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ABSTRACT

Background: This retrospective analysis describes the prevalence of
and risk factors associated with the development of hypocalcemia
in patients with cancer receiving bone-modifying agents (BMAs) as
supportive care. Patients andMethods: Patients with cancer treated
with an intravenous or subcutaneous BMA, including pamidronate,
zoledronic acid, or denosumab, at a tertiary care/safety net hospital in
2005 through 2015 were included in this retrospective review. We
reviewed the medical records for predictive clinical and laboratory
parameters and for patient outcomes. Results: A total of 835 pa-
tients with cancer received at least one dose of a BMA during the
specified time frame; 205 patients (25%) developed hypocalcemia
of CTCAE grade $1 within 8 weeks of BMA initiation, 18 of whom
(8.8%) had grade $3, and 3 patients died as a result. Multivariate
analysis showed that patients with hematologic malignancy (odds
ratio [OR], 1.956; P5.025), bone metastases (OR, 2.443; P5.017),
inpatient status (OR, 2.592; P,.001), and deficient baseline vitamin
D levels (OR, 2.546; P,.023) were more likely to develop hypocal-
cemia. Hypercalcemia before BMA administration (OR, 0.474;
P5.032) was protective. Conclusions: Certain patient populations,
including those with hematologic malignancies and/or bone metasta-
ses, warrant closer monitoring of calcium levels while receiving BMAs
because of the high rate of hypocalcemia. Low pretreatment vitamin
D levels are associatedwith the development of hypocalcemia. These
data support close monitoring of calcium levels in patients with
cancer receiving BMAs, in addition to adequate repletion of vitamin
D before initiation of BMAs when possible.
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Background
Bone-modifying agents (BMAs) are an important
component of supportive care for many patients
with cancer. These agents include the intravenously
administered bisphosphonates pamidronate and zole-
dronic acid, in addition to denosumab, a subcutaneously
administered monoclonal antibody. They are indicated in
the treatment and prevention of bone metastases and
skeletal-related events and of osteoporosis in patients
receiving hormone therapy.1–6 These agents are also
routinely used for hypercalcemia of malignancy and are
part of guideline-directed therapy for patients with
multiple myeloma.7,8 In certain patient populations,
BMAs can improve pain control, quality of life, and overall
survival.9,10

Despite the advantages of BMA administration, there
are associated risks. Although renal dysfunction and
osteonecrosis of the jaw are more commonly known
adverse effects of BMAs, additional adverse effects such
as hypocalcemia can occur.11,12 Prior studies have re-
ported variable rates of hypocalcemia with these agents,
ranging from ,1% to 39%.3–7,13–15 The resulting hypo-
calcemia is often asymptomatic, but it can also result in
more severe clinical events, such as tetany, arrhythmia,
seizure, or death.16 In this single-institution retrospective
study, we sought to identify the prevalence of hypocal-
cemia and determine the risk factors for development
of hypocalcemia in a diverse, multiracial population of
patients with cancer receiving treatment with BMAs.

Patients and Methods
We performed a retrospective review of all individuals
who received a BMA at Boston University School of
Medicine and BostonMedical Center between January 1,
2005, and December 31, 2015. This study was approved
by the Boston University Medical Center Institutional
ReviewBoard.We identified 924 patients with a diagnosis
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of a malignancy and a history of BMA administration
during the specified time frame. We excluded 4 patients
whose malignancy was never confirmed histologically
and 85 additional patients for whom the details of BMA
administration were unavailable. The remaining 835
patients had a documented malignancy and at least one
administration of a BMA recorded at Boston Medical
Center. We reviewed the electronic medical records to
abstract data regarding the patients’ malignancies,
bisphosphonate administration, baseline laboratory
data, and follow-up laboratory values in order to identify
those patients who had hypocalcemia or other compli-
cations related to BMA exposure. Baseline laboratory
values were included if obtained within 8 weeks before
BMA initiation.

Hypocalcemia was defined as a corrected calcium
level ,8.5 mg/dL identified within 8 weeks after any
BMA administration. CTCAE version 4.0 criteria were
used to further define the grade of hypocalcemia.17

Hypercalcemia was defined as a calcium concentration
.10.5 mg/dL. Corrected calcium concentration was calcu-
lated using the following formula:

CaðcorrÞ ¼  0:83 ð42X Þ1Y ;  where  X   is albumin 
concentration in  g=dL  and  Y   is  calcium 

concentration  in mg
�
dL18

According to the Endocrine Society guidelines, we
used 25-hydroxy vitamin D measurement to assess vi-
tamin D concentration, and considered it to have been
checked if the laboratory value was measured within
8 weeks before the first BMA administration, because this
is the duration of vitamin D repletion recommended
by the Endocrine Society.19 Vitamin D deficiency was
defined as a laboratory concentration of 25-hydroxy
vitamin D #20 ng/mL. We considered a patient to
be receiving supplementation if the medical record
showed any formulation of calcium and/or vitamin D
on the patient’s medication list at the time of first BMA
administration.

Univariate analyses were performed using the chi-
square test (categorical) and Wilcoxon rank-sum test
(continuous), with variables in our data set as ap-
propriate. To identify significant predictors of hypo-
calcemia, we fit a multiple logistic regression model
which included only those variables that met the#0.10
significance threshold in univariate analyses to control
for their combined effects on the outcome of hypo-
calcemia among study subjects. To identify significant
predictors of hypocalcemia among the subset of pa-
tients who had vitamin D concentration data avail-
able, we followed a similar approach. Thus, we next
fit a logistic regression model on these reduced data,
again including only variables that met the #0.10
significance threshold in univariate analyses. We used

stepwise selection with a threshold of entry of 0.30 and
a threshold for retention in the final model of 0.35. We
performed correlation analysis to define the associa-
tion between the percentage of patients with hypo-
calcemia and vitamin D supplementation over time.
For all statistical analyses, a P value #.05 was con-
sidered significant. All analyses were conducted using
SAS 9.4 (SAS Institute Inc).

Results
The patients’ baseline characteristics are provided in
Table 1. Median patient age was 62 years (range, 25–
97 years), and 466 patients were female (56%) and 369
weremale (44%). Of this cohort, 370 (44%) were black, 305
(37%) were white, 84 (10%) were Hispanic, 22 (3%) were
Asian, 10 (1%) were Middle Eastern, and the remaining
44 (5%) were of another ethnicity or unknown. Most
patients (n5518; 62%) received a BMA for bone me-
tastases or lytic bony lesions. Other indications for
treatment with a BMA included hypercalcemia of ma-
lignancy (23%), treatment of osteoporosis during cancer
treatment (9%), or prevention of bone lesions or osteo-
porosis (6%).Most patients (n5558; 67%)were outpatients
at the initiation of BMA; the remainder (33%) received
their first dose while admitted to the hospital. Of the
129 patients with a hematologic malignancy, 112 (87%)
had multiple myeloma.

Of the 835 patients, 205 (25%) developed hypocal-
cemia after exposure to a BMA, including 88 (43%) with
asymptomatic CTCAE grade 1 and 18 (9%) with grade$3
hypocalcemia. Within 8 weeks of BMA administration,
78 patients (9%) required hospitalization or intravenous
calcium supplementation, 14 (2%) required intensive
care unit admission, and 3 (0.4%) died as a result of
complications of hypocalcemia; 5 other patients died
while hypocalcemic, but their underlying causes of death
were unrelated (2 of pulmonary emboli, 2 of sepsis, and
1 of acute liver failure).

Univariate analysis showed a statistically significant
difference in the development of hypocalcemia based
on sex (P5.04), type of BMA used (P,.01), presence or
absence of osteoporosis (P,.01), presence or absence of
bone metastases (P,.01), and inpatient versus out-
patient status (P5.02) (see Table 1). In addition, there
was a significant difference in development of hypo-
calcemia based on the indication for BMA adminis-
tration (P,.01) and the malignancy type (P,.01).
Baseline calcium and 25-hydroxy vitamin D concen-
trations were significantly different between the pa-
tients who developed hypocalcemia and those who did
not (P,.01). Vitamin D deficiency was associated with a
higher risk of hypocalcemia, whereas calcium/vitamin
D supplementation reduced this risk (P,.01 and P5.03,
respectively).
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Table 1. Patient Characteristics

All Patients
n (%)

Patients With
Hypocalcemiaa

n (%)

Patients Without
Hypocalcemiaa

n (%)
Univariate
P Value

Total, N 835 205 630

Sex .04

Female 466 (56) 102 (22) 364 (78)

Male 369 (44) 103 (28) 266 (72)

Age, median (range), y 62 (25–97) 61 (27–91) 63 (25–97) .39

Ethnicity .49

Black 370 (44) 90 (24) 280 (76)

White 305 (37) 74 (24) 231 (76)

Hispanic 84 (10) 23 (27) 61 (73)

Asian 22 (3) 4 (18) 18 (82)

Middle Eastern 10 (1) 4 (40) 6 (60)

Other 24 (3) 8 (33) 16 (67)

Unknown/Declined 20 (2) 2 (10) 18 (90)

Type of BMA ,.01

Pamidronate 596 (71) 165 (28) 431 (72)

Zoledronic acid 194 (23) 32 (16) 162 (84)

Denosumab 45 (6) 8 (18) 37 (82)

Diagnosis of osteoporosis ,.01

Yes 100 (12) 11 (11) 89 (89)

No 735 (88) 194 (26) 541 (74)

Bone metastases present at time of BMA ,.01

Yes 634 (76) 185 (29) 449 (71)

No 201 (24) 20 (10) 181 (90)

Indication for BMA administration ,.01

Bone metastases or lytic lesions 518 (62) 152 (29) 366 (71)

Hypercalcemia of malignancy 190 (23) 41 (22) 149 (78)

Osteoporosis 72 (9) 3 (4) 69 (96)

Prevention of SREs or osteoporosis 55 (6) 9 (16) 46 (84)

Type of malignancy ,.01

Breast/Gynecologic 265 (32) 52 (20) 213 (80)

Genitourinary 152 (18) 47 (31) 105 (69)

Hematologic 129 (15) 47 (36) 82 (64)

Lung 100 (12) 19 (19) 81(81)

Head and neck 63 (7) 10 (16) 53 (84)

Gastrointestinal 58 (7) 13 (22) 45 (78)

Other 13 (2) 6 (46) 7 (64)

.1 concurrent malignancy 55 (7) 11 (20) 44 (80)

Baseline laboratory valuesb,c

Median albumin (range), g/dL 3.8 (1.4–5.3) 3.8 (1.4–5.3) 3.8 (1.8–5.1) .40

Median corrected calcium (range), mg/dL 9.8 (7.2–21.6) 9.5 (7.9–21.6) 9.9 (7.2–16.2) ,.01

Median creatinine (range), mg/dL 0.8 (0.3–13.9) 0.9 (0.3–9.3) 0.8 (0.4–13.9) .07

Median phosphorous (range), mg/dL 3.3 (1.3–11.9) 3.4 (1.3–11.9) 3.3 (1.3–11.3) .35

Median 25-hydroxy vitamin D (range), ng/mL 25.9 (0–96) 18.8 (0–36.8) 27.5 (0–96) ,.01

(continued on next page)
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In multivariate analysis, patients with bone metas-
tases became hypocalcemic significantly more often
than did those without (odds ratio [OR], 2.44; P5.017).
Multivariate analysis also showed that patients with
hematologic malignancies had a significantly higher
rate of hypocalcemia than patients with breast or gy-
necologic malignancy (OR, 1.96; P5.025) (Table 2).
Inpatients receiving BMAs were also more likely to be-
come hypocalcemic (OR, 2.59; P,.001) than those re-
ceiving outpatient treatment, and, as expected, a higher
corrected calcium concentration before BMA admin-
istration reduced the likelihood of developing hypo-
calcemia (OR, 0.47; P5.032).

Vitamin D concentrations were not routinely collec-
ted in all patients, but 24% (n5199) of our patients had
these checked in the 8 weeks before BMA administration
(see Table 1). More than one-third of patients who were
checked had vitamin D deficiency (n570; 35%). Baseline
vitamin D level reached statistical significance for pre-
dicting hypocalcemia after both univariate (P,.01) and
multivariate (P5.023) analyses (see Table 1; supple-
mental eTable 1, available with this article at JNCCN.org).
In multivariate analysis including only those pa-
tients with vitamin D concentrations available before
BMA administration (n5199), creatinine $1.5 mg/dL
was predictive of hypocalcemia. This subset of pa-
tients with deficient vitamin D concentrations de-
veloped hypocalcemia at more than twice the rate of
those with sufficient vitamin D (OR, 2.55) (see supple-
mental eTable 1). Of 250 patients prescribed supple-
mentation, 49 (20%) still developed hypocalcemia.
Over time, there was a statistically significant increase
in calcium and vitamin D supplementation (P,.001)
and decline of hypocalcemia rates (P5.001) (Figure 1),

with a strong negative correlation between these 2
variables (r 5 20.83; P5.002).

Discussion
The benefits of BMAs are many, and they continue to
play an important role in the prevention of morbidity in
patients with cancer. Despite some prospective trials
with hypocalcemia rates ,1% (Table 3), the frequency
of hypocalcemia may exceed 25%, as evidenced by this
retrospective review. These episodes of hypocalcemia
may be associated with serious adverse events, in-
cluding admission to the intensive care unit and
death.1–3,7,13,20–22 The aim of this study was to identify
risk factors for hypocalcemia in patients with cancer in
order to prevent these outcomes.

Case reports have linked vitamin D deficiency to
severe hypocalcemia after the use of BMAs,23,24 but to our
knowledge, this is the first study to show a statistically
significant relationship between hypocalcemia and
baseline vitaminD levels, which is imperative for calcium
absorption and homeostasis.19 This illustrates the im-
portance of having sufficient vitamin D levels before
initiation of BMAs when possible.

Current guidelines advocate for calcium and vita-
min D supplementation during treatment with BMAs.25

Vitamin D and calcium supplementation were not rou-
tinely recommended by the FDA until 2004 for zoledronic
acid, until 2007 for pamidronate, and until 2010 for
denosumab (at the time of its FDA approval).26–28 Before
these years, package inserts for zoledronic acid and
pamidronate recommended supplementation of cal-
cium for episodes of symptomatic hypocalcemia after
BMA administration. Despite this FDA recommendation,
many institutions, such as our own, were not routinely

Table 1. Patient Characteristics (cont.)

All Patients
n (%)

Patients With
Hypocalcemiaa

n (%)

Patients Without
Hypocalcemiaa

n (%)
Univariate
P Value

Vitamin D deficiency (#20 ng/mL) ,.01

Yes 70 (35) 21 (30) 49 (70)

No 129 (65) 15 (12) 115 (89)

Calcium/Vitamin D supplementation .03

Yes 250 (30) 49 (20) 201 (80)

No 585 (70) 156 (27) 429 (73)

Patient status .02

Inpatient 277 (33) 93 (34) 184 (66)

Outpatient 558 (67) 112 (20) 446 (80)

Abbreviations: BMA, bone-modifying agent; SRE, skeletal-related event.
aHypocalcemia defined as corrected calcium level ,8.5 mg/dL.
bBaseline laboratory test values defined as measurements collected #8 weeks before BMA.
cThe following numbers of baseline laboratory measurements were missing in the hypocalcemia/no hypocalcemia cohorts, respectively: albumin, 5/54; corrected
calcium, 7/66; creatinine, 1/19; phosphorus, 57/285; and 25-hydroxy vitamin D, 169/466.
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Table 2. Multivariate Logistic Regression for Risk Factors of Hypocalcemia With BMAs (N5777)

Predictor Odds Ratio 95% CI P Valuea P Valueb

Type of malignancy .040

Gastrointestinal 1.028 0.471–2.242 .945

Genitourinary 1.708 0.886–3.290 .110

Hematologic 1.956 1.089–3.514 .025

Head and neck 1.210 0.518–2.827 .660

Lung 0.776 0.392–1.535 .466

Other 3.784 0.993–14.420 .051

.1 concurrent malignancy 0.781 0.333–1.831 .569

Breast/Gynecologic Ref Ref Ref

First BMA used .632

Denosumab 1.285 0.480–3.440 .618

Pamidronate 1.281 0.758–2.164 .355

Zoledronic acid Ref Ref Ref

Bone metastases .017

Bone metastases present 2.443 1.177–5.069 .017

No bone metastases Ref Ref Ref

Osteoporosis .883

Osteoporosis present 0.934 0.379–2.305 .883

No osteoporosis Ref Ref Ref

Sex .733

Female 0.924 0.585–1.458 .733

Male Ref Ref Ref

Calcium/Vitamin D supplementation .700

Supplementation 0.921 0.606–1.399 .700

No supplementation Ref Ref Ref

Indication for BMA administration .733

Hypercalcemia of malignancy 1.005 0.458–2.205 .989

Osteoporosis 0.515 0.098–2.714 .434

Prevention of SREs 1.359 0.481–3.836 .563

Bone metastasis Ref Ref Ref

Creatinine level .435

$1.5 mg/dL 1.256 0.708–2.230 .435

,1.5 mg/dL Ref Ref Ref

Corrected calcium level at baseline .015

Hypocalcemia (,8.5 mg/dL) 2.263 0.906–5.655 .081

Hypercalcemia (>10.5 mg/dL) 0.474 0.240–0.938 .032

Normal level (8.5–10.5 mg/dL) Ref Ref Ref

Patient status at time of BMA administration <.001

Inpatient 2.592 1.691–3.972 <.001

Outpatient Ref Ref Ref

Statistically significant risk factors are highlighted in bold.
Abbreviations: BMA, bone-modifying agent; SREs, skeletal-related events.
aOverall P,.001.
bType 3 analyses.

424 © JNCCN—Journal of the National Comprehensive Cancer Network | Volume 18 Issue 4 | April 2020

ORIGINAL RESEARCH White et al

http://www.JNCCN.org


using supplementation. This is likely a contributing
factor in the high rate of hypocalcemia seen in this study
and highlights the importance of adherence to this
recommendation.

Our data confirm that hypocalcemia rates decline
with increasing rates of calcium and vitamin D supple-
mentation (see Figure 1). Despite this intervention, 20%
of patients with prescriptions for calcium and/or vita-
min D supplementation became hypocalcemic. This
may indicate an issue with patient adherence or may
show that routine supplementation is not sufficient to
prevent hypocalcemia. Therefore, patients continue to
need close monitoring after BMA administration, even
when vitamin D and calcium supplementation are
given.

Our data suggest that some patient populations may
also warrant increased monitoring for hypocalcemia. In
our cohort, patients with hematologic cancers had a
significantly higher risk of developing hypocalcemia
in both univariate and multivariate analyses. The
mechanism of the increased risk of hypocalcemia within
this subgroup is unclear, but it may be related to the
number of additional hypocalcemia risk factors. For
example, multiple myeloma affects black patients more
than those of other racial or ethnic groups, and black
patients have been shown to have a higher rate of vi-
tamin D deficiency.29,30 Our cohort consisted of a diverse
inner-city population with cancer in a safety-net hospital
setting with more racial diversity than in most prior
reports on this subject.14,15 In addition, chronic renal
insufficiency is also a risk factor for hypocalcemia, even
without the administration of a BMA, and it is more
common in multiple myeloma.16 Another retrospective
study from Japan found that low creatinine clearance
(,50 mL/min) was a risk factor for hypocalcemia after
denosumab treatment.31 Although elevated creatinine
was a risk factor for hypocalcemia in our univariate
analysis, this was not true in the multivariate analysis,
potentially related to the creatinine cutoff chosen for

this study. Despite this, we recommend tailoring the
choice and dose of BMA to the patient’s renal function
according to the package inserts.

Based on our data, which show a higher risk of
hypocalcemia in patients with baseline vitamin D
deficiency, we recommend ensuring a sufficient level of
vitamin D before initiating BMAs in patients with
cancer when possible. For urgent indications, such as
moderate and severe hypercalcemia of malignancy,
when waiting to ensure sufficient vitamin D levels
before BMA administration is impractical and poten-
tially harmful, concurrent vitamin D and/or calcium
supplementation is recommended as stated in the
package inserts for these medications. During BMA
administration, it is important to continue monitoring
calcium levels, even after the initial dose, because
previous data have shown late-onset hypocalcemia in
some patients receiving BMAs, even after 6 months of
treatment.32 Although these agents are important in
the care of patients with cancer, and although their
benefits are many, it is important that clinicians take
steps to minimize the possibility of potentially cata-
strophic adverse effects.

0

0.1

0.2

0.3

0.4

0.5

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
(n=109) (n=61) (n=61) (n=70) (n=65) (n=68) (n=69) (n=75) (n=92) (n=96)(n=69) 

Fraction supplemented

Fraction hypocalcemic

Figure 1. Frequency of calcium/vitamin D supplementation and
hypocalcemia over time.

Table 3. Reported Frequency of Hypocalcemia in
Prospective Randomized Clinical Trials

Trial BMA
Patients With

Hypocalcemia, n/N (%)

Nussbaum et al,7 1993 Pamidronate 3/50 (6)

Berenson et al,1 1996 Pamidronate 1/196 (,1)

Hortobagyi et al,5 1996 Pamidronate 1/185 (,1)

Conte et al,6 1996 Pamidronate 24/143 (17)

Theriault et al,4 1999 Pamidronate 3/182 (2)

Major et al,13 2001 Zoledronic acid NR/176 (,15)

Pamidronate NR/99 (,15)

Rosen et al,2 2003a Zoledronic acid NR/401 (,15)

Pamidronate NR/205 (,15)

Kohno et al,14 2005 Zoledronic acid 44/114 (39)

Smith et al,20 2009a Denosumab 1/734 (,1)

Stopeck et al,3 2010a Zoledronic acid 34/1013 (3)

Denosumab 56/1020 (5)

Fizazi et al,21 2011a Zoledronic acid 55/951 (6)

Denosumab 121/950 (13)

Henry et al,22 2011a Zoledronic acid 14/786 (2)

Denosumab 35/792 (4)

Himelstein et al,15 2017a Zoledronic acid
every 4 wk

329/866 (38)

Zoledronic acid
every 12 wk

298/852 (35)

Abbreviations: BMA, bone-modifying agent; NR, not reported.
aVitamin D and calcium supplementation were strongly recommended or
required.
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This study is limited by the inherent issues asso-
ciated with a single-center retrospective review, in-
cluding differences in individual practitioner practices
in regard to laboratory monitoring and supplementa-
tion of vitamin D and calcium. In addition, our higher
rate of hypocalcemia than in prior studies may be
partially attributed to closer monitoring of calcium
levels, because one-third of this cohort were inpatients
at the time of BMA initiation. This could lead to a
sampling bias, although most of the patients were
treated as outpatients, and therefore this could not
explain the 20% of patients who developed hypocal-
cemia in the outpatient setting. The increased rate of
hypocalcemia in our inpatient population could also
reflect a higher acuity of illness, coadministration of
other medications that can affect calcium levels, or the
existence of other causes of hypocalcemia that are not
fully characterized in this study. These data are from a
tertiary care safety-net hospital that treats underserved
patients who often have multiple comorbidities or
uncontrolled medical conditions that may contribute to
the medical complexity. It is also worth noting that the
baseline calcium concentration in our cohort was lower
than in some other published reports, and patients in
our cohort were not required to receive calcium and
vitamin D supplements.

Conclusions
This large retrospective review investigated the occurrence
of hypocalcemia in a diverse population of patients with
cancer treated with pamidronate, zoledronic acid, or
denosumab. Our data highlight the importance of close
monitoring of calcium levels in patients receiving BMAs,
especially those with hematologic malignancy and bone
metastases. Due to the increased risk of hypocalcemia in
patients with deficient vitamin D concentrations, we
recommend that vitamin D concentrations be checked
and repleted before BMA administrationwhen possible. In
patients with urgent indications for BMAs, coadministra-
tion of vitamin D supplements should be strongly en-
couraged for patients with vitamin D deficiency. Additional
studies are needed to further explore specific interven-
tions that can prevent hypocalcemia related to BMAs.
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eTable 1. Multivariate Logistic Regression for Risk Factors of Hypocalcemia With BMAs Among Patients
With Available Baseline Vitamin D Levels (N5199)

Predictor Odds Ratio 95% CI P Value P Valuea

Bone metastases .154

Bone metastases present 2.233 0.740–6.738 .154

No bone metastases Ref Ref Ref

Osteoporosis .244

Osteoporosis present 0.276 0.032–2.404 .244

No osteoporosis Ref Ref Ref

Creatinine level .008

‡1.5 mg/dL 3.952 1.433–10.899 .008

,1.5 mg/dL Ref Ref Ref

Corrected calcium level at baseline .173

Hypocalcemia (,8.5 mg/dL) 3.023 0.358–25.549 .310

Hypercalcemia (.10.5 mg/dL) 0.456 0.154–1.351 .156

Normal level (8.5–10.5 mg/dL) Ref Ref Ref

Patient status at time of BMA administration .091

Inpatient 2.256 0.879–5.785 .091

Outpatient Ref Ref Ref

Baseline vitamin D level .023

<20 ng/mL 2.546 1.136–5.706 .023

$20 ng/mL Ref Ref Ref

Statistically significant risk factors are highlighted in bold.
Abbreviation: BMA, bone-modifying agent.
aType 3 analyses.

White et al - 1

JNCCN.org | Volume 18 Issue 4 | April 2020

http://www.JNCCN.org

