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A 55-year-old woman with hypertension, type 2 diabetes, fibromyalgia, and psori-
atic arthritis presented to the emergency department with a 10-day history of nausea, 
lightheadedness, and abdominal pain, starting 1 day after she had returned from a 
3-week trip to Puerto Rico. Two days before her presentation, slurred speech, un-
steady gait, and confusion had developed. During the preceding week, she had also 
had generalized weakness, constipation, polyuria, polydipsia, and palpitations. She 
reported chronic pain in both knees. She reported no fevers, chills, cough, chest 
pain, shortness of breath, dysuria, diarrhea, or rash.

The gastrointestinal and neurologic symptoms suggest metabolic derangements 
such as hyponatremia, hypernatremia, uremia, hypercalcemia, or dysglycemia. Hy-
perglycemia, hypercalcemia, or uremia could explain her polyuria and polydipsia. 
Diabetes increases susceptibility to infection, and recent travel broadens her infec-
tious exposures (e.g., Zika virus, strongyloides, and leptospira). Nausea, constipa-
tion, and abdominal pain raise the possibility of intestinal obstruction or ileus.

Her previous surgeries included below-the-knee amputation of the right leg for in-
fected nonhealing diabetic ulcers 8 months earlier, as well as cholecystectomy and total 
laparoscopic hysterectomy with bilateral salpingo-oophorectomy more than 10 years 
earlier. Her family history included diabetes in maternal and paternal relatives and 
breast cancer in two paternal aunts. Her medications included ixekizumab (an inter-
leukin-17A inhibitor) for psoriatic arthritis, duloxetine, gabapentin, empagliflozin, 
and insulin degludec. She said that she did not use supplements, tobacco, alcohol, or 
other drugs. She reported up-to-date vaccinations and no allergies. She and her hus-
band had lived in suburban Massachusetts for 35 years, previously residing in Puerto 
Rico. She had worked at a transitional housing facility for women until her amputa-
tion. She reported no hiking or freshwater swimming.

Further history reveals several factors that increase suspicion for possible infection 
causing her symptoms; her vascular complications suggest that she may have long-
standing poor diabetic control. Ixekizumab increases her risk of fungal infection, 
and her use of a sodium–glucose cotransporter 2 (SGLT2) inhibitor (empagliflozin) 
increases the risk of genitourinary infection. The family history increases the pos-
sibility of cancer, and her personal history of psoriatic arthritis increases the likeli-
hood of other autoimmune diseases. Gabapentin may cause neurologic symptoms, 
particularly if acute kidney injury is present.
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The patient was afebrile. Her blood pressure was 
178/81 mm Hg, heart rate 90 beats per minute, 
and oxygen saturation 99% while she was breath-
ing ambient air. She appeared to be well-nour-
ished. Mucous membranes were dry. No scleral 
icterus was observed. Cervical lymphadenopathy 
was absent, and the thyroid examination was nor-
mal. Cardiopulmonary and abdominal examina-
tions were normal. The right lower-leg stump was 
well-healed and nontender; peripheral edema was 
absent. She had chin and neck hirsutism, mild 
scalp alopecia, and no rashes, jaundice, or subcu-
taneous masses. She was somnolent but opened 
her eyes when spoken to. Despite inattention, she 
was oriented to self, place, and time. She had no 
focal neurologic deficits, asterixis, or tremor. Her 
most recent mammogram (1 year earlier) and 
colonoscopy (11 years earlier) had been normal.

Physical examination findings are consistent with 
dehydration and encephalopathy. Diabetic keto-
acidosis could explain the patient’s abdominal 
pain, polyuria, dehydration, and encephalopa-
thy; SGLT2 inhibitor use confers a predisposi-
tion to euglycemic ketoacidosis during illness or 
reduced oral intake. The unremarkable cardio-
pulmonary and abdominal examinations make 
acute infection or intestinal obstruction unlikely. 
Age-appropriate cancer screening should resume 
after stabilization of her acute condition.

The sodium level was 135 mmol per liter, chloride 
level 95 mmol per liter, and creatinine level 3.94 mg 
per deciliter (350 μmol per liter; estimated glo-
merular filtration rate [eGFR], 13 ml per minute 
per 1.73 m2 of body-surface area), blood urea nitro-
gen level 75 mg per deciliter (27.0 mmol per liter), 
and glucose level 173 mg per deciliter (9.6 mmol 
per liter). Potassium, bicarbonate, and magnesium 
levels were normal. The calcium level was 18.9 mg 
per deciliter (4.72 mmol per liter; normal range, 
8.8 to 10.7 mg per deciliter [2.20 to 2.68 mmol per 
liter]), and the phosphorus level was 5.1 mg per 
deciliter (1.65 mmol per liter; normal range, 2.4 to 
4.3 mg per deciliter [0.80 to 1.40 mmol per liter]). 
These laboratory values, including a previous cre-
atinine level (0.92 mg per deciliter [80 μmol per 
liter]), had been normal 6 weeks earlier. The lactate 
dehydrogenase level was normal. Liver-enzyme 
and liver-function tests were normal except for an 
alkaline phosphatase level of 152 U per liter (nor-

mal range, 35 to 130). The glycated hemoglobin 
level was 7.0%. The hematocrit was 31% (which 
was similar to the previous value); the white-cell 
count, differential, and platelet count were nor-
mal. The mean corpuscular volume and hemoglo-
bin and mean corpuscular hemoglobin concen-
trations were uninterpretable owing to red-cell 
agglutination. The lactate level was normal. Chest 
radiography did not show pulmonary or bony 
abnormalities. Renal ultrasonography was unre-
markable. The patient received 2 liters of lactated 
Ringer’s solution.

Severe hypercalcemia with acute kidney injury 
explains the neurologic, abdominal, and consti-
tutional symptoms. Urgent calcium-lowering ther-
apy should be initiated alongside diagnostic 
evaluation. The severity of hypercalcemia, in the 
context of recently normal calcium levels, makes 
primary hyperparathyroidism unlikely, given that 
primary hyperparathyroidism typically increases 
calcium levels over a period of months to years 
and rarely to the level seen here. Although exces-
sive ingestion of absorbable alkali, such as cal-
cium carbonate, can rapidly elevate calcium and 
creatinine levels (milk-alkali syndrome), the ab-
sence of supplement use or metabolic alkalosis 
argues against this diagnosis. Although an elevat-
ed serum phosphorus level might otherwise sup-
port a diagnosis of calcitriol-mediated or osteo-
lytic hypercalcemia over parathyroid hormone 
(PTH) or PTH-related peptide (PTHrP)–mediated 
hypercalcemia, the diagnostic usefulness of hy-
perphosphatemia is diminished in the context of 
renal dysfunction.

Cancer is the most likely cause of her severe 
hypercalcemia. The triad of hypercalcemia, renal 
dysfunction, and anemia suggests multiple my-
eloma. However, alkaline phosphatase levels are 
usually normal in myeloma-associated bone dis-
ease, given that osteoblastic activity is suppressed 
despite osteolytic lesions. In contrast, the in-
creased alkaline phosphatase level arouses con-
cern for bone metastases or PTHrP-mediated hy-
percalcemia. Fractionated alkaline phosphatase 
testing could rule out hepatic or intestinal sources.

Anemia and red-cell agglutination imply cold 
agglutinin disease, which is typically caused by 
infections (e.g., by Mycoplasma pneumoniae or Ep-
stein–Barr virus), autoimmune disorders, or can-
cers associated with paraproteinemia. Although 
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the findings strongly suggest cancer-associated 
hypercalcemia, PTH, PTHrP, and vitamin D lev-
els can clarify the cause of the hypercalcemia.

The ionized calcium level was 9.1 mg per deciliter 
(2.28 mmol per liter; normal range, 4.5 to 5.3 mg 
per deciliter [1.12 to 1.32 mmol per liter]). The PTH 
level was 9 pg per milliliter (normal range, 15 to 65).

The suppressed PTH confirms that the hypercalce-
mia is PTH-independent, which narrows the dif-
ferential diagnosis to cancer-associated hyper-
calcemia or vitamin D–mediated causes (either 
exogenous or unregulated activation in granulo-
matous disorders or cancer, most commonly lym-
phoma). Other rare causes of PTH-independent 
hypercalcemia (e.g., hyperthyroidism and adrenal 
insufficiency) are unlikely given the severity of the 
hypercalcemia.

The 1,25 dihydroxyvitamin D and 25-hydroxyvi-
tamin D levels were below detection in each assay: 
8 pg per milliliter (normal range, 18 to 78) and 9 ng 
per milliliter (20 nmol per liter; normal range, 20 
to 50 ng per milliliter [50 to 125 nmol per liter]), 
respectively. Thyrotropin and morning cortisol 
levels were normal. A random urinary calcium 
level was 29.6 mg per deciliter (7.40 mmol per li-
ter), with a urinary creatinine level of 114.2 mg 
per deciliter (10,095 μmol per liter), for a ratio of 
0.26 (normal value, <0.22); the microalbumin 
level was 157 mg per deciliter (normal value, <2). 
Urinalysis revealed a normal pH, specific gravity 
of 1.014 (normal range, 1.003 to 1.035), 3+ glu-
cose, 2+ protein, 1+ blood, and 1+ leukocyte ester-
ase. Urinary sediment revealed 3+ bacteria, with 
26 white cells per high-power field (normal range, 
0 to 9), 7 red cells per high-power field (normal 
range, 0 to 2), 75 hyaline casts per low-power field 
(normal value, 0, 1, or 2), and 6 granular casts per 
low-power field (normal value, 0). A urine culture 
grew more than 100,000 colony-forming units of 
mixed flora per milliliter.

The patient received continuous normal saline 
with intravenous furosemide in order to reach a 
urine-output level of 150 ml of urine per hour 
with euvolemia, one dose (120 mg) of denosumab 
administered subcutaneously, and calcitonin (4 U 
per kilogram of body weight) administered sub-
cutaneously every 12 hours for four doses. Acute 
kidney injury precluded bisphosphonate use.

Cancer is the most common cause of hypercal-
cemia in hospitalized patients; the hypercalcemia 
is usually due to PTHrP secretion from tumors, 
osteolytic bone destruction, or less commonly, 
dysregulated vitamin D activation in lymphomas 
or leukemias. Urine studies in this patient show 
glycosuria, which is expected with empagliflozin 
therapy, and proteinuria that is likely to be con-
sistent with diabetic nephropathy; the presence of 
casts indicates superimposed tubular injury. Al-
though hypercalcemia can cause volume deple-
tion, granular casts suggest acute tubular necro-
sis rather than prerenal azotemia. Impaired renal 
calcium excretion from reduced glomerular fil-
tration and tubular injury exacerbates the hyper-
calcemia. PTHrP measurement, serum and urine 
electrophoresis, and imaging are warranted to 
evaluate for cancer.

Treatment with calcitonin and denosumab, in 
addition to intravenous saline, is appropriate 
given the severity of the hypercalcemia. Isotonic 
saline and furosemide promote urinary calcium 
excretion and maintain euvolemia during renal 
dysfunction. Calcitonin acts rapidly (within 4 to 
6 hours), but tachyphylaxis limits its efficacy to 
approximately 48 hours. Denosumab, a receptor 
activator of the nuclear factor κB ligand (RANKL) 
inhibitor, provides sustained suppression of os-
teoclast-mediated bone resorption, with onset of 
action typically occurring in 2 to 4 days.

The PTHrP level was 3.5 pmol per liter (normal 
value, ≤4.2). Protein electrophoresis revealed no 
monoclonal spike in urine; a faint serum spike was 
not quantifiable. The kappa free light-chain level 
was 116.2 mg per liter (normal range, 3.3 to 19.4), 
with a lambda free light-chain level of 61.0 mg per 
liter (normal range, 5.7 to 26.3), and a kappa-to-
lambda ratio of 1.90 (normal range, 0.26 to 1.65). 
The urinary β2-microglobulin level was 12.7 μg 
per milliliter (1076 nmol per liter; normal range, 
1.21 to 2.70 μg per milliliter [102 to 230 nmol per 
liter]). A cold agglutinin titer was 512 (normal 
value, <64).

Normal PTHrP levels rule out humoral hypercalce-
mia of malignancy, a subtype of cancer-associat-
ed hypercalcemia. Although multiple myeloma re-
mains possible given the elevated β2-microglobulin 
and serum free light-chain levels, both elevations 
may reflect impaired renal clearance. Despite 
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abnormal light-chain levels, the minimally ele-
vated kappa-to-lambda ratio without a correspond-
ing electrophoresis spike argues against classic 
secretory myeloma. However, nonsecretory my-
eloma remains possible.

Computed tomography (CT) of the chest revealed 
punctate lytic lesions of the ribs, sternum, scapula, 
and spine, without evidence of lung cancer, lymph-
adenopathy, or pathologic fractures (Fig. 1). CT of 
the abdomen and pelvis revealed multiple hypoat-
tenuating lesions in the liver, an indeterminate 
right adrenal nodule, and lytic lesions throughout 
the axial and appendicular skeleton. CT imaging 
of the head showed lytic lesions involving the cal-

varium and skull base without intracranial disease 
(Fig. S1 in the Supplementary Appendix, available 
with the full text of this article at NEJM.org). 
Positron-emission tomography–CT confirmed the 
presence of 18F-fluorodeoxyglucose (FDG)–avid 
lesions in bone, the liver, and the right adrenal 
gland (Fig. 2). No primary tumor was identified.

FDG-avid hepatic and adrenal lesions, elevated 
alkaline phosphatase activity, and an elevated 
cold agglutinin titer suggest lymphoma over 
myeloma, even in the absence of lymphadenopa-
thy. Cold agglutinins are associated with lym-
phoid cancers but are not characteristic of my-
eloma. Primary bone lymphomas can cause 
diffuse lytic bone disease and severe hypercalce-
mia, closely mimicking myeloma. Core-tissue 
biopsy is essential to differentiate between these 
entities.

CT-guided core biopsy of the right iliac crest re-
vealed diffuse large B-cell lymphoma (DLBCL), 
not otherwise specified (Fig. 3). Intravenous sa-
line and furosemide were tapered as the calcium 
level decreased to normal, and symptoms resolved 
by hospital day 5. The patient started receiving 
oral ergocalciferol at a dose of 50,000 U weekly 
for vitamin D deficiency. Transient hypocalcemia 
developed, which led to the use of intravenous 
calcium gluconate, oral calcium citrate supple-
mentation, and oral calcitriol. Renal function re-
mained impaired, with a creatinine level of 1.9 mg 
per deciliter (170 μmol per liter) and an eGFR of 
31 ml per minute per 1.73 m2. Testing for cryo-
globulins, anti–phospholipase A2 receptor anti-
bodies, antinuclear antibodies, and antineutro-
phil cytoplasmic antibodies was negative, and 
complement levels were normal. A kidney-biopsy 
sample showed diffuse nodular diabetic glomeru-
losclerosis and dense infiltration of the intersti-
tial space by malignant B cells (Fig. 4).

The patient received a total of 4 units of red 
cells for anemia. Bone marrow biopsy was unre-
markable. Chemotherapy with rituximab, cyclo-
phosphamide, doxorubicin, prednisone, and po-
latuzumab (pola-R-CHP) was initiated, and the 
patient had no complications from the treatment. 
She was discharged home after 3 weeks. After six 
cycles of chemotherapy with curative intent, her 
creatinine level normalized to 1.1 mg per deciliter 
(100 μmol per liter). At 6 months of follow-up, 
calcium levels remained normal.

Figure 1. Computed Tomographic (CT) Imaging of the 
Torso and Pelvis.

CT imaging (coronal view) showed lytic lesions in the 
superior manubrium (Panel A, arrows), ribs (lesions not 
shown), and spine, femur, and pelvic bones (Panel B, 
arrows).

A

B
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Commen ta r y

This patient presented with constitutional, ab-
dominal, and neurologic signs and symptoms of 
severe hypercalcemia. Low levels of vitamin D and 
PTH aroused suspicion for a malignant cause, with 
imaging revealing diffuse lytic bone lesions and 
biopsy confirming DLBCL in bone and kidney.

Hypercalcemia occurs in 2 to 30% of patients 
with cancer.1,2 Severe hypercalcemia — as indi-
cated by a total serum calcium level exceeding 
14 mg per deciliter (3.50 mmol per liter) — rep-
resents a medical emergency. Severe hypercalce-
mia typically manifests with cognitive and renal 
dysfunction and may be associated with life-
threatening cardiac arrhythmias.1 Expert guide-
lines recommend prompt management, includ-
ing isotonic fluid repletion to promote calciuresis 

and loop diuretics to prevent volume overload in 
patients with cardiac or renal dysfunction.1 Cal-
citonin is recommended early for patients with 
severe hypercalcemia; it inhibits bone resorption 
and promotes renal calcium excretion, rapidly re-
ducing serum calcium levels within 4 to 6 hours 
after administration, but tachyphylaxis limits 
efficacy to approximately 2 days.2-4 Intravenous 
bisphosphonate therapy or denosumab provides 
longer-term suppression of bone resorption and 
sustained calcium reduction3,5 and is recommend-
ed for moderate-to-severe or symptomatic cancer-
associated hypercalcemia. Denosumab is pre-
ferred over bisphosphonates in patients with 
advanced renal dysfunction (e.g., eGFR, <35 ml 
per minute per 1.73 m2) in order to avoid wors-
ening kidney injury.1 Transient hypocalcemia is 
common after denosumab or bisphosphonate 

Figure 2. Positron-Emission Tomographic–CT Imaging.

A full-body coronal view from positron-emission tomographic–CT imaging showed numerous 18F-fluorodeoxyglu-
cose–avid lesions (shown in black) in the axial and appendicular skeleton (Panel A). Axial views showed lesions in 
the adrenal gland (Panel B, long arrow), liver (Panel B, asterisk), ribs (Panel B, short arrows), sacrum (Panel C, long 
arrow), and ilium (Panel C, short arrows).

A B

C
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treatment, reflecting effective suppression of 
osteoclastic activity; electrolyte monitoring and 
correction are indicated after treatment, particu-
larly in patients with concurrent vitamin D de-
ficiency and renal impairment.1,2 In patients 
with refractory hypercalcemia and renal failure 
limiting adequate calciuresis or euvolemia, he-
modialysis with a low-calcium dialysate can 
rapidly reduce the serum calcium level.2 Effec-
tive long-term management requires identifying 
and treating the underlying cause of the hyper-
calcemia.

Cancer-associated hypercalcemia is attributed 
to PTHrP secretion or osteolytic metastases in 
most cases and, rarely, to ectopic vitamin D activa-
tion, although the prevalence of each mechanism 
varies with tumor prevalence.2,6 Hematologic can-
cers are an underrecognized but important 
contributor to cancer-associated hypercalcemia.2

Although DLBCL classically manifests with 
lymphadenopathy and constitutional symptoms, 
one retrospective study involving 250 patients 
reported that 18% had hypercalcemia at the time 
of the lymphoma diagnosis.7 Mechanistically, 

Figure 3. Samples from CT-Guided Core Biopsy of a Lesion in the Right Iliac Crest.

Hematoxylin and eosin staining showed a diffuse infiltrate of large atypical lymphoid cells (Panel A) with ovoid-to-
irregular nuclei, vesicular chromatin, and prominent nucleoli (Panel B; arrows point to example atypical lymphoid 
cells). Panel B shows magnification at six times that in Panel A. Immunohistochemical staining showed that the lym-
phoid cells were diffusely positive for the B-cell marker CD20 (Panel C). The percentage of cells staining for Ki-67, 
a marker of proliferation, was markedly increased (>90% of cells) (Panel D), a finding consistent with an aggressive 
cancer. Panels C and D both show magnification at four times that in Panel A. Additional immunohistochemical mark-
ers (not shown) stained the atypical cells diffusely positive for paired box 5 (PAX5), multiple myeloma oncogene 1 
(MUM1), B-cell lymphoma 6 (BCL6), and B-cell lymphoma 2 (BCL2). A subset of cells (30 to 40%) stained positive for 
myelocytomatosis proto-oncogene (MYC). The cells stained negative for CD3, CD5, CD10, CD34, terminal deoxynucle-
otidyl transferase (TdT), CD138, Epstein–Barr virus–encoded RNAs detected by in situ hybridization, cyclin D1, and 
CD30. Fluorescence in situ hybridization (not shown) did not detect an MYC gene rearrangement.
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DLBCL-associated hypercalcemia may result from 
osteolysis, unregulated calcitriol activation, PTHrP 
production, or mixed causes.6,8,9 In a single-center 

retrospective review involving patients with non-
Hodgkin lymphoma and hypercalcemia, calcitriol 
and PTHrP levels were normal in the majority of 
patients in whom these were measured.9 The 
sample size was small (17 patients), but these 
findings highlight the presumed role of osteoly-
sis and other cytokine-mediated mechanisms 
in many cases of lymphoma-associated hypercal-
cemia,9 as was the cause here. A retrospective 
study involving 302 patients with lymphoma 
showed that hypercalcemia at diagnosis was as-
sociated with lower overall survival; however, 
after adjustment for prognostic components, 
this association was not significant, which sug-
gests that disease stage and tumor biologic fac-
tors — rather than hypercalcemia — explained 
the worse outcomes.10

A diagnosis of DLBCL requires histopatho-
logical evidence of a diffuse population of large, 
atypical B cells effacing tissue architecture and 
the ruling out of morphologic mimics, including 
poorly differentiated carcinoma, melanoma, lym-
phoblastic lymphoma, and other mature B-cell 
lymphomas (e.g., Burkitt lymphoma). Diagnosis 
relies on morphologic, immunohistochemical, 
and cytogenetic evaluation.11

Although DLBCL commonly manifests with 
nodal disease, a large retrospective cohort study 
showed that one third of cases are confined to 
extranodal sites, such as bone, liver, kidney, and 
adrenal gland, at presentation.12 Lymphoma 
should therefore remain a diagnostic consider-
ation for hypercalcemia even in the absence of 
lymphadenopathy or lymphocytosis.

First-line treatment of DLBCL is guided by 
disease stage, risk category, and CD20 expres-
sion on malignant cells.11 Standard therapy 
combines an anthracycline-based backbone (cy-
clophosphamide, doxorubicin, vincristine, and 
prednisone [CHOP]) with rituximab (R), an anti-
CD20 monoclonal antibody that targets precur-
sor and mature B cells for cell- and complement-
mediated cytotoxicity.11 Polatuzumab vedotin 
— an antibody–drug conjugate targeting malig-
nant B cells by means of CD79b — may be sub-
stituted for vincristine, according to current clini-
cal guidelines,13 as was done for this patient. In 
a randomized trial involving 879 previously 
untreated patients with intermediate- or high-
risk disease, including patients with extranodal 
DLBCL, the substitution of polatuzumab vedotin 
for vincristine led to significantly improved 2-year 

Figure 4. Kidney-Biopsy Sample.

Hematoxylin and eosin staining of a kidney-biopsy 
sample showed global glomerulosclerosis (Panel A, 
asterisk) and an interstitial atypical lymphoid infiltrate. 
The cells infiltrating between the tubules were identi-
cal to those seen in the previous bone biopsy with 
ovoid to irregular nuclei, vesicular chromatin, and 
prominent nucleoli (Panel B; arrows point to example 
neoplastic cells, and the dashed line marks an example 
tubule). Panel B shows magnification at four times 
that in Panel A. Immunohistochemical staining indi-
cated lymphoid cells diffusely positive for CD20 (Panel 
C); positive for BCL6, BCL2, and MUM1 (not shown); 
and negative for CD10 (not shown). Panel C shows 
magnification at two times that in Panel A.

A

B

C
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progression-free survival as compared with stan-
dard R-CHOP with vincristine (76.7% vs. 70.2%), 
with 2-year overall survival being similar in the 
two groups (88.7% and 88.6%, respectively) and 
a similar safety profile.14 Consolidative or pallia-
tive radiation therapy is used in selected patients 
with limited-stage, bulky, or symptomatic dis-
ease.11 Molecular data are expected to further 
refine management, with recent advances in in-
tegrative genomic analysis producing multiple 
molecular-based lymphoma classifiers predict-
ing prognosis and guiding targeted therapy.15

This case underscores the roles of hydration 
(with furosemide), calcitonin, and denosumab in 
treating cancer-associated severe hypercalcemia 

in patients with renal dysfunction, as well as the 
need to treat the underlying cancer for durable 
correction. Although lymphoma-associated hy-
percalcemia has classically been attributed to 
calcitriol excess, this case serves as a reminder 
that osteolysis and other cytokine-mediated mech-
anisms may predominate in many cases.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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