunohistological findings suggested the primary disease to be lung adenocarcinoma. We
present this case and a review of PTH-rP-producing adenocarcinoma in the literature. The
present case demonstrated the importance of considering oncological emergency, such as
hypercalcemia and/or PTH-rP-producing hypercalcemia, in patients with adenocarcinoma.

Case Report

A 69-year-old man was admitted to the hospital due to loss of appetite and fatigue for 1
month, as well as a decrease in muscle strength and increasing difficulty in walking. He was
admitted to hospital in a wheelchair. His medical history included diabetes and smoking
7 cigarettes/day for 29 years. Eastern Cooperative Oncology Group (ECOG) performance
status was 3 at admission. Laboratory testing revealed an increased white blood cell count
(17,600/μL, neutrophils; 88.8%), C-reactive protein level (13.5 mg/dL), and calcium level
(15.0 mg/dL; 15.3 mg/dL after correction for serum albumin) and a decreased phosphorous
level (2.9 mg/dL). The serum PTH-rP level was markedly elevated (16.7 pmol/L; normal
range <0.6 pmol/L), and the PTH level was reduced (5.3 pg/mL; normal range 14–66 pg/mL).
The carcinoembryonic antigen (CEA) level was also extremely high (361.7 ng/mL; normal
range <5 ng/mL). Systemic computed tomography revealedmultiple enlarged lymph nodes in
the bilateral neck, left axilla, left hilum, and mediastinum; an irregularly shaped nodule in the
upper lobe of the left lung; left pleural effusion; and peritoneal dissemination (Fig. 1a–c).
Endoscopic examinations, including esophagogastroduodenoscopy and colonoscopy, did not
reveal any causative abnormal findings. Ultrasound-guided needle biopsy of the axillary
lymph node was performed, and the histological findings indicated poorly differentiated
adenocarcinoma (Fig. 2a). Immunohistochemical analysis showed diffuse positivity for cy-
tokeratin (CK) 7 but negative for CK 20, thyroid transcription factor-1 (TTF-1), and napsin A
(Fig. 2b–e). The tumor cells also showed strong expression of PTH-rP (Fig. 2f). In addition, the
Oncomine Dx Target Test Multi-CDx System (Oncomine DxTT) using biopsy samples from the
axillary lymph node revealed no genetic alterations, including EGFR, ALK, ROS1, BRAF,
and KRAS.

After admission, saline and denosumab, a fully human monoclonal antibody for receptor
activator of nuclear factor (NF)-κB ligand (RANKL), were administered to improve hyper-
calcemia. The serum calcium level was reduced to 8.3 mg/dL (9.9 mg/dL after correction for
serum albumin), but the patient’s general condition, including consciousness disorder due to
brain metastasis (Fig. 3a) and increased ascites and bilateral pleural effusion, worsened
(Fig. 3b, c). He died due to cardiorespiratory failure 20 days after admission. Autopsy was not
performed.
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Discussion

We described a case of initially presenting PTH-rP-producing hypercalcemia that showed
systemic involvement and poor prognosis. PTH-rP-producing adenocarcinoma has been
reported in various organs [3–10]. Donovan et al. [4] collected data on patients showing
hypercalcemia concomitant with an elevated PTH-rP level using a database of all public
hospitals in Queensland, Australia, from 1999 to 2010, and identified 138 cases of PTH-rP-
related hypercalcemia. They identified 38 (27.5%) adenocarcinomas, which was almost
equivalent to the rate of squamous cell carcinoma (39 cases, 28.2%). Although the frequency
of adenocarcinoma was higher than in other studies [1–3], the reason remained unclear.
Interestingly, 11 of the 38 adenocarcinomas were of unknown primary origin, followed by
breast cancer (10 cases). These findings indicated that adenocarcinoma should be recognized
as an important issue in PTH-rP-producing carcinoma and adenocarcinoma of unknown
primary origin should also be considered as a PTH-rP-producing carcinoma. It has been
shown that survival in patients with PTH-rP-related hypercalcemia is extremely poor [1–4]. In
a case series reported by Lin et al. [3], 50% of the patients died within 1–2 months, consistent
with our case. It was also possible that insufficient diagnostic examinations due to the rapid
progression and short survival period may have been related to the diagnosis of cancer of
unknown primary origin.

A suspected primary lesion was detected in the left lung, and the tumor increased in
size during the clinical course in the present case. However, the lesion and changes were
too small compared with other clinical manifestations, including systemic lymphade-
nopathy and thoracoabdominal dissemination. For diagnostic pathology, the patterns of
CK7 and CK20 immunohistochemical staining are relatively specific in adenocarcinoma
and useful for identification of the primary origin in cases of unknown primary origin [11].
In addition, it is well known that TTF-1 and napsin A are specific for lung adenocarcinoma,
but TTF-1-negative lung adenocarcinoma accounts for approximately 20–30% of cases
[11–13]. In a cohort of 70 TTF-1-negative patients with lung cancer, Court et al. [12]
reported CK7+/CK20− staining in 61 patients (87.1%), CK7−/CK20− in 4 patients (5.7%),
CK7+/CK20+ in 3 patients (4.3%), and CK7−CK20− in 2 patients (2.8%). Therefore, the
CK7+/CK20− pattern, observed in the present case, supported lung carcinoma as the
primary lesion, but this is not always specific for lung adenocarcinoma. Taken together, a
possible primary lesion in the present case was observed in the left lung, and primary lung
adenocarcinoma was the most likely diagnosis based on the radiographical and im-
munohistological findings. However, it was difficult to confirm the diagnosis of primary
lung carcinoma.

We examined the genetic alterations in tumor cells considering the possibility of lung
adenocarcinoma. However, no specific biomarkers were found in the present case. The lack

Fig. 1. Chest enhanced CT detected left hilar (a) and mediastinal lymphadenopathy (b) and an irregularly
shaped nodule in the left upper lobe (c). CT, computed tomography.
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of genetic biomarkers, rapid progression, and poor prognosis in our case were also
consistent with those in TTF-1-negative lung adenocarcinoma [11–14].

Our patient exhibited an inflammatory reaction along with a continuous high neutrophil
level and CRP concentration. Several cases of PTH-rP-producing malignancies showing in-
creased serum granulocyte-colony stimulating factor and inflammatory cytokine levels have
been reported [5–7]. These factors were not examined in our case, but these associations may
be related poor prognosis in patients with PTH-rP-producing carcinoma concomitant with
hypercalcemia.

In conclusion, PTH-rP-producing adenocarcinoma is a rare clinical finding and could
exhibit a variety of clinical features with poor prognosis. Although the primary tumor may
have been lung adenocarcinoma in the present case, the primary origin remains undeter-
mined. The present case demonstrated the importance of considering oncological emergency,
such as hypercalcemia and/or PTH-rP-producing hypercalcemia, in patients with adeno-
carcinoma. The CARE Checklist has been completed by the authors for this case report,
attached as online supplementary material (for all online suppl. material, see https://doi.org/
10.1159/000540418).

Fig. 2. a Pathological examination of needle biopsy taken from the axillary lymph node revealed poorly
differentiated adenocarcinoma. Immunohistochemical staining indicated diffuse expression of CK 7 (b) but
negative for CK 20 (c), TTF-1 (d) and napsin A (e). f The tumor cells were also positive for PTH-rP.

Fig. 3. a Magnetic resonance imaging showed brain metastasis. Chest and abdominal CT showed in-
creased size of the nodule in the upper lobe of the left lung (b), bilateral pleural effusion (c), and ascites
(d) 15 days after admission. CT, computed tomography.
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