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Abstract 

Background As an oncologic emergency related to abnormalities in calcium metabolism, hypercalcemia associated 
with paraneoplastic syndrome and bone metastases is well known. Meanwhile, the incidence of hypocalcemia is low, 
except in cases associated with bone‑modifying agents used for bone metastases. Hypocalcemia induced by bone‑
modifying agents typically occurs early after the initial administration, and its incidence can be significantly reduced 
by preventive administration of calcium and vitamin D3 supplements.

Case report We report two cases of recurrent severe hypocalcemia occurring during chemotherapy for metastatic 
breast cancer with multiple bone metastases.

Case 1: A 35‑year‑old Japanese woman developed metastases in the bone, liver, and ovaries during postopera‑
tive endocrine therapy for invasive lobular carcinoma of the breast. She underwent chemotherapy and treatment 
with denosumab. She experienced recurrent episodes of severe hypocalcemia subsequent to a change in the chemo‑
therapy regimen. Case 2: A 65‑year‑old Japanese woman encountered multiple bone metastases after postoperative 
anti‑human epidermal growth factor receptor 2 therapy and during endocrine therapy for invasive ductal carcinoma 
of the breast. She underwent anti‑human epidermal growth factor receptor 2 therapy and treatment with deno‑
sumab. She experienced recurrent severe hypocalcemia subsequent to a change in the chemotherapy regimen 
to letrozole + lapatinib, trastuzumab emtansine, and lapatinib + capecitabine.

Conclusions We observed two cases of recurrent severe hypocalcemia in patients with advanced breast cancer 
and bone metastases after modifications to their therapy regimens. These cases differed from the typical hypocal‑
cemia induced by bone‑modifying agents. It is possible that antitumor drugs affect calcium and bone metabolism 
associated with bone metastases. While these cases are rare, it is crucial for oncologists to be aware of hypocalcemia 
not only at the initiation of bone‑modifying agents but also throughout the entire antitumor therapy, as hypocalce‑
mia can lead to fatal outcomes.
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Background
Hypocalcemia during cancer drug therapy is known to 
occur as an adverse event associated with bone-modify-
ing agents (BMAs) in the treatment for bone metastases. 
Although infrequent, hypocalcemia also occurs as a sec-
ondary response to hypoparathyroidism or tumor lysis 
syndrome.

Denosumab, an anti-receptor activator of nuclear fac-
tor κ-Β ligand (RANKL) antibody, is administered to pre-
vent bone resorption and associated symptoms, such as 
bone pain and pathologic fractures, in bone metastases. 
Because of the risk that the patient may develop hypocal-
cemia shortly after the initial administration, preventive 
calcium and vitamin D3 supplements are often given.

We present two cases of recurrent severe hypocalce-
mia in advanced breast cancer with bone metastases 
after modification of the therapy regimens. These cases 
differed from those with typical denosumab-induced 
hypocalcemia, and few reports have been published of 
recurrent hypocalcemia during use of denosumab along 
with preventive calcium and vitamin D3 supplements.

Case presentation
Case 1
The patient was a Japanese woman aged 35 years at diag-
nosis with no significant past medical history and with a 
family history of esophageal cancer in her father.

Her medical history revealed that, in year X, the patient 
was diagnosed with right breast cancer and underwent a 
total right mastectomy and sentinel lymph node biopsy, 
which revealed invasive lobular carcinoma, estrogen 
receptor (ER)-positive (> 90%), progesterone receptor 
(PgR)- positive (> 90%), human epidermal growth factor 
receptor 2 (HER-2)-negative, and Ki-67 index < 5%. The 
pathologic stage was T3N0, stage IIB. She received adju-
vant endocrine therapy with leuprorelin and tamoxifen.

In year X + 5, she had multiple metastatic recurrences 
in the bone, liver, and ovaries. She began endocrine 
therapy and treatment with denosumab and precipitated 
calcium carbonate/cholecalciferol/magnesium carbon-
ate. After third-line endocrine therapy, in year X + 7, she 
switched to tegafur/gimeracil/oteracil (S-1) as the first-
line chemotherapy owing to disease progression. On 
the 99th day of S-1 therapy, she was urgently hospital-
ized owing to numbness throughout her body and severe 
hypocalcemia (serum calcium 5.9  mg/dL). She also 
exhibited QT prolongation, but no renal dysfunction. 
The hypocalcemia improved with calcium supplementa-
tion (up to 15 g/day). S-1 therapy was switched to eribu-
lin (1.4 mg/mm2) in the fourth month. On the 22nd day 
of eribulin therapy, she was hospitalized again for severe 
hypocalcemia (serum calcium 5.3  mg/dL). Renal func-
tion remained normal. The hypocalcemia improved with 

discontinuation of denosumab, calcium supplementation 
(up to 15 g/day), and calcitriol (1.5 μg/day). She resumed 
eribulin (1.1  mg/mm2, subsequently reduced to 0.9  mg/
mm2) with no recurrence of hypocalcemia. (Fig.  1) In 
year X + 9, in the 18th month of eribulin treatment, the 
regimen was switched to epirubicin and cyclophospha-
mide (EC) therapy. EC therapy was concluded after a sin-
gle course owing to worsening liver metastases, and she 
passed away at a palliative care hospital.

Case 2
The patient was a Japanese woman aged 65 years at diag-
nosis without a significant past or family medical history.

Her medical history revealed that she was diagnosed 
with papillary thyroid cancer during an examination for 
breast cancer and underwent a total thyroidectomy and 
cervical lymph node dissection. The thyroid cancer was 
at pathologic stage T3N1aM0, stage III in the 7th edition 
of UICC. There were no signs of persistent hypoparathy-
roidism after the total thyroidectomy, and no recurrence 
was observed until her passing.

In year Y, the patient was diagnosed with invasive 
ductal carcinoma of the right breast, characterized as ER-
positive (> 90%), PgR-positive (> 90%), human epidermal 
growth factor receptor 2 (HER2)-positive confirmed by 
fluorescence in situ hybridization (FISH), and the Ki-67 
index was 16.3%. The clinical stage was T3N1M0, stage 
IIIA. After neoadjuvant chemotherapy, she underwent a 
right partial mastectomy and axillary lymph node dissec-
tion, achieving a complete response. She received adju-
vant therapy with anastrozole and trastuzumab.

In year Y + 2, she developed multiple bone metasta-
ses and received fulvestrant, denosumab, and precipi-
tated calcium carbonate/cholecalciferol/magnesium 
carbonate. In year Y + 3, the regimen was switched to 
letrozole and lapatinib therapy owing to bone metasta-
ses progression. On the 56th day of letrozole and lapat-
inib therapy, she exhibited severe hypocalcemia (serum 
calcium 5.2 mg/dL) and QT prolongation during a rou-
tine check-up. She only complained of dry mouth and 
showed no signs of tetany. The hypocalcemia improved 
with calcium supplementation (up to 9  g/day) and cal-
citriol (1.5 μg/day). She had a positive response to letro-
zole monotherapy for 4  months followed by fulvestrant 
for 3 months. The regimen was switched to trastuzumab 
emtansine (T-DM1) owing to progression of the bone 
metastases. On the 42nd day of T-DM1 therapy, she 
exhibited hypocalcemia (serum calcium 7.0 mg/dL) and 
a decrease in serum HER2 protein levels (from 790 to 
428  ng/mL). After improvement of hypocalcemia, she 
resumed T-DM1 therapy and had a positive response for 
26  months. The regimen was switched to lapatinib and 
capecitabine owing to bone metastases progression. On 
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the 35th day, she developed hypocalcemia (serum cal-
cium 5.8  mg/dL) along with a decrease in serum HER2 
protein levels (from 830 to 24.9  ng/mL). The lapatinib 
and capecitabine therapy was suspended for 3  months. 
On the 21st day after resumption of lapatinib and 
capecitabine therapy, she again experienced hypocalce-
mia (serum calcium 6.4 mg/dL). Throughout the course, 
renal function remained normal (Fig. 2). In year Y + 7, on 
the 9th month of lapatinib and capecitabine therapy, her 
condition rapidly deteriorated because of liver metasta-
ses and she passed away at the hospital.

Discussion
Clinical course of hypocalcemia in the two cases
We report two cases of recurrent severe hypocalcemia in 
breast cancer. Both patients had multiple bone metasta-
ses; case 1 was the luminal type, and case 2 was the lumi-
nal HER2 positive type. The patients did not experience 
hypocalcemia shortly after the first denosumab admin-
istration, but did so more than a year later despite use 
of preventive calcium and vitamin D supplements. This 
differed from the typical denosumab-induced hypocalce-
mia. There were no other causes of hypocalcemia, such 

as renal dysfunction, hypoparathyroidism, calcium loss 
from the kidneys, or hypomagnesemia. Calcium abnor-
malities owing to drug interactions were also unlikely, 
given case 1 involved sodium ferrous citrate and mag-
nesium oxide, and case 2 included levothyroxine sodium 
hydrate, lansoprazole, and acetaminophen.

Additionally, severe and acute hypocalcemia recurred 
after the regimen changes. In case 1, the calcium levels 
remained stable until the third endocrine therapy, but 
hypocalcemia recurred after S-1 and eribulin therapy 
(Fig.  1). In case 2, the calcium levels remained stable 
during endocrine therapy, but hypocalcemia recurred 
after anti-HER2 therapy. The serum HER2 protein levels 
tended to decrease along with the serum calcium levels 
(Fig.  2), suggesting that the development of hypocalce-
mia could be associated with effective drug therapies. At 
2–4 months after the treatment changes, the serum cal-
cium level became stable and the amount of required cal-
cium supplementation decreased.

Calcium abnormalities associated with cancer
Hypercalcemia associated with cancer is well known as 
an oncologic emergency, whereas hypocalcemia is less 
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common. The primary causes of hypercalcemia include 
humoral hypercalcemia of malignancy (HHM) and osteo-
lytic bone metastases. HHM involves excessive secretion 
of parathyroid hormone-related peptide (PTHrP) and is 
frequently observed in squamous cell carcinoma of the 
lungs, breast cancer, ovarian cancer, and renal carcinoma. 
Hypercalcemia due to osteolytic bone metastases is com-
monly seen in patients with multiple myeloma and solid 
organ tumors, such as breast cancer [1, 2].

Hypocalcemia is usually associated with adverse effects 
of BMAs, such as denosumab and bisphosphonates, and 
also of hypoparathyroidism, hypomagnesemia, vitamin D 
deficiency, and intestinal malabsorption [3]. Hypocalce-
mia occurs in 5.5–13% of patients receiving denosumab 
[4–6] within 6 months (often within 2 weeks) of initiation 
[5–8]. This happens because bone-forming osteoblasts 
become dominant over bone-resorbing osteoclasts. Oste-
oclasts are suppressed within weeks, while osteoblasts 
persist for several months after denosumab administra-
tion. The risk factors for denosumab-induced hypoc-
alcemia include prostate cancer, small cell lung cancer, 
multiple osteoblastic bone metastases, renal dysfunction, 

and elevated bone-specific alkaline phosphatase levels [9, 
10]. Preventive intake of calcium and vitamin D3 agents 
can reportedly reduce the incidence of hypocalcemia by 
40% [10].

Relationship between hypocalcemia and antitumor drug 
therapy
Reports on chemotherapy-induced hypocalcemia in 
patients not using BMAs are limited to only one case of 
Hodgkin lymphoma [11].

Hungry bone syndrome is a condition of persistent 
hypocalcemia owing to significant absorption of calcium 
into the bones. It occurs in patients with severe hyper-
parathyroidism after surgical treatments, such as total 
parathyroidectomy or kidney transplantation [12, 13]. In 
prostate cancer, osteoblastic bone metastases can cause 
hypocalcemia similar to hungry bone syndrome as a 
result of excessive calcium uptake in the bone [14, 15].

Breast cancer bone metastases are typically osteolytic 
or mixed type [16]. The two patients here had mainly 
multiple osteolytic bone metastases and were treated 
with denosumab. They became resistant to previous 
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therapies as the disease progressed, and underwent 
another chemotherapy and anti-HER2 therapy. We con-
sider that this led to a rapid shift in bone metabolism 
from osteolytic to osteoblastic, causing significant cal-
cium absorption into the bone. This contributed to severe 
hypocalcemia similar to hungry bone syndrome.

Symptoms and management of hypocalcemia
Initial hypocalcemia is often asymptomatic but can 
sometimes exhibit the Chvostek and Trousseau signs, 
tetany symptoms, electrocardiogram (ECG) abnormali-
ties, such as prolonged QTc and ST intervals, arrhyth-
mias, seizures, and even fatality [15, 17]. Case 1 exhibited 
tetany symptoms, whereas case 2 did not. In both cases, 
hypocalcemia improved within a few days with calcium 
supplements (calcium lactate 3–15  g/day, calcium glu-
conate infusion 3.9–23.4  mEq/day) and vitamin D3 
supplements (calcitriol 1.5  μg/day). Furthermore, the 
chemotherapy treatment could be continued by discon-
tinuing denosumab, interrupting or reducing the chemo-
therapy doses, and giving calcium supplements. Regular 
calcium level monitoring through blood tests was consid-
ered important during antitumor treatment.

Conclusion
We report herein two cases of metastatic breast cancer 
with recurrent severe hypocalcemia subsequent to treat-
ment regimen changes. Although hypocalcemia associ-
ated with cancer is uncommon, it is essential to recognize 
that hypocalcemia can occur during antitumor therapy, 
especially in patients with multiple bone metastases, 
regardless of the histologic type or subtype of the can-
cer. We emphasize the need for continuous calcium level 
monitoring not only at the initiation of treatment with 
BMAs but also throughout the entire treatment. While 
hypocalcemia can become fatal, it can be improved with 
appropriate treatment.

Abbreviations
BMAs  Bone‑modifying agents
HER2  Human epidermal growth factor receptor 2
ER  Estrogen receptor
PgR  Progesterone receptor
S‑1  Tegafur/gimeracil/oteracil
EC  Epirubicin and cyclophosphamide
BCS  Best supportive care.
FISH  Fluorescence in situ hybridization
T‑DM1  Trastuzumab emtansine
Ca  Calcium
LHRHa  Luteinizing hormone‑releasing hormone agonist
LET  Letrozole
FUL  Fulvestrant
Abema  Abemaciclib
Lapa  Lapatinib
Cape  Capecitabine

Acknowledgements
We would like to thank Ms. Flaminia (MECC editorial services) for English 
language editing.

Author contributions
H.B contributed to the original idea of this case report; A.U and H.B contrib‑
uted to the treatment of breast cancer and hypocalcemia; Y.Y and M.O col‑
lected the patient data and performed the data analysis; Y.Y and H.B wrote the 
manuscript; and H.H, A.I‑M, S.H, T.M, and R.S provided valuable advice on the 
manuscript. All authors have read and approved the final manuscript.

Funding
None applicable.

Availability of data and materials
The data used and analyzed in this study are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patients for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor‑in‑Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Breast‑Thyroid‑Endocrine Surgery, University of Tsukuba 
Hospital, 2‑1‑1 Amakubo, Tsukuba‑Shi, Ibaraki 305‑8576, Japan. 2 Department 
of Breast and Endocrine Surgery, Institute of Medicine, University of Tsukuba, 
1‑1‑1 Tennnodai, Tsukuba‑Shi, Ibaraki 305‑8575, Japan. 

Received: 29 November 2023   Accepted: 28 February 2024

References
 1. Elvina A, Irfan C. Cancer‑related hypercalcemia and potential treatments. 

Front Endocrinol. 2023;14:1039490. https:// doi. org/ 10. 3389/ fendo. 2023. 
10394 90.

 2. Whitney G. Cancer‑related hypercalcemia. J Oncol Pract. 
2016;12(5):426–32.

 3. Schattner A, Dubin I, Huber R, Gelber M. Hypocalcaemia of malignancy. 
Neth J Med. 2016;74(6):231–9.

 4. Lipton A, Fizazi K, Stopeck AT, Henry DH, Brown JE, Yardley DA, et al. Supe‑
riority of denosumab to zoledronic acid for prevention of skeletal‑related 
events: a combined analysis of 3 pivotal, randomised, phase 3 trials. Eur J 
Cancer. 2012;48(16):3082–92.

 5. Stopeck AT, Lipton A, Body J‑J, Steger GG, Tonkin K, de Boer RH, et al. 
Denosumab compared with zoledronic acid for the treatment of bone 
metastases in patients with advanced breast cancer: a randomized, 
double‑blind study. J Clin Oncol. 2010;28(35):5132–9.

 6. Fizazi K, Carducci M, Smith M, Damiãoet R, Brown J, Karsh L, et al. Deno‑
sumab versus zoledronic acid for treatment of bone metastases in men 
with castration‑resistant prostate cancer: a randomised, double‑blind 
study. Lancet. 2011;377(9768):813–22.

 7. Lechner B, DeAngelis C, Jamal N, Emmenegger U, Pulenzas N, Giotis A, 
et al. The effects of denosumab on calcium profiles in advanced cancer 
patients with bone metastases. Support Care Cancer. 2014;22(7):1765–71.

 8. Thongrayoon C, Acharya P, Acharya C, Chenbhanich J, Bathini T, Boon‑
pheng B, et al. Hypocalcemia and bone mineral density changes follow‑
ing denosumab treatment in end‑stage renal disease patients: a meta‑
analysis of observational studies. Osteoporos Int. 2018;29(8):1737–45.

https://doi.org/10.3389/fendo.2023.1039490
https://doi.org/10.3389/fendo.2023.1039490


Page 6 of 6Yanase et al. Journal of Medical Case Reports          (2024) 18:150 

 9. Body J‑J, Bone HG, de Boer RH, Stopeck A, Poznak CV, Damiãoet R, et al. 
Hypocalcaemia in patients with metastatic bone disease treated with 
denosumab. Eur J Cancer. 2015;51(13):1812–21.

 10. Pittman K, Antill YC, Goldrick A, Goh J, de Boer RH. Denosumab: preven‑
tion and management of hypocalcemia, osteonecrosis of the jaw and 
atypical fractures. Asia Pac J Clin Oncol. 2017;13(4):266–76.

 11. Ajero PME, Belsky JL, Prawius HD, Rella V. Chemotherapy‑induced hypoc‑
alcemia. Endocr Pract. 2010;16(2):284–90.

 12. Witteveen JE, van Thiel S, Romijn JA, Hamdy NA. Hungry bone syndrome: 
still a challenge in the post‑operative management of primary hyper‑
parathyroidism: a systematic review of the literature. Eur J Endocrinol. 
2013;168(3):45–53.

 13. Florescu MC, Islam KM, Plumb TJ, Smith‑Shull S, Nieman J, Mandalapu P. 
Calcium supplementation after parathyroidectomy in dialysis and renal 
transplant patients. Int J Nephrol Renovasc Dis. 2014;7:183–90.

 14. Garla VV, Salim S, Kovvuru KR, Subauste A. Hungry bone syndrome sec‑
ondary to prostate cancer successfully treated with radium therapy. BMJ 
Case Rep. 2018. https:// doi. org/ 10. 1136/ bcr‑ 2018‑ 225039.

 15. José AFG, Telma C, Joana R, Cristina P, Miguel M, Ana E, et al. Hypocalce‑
mia in cancer patients: an exploratory study. Porto Biomed J. 2019;4(4): 
e45.

 16. Venetis K, Piciotti R, Sajjadi E, Invernizzi M, Morganti S, Criscitiello C, et al. 
Breast cancer with bone metastasis: molecular insights and clinical man‑
agement. Cells. 2021;10(6):1377.

 17. Cooper MS, Gittoes NJL. Diagnosis and management of hypocalcaemia. 
Br Med J. 2008;336(7656):1298–302.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1136/bcr-2018-225039

	Recurrent severe hypocalcemia following chemotherapy regimen changes in advanced breast cancer: two case reports
	Abstract 
	Background 
	Case report 
	Conclusions 

	Background
	Case presentation
	Case 1
	Case 2

	Discussion
	Clinical course of hypocalcemia in the two cases
	Calcium abnormalities associated with cancer
	Relationship between hypocalcemia and antitumor drug therapy
	Symptoms and management of hypocalcemia

	Conclusion
	Acknowledgements
	References


