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Introduction

Paraneoplastic syndromes are frequently caused by 
ectopic hormone production. Common manifestations 
are hypercalcemia [humoral hypercalcemia of malignancy 
(HHM)] caused by Parathyroid hormone-related protein 
(PTHrP), hyponatremia from excess vasopressin, and 
Cushing’s syndrome from ectopic adrenocorticotropic 
hormone secretion (1). Squamous cell carcinoma is the 
most frequent type of PTHrP-producing lung cancer (2,3). 
Tumor progression is usually rapid in patients with HHM (4).  
In the normal state, the serum calcium level is regulated by 
parathyroid hormone (PTH), vitamin D, and calcitonin. 
PTH activates vitamin D, stimulates calcium reabsorption 
from the nephron, and leads to calcium mobilization from 
the bone. PTHrP is very similar to PTH and acts on bone 
and kidney, leading to hypercalcemia (5). Hypercalcemia 

induces circulatory, neurological, and gastrointestinal  
effects (6). Resection of the tumor is rarely performed 
because of the patient’s poor condition. We herein report 
a case of lung cancer associated with high PTHrP levels. 
The patient’s general condition dramatically improved 
after complete resection of the tumor. We also review the 
literature, focusing on the feasibility of surgical resection in 
PTHrP-associated lung cancer.

Case presentation 

A 73-year-old man complaining of general malaise was 
admitted to a private hospital with hypercalcemia and 
extensive infiltrating shadows in his left lung. His medical 
history was unremarkable and he had a smoking history of 
75 pack-years. The lung lesions were resistant to antibiotic 
therapy and his tumor markers [carcinoembryonic antigen 
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(CEA) and cytokeratin-19 fragment (CYFRA)] were elevated. 
He was transferred to our hospital for further evaluation.

The patient exhibited generalized wasting and delirium 
on admission. He had severe appetite loss and required 
assistance in eating. He had a productive cough and his 
muscle strength was reduced, leading to difficulty in 
standing. The patient also had bladder incontinence and 
multiple dental caries. His height was 166.2 cm, weight 
was 44.1 kg, and body mass index (BMI) was 16.0 kg/m2.  
His body temperature was 36.7 ℃, blood pressure was 
113/64 mmHg, heart rate was 76 beats/min, and SpO2 was 
95–99% with oxygen inhalation at 3 L/min. 

Blood analysis (Table 1) showed hypoalbuminemia, 
moderate hypercalcemia (calcium 11.4 mg/dL; adjusted 
value 12.9 mg/dL), and elevated tumor markers (CEA, 
7,353.1 ng/mL; CYFRA, 184 ng/mL). The intact PTH 
level was low at 7.0 pg/mL, and the intact PTHrP level was 
high at 29.7 pmol/L.

Chest X-ray findings showed infiltration in the left lower 
lung field (Figure 1A). Chest computed tomography showed a 
large lesion occupying most of the left lower lobe (Figure 1B).  
Fluorodeoxyglucose-positron emission tomography 
(FDG-PET) showed high intake in the mass shadow. 
Transbronchial lung tissue biopsy with bronchoscopy from 

B8, B9, and B10 showed non-small cell lung cancer. The 
clinical stage was cT4N0M0 stage IIIA.

Treatment for hypercalcemia was initiated with a 
bisphosphonate (zoledronic acid), which was administered 
twice in 10 days with fluid replacement. Nutritional 
support was initiated, with high-calorie supplements added 
to each meal. His oral intake increased from 400 to 600– 
800 kcal/day. An additional 420 kcal was applied by 
peripheral intravenous nutrition. Bronchial toileting and 
dental care were performed. The psychological evaluation 
excluded dementia. A physical therapist intervened in daily 
exercises. Although the patient was initially uncooperative 
with these treatments, he became less delirious and his 
muscular strength improved to some extent, enabling 
standing. His cough resolved within 2 weeks.

Because the patient’s poor mental and physical status 
was thought to be the result of humoral factors, surgical 
resection of the tumor was considered. Surgery was 
performed through a posterior lateral thoracotomy. 
Left lower lobectomy and lymph node dissection were 
performed. More than 90% of the left lower lobe was 
replaced by the tumor, with extensive discoloration 
of the lung surface (Figure 1C). Because of the large 
tumor size, the interlobar pleura was dissected first; the 
pulmonary artery was then resected, followed by the 
lower lobe bronchus. Finally, the inferior pulmonary vein 
was resected. The histological diagnosis was moderately 
to poorly differentiated squamous cell  carcinoma 
(p-T4N0M0pl0pm1ly0v0 stage IIIA; UICC version 8). 
The tumor was 160 mm in size with no pleural invasion 
(Figure 1D). Additional immunohistochemical analysis 
showed that the tumor was positive for PTHrP {anti 
PTHrP [1-34]-NH2 serum, Y201; Yanaihara Institute, 
Shizuoka, Japan} (Figure 1E).

The serum PTHrP level decreased to 10 pmol/L  
postoperatively, and the serum calcium level rapidly 
decreased to 8.6 mg/dL (adjusted calcium, 10.7 mg/dL) at 
3 days postoperatively and to 7.7 mg/dL (adjusted calcium, 
9.7 mg/dL) at 9 days postoperatively (Figure 2). The patient’s 
oral intake gradually increased to 1,000–1,200 kcal/day and 
his incontinence resolved. His mental status and activity 
improved, and he was discharged on the 11th postoperative 
day. His serum PTHrP level normalized in the third week 
following the operation and his CEA level decreased to  
141.8 ng/mL at 3 months of follow-up. The patient 
remained as an outpatient for 6 months and his lung cancer 
then recurred. His CEA value increased to 655 ng/mL 
and multiple lung nodules were detected on FDG-PET. 

Table 1 Blood analysis results on admission

Laboratory data Results

Blood chemistry

Total protein 6.8 g/dL

Albumin 2.5 g/dL

Lactate dehydrogenase 393 U/L

Blood urea nitrogen 11 g/dL

Creatinin 0.51 mg/dL

Calcium 11.4 mg/dL

Inorganic phosphorus 2.6 mg/dL

Tumor markers

CEA 7,353.1 ng/mL

CYFRA 184 ng/mL

intact PTH 7.0 pg/mL

intact PTHrP 29.7 pmol/L

TNF alpha 4.43 pg/mL

IL-6 2.6 mg/dL
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Figure 1 Clinical, surgical and pathological findings. (A) An infiltrating shadow in the left lower lung field can be seen on a chest radiograph; 
(B) a large mass shadow occupies most of the left lower lobe on chest computed tomography; (C) the left lower lobe is distended with the 
tumor, and vast discoloration can be seen. More than 90% of the lobe is replaced by the tumor; (D) the histological diagnosis is moderately 
to poorly differentiated squamous cell carcinoma; (E) immunohistochemical staining for PTHrP is positive in the resected tumor.
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His serum calcium level was 10.4 mg/dL at this point, 
but gradually increased during the following 4 months to  
14.3 mg/dL (adjusted for serum albumin). He could tolerate 
chemotherapy because his general condition had improved. 
He was alive with recurrent disease at the time of this writing 
(9 months postoperatively). 

Discussion

Radical  resect ion of  lung cancer associated with 
hypercalcemia is rarely reported. Hypercalcemia is frequently 
induced by bone metastases, but in some patients, it is 
caused by HHM (7). Several authors have described a PTH-
like substance associated with hypercalcemia in patients 
with malignancy, and this substance resolved after lung  
resection (8,9). In 1987, Suva et al. isolated PTHrP from the 
medium of a squamous cell lung cancer cell line (10). 

Hypercalcemia in patients with cancer suggests an 
advanced stage and poor survival, with a median survival of 
1 month from diagnosis (3). PTHrP possesses transforming 
growth factor-like activities, causing rapid progression of 
the disease (11). 

Because only a few reports have described surgical 
resection, we reviewed the English and Japanese literature 
to examine the possible benefits of surgery on PTHrP-
releasing lung cancer (Table 2). Thirteen cases including the 
present case, were identified. The serum PTHrP level was 
not directly measured in 5 of these 13 cases. These cases 

were included as probable PTHrP-associated cases because 
extensive analysis of blood and urinary samples showed that 
a PTH-like substance was secreted by tumor cells. The 
mean age of the patients was 63.8 years, and 11 were male. 
The mean tumor size was 96.3 mm (data were available in 
8 patients), and 11 of 13 (84.6%) tumors had squamous cell 
histology. Extended resections, such as sleeve lobectomy, 
pneumonectomy, or bilobectomy, were frequently performed 
(n=5, 38.5%). The preoperative serum calcium levels were 
elevated in all patients, ranging from 12.1 to 16.4 mg/dL 
(mean, 14.1 mg/dL). Impairment of consciousness, such 
as delirium, was found in 6 patients; muscle weakness in 5; 
and a poor nutritional status in 10. The BMI was available 
in eight patients, and the average BMI was 17.4 kg/m2. In 
six patients, calcitonin or bisphosphonate was administered 
preoperatively to reduce the serum calcium level. The 
serum calcium level rapidly normalized following surgery, 
with improvement of the patient’s appetite and mental 
and physical status. Three patients experienced transient 
hypocalcemia in the early postoperative phase, but only one 
patient required calcium infusion. Five patients had died of 
lung cancer at the time of the report. The median survival 
was not reached in the 13 patients.

These findings indicate that, although a poor cognitive 
and physical status makes lung cancer surgery more 
difficult, patients with HHM may benefit from tumor 
resection. Treatment of hypercalcemia with hydration 
and administration of calcitonin, bisphosphonate or 
denosumab (5) is recommended prior to surgery. This may 
stabilize the patient’s condition and help in determining 
which patients may benefit from tumor resection. Careful 
monitoring of serum calcium in the perioperative phase 
is also required in these patients. Because patients with 
HHM have a low expectancy of long-term survival, 
surgery in these patients may be considered palliative. 
Palliative surgery is performed for symptom relief, such 
as control of pain or hemorrhage and stabilization of the 
musculoskeletal system (12,13). However, such surgery is 
also associated with significant morbidity and mortality. 
Miner et al. concluded that symptom resolution can be 
anticipated in 80–90% of carefully selected patients, while 
a poor performance status, poor nutritional status, and 
weight loss are reportedly associated with diminished 
survival and may be contraindications (13,14). Patients 
with HHM are frequently malnourished and have a poor 
performance status, so one might conclude that they 
are poor candidates for palliative surgery. According 
to our review, however, the median survival of patients 

Figure 2 Perioperative changes in serum calcium and PTHrP 
values. These values were remarkably reduced postoperatively.
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with HHM who have undergone complete resection of 
PTHrP-associated lung cancer is longer than 12months, 
in spite of these patients’ poor condition. This may be 
because the PTHrP-induced hypercalcemia rapidly 
resolves postoperatively, and the patient’s performance 
status improves early in the postoperative period. Although 
there is no established role of surgery for lung cancer or 
HHM in a palliative setting, patients with HHM may 
be considered candidates for palliative surgery. It is also 
possible that these patients’ physical status may improve 
postoperatively, making adjuvant therapy an option. 

Because this discussion is based on only a small number 
of previous reports, further studies should be performed to 
reach any definite conclusions. Hypercalcemia is associated 
with extremely poor median survival, but surgery in some 
cases may improve the patients’ survival and quality of life.

Conclusions

Although hypercalcemia is associated with extremely poor 
survival, complete resection may improve survival and 
quality of life in patients with PTHrP-secreting lung cancer.
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