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ABSTRACT

Hypercalcemia is a common electrolyte abnormality in
malignancy and is largely caused by activation of para-
thyroid hormone (PTH) pathways. We report the case of a
76-year-old man with hypercalcemia primarily owing to
1,25-dihydroxyvitamin D3 overproduction from a high-
grade fetal lung adenocarcinoma. Histologically, the tumor
itself and tumor-adjacent macrophages were positive for
the CYP27B1 protein, a key enzyme that generates 1,25-
dihydroxyvitamin D3. Suppression was observed in serum
PTH and PTH-related hormone levels, suggesting hyper-
calcemia is independent of the PTH pathway. Serum calcium
level returned to normal after surgical resection of the lung
cancer, supporting extrarenal overproduction of 1,25-
dihydroxyvitamin D3 elicited by the tumors is the cause of
hypercalcemia in this patient.

© 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Hypercalcemia of malignancy (HCM) is an oncological
emergency, occurring in approximately 10% of patients
with lung cancer. The two major etiologies of HCM are
the tumor production of parathyroid hormone-related

peptide (PTHrP) (~80%) and osteolytic bone metas-
tasis (~10%)." Hypercalcemia by extrarenal over-
production of 1,25-dihydroxyvitamin D3 (1,25(0H),D3)
accounts for less than 1% of HCM and is typically found
in lymphomas." Recently, simultaneous up-regulation
of serum 1,25(0H),D3 and PTHrP has been observed
in squamous cell lung carcinoma.” Nevertheless, to our
knowledge, a solitary 1,25(0H),D3-mediated hypercal-
cemia, independent of PTHrP up-regulation, has yet to
be reported in lung cancer. We report a case of high-
grade fetal lung adenocarcinoma (H-FLAC) with hy-
percalcemia from the overproduction of 1,25(0H),Ds3,
but not PTHrP.
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Imaging and pathologic findings of the pulmonary tumor. (A) Chest computed tomography revealed a lobulated, solid

14-mm pulmonary nodule with a clear border at S6 of the right lower lobe. (B) 18-Fluorodeoxyglucose uptake was found in the
S6 nodule with the maximum standardized uptake value of 1.3. (C) Macroscopically, a 9-mm nodule was found. Microscopi-
cally, papillary growth of high columnar cells with (D) clear cytoplasm, (E) thyroid transcription factor-1 positivity, and (F, G)
glycogen granules, which were positive for Alcian blue periodic acid-Schiff and digested by diastase, was observed.

Case Presentation

A 76-year-old man with a pulmonary nodule on
computed tomography results and elevated carcinoem-
bryonic antigen (8.5 ng/mL) was referred to our
department. The patient had a lobulated 14-mm solid
pulmonary nodule in the S6 segment of the right lower
lobe revealing increased 18-fluorodeoxyglucose uptake
(Fig. 14 and B). No nodal or distant disease was detected,
and surgery was scheduled for possible cT1IbNOMO dis-
ease. Preoperative corrected calcium level was 8.6 mg/
dL (reference range: 8.5-10.3 mg/dL), and serum
creatinine level was 1.82 mg/dL (reference range: 0.6-
1.0 mg/dL). After three and a half weeks, the patient
presented with a one-week history of fatigue and
anorexia. Blood tests revealed the following: corrected

calcium level, 14.5 mg/dL; serum creatinine level, 2.67
mg/dL; and 1,25(0H),D3, 121 pg/mL (reference range:
20-60 pg/mL) (Fig. 2). The patient was not taking
vitamin D supplements. The levels of intact PTH, PTHrP,
angiotensin-converting enzyme, and proteinase 3 anti-
neutrophil cytoplasmic antibodies were within the
reference ranges. Hypercalcemia was treated with
intravenous hydration and elcatonin, followed by
alendronate. After four and a half weeks, the patient
underwent video-assisted thoracoscopic right lower lo-
bectomy with dissection of lobe-specific lymph nodes
(stations 7, 8, and 9 and hilar lymph nodes). The resec-
ted 9-mm nodule had a papillary growth of high
columnar cells with clear subnuclear vacuoles and
moderate nuclear atypia (Fig. 1€ and D), thyroid
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Figure 2. Time course of changes in laboratory data.
Serum-corrected Ca and 1,25(0H),D; levels were most
remarkably elevated at four and a half weeks preopera-
tively with concomitant deterioration of renal functions as
indicated by the rise in serum creatinine. The serum Ca,
vitamin D, and creatinine levels gradually declined in
response to the treatment with elcatonin alone (for 10 d),
which was replaced by alendronate (for 4 wk), and
the levels subsequently returned to normal after the
surgical removal of the pulmonary tumor. 1,25(0OH),Ds,
1,25-dihydroxyvitamin D3; Ca, calcium; Postop., post-
operative; Preop., preoperative.

transcription factor-1 positivity (Fig. 1E), and glycogen
granules (Fig. 1F and G), but it was negative for hepa-
tocyte nuclear factor 40, a-fetoprotein, Sal-like protein 4,
and glypican-3. Dissected lymph nodes had non-
necrotizing granulomas, suggesting sarcoid-like re-
actions. Nevertheless, the patient had no other clinical
manifestations suggestive of concurrent systemic
sarcoidosis. Immunostaining for la-hydroxylase, also
known as CYP27B1, revealed strong positivity for alve-
olar macrophages and weak positivity for tumor cells
and macrophages in nodal granulomas (Fig. 34 and B),
which was distinct from the control case (Fig. 3C). The
final pathologic diagnosis was pT1aNOMO H-FLAC. The
serum calcium levels dropped after the surgery, allowing
discontinuation of alendronate on the sixth post-
operative day (Fig. 2). The serum 1,25(0H),D3 levels
returned to normal (36 pg/dL) at eight postoperative
weeks. Neither tumor recurrence nor hypercalcemia was
noted for 13 months.

Discussion

Hypercalcemia mediated through 1,25(0H),D3; pro-
duction typically occurs in granulomatous diseases, such
as sarcoidosis and tuberculosis, lymphomas, and ovarian
tumors.”® In sarcoidosis, alveolar macrophages may
cause hypercalcemia by metabolizing 25-hydroxyvitmin
D3 to 1,25(0H),D3 by means of up-regulated CYP27B1
activity." Macrophage CYP27B1 activity is regulated by
cytokines, such as interferon-y.4 In solid tumors, the
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mechanism of 1,25(0H),D3-mediated hypercalcemia re-
mains unclear but is presumed to be similar to that
in sarcoidosis. A case series of ovarian dysgerminoma
with 1,25(0H),D3-mediated hypercalcemia revealed an
increased expression of CYP27B1 mRNA in both tumor
cells and tumor-associated macrophages.® Thus, in solid
tumors, up-regulated CYP27B1 in tumor-associated
macrophages and tumor cells could play a pertinent
role in 1,25(0H),D3-mediated hypercalcemia (Fig. 3D).

In NSCLC, up-regulation of CYP27B1 mRNA in alve-
olar macrophages has been reported, but no remarkable
association with calcium metabolism has been found.”
This might be explained by the difference in the magni-
tude of CYP27B1 mRNA overexpression. NSCLC,
sarcoidosis, and ovarian dysgerminoma were reported
to reveal a twofold, fivefold, and 222-fold increase,
respectively, in CYP27B1 mRNA expression compared
with controls.>” This case revealed the ectopic over-
expression of CYP27B1 in both tumor cells and alveolar
macrophages, including in nodal granulomas. Neverthe-
less, we could only evaluate the right lower lung lobe
and the lobe-specific lymph nodes (stations 7, 8, and 9
and hilar lymph nodes) but neither the other lung pa-
renchyma nor other thoracic lymph nodes. This made it
difficult to differentiate whether the nodal granuloma
was a tumor-associated, sarcoid-like reaction or a part of
the manifestation of subclinical systemic granulomatous
disease. Nevertheless, hypercalcemia and up-regulation
of 1,25(0H),D3; seemed of acute onset and were entirely
normalized after resection of the tumor and adjacent
lymph nodes. These findings indicate that hypercalcemia
in the presented case is mediated by extrarenal over-
expression of CYP27B1 in both tumors and the sur-
rounding tumor microenvironment (Fig. 3D). Thus,
surgical resection could be considered a fundamental
treatment of hypercalcemia when overproduction of
1,25(0H),D3 from tumor cells and surrounding immune
cells is suspected.

Conclusion

In summary, we report a case of H-FLAC with
1,25(0H),D3-mediated hypercalcemia, independent of
PTH and PTHrP secretion. Our histologic analysis reveals
that extrarenal activation of vitamin D is caused by
CYP27B1 overexpression in both the tumor (H-FLAC)
and adjacent environments, including macrophages in
nodal granulomas.
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Figure 3. Immunohistochemical staining of CYP27B1 and schematic presentation of the pathophysiology of vitamin Ds-
mediated hypercalcemia. Immunostaining for CYP27B1 (PA5-26065, Thermo Fisher Scientific, Rockford, IL) revealed a strong
positivity in alveolar macrophages (surrounded by broken line), (A) weak positivity in tumor cells, and (B) strong positivity in
macrophages in granulomas within the dissected lymph nodes (below the dotted line). (C) Another control case with pul-
monary adenocarcinoma revealed CYP27B1 negativity. (D) In the presented case, hypercalcemia might be induced by
extrarenal CYP27B1-mediated 1,25(0OH),D; overproduction (thick gray arrows). 1,25(0H),Ds, 1,25-dihydroxyvitaminDs;

25(0OH)D3, 25-hydroxyvitamin Ds; Ca, calcium.
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