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Abstract

Özet

Novel biological agents are available for the treatment of
malignancies, and apart from their utility, they may also
have several side effects. The effects on the endocrine
system are frequently observed, among which thyroid
dysfunctions are common and well-characterized, whereas
parathyroid dysfunctions are rare and not well characterized. Herein, we describe two of our patients that displayed
hypoparathyroidism and were treated with epidermal
growth factor receptor (EGFR) inhibitor erlotinib, vascular
endothelial growth factor receptor, and EGFR inhibitor vandetanib.

Malignitelerin tedavisinde kullanılmakta olan yeni biyolojik
ajanların yararlarının yanı sıra, birtakım yan etkileri de mevcuttur. Endokrin sistem üzerine sıklıkla etkiler görülmektedir ve bu etkiler arasında tiroid disfonksiyonu en sık olan ve
en iyi tanımlanmış etki iken; paratiroid disfonksiyonu nadirdir ve iyi tanımlanamamıştır. Burada, epidermal büyüme
faktörü reseptörü (EBFR) inhibitörü erlotinib ve hem vasküler endotelyal büyüme faktör reseptörü hem EBFR inhibitörü
olan vandetanib ile tedavi edilen 2 olgumuzda gelişen hipoparatiroidizm tablosunu tanımladık.
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MTC with bone metastasis. Both were
treated with EGFR inhibitors and presented
at our outpatient clinic with hypocalcemia as
a result of hypoparathyroidism.

Case Reports
Case 1

A 48-year-old Caucasian woman was admitted to our outpatient clinic with asymptomatic hypocalcemia. She described her
history of total thyroidectomy due to micropapillary thyroid carcinoma (PTC) five years
ago, and was not treated with radioactive iodine ablation. She was indicated to be in remission for PTC and was receiving thyroid
hormone suppression therapy.
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Introduction
Due to their inhibitory effect on proliferation,
motility, apoptosis, and metastasis, the epidermal growth factor receptor (EGFR) inhibitor erlotinib and vascular endothelial
growth factor receptor (VEGF) and EGFR inhibitor vandetanib are viable therapeutic options for the treatment of advanced
non-small cell lung carcinoma (NSCLC) and
thyroid cancer, respectively (1).
NSCLCs and medullary or differentiated thyroid carcinomas (MTC and DTC) may show
bone metastasis along with bone pain, elevated serum calcium, or elevated alkaline
phosphatase levels.
We present the interesting cases of two patients who were diagnosed with NSCLC and
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Two years ago, she was diagnosed with
metastatic (bone) lung adenocarcinoma and
was receiving erlotinib treatment for the
past six months. She was referred from the
oncology department due to hypocalcemia.
She had a body mass index (BMI) of 33.6
kg/m2. Physical examination on admission
was unremarkable, except for her obesity
and a positive Chvostek sign. Biochemical
analysis showed severe hypocalcemia with
a corrected calcium level of 7 mg/dL (normal range 8.2-10.2). Other laboratory findings associated with hypocalcemia, such as
the levels of phosphorus [4 mg/dL (2.54.5)], 25 (OH)-vitamin D [28 ng/mL (2050)], and magnesium [2 mg/dL (1.8-2.6)],
were within the normal reference ranges,
and although the parathormone levels (PTH)
were within the normal reference range despite hypocalcemia [intact PTH 35 ng/mL
(12-65)], they were considered to be inappropriately low for the observed calcium
level.
Hypocalcemia was initially thought to be associated with her neck surgery, but after
evaluation of her calcium levels after the
surgery, it was observed that the calcium
levels declined after initiation of erlotinib
therapy for NSCLC with osteolytic bone
metastasis. Her historical calcium levels
ranged in the upper normal reference range
due to bone metastasis (8.9-9.8 mg/dL) before initiation of erlotinib therapy, and remained so until the completion of four
months of erlotinib therapy. For the last two
months, her calcium levels were observed to
be within the medium and lower normal of
the reference range. There was no information about her PTH levels before admission
to the endocrinology department.
The patient probably did not receive bisphosphonate therapy for bone metastasis,
which could also result in hypocalcemia.
Denosumab was given for bone metastasis
instead of bisphosphonates. Calcium and
calcitriol replacement therapy was initiated
for hypocalcemia and normal calcium levels
were achieved. With the continuation of erlotinib therapy, bone metastasis neither progressed
nor
resolved,
and
these
replacement therapies were synchronously
given because of existing hypoparathyroidism and hypocalcemia. She is still on
150 mg/day of erlotinib therapy.

Case 2

A 56-year-old man was diagnosed with
MTC ten years ago and had neck surgery
including total thyroidectomy and dissection of the central lymph node. Four years
ago, the disease progressed and extensive
metastases occurred in the lung, liver, and
bone. After a couple of months of therapy
with vandetanib, a multi-kinase inhibitor
targeting EGFR, RET, and VEGFR, the biochemical analysis revealed extremely low
calcium levels [corrected calcium 4.9
mg/dL (8.2-10.2)]. The patient showed severe muscle cramps in his hands, with
slight numbness and tingling in the perioral area.
The levels of magnesium (2.2 mg/dL) and
phosphorus (4.2 mg/dL) were within the
normal reference range, while level of
25(OH) vitamin D [5 ng/mL (20-50)] was
low, and that of PTH [34 ng/mL (12-65)]
was within the normal range despite severe
hypocalcemia. Like the first case, we observed hypoparathyroidism after the initiation of vandetanib (300 mg once daily)
treatment. His calcium levels were within
the normal reference range (9-9.5 mg/dL),
and his previous PTH levels were unknown.
Calcium supplements and calcitriol treatment were initiated to maintain a normal
calcium level. In addition to vandetanib
therapy, he also received denosumab therapy (120 mg subcutaneously once every
four weeks) for bone metastasis. He died
after eight months of therapy, because of
septicemia due to pneumonia.

Discussion
Targeted therapies with EGFR have become
a cornerstone in the treatment of several
metastatic cancers. A majority of patients
show general side effects of EGFR, although
endocrine-related adverse effects are comparatively rare. Endocrine-related adverse
effects of these agents include thyroid dysfunction, gonadal dysfunction, adrenal dysfunction,
or
disorders
of
glucose
metabolism. However, scarce information is
available on parathyroid dysfunction.
Although recent reports have described secondary hyperparathyroidism in patients taking kinase inhibitors, side effects such as
hypoparathyroidism and hypocalcemia were
also reported.
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In fact, PTH receptor 1 and the calciumsensing receptors are the members of the G
protein-coupled receptor (GPCR) superfamily and do have a direct relation with tyrosine kinases. It is hypothesized that there
may be a cross-talk between certain receptor tyrosine kinases and GPCRs (2).
parathyroid cells express EGFR, which then
mediates the stimulation of parathyroid cellular proliferation. Erlotinib was found to inhibit parathyroid growth and decrease the
levels of proliferating cell nuclear antigen
(PCNA) and TGF-α (3). Apart from changes
in cellular proliferation, apoptosis may also
play a role in parathyroid-related side effects.
It was shown that the activation of EGFR
promotes parathyroid hyperplasia and enhances the parathyroid levels in rats with
kidney disease. Therefore, the inhibition of
EGFR with erlotinib was observed to prevent
the growth of parathyroid cells, self-promotion of the Transforming Growth Factor-α
(TGFα), and reduction of the 25 (OH) vitamin D receptor (4,5).
EGFR inhibitors can cause hypomagnesemia
accompanied by wasting of renal magnesium (Mg), due to the inhibition of transient
receptor potential melastatin 6 protein
channel (TRPM6), which is responsible for
Mg handling (6). However, we did not observe any episodes of hypomagnesemia in
our patients.
An association was observed between
parathyroid
hormone-related
protein
(PTHrP) gene and EGFR signaling (1).
The treatment with EGFR inhibitors
has been demonstrated to decrease the
production and gene expression of PTHrP
(40-80%), as well as the total plasma calcium concentrations in hypercalcemic mice
(7).
A sudden decline in calcium levels after initiating EGFR inhibitors, in contrast to the evidence of bone metastasis in these cases,
indicated that these agents may have prevented parathyroid cell growth, and the resulting decreased PTH levels led to
hypocalcemia.
In order to the best of our knowledge, although several reports have demonstrated
the hypocalcemic effects of erlotinib
monotherapy when compared to erlotinib
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and emibetuzumab combination therapy
(8), and vandetanib therapy when compared
to placebo (9), none have described the
probable and exact etiology of hypocalcemia. The cases described in our study are
the first in the literature to demonstrate the
occurrence of hypocalcemia due to hypoparathyroidism from the use of erlotinib
and vandetanib, despite both the patients
having widespread bone metastasis. Although a history of neck surgery may be a
reason for hypoparathyroidism in these
cases, the possible effects of these agents
on parathyroid glands should not be underestimated. A prospective controlled study
may prove our hypothesis. Until then,
hypocalcemia should be considered as a
possible side effect of EGFR inhibitors, especially in patients with a history of neck
surgeries.

Source of Finance
During this study, no financial or spiritual
support was received neither from any pharmaceutical company that has a direct connection with the research subject, nor from
a company that provides or produces medical instruments and materials which may
negatively affect the evaluation process of
this study.
Conflict of Interest
No conflicts of interest between the authors and / or family members of the scientific and medical committee members or
members of the potential conflicts of interest, counseling, expertise, working conditions, share holding and similar situations
in any firm.
Authorship Contributions
Idea/Concept: Asena Gökçay Canpolat;
Design: Asena Gökçay Canpolat; Control/Supervision: Sevim Güllü, Murat Faik
Erdoğan; Data Collection and/or Processing: Asena Gökçay Canpolat, Şule Canlar,
Berna İmge Aydoğan; Analysis and/or Interpretation: Asena Gökçay Canpolat; Literature Review: Asena Gökçay Canpolat;
Writing the Article: Asena Gökçay Canpolat; Critical Review: Murat Faik Erdoğan;
References and Fundings: Asena Gökçay
Canpolat.

107

108

Gökçay Canpolat et al.
Erlotinib, Vandetanib, and Hypocalcemia

Turk J Endocrinol Metab
2020;24:105-108

References

6. Dimke H, van der Wijst J, Alexander TR, Meijer IM,
Mulder GM, van Goor H, Tejpar S, Hoenderop JG,
Bindels RJ. Effects of the EGFR inhibitor erlotinib on
magnesium handling. J Am Soc Nephrol.
2010;21:1309-1316. [Crossref] [PubMed] [PMC]
7. Lorch G, Gilmore JL, Koltz PF, Gonterman RM,
Laughner R, Lewis DA, Konger RL, Nadella KS,
Toribio RE, Rosol TJ, Foley J. Inhibition of epidermal
growth factor receptor signaling reduces hypercalcemia induced by human lung squamous-cell carcinoma
in
athymic
mice.
Br
J
Cancer.
2007;97:183-193. [Crossref] [PubMed] [PMC]
8. Rosen LS, Goldman JW, Algazi AP, Turner PK, Moser
B, Hu T, Wang XA, Tuttle J, Wacheck V, Wooldridge
JE, Banck M. A first-in-human phase i study of a bivalent MET antibody, emibetuzumab (LY2875358),
as monotherapy and in combination with erlotinib
in
advanced
cancer.
Clin
Cancer
Res.
2017;23:1910-1919. [Crossref] [PubMed]
9. Thornton K, Kim G, Maher VE, Chattopadhyay S,
Tang S, Moon YJ, Song P, Marathe A, Balakrishnan
S, Zhu H, Garnett C, Liu Q, Booth B, Gehrke B, Dorsam R, Verbois L, Ghosh D, Wilson W, Duan J,
Sarker H, Miksinski SP, Skarupa L, Ibrahim A, Justice R, Murgo A, Pazdur R. Vandetanib for the treatment of symptomatic or progressive medullary
thyroid cancer in patients with unresectable locally
advanced or metastatic disease: U.S. Food and
Drug Administration drug approval summary. Clin
Cancer Res. 2012;18:3722-3730. [Crossref]
[PubMed]

1. Foley J, Nickerson N, Riese DJ, 2nd, Hollenhorst PC,
Lorch G, Foley AM. At the crossroads: EGFR and
PTHrP signaling in cancer-mediated diseases of
bone. Odontology. 2012;100:109-129. [Crossref]
[PubMed] [PMC]
2. Lodish MB. Clinical review: kinase inhibitors: adverse effects related to the endocrine system. J Clin
Endocrinol Metab. 2013;98:1333-1342. [Crossref]
[PubMed] [PMC]
3. Cozzolino M, Lu Y, Sato T, Yang J, Suarez IG, Brancaccio D, Slatopolsky E, Dusso AS. A critical role for
enhanced TGF-alpha and EGFR expression in the
initiation of parathyroid hyperplasia in experimental
kidney disease. Am J Physiol Renal Physiol.
2005;289:F1096-1102. [Crossref] [PubMed]
4. Arcidiacono MV, Sato T, Alvarez-Hernandez D, Yang
J, Tokumoto M, Gonzalez-Suarez I, Lu Y, Tominaga
Y, Cannata-Andia J, Slatopolsky E, Dusso AS. EGFR
activation increases parathyroid hyperplasia and
calcitriol resistance in kidney disease. J Am Soc
Nephrol. 2008;19:310-320. [Crossref] [PubMed]
[PMC]
5. Arcidiacono MV, Cozzolino M, Spiegel N, Tokumoto
M, Yang J, Lu Y, Sato T, Lomonte C, Basile
C, Slatopolsky E, Dusso AS. Activator protein
2alpha mediates parathyroid TGF-alpha self-induction in secondary hyperparathyroidism. J Am Soc
Nephrol. 2008;19:1919-1928. [Crossref] [PubMed]
[PMC]

108

